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Our goal here is to teach the ability to form an autonomous and clin-
ically useful opinion about any 12 lead EKG. Many books exist. Some are
short easy rides that do not get to the destination we envision. Others are
laborious tomes that serve for reference only.

We believe this book is unique because it uses a step-by-step method, re-
inforced by practice EKGs, until by the end, the student is forming a complete
autonomous opinion about a selection of 12-lead EKGs. We expect the student
to be successful, because we have used this method for 20 years with a variety
of students. It is an achievable goal. We have taken students there many times.
The opinion the student forms will be based on understanding, which al-
ways makes memorization simpler. Other EKG books typically rely on EKG
interpretation by pattern memorization and never discuss the basis for these
patterns.

The first section of the book discusses basic principles of anatomy and
physiology, including a review of the heart’s electrical system. It is not an
exhaustive introduction and sacrifices density for clarity. The remaining chap-
ters introduce one concept at a time and build on them with each subsequent
chapter.

Each chapter is followed by a practice session of 12-lead EKGs. We expect
the student to form an opinion on the EKG and then give a clinically meaning-
tul correlation. Upon completion of the book, the reader should be able to
confidently work through the entire answer sheet, forming an autonomous
useful opinion about a 12-lead EKG.

PREFACE

xi



xii

Preface

Each of these includes an analysis by both authors. Another feature of the
book is that each EKG opinion refers back directly to the patient, with diagnos-
tic possibilities. Included in our EKG analysis is useful, pertinent, hands-on
clinical information relevant to daily practice. The last chapter of the book is
a collection of practice EKGs that includes material covered in all the previous
chapters. By the end of the book, the reader should have the knowledge and
skills to interpret the entire EKG.
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XVi Need and Use

clinical usefulness of the skills taught in this book. She brings all the

skill, expertise, knowledge, understanding, and clinical relevance that her
position as APN-C at the Robert Wood Johnson University Hospital Critical
Care Unit demands on a daily basis. We believe it is a unique and very suc-
cessful collaboration.
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Anatomy Review
of the Human Heart

Self-Study Objectives

M Define and identify the following:

Pericardium

s Anatomy of the Heart: Overview Myocardium

Endocardium

The human heart is a hollow four-chambered muscle that is responsible for Epicardium
pumping blood throughout the body. The heart lies in the mediastinum in the
thorax, pointing slightly toward the left of the midline.

Circulation

Origin and path of the right coronary artery
Origin and path of the left coronary artery
Branches of the left coronary artery

Blood supply to the right ventricle

Blood supply to the AV node

Blood supply to the septum, anterior wall, lateral

ﬁ\? walls, posterior wall, and inferior wall of the heart

FIGURE 1.1 FIGURE 1.2



Chapter 1

The Pericardium

The heart consists of four main layers: the pericardium, epicardium,
myocardium, and endocardium. The pericardium is a loose fitting fibroserous
sac that covers the heart. Separating the epicardium, the outermost layer of
the heart muscle from the pericardium, is a space called the pericardial space.
The space is filled with fluid which acts as a lubricating agent protecting the
heart from injuries caused by friction while it is beating.

Parietal pericardium
(The loose unattached part of the
pericardium)

The pericardial space

This normally has only a few cc's
of fluid. (Shown larger here for
clarity)

Visceral pericardium
(The attached part of the
pericardium, also called the
epicardium)

FIGURE 1.3



Anatomy Review of the Human Heart

Layers of the Heart

The epicardium is the outermost layer of the heart muscle. It also is known
as the visceral pericardium. The middle layer of the heart is called the
myocardium. The myocardium is the thick muscular layer of the heart and is
responsible for the heart’s ability to contract. The innermost layer of the heart
is the endocardium. This layer lines the valves and chambers of the heart.

Endocardium (inside ———»
surface)

<— Epicardium
(outside
surface)

Myocardium (layer in
between epicardium
and endocardium)

FIGURE 1.4A FIGURE 1.4B



6 Chapter 1

s [Hecart Chambers

The heart is divided into two sides; the right side and the left side. The right
side of the heart contains the right atrium and right ventricle. The left side of
the heart contains the left atrium and left ventricle. The right and left sides of
the heart are anatomically separated by the atrial septum and the ventricular
septum. The two sides of the heart could be considered two separate pumps
and essentially work independently of each other.

Left Atrium

Right
Atrium

Atrial
Septum

Left
Ventricle

Right
Ventricle

Ventricular
Septum

FIGURE 1.5



Anatomy Review of the Human Heart

The Circulation

The right atrium receives deoxygenated blood from the body via the superior
and inferior venae cavae. During diastole, the blood is pushed from the right
atrium into the right ventricle. The blood is then forced out of the right ven-
tricle into the pulmonary circulation where it picks up oxygen. The oxygen-
rich blood is transported into the left atrium via the pulmonary veins. During
ventricular diastole, the blood is forced into the left ventricle. The left ventri-
cle pumps the oxygen-rich blood throughout the body.

Pulmonary
artery

Superior
vena Pu_lmonary
cava veins
Right
Atrium Left
Atrium
Inferior
vena Right
cava Ventricle Left
Ventricle

FIGURE 1.6



Chapter 1

The Heart Valves

The heart has four valves that act as tiny doors that keep the blood moving in
one direction. The closure of the valves prevents the backward flow of blood.
The right atrium and right ventricle are separated by the tricuspid valve and
the left atrium and left ventricle are separated by the mitral valve. These
valves are known as cuspid valves. The aortic valve lies between the left ven-
tricle and the aorta, and the pulmonic valve separates the right ventricle from
the pulmonary artery. The aortic and pulmonic valves are called semilunar
valves because of their distinct half-moon appearance.

Pulmonic Valve Aortic Valve

Left atrium

Mitral Valve

Tricuspid Valve

Left
ventricle

Right
ventricle

FIGURE 1.7



Anatomy Review of the Human Heart

The Coronary Circulation

The heart muscle receives oxygen-rich blood via two main vessels: the right
coronary artery (RCA) and the left coronary artery (LCA). Both arteries arise
from the aortic root. As they travel down the length of the heart, each divides
into several branches, as shown below.

The right coronary artery
(RCA) originates at the
aortic root, travels around
the front of the right
ventricle. It loops around
to the back of the right
ventricle, and then, when it
meets the back of the
septum, it turns to the apex.

The left coronary artery
(LCA) begins at the aortic
root, and splits into the
LAD (left anterior
descending) and CFX
(circumflex) branches.
The LAD goes down the
front of the septum. The
circumflex goes left,
around to the back of the
left ventricle.

FIGURE 1.8
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Chapter 1

The Right Coronary Artery

The right coronary artery travels along the coronary sulcus, which is the
groove between the atria and the ventricles, and continues down the posterior
aspect of the ventricular septum. It supplies blood to the right ventricle, the
atrioventricular (AV) node, part of the septum, as well as to the posterior and
inferior walls of the left ventricle.

Left
atrium

The right coronary
artery goes behind
the heart and down
the back of the
septum to supply the
inferior and
posterior walls.

Branch to the
AV node

Branches to the
anterior (front) of
the right ventricle

FIGURE 1.9



Anatomy Review of the Human Heart

s The Left Coronary Artery

The left coronary artery consists of two branches, the left anterior descending
branch (LAD) and the circumflex branch (CFX).

Left coronary artery
(this is a very short
segment!)

Circumflex artery
(CFX) and its branches,
which are called
obtuse marginals.

Left anterior
descending
artery (LAD)

FIGURE 1.10
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s The Left Anterior Descending Artery

The LAD artery perfuses the anterior wall of the left ventricle, the anterior
section of the ventricular septum, and the lateral wall of the left ventricle.

These arteries
branch off the LAD
and supply the

septum with blood.

They are called
septal perforators.

FIGURE 1.11

These branch off
the LAD and
supply the anterior
and lateral walls
of the left
ventricle. They

are called diagonal
branches.



Anatomy Review of the Human Heart

s The Circumflex Artery

The CFX branch of the left coronary artery supplies blood to the left atrium
and the posterior and lateral walls of the left ventricle.

Left main
coronary artery,

Circumflex
branch.

Obtuse marginal
branches of the
circumflex artery
supply blood to
posterior and
lateral walls of
the heart.

FIGURE 1.12
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Chapter 1

Coronary Arteries as End Arteries

The three main branches of the coronary arteries typically do not connect or
anastomose with each other at their ends and are therefore called “end arter-
ies.” This anatomical feature poses significant problems when atherosclerotic
lesions develop in the arteries, because there is no alternate route for the
blood to travel. This leads to ischemia and necrosis of the myocardial tissue.

Although the main coronary arteries are end arteries and do not connect
with each other, the smaller arterial vessels can sometimes anastomose to
some degree, providing what is known as collateral circulation. If collateral
circulation develops, it provides a means of supplying blood to the ischemic
areas of the heart. Therefore, the factors surrounding the development of col-
lateral circulation are of great significance in the study and treatment of coro-
nary artery disease.

FIGURE 1.13A
The end of the right
coronary artery at the
back of the heart does
not connect to the end
of the left anterior
descending artery at
the front of the heart.

FIGURE 1.13B




Anatomy Review of the Human Heart
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= B]ood Supply to the Myocardium

The coronary arteries lie on the outermost layer of the heart, or epicardium,
and penetrate in toward the myocardium. The portion of myocardium furthest
from the artery lies near the endocardium and is called subendocardial tissue.
It has the poorest blood supply of the entire myocardium.

Coronary artery

subendocardial
tissue

endocardium epicardium

FIGURE 1.14A FIGURE 1.14B
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Physiology Review
of the Heart’s
Conduction System

Self-Study Objectives

M Identify and describe the following:

The six limb leads

In 1913, Wilhelm Einthoven contributed significantly to the study of the The six precordial leads
heart by inventing the electrocardiogram (EKG). Einthoven attached wires The time lines on EKG paper
or electrodes to the right arm, left arm, and left leg. This formed a theoretical
triangle. When the electrodes were connected to a galvanometer, they mea-
sured the electrical activity generated within the heart. This activity, which
was then recorded on paper, was representative of individual heartbeats. The EKG baseline

Modern EKG machines inscribe 12 leads (or views) from differing combi- A positive wave
nations of the four limb electrodes and six chest wall electrodes.

A 0.04 second time interval

A 0.20 second time interval

A negative wave
Measurement of wave amplitude

Standardization of the EKG

FIGURE 2.1 17
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Chapter 2

The 12 EKG Leads

A total of 12 leads, or views, are represented on the modern EKG. The 12
leads are consistently arranged in a standard pattern. The first six leads rep-
resent the frontal plane (or view) of the heart. They are called the limb leads
and are named I, II, III, AVR, AVL, and AVL. The next six leads represent the
horizontal plane (or view) of the heart. They are called precordial (in front of
the heart) leads, and are named V1, V2, V3, V4, V5, and V6.

Sometimes an artifact appears where the leads change on the paper (the red arrows). It has no medical meaning, and simply signals that the EKG machine has
changed the lead that it is recording.

FIGURE 2.2
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s | KG Paper and Time Lines

The EKG is recorded on special standardized paper that scrolls out of the
machine at a specific and controlled speed. Each large box is 5mm wide and
represents 0.20 seconds. Each large box is equivalent to 5 smaller 1-mm

boxes, each representing 0.04 seconds. Measuring the width of any wave or
interval from left to right, using the boxes as a scale, determines the duration o
of that wave in seconds. The normal EKG recording contains a P wave, a QRS
complex, and a T wave.

l 1 millimeter (0.04 seconds)

QRS Complex

P Wave

i

1 big box = 5 little boxes or
(5x 0.04 seconds)
Or
0.2 seconds

FIGURE 2.3B

This wave is two little boxes
from left to right. Each little
box is 0.04 seconds. So this
wave has a duration of

(2 x 0.04) or 0.08 seconds.

FIGURE 2.3A

T Wave



20 Chapter 2

s The Baseline

The baseline on a 12-lead EKG is an imaginary line that connects the end of
the T wave to the beginning of the P wave. All measurements of other waves
are made relative to the baseline.

; I L] i P4 T T = -
M R A H |
:-:|::.‘i o
T o I
_f:‘f:. ErEHEH
I 5 “._'._-_I..:.l--.. = -

A - ]
|']

A

baseline

End of Start of
T wave P wave

FIGURE 2.4
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s [How to Measure Waves on the EKG

Each little box is 1 mm tall (vertically). A wave that goes upward from

the baseline is said to be positive. A wave that goes downward from the
baseline is said to be negative. Measuring the distance of a positive wave’s
peak from the baseline gives the amplitude (height) of the wave in milli-
meters. Measuring the distance of a negative wave’s lowest point from the
baseline gives the amplitude (depth) of the wave in millimeters.

A FIGURE 2.5
I —— | SR R R
12 millimeter | | BaaAman)
~|wave I
{ I
--------- FIGURE 2.6

| Baseline |




Chapter 2

Standardization

To ensure that the EKG correctly measures and records the amplitude of
waves above and below the baseline, a standardized voltage is inscribed on
every EKG, usually at the right side of the EKG. It should measure exactly 10
little boxes in height.

AR . i _ This

t f must be
1 i 10 little
; FH boxes

el high.

FIGURE 2.7 =



Basics of the
12-Lead EKG

Self-Study Objectives

B Identify and describe the following:

Five critical electrical and mechanical functions

The heart has an intricate electrical system, made up of highly specialized Five parts of the heart’s electrical system
cells, that is responsible for generating each heart beat. The specialized cells SA node

are responsible for five critical electrical and mechanical functions: (1) estab- Pt

lishing the ability to create an automatic and regular heart rhythm; (2) allow-

ing communication among the billions of cells in less than one-tenth or it

two-tenths of a second; (3) providing for activation of the myocardial cells; Bundle of His

(4) triggering mechanical contraction; and (5) resetting the system for the next Right and left bundle branches

cycle in a process called repolarization. Except for mechanical contraction, all
of these functions are represented on the EKG.
The heart’s electrical system consists of five structures: the sinoatrial (or QRS complex
SA) node, the atrioventricular (or AV) node, the bundle of His, the right and
left bundle branches, and the Purkinje fibers. The right and left atria contract
in atrial systole, as the electrical impulse triggers atrial contraction. The right
and left ventricles contract in ventricular systole, as the electrical impulse
triggers mechanical contraction (Figure 3.1).

Purkinje fibers

23



24 Chapter 3

SA nod
"z Left

bundle
branch

AV node

Right
bundle
branch

FIGURE 3.1

s (Creation of the Rhythm:
The Sinus Node

The sinoatrial node (SA node) is the heart’s natural pacemaker because it
normally initiates each heartbeat and maintains the rest of the heart’s pace.
The SA node comprises hundreds of specialized cells and is located in the
upper part of the right atrium. The SA node normally generates an average
of 60 to 100 impulses per minute. These impulses that travel through the
atria via the internodal conduction pathway cause the atria to contract. This
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depolarizes both atria, as the signal also heads for the AV node (Figure 3.2).
This electrical activation of the atria (called depolarization) is represented
on the EKG as a “P” wave. This is normally the first wave, or “deflection,” on
the EKG.

SA node

AV node

FIGURE 3.2

P waves

FIGURE 3.3
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Chapter 3

Identifying the P Wave on the EKG

Since the normal orderly process begins when the SA node depolarizes the
right and left atria, we look for and see the P wave first. The size, shape, and
amplitude of the P wave may vary. It may occasionally be small and difficult
to find. The P wave may be mostly below the baseline (as in Figure 3.4),
mostly above the baseline (as in Figure 3.5 below), or mixed. The P wave may
be relatively tiny and difficult to see (as in Figure 3.6). The apparent absence
of a P wave is abnormal and suggests that the thythm may be originating form
an ectopic pacemaker in the atrial wall, or in the atrioventricular junction.
(See Section III for more on this subject.)

| RN =

FIGURE 3.5 FIGURE 3.6
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Communication with the Ventricles:
The Atrioventricular Node and the
Bundle Branches

The atrioventricular node (AV node) is located in the lower part of the right
atrium. The AV node receives the impulse from the SA node and continues
transmitting (communicating) it to the bundle of His.

The bundle of His is found below the AV node and communicates (con-
ducts) the electrical impulse through to the bundle branches. The bundle
branches divide into the right bundle branch, which leads to the right ventricle,
and the left bundle branch, which leads to the left ventricle. The electrical
stimulus travels down the bundle branches to the Purkinje fibers. Finally the
myocardial cells contract, a mechanical event that is known as ventricular
systole. For a detailed discussion of normal and abnormal conduction, see
Chapters 9 to 12.

Bundle
of His
AV node Left bundle

branch

Right bundle

branch FIGURE 3.7
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Chapter 3

Depolarization of the Ventricles:
The QRS Complex

Once the impulse reaches the Purkinje network, it spreads (communicates)
onward and activates, or depolarizes, the myocardial cells. This is referred to
as ventricular depolarization. Ventricular depolarization is represented on the
EKG as the QRS complex.

The QRS complex is the second deflection on the normal EKG. The QRS
complex consists of a Q wave, an R wave, and/or an S wave, occurring either
singly or in any combination. Although the complex is called the QRS com-
plex, it does not always contain a Q wave, an R wave, and an S wave. If the
first wave of the complex is a downward deflection, as in Figure 3.8, the com-
plex is considered to have a Q wave. The next upward wave is called an R
wave. If the first wave of the QRS is upward, as in Figure 3.9, then this wave
is called an R wave. The downward wave that follows is an S wave. Note that
although the EKG in Figure 3.9 does not contain a QQ wave, the whole complex
is still called a QRS! When no R wave is present at all, as in Figure 3.10, these
deflections are called QS waves. Finally, a QRS can have all three waves, as in
Figure 3.11.

SRR

Q waves

FIGURE 3.8
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Basics of the 12-Lead EKG

1l

1
apes

R waves

FIGURE 3.9
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Chapter 3

Repolarization of the Ventricles:
The T Wave

The third deflection on the EKG is the T wave. The T wave represents ventric-
ular repolarization. The ventricles must repolarize or recharge themselves be-
fore the next cardiac cycle can begin.

T waves

FIGURE 3.12
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Heart Rate

Self-Study Objectives

M Define and Identify the following:
Sinus rhythm

Sinus bradycardia

s The Heart Rate: A Mandatory Part e
of an EKG Interpretation T

H Correctly measure the heart rate in any

The EKG provides a skilled reader with a wealth of information about the regular rhythm

heart. One of the most basic yet important pieces of information the EKG pro-
vides is the heart rate (HR). The heart rate is defined as the number of times
the heart beats per minute. It is a vital sign. It is always clinically relevant.
Calculating the heart rate is easy because the EKG is always recorded on
graph paper that measures time as it travels horizontally through the machine. Sinus tachycardia
Ignoring the heart rate on an EKG is the single most common mistake in learn- Sinus bradycardia
ing to read an EKG!

B Correctly measure the heart rate in
atrial fibrillation

M Define the pathophysiology of

M List possible underlying causes of

Sinus tachycardia

Sinus bradycardia

M Describe findings on physical examination
or laboratory testing that would clarify
the etiology

FIGURE 4.1 33
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Chapter 4

Measurement of the Heart Rate

The most accurate way to measure heart rate is by measuring the R-R interval.
The R-R interval is the distance from one R wave to the next R wave. When
measuring the R-R interval, take the beginning of one QRS complex, and
count the number of “little boxes” up to the beginning of the next QRS com-
plex. Divide this number into 1500. This method of calculating the heart rate
is valid if the heart rate is regular. Table 4.1 at the end of this chapter offers a
convenient method for obtaining the heart rate without doing the calculations.
It is a good idea to carry such a table in your pocket for quick reference and
accurate determination of the heart rate.

26b

Heart rate = 58 beats per minute

Sinus Bradycardia

FIGURE 4.2

The Sinus Rhythms

The sinus node normally sets and controls the heart at a rate of 60 to 100 beats
per minute (bpm). This is called sinus rhythm, or normal sinus rhythm (Figure
4.3, rate 65 bpm). When the sinus rate is below 60 bpm, the rhythm is called si-
nus bradycardia (Figure 4.4, rate 58). When the sinus rate is greater than 100
bpm, it is called sinus tachycardia (Figure 4.5, rate 125 bpm). The upper limit
for sinus tachycardia in a given patient is estimated by a formula: (Max HR =
220 — patient’s age in years). Thus, the maximum HR a person can achieve de-
creases with age. Sinus rhythms, regardless of rate, are typically regular. When
the heart rate varies by more than 10%, the rhythm is called sinus arrhythmia.
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FIGURE 4.3
S ——
1500/23 = 65
23 boxes
Heart rate = 65 beats/minute :
Sinus Rhythm
FIGURE 4.4

—
26 boxes
1500/26 = 58

Heart rate = 58 beats/minute

Sinus Bradycardia

FIGURE 4.5

1500/12=125
Heart rate = 125 beats/minute

Sinus Tachycardia
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The Sinus Node: Master and Servant

The sinus node normally sets and controls the rate of depolarization and
contraction of the rest of the heart. In this sense, the sinus node is the master
of the heart. Yet, the sinus node is itself under the control of two parts of the
nervous system — the sympathetic and parasympathetic nervous systems.
These two forces are always active, with either one able to predominate de-
pending on the clinical situation.

FIGURE 4.6
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Sinus Tachycardia: Pathophysiology
(Critical Concept!)

Sinus tachycardia represents a relative imbalance in the normal sympa-
thetic/parasympathetic balance of the heart. There are two basic causes of
sinus tachycardia: (1) increased sympathetic activity or (2) decreased para-
sympathetic activity. Increased sympathetic activity is by far more common
clinically. Increased sympathetic activity is part of the ancient “flight or fight”
protective emergency system of the body. It is analogous to someone inside
the patient’s body calling a “code” or pulling a fire alarm. It is that serious,
and that significant. The underlying cause should always be determined. It
will typically be very relevant clinically. Causes of increased sympathetic
activity include shock, heart failure, infection, bleeding, pain, pulmonary

FIGURE 4.7
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embolism, hypoxia, hypoglycemia, anxiety, and drugs. All are major disorders.
Commonly used drugs that cause increased sympathetic activity include
bronchodilators, inotropic infusions, and pressors. From the EKG, diagnose
sinus tachycardia, and then evaluate the patient to determine its cause.
Decreased parasympathetic activity is a much less common cause of sinus
tachycardia and is most commonly related to atropine administration or
poison ingestion. THE MOST COMMON BIG MISTAKE EKG READERS
MAKE IS IGNORING THE PRESENCE OF SINUS TACHYCARDIA. A return
to the bedside frequently provides the answer!

Sinus Tachycardia:
Clinically Based Critical Thinking

The finding of sinus tachycardia on the EKG, as in Figure 4.8, enables visuali-
zation of an imbalance in the normal sympathetic/parasympathetic balance.
Underlying clinical possibilities should be considered. The sympathetic
stimulation may have increased, or the parasympathetic stimulation may
have decreased (Figure 4.9).

For example, the ER admission of a patient with an acute MI and sinus
tachycardia can have several causes. Shock, congestive heart failure, pain,
anxiety, hypoxia and bleeding (secondary to anticoagulation) may be present
singly or in combination. The vital signs document the blood pressure and
heart rate. Physical examination of the lungs for rales helps to confirm the
presence of congestive heart failure. Pulse oximetry, if available, confirms
the presence or absence of hypoxemia. The CXR helps to confirm CHF, or a
pneumothorax. An echocardiogram determines systolic and diastolic func-
tion, as well as the presence or absence of mechanical complications of acute
MI. This is clinically oriented critical thinking. It all begins with the heart
rate, a vital sign, right there on the EKG!
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Sinus Bradycardia: Pathophysiology

Sinus bradycardia represents a relative imbalance in the normal sympathetic/
parasympathetic balance of the heart. There are two basic causes of sinus
bradycardia: (1) decreased sympathetic activity or (2) increased para-
sympathetic activity. Parasympathetic activity is frequently the “relax and
take your time” signal that counterbalances the sympathetic nervous system.
Increasing parasympathetic activity slows down the heart rate. Decreased
sympathetic activity does the same and is more common clinically. It is the
result of the current common practice of using drugs that block the sympa-
thetic nervous system in the treatment of hypertension, coronary artery
disease, and heart failure. It is also possible to directly stimulate the para-
sympathetic nervous system. A common cause of increased parasympathetic
activity is the vagal response. The vagal response can occur secondary to
gastrointestinal (GI) stimulation during nausea and vomiting, drug treatment,
the carotid reflex, or with direct therapeutic vagal stimulation for seizures or
depression.

FIGURE 4.10
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The Heart Rate in Atrial Fibrillation

When the RR intervals are irregular, the best way to estimate the heart rate is
by counting the number of QRS complexes in a 6-second block of time and
multiplying that number by 10. (Five large boxes measure one second of time.
Thirty large boxes measure 6 seconds of time.) The result is the heart rate in
beats per minute. In the example below, there are 7 QRS complexes in the
6-second block. Multiplying 7 complexes (in 6 seconds) by 10 yields a heart
rate of 70 per minute. Of course, since the rhythm is atrial fibrillation, this
rate of 70 represents the ventricular rate.

| i i

7 QRS complexes in this random 6 seconds

|[M}. R R T e e

FIGURE 4.11
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The Heart Rate Reference Table

Table 4.1 provides a quick reference for accurate determination of the heart
rate when the patient is in a regular rhythm.

LG RSN Table of Heart Rates

Number of Little Boxes Heart Rate Number of Little Boxes Heart Rate Number of Little Boxes Heart Rate
5 300 18 83 31 48
6 250 19 79 32 47
7 214 20 75 33 45
8 188 21 71 34 44
9 167 22 68 35 43
10 150 23 65 36 42
11 136 24 63 37 41
12 125 25 60 38 39
13 115 26 58 39 38
14 107 27 56 40 38
15 100 28 54 41 37
16 94 29 52 42 36

17 88 30 50 43 35
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Clinical Significance of Heart Rates:
Summary

The heart rate is a vital sign and conveys critical information.
Some causes of sinus tachycardia:

Shock

Heart failure

Bleeding

Infection

Hyperthyroidism

Pulmonary embolism
Sympathomimetic drug therapy
Anxiety

Hypoglycemia

Hypoxia

Some causes of sinus bradycardia:

B Beta blocker therapy

B Vagal response (increased parasympathetic tone)
B Hypothyroidism

B Athlete’s conditioning
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SAMPLE COMPLETED WORKSHEET

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

136

Abnormal

Rhythm

Sinus tach

Abnormal

PR

QRS

ar

QTe

P direction

QRS direction

FIGURE 4.12
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Instructions for Chapter 4 Worksheets

A) Count the number of small boxes between two
QRS complexes. Divide that number into 1500 to
accurately determine the HR.

B) Use the heart rate to classify the rhythm as sinus
rhythm (60 to 100), sinus tachycardia (greater than
100), or sinus bradycardia (less than 60).

C) Provide an interpretation

Clinically Based Critical Thinking: Interpretation

Sinus tachycardia should always be evaluated and
explained clinically. Itis a vital sign, and always has
clinical relevance. Relative predominance of the
sympathetic nervous system or relative inhibition of
the parasympathetic nervous system typically causes
sinus tachycardia.




WORKSHEET 4.1

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

at

QTe

P direction

QRS direction

avL

Instructions for Chapter 4 Worksheets

A) Countthe number of small boxes between two
QRS complexes. Divide that number into 1500 to
accurately determine the HR.

B) Use the heart rate to classify the rhythm as sinus
rhythm (60 to 100), sinus tachycardia (greater than
100), or sinus bradycardia (less than 60).

C) Provide an interpretation

JJLNMALMJ\:% DR

Clinically Based Critical Thinking: Interpretation
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BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

ar

QTe

P direction

QRS direction
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Instructions for Chapter 4 Worksheets

A) Count the number of small boxes between two
QRS complexes. Divide that number into 1500 to
accurately determine the HR.

B) Use the heart rate to classify the rhythm as sinus
rhythm (60 to 100), sinus tachycardia (greater than
100), or sinus bradycardia (less than 60).

C) Provide an interpretation

Clinically Based Critical Thinking: Interpretation




WORKSHEET 4.3

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

at

QTe

P direction

QRS direction

Instructions for Chapter 4 Worksheets

A) Count the number of small boxes between two
QRS complexes. Divide that number into 1500 to
accurately determine the HR.

B) Use the heart rate to classify the rhythm as sinus
rhythm (60 to 100), sinus tachycardia (greater than
100), or sinus bradycardia (less than 60).

C) Provide an interpretation

Clinically Based Critical Thinking: Interpretation
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The PR, RS,
and QT Intervals

Self-Study Objectives

M Define and identify the following:

Normal PR interval

mmm— The PR’ QRS, and QT Intervals Long PR interval

Short PR interval

After calculation of the the heart rate, the next step is to measure the PR, QRS, Normal QRS interval
and QT intervals. These are not optional measurements! Like heart rate, the Intraventricular Conduction Delay
intervals are measured left to right in units of time (seconds). The lighter QT interval/QTc interval

vertical lines on the EKG are time lines that are 0.04 seconds (or one “little

box”) apart (see Figure 5.1). The darker vertical lines are 0.2 seconds (or one UL M)

Long QT interval

Indeterminate QT interval

T 0.04seconds  fE e f - .I' en i
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“big box”) apart. One big box contains 5 little boxes and is (5 times 0.04) or
0.2 seconds. The PR, QRS, and QT intervals are measured on all EKGs. They
are measured only in the limb leads. The limb leads (I, I, III, AVR, AVL, and
AVF) are also called the frontal plane leads (see Figure 5.2). These intervals
are never measured in the precordial or horizontal plane leads (V1, V2, V3,
V4, V5, and V6).

Frontal plane ~ Limb leads (I, II, Ill, AVR, AVL, AVF)

FIGURE 5.2
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The Sequence of Events

The sequence of events in the cardiac cycle starts with the automatic firing of
the sinus node (see Figure 5.3). The impulse passes through and depolarizes
the atria. As the atrial cells depolarize, they cause the P wave to appear on the
EKG. After its trip through the atria, the impulse slowly passes through the
AV node. After exiting the AV node, the impulse goes through the bundle of
His and the right and left bundle branches. Finally it depolarizes the ventricles,
which causes the QRS to appear on the EKG.

sinus node AV node

left
bundle bundle
of His branch

right bundle
branch

FIGURE 5.3
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The PR Interval:
An Intentional Delay

The PR interval measures the duration of time from the very beginning of
atrial activation to the very beginning of ventricular depolarization. The very
beginning of atrial activation appears as the start of the P wave, which is
where measurement of the PR interval should begin. The very beginning of
ventricular activation appears as the start of the QRS, which is where the
measurement of the PR interval should end. (A better name for this interval
would have been the P-QRS interval!) Most of the time, the PR interval is

a physiological, or intentional, delay in transmitting the activation through
the AV node. This delay is very important, because it allows the atria time
to contract and pump blood into the ventricles before the ventricles begin to
contract with the start of the QRS. Remember, the reason for these electrical

Atrium
begins to
depolarize

Ventricle
begins to
depolarize

FIGURE 5.4
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events is to pump blood! Thus the atria contract, the AV node delays a bit so
blood can flow into and fill the ventricles, and then the ventricles contract.
Without the AV delay, the heart could not effectively pump in sequence. It
would look like an assembly line gone wrong in an old I Love Lucy episode.

How to Measure the PR Interval

The PR interval is measured from the very beginning of the P wave to the
very beginning of the QRS in the limb leads only, that is, Leads I, II, III, AVR,
AFL, or AVF. In this example, the PR interval is 3.0 little boxes. Each little
box represents 0.04 second. Thus, 3 boxes x 0.04 seconds per box equals

0.12 seconds. Therefore. this PR interval (3 x 0.04) is 0.12 seconds long. The
normal PR interval is 0.12 seconds to 0.2 seconds. This PR interval is normal.

T FEE b L aVR

FIGURE 5.5a FIGURE 5.5b
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Long PR Intervals:
1° Atrioventricular Block

Diseases of the AV node can prolong conduction through the AV node to
greater than 0.20 seconds. This is called first-degree AV block (1° AV block).
Causes of 1° AV block include coronary artery disease, drug toxicity, infec-
tious diseases such as Lyme disease, rheumatic fever, endocarditis, and de-
generative diseases. AV block can be found in trained athletes, where an
increased delay is necessary to allow more blood to enter the ventricle with
every heart beat. As before, measure from the very beginning of the P wave to
the very beginning of the QRS in the limb leads only, that is, Leads I, II, III,
AVR, AFL, or AVF. In this example, the PR interval is 9.0 boxes. Each little
box represents 0.04 seconds. Thus, 9 boxes x 0.04 seconds for each box equals
0.36 seconds. Therefore, this PR interval (9 x 0.04) is 0.36 seconds long. The
normal PR interval is 0.12 seconds to 0.2 seconds. This PR interval is longer
than 0.20 seconds, so it is called 1° AV block.

1 This PR interval
measures 9 boxes

or 0.36 seconds

FIGURE 5.6b

FIGURE 5.6a
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Short PR Interval: WPW Syndrome

Figure 5.7a demonstrates an abnormal pathway that is present in some people.
This pathway connects the atria to the ventricles, bypassing the normal AV
node. As a result, the PR interval is shorter than 0.12 seconds. It is abnormally
short because without the normal AV delay, some part of both ventricles start
to depolarize too early. This produces an early depolarization of the ventricles,
called a delta wave, as shown in Figure 5.7b. This short circuit is called an AV
bypass tract, short PR syndrome, or WPW syndrome (named after Drs. Wolff,
Parkinson, and White). It can be as dangerous as it sounds and can lead to fa-
tally fast heart rates, as shown in Figure 5.7c. Careful inspection of this rhythm
strip shows that successive R waves are as close as 4 little boxes apart. This
calculates to a heart rate of 1500/4 or 375 bpm! The normal AV node has a
built-in maximum allowable transmission rate to protect the ventricles. The
only way to bypass this safety mechanism is with a genetic short circuit be-
tween the atria and ventricles. The ventricles simply cannot contract at this
accelerated rate. (As an experiment, try to open and close the fingers of your
hand into a fist at a rate of 5 or 6 times a second. That’s what the ventricles are
trying to do at a rate of 300 to 360 bpm!) The ventricles cannot sustain a car-
diac output at this rate, and the arrhythmia must be terminated.
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FIGURE 5.7a
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Short PR Interval:
WPW Syndrome—Example

Although the PR interval is measured only in the limb leads, examination of
all the leads can help in the diagnosis of WPW syndrome. Leads I and AVL

demonstrate a delta wave (the slurred upstroke) at the beginning of the QRS
associated with the short PR interval. Leads V1 through V6 do as well.

IT

FIGURE 5.7d
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Short PR Interval: WPW Syndrome
and Supraventricular Tachycardia
The short circuit in WPW bypasses the normal AV node and its safety delay.

If the patient develops atrial fibrillation or atrial flutter, the ventricles may be
bombarded with impulses at a rate of over 300 bpm, as shown in Figure 5.7e.
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FIGURE 5.7e
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The QRS Interval

The next step after measuring and analyzing the PR interval is to evaluate the
QRS interval. The QRS interval measures the time from the beginning of ven-
tricular activation, which is the beginning of the QRS (whether it is a Q or an
R wave!), and the end of ventricular activation, which is the end of the QRS.
The QRS interval represents the amount of time it takes for the electrical im-
pulse to depolarize the ventricles. The normal QRS interval is 0.09 seconds or
less. This means that the billions of cardiac cells that make up the ventricles
are depolarized in less than 1/10 of a second. To accomplish this, a remark-
able communication system relays the message from the AV node to two rap-
idly conducting firewires called the right bundle branch and the left bundle
branch.

Left Bundle
Branch

Right Bundle
Branch

FIGURE 5.8
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To imagine how incredible this is, picture yourself standing in front of an
auditorium filled with 1,000 people (not the billions of cells in the ventricles).
Ask the crowd to stand at the snap of a finger. How long would it take for every-
one to get the message and begin to stand? A few seconds? In the heart, billions
of cells get the message, and ALL start to stand in less than a tenth of a second!

How to Measure the QRS Interval

The QRS interval is measured from the beginning of the QRS to the end of
the QRS in the limb leads only. In this example, the QRS interval is 2.0 boxes.
Each little box represents 0.04 seconds. Thus, 2 boxes x 0.04 seconds for

each box equals 0.08 seconds. Therefore, this QRS interval (2 x 0.04) is 0.08
seconds. Normally, the QRS interval is 0.08 to 0.09 seconds. It is normal if it
is less than 0.10 seconds or less. This QRS interval is normal.

0.08 seconds

FIGURE 5.9a FIGURE 5.9b
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Long QRS Intervals:
Intraventricular Conduction Delay
and Bundle Branch Block

The normal right and left bundle branches are able to depolarize the normal
right and left ventricle in less than 0.10 seconds, on average. A QRS interval
of 0.10 seconds or more indicates a delay in conduction. The QRS interval in
Figure 5.11 measures 2.5 little boxes, or 0.10 seconds long. A QRS interval of
0.10 second or greater (but less than 0.12 seconds) is given the awful name of
IVCD. If the QRS interval reaches 0.12 seconds or longer, then bundle branch
block is present. The QRS interval in Figure 5.12 is 3 little boxes wide, or 0.12
seconds long, indicating the presence of bundle branch block. Right and left
bundle branch blocks will be fully discussed in Chapters 11 and 12.

left
bundle
branch

right bundle
branch

FIGURE 5.10
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The QT Interval

The last interval to be measured on the EKG is the QT interval. The QT mea-
sures the distance from the beginning of the QRS to the end of the T wave.
The QT represents the time it takes the ventricles to depolarize and then reset
or repolarize for the next cycle. Depolarization is a relatively quick process
that can be compared to releasing a stretched rubber band. Repolarization is

a slower process, similar to restretching the rubber band. Depolarization and
repolarization require a normal environment of oxygen and electrolytes and
are very sensitive to drug effects.
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1
1

QT =0.40
seconds

FIGURE 5.13

The QTc: QT Interval
Corrected for Heart Rate

The normal QT interval depends on the heart rate. The faster the heart rate,
the shorter the QT interval. The slower the heart rate, the longer the QT.

(If you keep releasing the rubberband faster and faster, you need to restretch
it faster and faster as well.) The QT must take into account the heart rate.
Several formulas have been proposed to correct for heart rate. Bazett’s for-
mula is the best known and most widely used. It provides the corrected QT
interval (QTc) using the heart rate and the measured QT. Normally, the QTc
is in the range of 0.365 to 0.440 seconds. This is referred to clinically as 365
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or 440 milliseconds. Table 5.1 can help determine if the measured QT is nor-
mal for a given heart rate, particularly for heart rates below 100. To use the
chart, first measure the heart rate and QT interval on the EKG. Then find the
heart rate on the left side of the table and locate the measured QT to the right.
The top of the column determines if it is normal, long, or dangerously long.

RN Approximating the QT Interval

Dangerously

Normal Range of the QT Long QT Long QT
Heart Rate (QTc 365) (QTc 419) (QTc 440) (QTc 500)
50 0.40 0.46 0.48 0.55
55 0.38 0.44 0.46 0.52
60 0.37 0.42 0.44 0.50
65 0.35 0.40 0.42 0.48
70 0.34 0.39 0.41 0.46
75 0.33 0.37 0.39 0.45
80 0.32 0.36 0.38 0.43
85 0.31 0.35 0.37 0.42
90 0.30 0.34 0.36 0.41
95 0.29 0.33 0.35 0.40
100 0.28 0.32 0.34 0.39
105 0.28 0.32 0.33 0.38
110 0.27 0.31 0.32 0.37
115 0.26 0.30 0.32 0.36
120 0.26 0.30 0.31 0.35
125 0.25 0.29 0.30 0.35
130 0.25 0.28 0.30 0.34
135 0.24 0.28 0.29 0.33
140 0.24 0.27 0.29 0.33
145 0.23 0.27 0.28 0.32
150 0.23 0.26 0.28 0.32
155 0.23 0.26 0.27 0.31

160 0.22 0.26 0.27 0.31
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Short QTc Syndrome (SQTS)

A short QT interval occurs when the QTc is shorter than it should be for the
heart rate. Short QT syndome can be inherited or acquired. The inherited
form has been described only recently. It is associated with specific abnormal-
ities of the cell membrane channels, the doors in the cell membrane that let
the charged ions in and out. SQTS allows potassium ions (K*) to leave the cell
(through the broken door) more freely during repolarization. The cell is ready
to depolarize too soon, and this predisposes to atrial fibrillation, syncope,
ventricular fibrillation , and sudden death. It can occur in young healthy
people with no history of heart disease. With this syndrome, the QT does not
appear to decrease with increasing heart rate, but appears very short in nor-
mal heart rates, usually approximately 0.30 seconds. Because the QT normally
decreases with faster heart rates, it is better to recheck the QT at rates less
than 100 beats per minute. If the measured QT (before correction) is less than
0.32 seconds, then remeasure it and calculate the QTc. In this syndrome, elec-
trophysiologic testing (EPS) directly measures and confirms the decreased re- oo —_—
fractory periods (shorter repolarization times) for both the atria and ventricles. :
Some drug treatments and acquired diseases can also shorten the QT and QTec.
These include treatment with digitalis and hypercalcemia.

= I-.r_l
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ilar=0.28
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FIGURE 5.14
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The Long QTc Interval

Along QT interval is present when the corrected QT interval (QTc) is greater
than 0.44 seconds. The closer the QTc gets to 0.50 seconds, the more danger-
ous it becomes. Prolonged QTc is associated with sudden death because of
malignant ventricular arrhythmias, particularly polymorphous ventricular
tachycardia (torsade). Prolonged QTc can be inherited or acquired. The inher-
ited form is termed long QT syndrome (LQTS). As with short QTc, the etiol-
ogy is abnormal channels (channelopathies) on the cell membrane. These are
the doors that let ions into and out of cells. In the case of long QTc, the abnor-
mal channel function delays the cell’s repolarization. This appears on the

IT . ’ aVL

FIGURE 5.15a FIGURE 5.15b
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EKG as a long QT interval. An uncorrected QT that measures 0.40 seconds or
more is probably long. A QTc greater than 0.44 seconds may be at a dangerous
level. Acquired long QT syndrome is typically caused by drug effects or ab-
normal electrolyte imbalance.

The Indeterminate QT Interval

Sometimes, the T wave is of low amplitude and just plain hard to see. This can
make a reliable measurement of the QT interval impossible. In this case, use
the term “indeterminate” to describe the QT interval. As with long QT, it may
be the result of drug or electrolyte effects, particularly low potassium (K*).

FIGURE 5.16
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SAMPLE COMPLETED WORKSHEET

BASIC MEASUREMENTS
Parameter Measurement Interpretation
HR 115 Abnormal
Rhythm Sinus tach Abnormal
PR 0.14 Normal
QRS 0.08 Normal
1) 0.36
QTc 0.50 Long
P direction
QRS direction

Instructions for Chapter 5 Worksheets

A) Complete basic measurements.

B) Measure the PR, QRS, and QT intervals. Interpret the
PR as normal, short, or long. Interpret the QRS as
normal (0.09 seconds or less), IVCD (0.10 to 0.11), or
BBB (0.12 seconds or more). Assess the QT interval
against the HR/QTc chart to estimate normal, long, or
short QTc.

C) Provide an interpretation.

Clinically Based Critical Thinking: Interpretation

Sinus tachycardia should always be evaluated and ex-
plained clinically. Long QTc is present and commonly
due to drug toxicity or electrolyte abnormalities. Hypo-
kalemia or hypocalcemia would be common causes and
should be evaluated clinically. This patient's K* was 3.1.
The combination of sinus tachycardia and long QTc sug-
gests the possibility of hypovolemia and hypokalemia
due to diuresis, or hypovolemia and hypocalcemia sec-
ondary to multiple transfusions.

68
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WORKSHEET 5.1

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

at

QTe

P direction

QRS direction

aVR

Instructions for Chapter 5 Worksheets

A) Complete basic measurements.

B) Measure the PR, QRS, and QT intervals. Interpret the
PR as normal, short, or long. Interpret the QRS as
normal (0.09 seconds or less), IVCD (0.10to0 0.11), or
BBB (0.12 seconds or more). Assess the QT interval
against the HR/QTc chart to estimate normal, long, or
short QTc.

C) Provide an interpretation.

VT v

Clinically Based Critical Thinking: Interpretation
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WORKSHEET 5.2

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

ar

QTe

P direction

QRS direction

~avR

AR M

Instructions for Chapter 5 Worksheets

A) Complete basic measurements.

B) Measure the PR, QRS, and QT intervals. Interpret the
PR as normal, short, or long. Interpret the QRS as
normal (0.09 seconds or less), IVCD (0.10 to 0.11), or
BBB (0.12 seconds or more). Assess the QT interval
against the HR/QTc chart to estimate normal, long, or
short QTc.

C) Provide an interpretation.

Clinically Based Critical Thinking: Interpretation
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WORKSHEET 5.3

Clinically Based Critical Thinking: Interpretation

i

L

BASIC MEASUREMENTS Instructions for. Chapter 5 Worksheets
- A) Complete basic measurements.
Parameter Measurement Interpretation B) Measure the PR, QRS, and QT intervals. Interpret the
HR PR as normal, short, or long. Interpret the QRS as
normal (0.09 seconds or less), IVCD (0.10to0 0.11), or
Rhythm BBB (0.12 seconds or more). Assess the QT interval
PR against the HR/QTc chart to estimate normal, long, or
RS short QTc.
C) Provide an interpretation.
aT
QTe
P direction
QRS direction
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Axis—The Science
of Direction

The heart is a continuously active muscle that pumps blood. Think about that
the next time you get on a treadmill, and the next time you think about eating
a bacon cheddar cheeseburger. It must also produce electrical and mechanical
energy on a continuous basis. Both forms of energy come from specialized car-
diac muscle fibers. These fibers provide electrical signals and mechanical en-
ergy that physically pumps the blood. Although the EKG does not show that
mechanical energy, it can be used to measure a variety of electrical events.
Each of these occurs in a normal sequence, in a normal direction, and with a
normal magnitude. If we could see this force with our eyes, it could look some-
thing like this. The atrial systole (Figure 6.1) would show a small force in the
direction of the normal depolarization wave, down and to the patient’s left.
The ventricular systole (Figure 6.2) would show a similar but much larger force
in the same direction. Finally, the ventricles would reset or repolarize (Figure
6.3) with a force and direction that proceeds down and to the patient’s left.

Beginning Simply: If Only
We Could See Electricity

Of course, we cannot see electricity inside the body with our eyes, but other
sensors, called electrocardiographic leads, can see electricity. An EKG has
12 leads, with 6 in the frontal plane, or view, and 6 in the horizontal, or top

Self-Study Objectives

Identify and describe the 6 frontal plane leads
Identify and describe the 6 horizontal plane leads

Locate leads I, Il, 11I, AVL, AVR, and AVF on the
frontal plane diagram

Locate leads V1, V2, V3, V4, V5, and V6 on the
horizontal plane diagram

Memorize the 3 leads that define:
a) rightward or leftward

b) up or down

¢) anterior or posterior

Distinguish whether a P wave, QRS complex,
or T wave is pointing:

a) rightward or leftward

b) up or down

¢) anterior or posterior

Describe the normal P wave direction

Describe the significance of the P wave
direction in determining whether the EKG
was taken correctly or the arm leads were
mistakenly reversed

Identify and describe dextrocardia, junctional
rhythm, and normal P wave directions.
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b
; W

The Normal P wave The Normal QRS

Atria depolarize Ventricles depolarize

Down and leftward Down and leftward
FIGURE 6.1 FIGURE 6.2

down, view. Because these sensors are so primitive, they can sense in one
dimension only. Therefore, it is necessary to combine the partial information
from each lead with the information from the other leads on the EKG for a
complete three-dimensional picture of the electrical forces to emerge. By
learning how to combine the “visual” information provided by each of the
12 primitive leads, we can actually reconstruct the direction and force that
our eyes would see if we could see electrical events! This EKG in Figure 6.4
has 12 leads or sensors, each of which measures electricity from a different
angle or viewpoint. We need to examine all 12 leads above to “see” the elec-
trical force as in Figure 6.5! If you learn to calculate direction, you will be
able to “see” the EKG (Figure 6.4) as it looks in Figure 6.5.

The Normal T Wave
Ventricles repolarize
Down and leftward

FIGURE 6.3
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FIGURE 6.4

FIGURE 6.5

The 12 Separate EKG Leads
Equal One Arrow Visually

When a force is abnormal in size or direction, it may indicate that the specific
part of the heart producing the force is abnormal. Therefore, learning the nor-
mal electrical direction of forces in the heart provides a simple and scientific
way of understanding and interpreting an EKG. We will learn to measure the
electrical direction for the P wave, the QRS complex, and the T wave, as well
as for other forces throughout the book. The remainder of this chapter teaches
one method for determining the direction of the electrical force for any of these
waves, or complexes, on the EKG. By drawing out the electrical forces on pa-
per, we can “see” the electrical force and learn simple concepts to help deter-
mine what is normal and what is abnormal. These 12 leads (as in Figure 6.6)
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usually each have a P wave, a QRS, and a T wave. Taken together, they allow
us to “see” the actual electrical forces as though they were externally visible to
our eyes. Learn to put the 12 leads into one picture. That is the secret of under-
standing an EKG!
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FIGURE 6.7 FIGURE 6.8 FIGURE 6.9

FIGURE 6.6
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Begin to Visualize: Draw
the Direction Diagram (Memorize!)

When measuring the axis or direction of any force in the frontal plane, begin
by drawing and labeling the leads as shown in this representation of a frontal
view of the heart. Continue the line segments through the center to the other
side of the circle. This results in the second diagram. We now have the six
frontal plane sensors arranged in a circle. They will allow us to calculate and
then visualize direction as up or down and right or left, within 15 degrees.

AVR AVL AVR

AVF AVF

FIGURE 6.10 FIGURE 6.11
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Add Degrees to the Frontal
Plane Direction Diagram

To provide an easy and understandable way to describe direction, label each
of the leads in degrees. Lead I is the starting point at 0°. Continuing counter-
clockwise is considered negative, but rotation clockwise from zero is consid-
ered positive. By combining the information from each of these leads (I, II, III,
AVR, AVL, AVF), the direction of any electrical force can be converted to a
visual image. To clarify what the diagram represents, try imagining the heart
superimposed on top of it. This is actually a way of clearly visualizing the

direction of the force moving through the heart.

FIGURE 6.12

-90°
AVR AVL
+/—180°
1l 1
AVF
+90°
FIGURE 6.13

00
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Diagram Leads as One-Dimensional
Sensors or Observers

Place lead I on our diagram. This primitive sensor sees only in one dimension
and looks at the view from the patient’s left side. It can “sense” whether or not
an electrical force is present, tell us if that force is large or small, and also give
us a single piece of information on direction. That is, whether the electrical
force is going to the patient’s left or right side. Each diagram lead senses the
patient’s P wave, QRS, and T wave. In this example (Figure 6.14), the P wave
is upward in lead I. Therefore the atrial force is pointing toward the sensor,
and to the patient’s left side. The QRS and T wave are normally pointing the
same way as the P wave—in this example, to the patient’s left. Because this

P wave in lead I is mostly upward or positive, we can “see” the P wave as
pointing toward the patient’s left side. Mathematically, it would be some-
where between —90° and +90°. Visually, we can “see” the P wave as pointing
to the patient’s left! And, since the QRS and T
wave are both positive, we can visualize them
as pointing to the patient’s left as well.

Rightward

FIGURE 6.14b

FIGURE 6.14a
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The Frontal Plane Leads:
Visualizing Right from Left—ILead I

Remember that each lead is so primitive that it can “see” in only one dimen-
sion and can sense only if the electrical force is coming toward it or going
away from it. Using this method, examine the P wave in lead I first. Your per-
spective is that of someone viewing the cardiac events from this location. The
sensor at lead I is perfectly placed to provide one critical piece of information,
namely whether the electrical force is pointing left or right. If the P wave (or
any wave for that matter) is upright or positive, then the observer visualizes
that force as pointing toward the patient’s left side. If the lead I sensor is nega-
tive or downward, the observer visualizes the force as pointing toward the
patient’s right side. This concept of “positive = toward” and “negative = away”
relative to any of the EKG leads is fundamental to visualizing direction.

FIGURE 6.15b

FIGURE 6.15a

FIGURE 6.16a

FIGURE 6.16b
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The Frontal Plane Leads:
Visualizing Up and Down—Lead AVF

Once again, remember that each of the 12 EKG leads is so primitive it can
“see” only one in dimension and can sense only if an electrical force is coming
toward it or going away from it. Lead I has already let the observer visualize
whether the force is pointing right or left. Lead AVF is the sensor below the pa-
tient’s feet and provides the perspective of someone viewing the cardiac events
from below. The sensor at lead AVF is perfectly placed to provide another criti-
cal piece of information, namely whether the electrical force is pointing up or
down. If the P wave (or any wave for that matter) is upright or positive, then
the observer visualizes that force as pointing toward the patient’s feet, which is
where AVF is placed. If the lead AVF sensor is negative or downward, then the
observer visualizes the force as pointing toward the patient’s head. Be careful
with AVF! If lead AVF is “up,” then visualize the force as “downward!”

aVF

FIGURE 6.17b

FIGURE 6.18b

FIGURE 6.17a FIGURE 6.18a



82 Chapter 6

CASE
EXAMPLE

How Lead I Separates Left from Right

For this example, let’s visualize ventricular electrical systole, which is repre-
sented by the QRS. To determine and visualize whether the QRS is pointing,
right or left, as well as up or down, first examine lead I. Because lead I is
positive, the QRS is visualized as pointing toward the patient’s left. This is
not yet a complete description or picture.

FIGURE 6.20

FIGURE 6.19
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How Lead AVF Tells Up from Down (CAREFUL!)

Because the QRS in Lead I was positive, the QRS was visualized as pointing
to the patient’s left side. To help complete the visualization, the observer
needs to next determine whether the QRS force is toward the patient’s head or A
feet as well. The sensor that can distinguish up from down is called lead AVF.
As lead AVF is positive, the observer visualizes the QRS as pointing toward
the patient’s feet, that is, inferiorly. This can seem totally counterintuitive, so
go over this page very carefully!

FIGURE 6.22a

FIGURE 6.21
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How Combining Leads I and AVF Determines a Quadrant

Although the information from leads I and AVF was drawn on separate
diagrams for purposes of illustration, drawing them on one diagram helps
construct a more complete visualizion. Looking at leads I and AVF together
will narrow the direction to one of the four quadrants. In this example, the
QRS axis lies below line I and to the left of line AVF, or in the lower left quad-
rant. (Mathematically, the axis is greater than 0° and less than positive 90°.)
Remember that (a) any electrical event (P wave, QRS, T wave, anything else!)
that is above the baseline in lead I can be visualized as pointing to the pa-
tient’s left, and (b) any electrical event that is above the baseline in lead AVF
is pointing toward the patient’s feet, that is, inferiorly (See Figure 6.63).

FIGURE 6.23

FIGURE 6.24
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Visualizing More Precisely Within a Quadrant

Using lead I and lead AVF will narrow down any force to one of the four
quadrants on the diagram. In this example, because leads I and AVF are posi-
tive, the observer can visualize the QRS and ventricular depolarization as
grossly pointing down and to the patient’s left. For greater accuracy, the axis
can be narrowed down further to a multiple of 15°, as shown in Figure 6.25.
To calculate the axis to multiples of 15°, additional information is needed
from the other four one-dimensional sensors: leads II, III, AVR, and AVL. With
the information from these leads, the observer can narrow the visualization
down to one of the arrows.

FIGURE 6.26
FIGURE 6.25
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Narrowing Down the Direction with Lead III

To determine the exact direction inside a quadrant, the observer can look at
a lead OUTSIDE the quadrant. In this example, leads III, AVR, and AVL lie
outside the lower left quadrant. Again, each of the 12 EKG leads is so primi-
tive it can “see” only in one dimension and can sense only if an electrical
force is coming toward it or going away from it. Lead III gives the observer
the perspective from the patient’s lower right side.

FIGURE 6.28

FIGURE 6.27
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Combining the Information—Leads I, AVF, and III

Combine the directional information from the three leads (I, AVF, and III) into
one diagram.

a. Lead I is positive
b. Lead AVF is positive
c. Lead IIl is positive

Using a, b, and ¢, from above, the visualized direction is greater than +30 and
less than +90 degrees. Since we are using multiples of 15, the axis must be
+45, +60, or +75 degrees.

FIGURE 6.29
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Finalizing the Direction with Lead AVL

To narrow down the exact direction inside a quadrant, the oberver can again
look at a lead OUTSIDE the quadrant. In this example, AVR and AVL lie out-
side the lower left quadrant. Again, each of the 12 EKG leads is so primitive
it can “see” only one in dimension and can sense only if an electrical force is
coming toward it or going away from it. Lead AVL offers the observer the per-
spective from the patient’s left shoulder.

FIGURE 6.30 FIGURE 6.31
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Summary and Conclusion—Step by Step

We have determined that: a) Lead I is positive which told us the QRS direction is to the patient’s left side
b) Lead AVF is positive which told us the QRS direction is to the patient’s feet
c) Lead III is positive which told us the QRS direction was >30 degrees
d) Lead AVL is positive which told us the QRS direction was <60 degrees, and so QED +45!

And all that information is equivalent to just saying the QRS direction is +45!

QRS

FIGURE 6.32a-d
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CASE
EXAMPLE

Let the observer construct another example of normal in which Lead III is
isoelectric, that is, neither obviously positive or negative.

FIGURE 6.34

FIGURE 6.33
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Always Begin with Lead I and Lead AVF

In this example, the QRS in Lead I is positive, and so points to the patient’s
left side. The QRS is positive in Lead AVF (careful!). It so points toward the
lead and, therefore, downward towards the patient’s feet (see Figure 6.63).

FIGURE 6.35
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How to Handle an Isoelectric Lead

In this example, the positive QRS in lead I and positive QRS in lead AVF

lets the observer visualize the direction as down and to the patient’s left side.
(Mathematically, QRS direction is expressed as somewhere between 0° and
90°.) To narrow down the direction more precisely, look at another lead out-
side the lower left quadrant. Lead III or lead AVL would help. For this exam-
ple, arbitrarily select Lead III to examine first. The observer sees that the QRS
in lead III is neither obviously positive or negative. This is called an isoelectric
lead. When a lead is isoelectric, it provides a helpful and specific clue, be-
cause the true direction must be perpendicular to this lead.

FIGURE 6.36
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Summary and Conclusion—Step by Step

We have determined that a) Lead I is positive which told us the QRS direction is to the patient’s left side
b) Lead AVF is positive which told us the QRS direction is to the patient’s feet
c) Lead III is isoelectric which told us the QRS direction was either —150° or +30°

And all that information is equivalent to just saying the QRS direction is +30! This is a normal QRS direction.

FIGURE 6.37
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CASE
EXAMPLE

Begin at the beginning with Lead I. In this example, Lead I is positive, so the
QRS direction is to the patient’s left side. Mathematically, the QRS is some-
where between —90° and +90°.

FIGURE 6.39b

FIGURE 6.39a

FIGURE 6.38
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Abnormal QRS Direction in the Frontal Plane

Lead AVF is negative. This means the QRS direction is away from Lead AVF
or upward. (Always be very careful thinking about lead AVF. It is very easy to
make a careless mistake with this lead!) It is not normal for the QRS direction
to be upward, so the oberver needs to determine the direction more precisely.
Although diagnostic possibilities include inferior infarction and left anterior
hemiblock, do not worry about the diagnosis yet. These will be covered in
depth in later chapters. Focus on learning to differentiate up from down and
left from right (Figure 6.63)!

o

FIGURE 6.40

FIGURE 6.41
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Abnormal QRS Direction in the Frontal Plane

Combining the information from leads I and AVF, as was done in the previous
examples, visualize the QRS direction to be leftward and upward.

FIGURE 6.42

FIGURE 6.43
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Abnormal QRS Direction in the Frontal Plane

The positive QRS in lead I and negative QRS in lead AVF let the observer
visualize the direction to the patient’s left side and upward. Mathematically,
the QRS direction is somewhere between 0° and —90°. To narrow down the
direction more precisely, look at another lead outside the left upward quad-
rant. Lead II or lead AVR would help. For this example, arbitrarily examine
Lead II. The QRS in Lead II is negative. Because Lead II records the QRS as
negative, the QRS is going away from lead II.

FIGURE 6.44 FIGURE 6.45
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FIGURE 6.46

Abnormal QRS Direction in the Frontal Plane

Now combine the information from Lead IT with the information from leads

I and AVF onto one diagram. Using the information from lead I (a), the QRS
direction is to the patient’s left side. Using the information from lead AVF

(b), the QRS direction is upward, superiorly, to the patient’s head. (Mathemat-
ically, the direction is visualized as between 0 and —90°.) Lead II is negative,
thus the observer can visualize the QRS as also pointing away from lead II.
Now the direction is visualized as somewhere between —30° and —90°. The
direction can be determined even more precisely by looking at another lead
outside the upper left quadrant, namely lead AVR.

FIGURE 6.47

f
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Abnormal QRS Direction in the Frontal Plane

To improve visualization, add information from another lead outside the
upper left quadrant, namely lead AVR. In this example, lead AVR is slightly
more positive than negative. Therefore the QRS direction is headed toward
lead AVR.

FIGURE 6.48

FIGURE 6.49
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Summary and Conclusion—Step by Step

We have determined that a) Lead I is positive which told us the QRS direction is leftward
b) Lead AVF is negative which told us the QRS direction is upward or superiorly
c) Lead II is negative which told us the QRS direction was <—-30 degrees
d) Lead AVR is positive which told us the QRS direction was <—60 degrees, and so

must be —75°!

And all that information is exactly equivalent to just saying the QRS direction is —75°! This QRS direction is abnormal.

FIGURE 6.51

FIGURE 6.50
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The View from the Top:
The Horizontal Plane

Space has three dimensions. So do all living things. So far, we visualized the
heart in two dimensions: (1) up and down and (2) left and right. The third di-
mension, the horizontal plane, looks at the body and the heart from above. It
visualizes right and left, but instead of up and down, it shows if the electrical

force is moving frontward (anterior) or backward (posterior).

Front view

FIGURE 6.52

Back

Right Left

OOQD Front (IDOO

View from Above

AR

Toes

FIGURE 6.53
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s Draw the Horizontal Plane Diagram

Lead V2 is directly anterior. Lead V6 is at the patient’s left.

FIGURE 6.54
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= Horizontal Plane Diagram:
Labeling the Degree Increments

Lead V6 is arbitrarily considered to be 0°. Counterclockwise from V6 is nega-
tive. Clockwise from V6 is positive.

+90°

FIGURE 6.55
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CASE ‘

EXAMPLE

Examine this EKG, and visualize the QRS direction in 3 dimensions.
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The Frontal Plane Step by Step

We have determined that a) Lead I is positive which told us the QRS direction is leftward
b) Lead AVF is positive which told us the QRS direction is downward or inferiorly
c) Lead III is negative which told us the QRS direction was <+30° , and so the

direction is +15°

And all that information is exactly equivalent to just saying the QRS direction is +15°! This QRS direction is normal.

B R B FIGURE 6.58

FIGURE 6.57
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Next Assess the Horizontal Leads

Begin with V6. Since the QRS is positive in V6, the direction is toward the
patient’s left side. The QRS is negative in V2. Therefore we visualize the QRS
as pointing toward the patient’s back, which is normal.

FIGURE 6.60

FIGURE 6.59
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3D Summary and Conclusion—Step by Step

We have determined that a) Lead I is positive
b) Lead AVF is positive
c) Lead III is negative

d) Lead V2 is negative

which told us the QRS direction is leftward

which told us the QRS direction is downward or inferior
which told us the QRS direction was <+30 degrees
which told us the QRS direction was posterior!

And all that information is equivalent to saying the QRS direction is at +15° in the frontal plane and pointing posteriorly in the
horizontal plane! This QRS direction is normal. Practice these visualizations thoroughly, and you will find the rest of the book

reduces to very simple concepts.
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% The Three Key Leads to Visualization!

Any P, or QRS, or T wave that is. . . .

upward in Lead I is pointing to the patient’s left side, BUT downward in lead I is pointing to the patient’s right side.
upward in Lead AVF is pointing inferiorly (careful!), BUT downward in lead AVF is pointing superiorly. (careful!)
upward in Lead V2 is pointing anteriorly, BUT downward in lead V2 is pointing posteriorly.

LEAD | AVF

FIGURE 6.63




Axis—The Science of Direction 109

The P Wave Direction:
Normally Inferiorly and to the Left

Depolarization of the right atrium and left atrium causes an electrical force
that appears on the EKG as a P wave. The P wave has a normal direction
based on this normal physiology. The electrical impulse is expected to travel
through the atria toward the AV node in a direction (Figure 6.64a) that is
downward and to the left. Therefore, the P wave would typically be positive
in lead I (leftward) and positive in lead AVF (inferior) as well.

FIGURE 6.64b

B _

Leftward

FIGURE 6.64a
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s The P Wave Direction:
Arm Lead Misplacement

Always check the P wave direction on every EKG. An upside down P wave

in lead I (Figure 6.65 and 6.66b) suggests that the EKG was taken with the arm
leads accidentally reversed on the patient’s arms. This results in a right-to-left
reversal of direction of what the EKG sees, as is shown in Figure 6.65. Always
check that the P wave direction is as expected to ensure that the EKG was
taken correctly!

FEEER) FFE EEEH SPPE EELE P et Pt Eebaa s [Fogd sovat 90 () Joatat el st ISE S R e : T HE e

FIGURE 6.65

Rightward

FIGURE 6.66b

FIGURE 6.66a
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mmmmm The P Wave Direction: Dextrocardia

A P direction that is rightward (positive in lead I) suggests dextrocardia, as
well as possible arm lead reversal. Dextrocardia is a congenital condition in
which the contents of the thorax and abdomen are reversed in placement in a
mirror image from normal. The difference is seen in the V leads. In arm lead
reversal, the V leads appear normal. In dextrocardia, the V leads are on the
opposite side of the chest from the heart. This results in the tell-tale decre-
mental size of the QRS as one moves from lead V1 to lead V6.

Sreaeseeees s e naenneees s eeeee e

FIGURE 6.67

FIGURE 6.68
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mmmmmm The P Wave Direction:
Junctional Rhythm

Normally, the direction of atrial depolarization is from the sinus node to the
AV node, which is from top to bottom. The observer sees this as a P wave
direction that points downward and to the patient’s left side. In abnormal
situations, the junction can start the rhythm and depolarize the atria from the
AV node upward. This changes the atrial depolarization and P wave from
downward to upward. An upward (relative to the patient) P wave direction
(P wave is negative in leads II, III, and AVF) suggests junctional rhythm.

oo ' L aVR

1T avLn

13T avF

FIGURE 6.69

FIGURE 6.70
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s The P Wave Direction:
Step by Step to Diagnosis

Normally taken EKG

Arm lead reversal
Or dextrocardia

Junctional rhythm

4 Continue with reading

Repeat tracing

SSS, digitalis, athlete, inferior MI
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SAMPLE COMPLETED WORKSHEET

BASIC MEASUREMENTS
Parameter Measurement Interpretation
HR 75 Abnormal
Rhythm Sinus Tach Abnormal
PR 0.12 Normal
QRS 0.08 Normal
QT 0.36
QTe 0.40 Normal
P direction Inferior and leftward Normal
QRS direction

Instructions for Chapter 6 Worksheets

A) Complete basic measurements.

B) Describe or calculate the P direction in the frontal
plane as inferior or superior, leftward or rightward.
Diagnose the P direction as normal if it is inferior
and leftward. Diagnose junctional rhythm if the P
direction is superior. Diagnose as possible arm lead
reversal or dextrocardia if the P wave direction is
rightward.

C) Provide an interpretation.

Clinically Based Critical Thinking: Interpretation

Sinus rhythm indicates a balance between the sympa-
thetic and parasympathetic influences on the sinus
node. A normal P direction demonstrates that the EKG
was taken with the leads correctly placed and can be
further interpreted

FIGURE 6.72
114
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BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

at

QTe

P direction

QRS direction

II

avR-

avL

Instructions for Chapter 6 Worksheets

A) Complete basic measurements.

B) Describe or calculate the P direction in the frontal
plane as inferior or superior, leftward or rightward.
Diagnose the P direction as normal if it is inferior
and leftward. Diagnose junctional rhythm if the P
direction is superior. Diagnose as possible arm lead
reversal or dextrocardia if the P wave direction is
rightward.

C) Provide an interpretation.

Vi

Clinically Based Critical Thinking: Interpretation
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WORKSHEET 6.2

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

ar

QTe

P direction

QRS direction

III

116

Instructions for Chapter 6 Worksheets

A) Complete basic measurements.

B) Describe or calculate the P direction in the frontal
plane as inferior or superior, leftward or rightward.
Diagnose the P direction as normal if it is inferior
and leftward. Diagnose junctional rhythm if the P
direction is superior. Diagnose as possible arm lead
reversal or dextrocardia if the P wave direction is
rightward.

C) Provide an interpretation.

Clinically Based Critical Thinking: Interpretation




WORKSHEET 6.3

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

at

QTe

P direction

QRS direction

Instructions for Chapter 6 Worksheets

A) Complete basic measurements.

B) Describe or calculate the P direction in the frontal
plane as inferior or superior, leftward or rightward.
Diagnose the P direction as normal if it is inferior
and leftward. Diagnose junctional rhythm if the P
direction is superior. Diagnose as possible arm lead
reversal or dextrocardia if the P wave direction is

rightward.
C) Provide an interpretation.

Clinically Based Critical Thinking: Interpretation
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WORKSHEET I1.1

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

)

QTe

P direction

QRS direction

I

L

IT

| BRI I 1SS S

ITT

118

aVvVR

avr

Vi
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Clinically Based Critical Thinking: Interpretation
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WORKSHEET 11.2

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

ar

QTe

P direction

QRS direction

I

aVvVR

e

I1

11

Clinically Based Critical Thinking: Interpretation
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WORKSHEET 11.3

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

ar

QTe

P direction

QRS direction

T

II

o,

ITI

120

Clinically Based Critical Thinking: Interpretation
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WORKSHEET 11.4

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

at

QTe

P direction

QRS direction

I1T

aVR

Clinically Based Critical Thinking: Interpretation
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WORKSHEET 11.5

BASIC MEASUREMENTS

Parameter

Measurement

Interpretation

HR

Rhythm

PR

QRS

ar

QTe

P direction

QRS direction

I

VIO A A S

IT

11T

122

avEe

Clinically Based Critical Thinking: Interpretation
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Common Clinical
Arrhythmias
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Atrial Arrhythmias

Self-Study Objectives

M Define and identify the following:

Sinus rhythm
EE— Sinus Rhythm Sinus tachycardia
Sinus arrhythmia
Sinus rhythm is a regular rhythm, with a rate of 60 to 100 beats per minute Sinus bradycardia
(bpm). The interval between P waves is constant. A QRS follows each P wave T

at a constant interval. The heart rate in Figure 7.1 is 68 bpm. )
Atrial flutter

Premature atrial contraction

ﬂ Sinus pause

Atrial fibrillation

M Describe a clinical association or cause of:

[EEENI

X J ; Sinus tachycardia

i ; \ FW‘I ‘ Sinus arrhythmia

Sinus bradycardia
FIGURE 7.1 Atrial tachycardia

Atrial flutter

Premature atrial contraction
Sinus pause

Atrial fibrillation
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Chapter 7

Sinus Tachycardia

Sinus tachycardia is a regular thythm, with a rate greater than 100 bpm. The
maximum rate of sinus tachycardia depends on a person’s age and can be
estimated by the formula (Max HR = 220 — person’s age). A QRS follows each
P wave at a constant interval. The heart rate in Figure 7.2 is 107 bpm. Sinus
tachycardia always has an underlying cause. The pathophysiology is most
commonly sympathetic over activity, but it can be parasympathetic block.

i i : )
Pl b T R T

i

by

FIGURE 7.2

Sinus Arrhythmia

Sinus arrhythmia is a rhythm characterized by a gradually increasing, then
decreasing heart rate, over a period of seconds. The variation between the
maximum (88 bpm) and minimum (75 bpm) heart rates in Figure 7.3 is greater
than 10%. A QRS follows each P wave. When marked, it can be a sign of fur-
ther conduction disease called sick sinus syndrome.

FIGURE 7.3
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Sinus Bradycardia

Sinus bradycardia (SB) is a regular thythm, with a rate of less than 60 bpm. A
QRS follows each P wave at a constant interval, and the interval between P
waves is constant. The heart rate in Figure 7.4 goes down to 45 bpm. Sinus
bradycardia is the result of decreased sympathetic or increased para-
sympathetic activity. The class of medications called beta blockers commonly
cause sinus bradycardia.

e S

FIGURE 7.4

Atrial Tachycardia

Atrial tachycardia (AT) or supraventricular tachycardia (SVT) is a regular
rhythm at a rate of 160 to 260. A P wave, if present (P’), appears differently
from the normal P wave (P). The heart rate in Figure 7.5 increases from 91 to
more than 160 bpm. Atrial tachycardia is usually associated with increased
sympathetic activity. It can be seen in normal and abnormal hearts.
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FIGURE 7.5
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Atrial Flutter

Atrial flutter is a regular atrial rhythm characterized by atrial flutter waves.
Lead II frequently demonstrates the classic sawtooth appearance of the flutter
waves, some of which are hidden in the ST segment. Atrial flutter usually is a
regular rhythm at a rate of 240 to 340 with flutter waves, but not every flutter
wave produces a QRS. The number of flutter waves to QRS complex in Figure
7.6 is described as flutter with varying 3 to 1 and 2 to 1 conduction. The atrial
rate (230) and ventricular rate (88 to 115) should be described separately.
Atrial flutter frequently is associated with underlying heart or lung disease.

FIGURE 7.6

Premature Atrial Contraction

A premature atrial contraction (PAC) is a premature (too early) ectopic
(not from the expected place) beat. A PAC typically throws the thythm off
step, with a slight pause after it. Also, there is a visible P wave right before
the PAC. This is called a P’ (P prime) to distinguish it from a normal sinus
P wave. PACs can be associated with increased sympathetic activity.

Chi

Ch2

PAC

if
/

FIGURE 7.7
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Sinus Pause

A sinus pause is a period of electrical silence with no activity after a period
of sinus rhythm. It is measured in duration from the QRS before the pause to
the QRS after the pause, 1.5 seconds in Figure 7.8. Sinus pauses are a sign of
underlying disease in the conduction system or a complication of medication
such as digitalis, calcium channel blocker, or beta blocker. The most common
cause of a sinus pause is a PAC that was nonconducted.

FIGURE 7.8

Atrial Fibrillation

Atrial fibrillation (AF) is an irregularly irregular thythm. The atrial rhythm
may be coarse and visible, or not apparent at all. The ventricular rate is calcu-
lated by measuring a 6 second interval, and multiplying the number of QRS
complexes by 10. The ventricular rate in Figure 7.9 is 130 bpm. Atrial fibrilla-
tion increases in incidence with advancing age. It can be associated with un-
derlying heart diseases such as hypertension, coronary disease, valvular heart
disease, and heart failure. It can be associated with acute lung disease such as
pulmonary embolism, or chronic lung disease such as COPD. It can be associ-
ated with systemic diseases such as hyperthyroidism. It puts the patient at
risk for systemic embolism.

i 4
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FIGURE 7.9
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SAMPLE COMPLETED WORKSHEET

Atrial rate:

Undefined

Ventricular Rate:

40 bpm.

Diagnosis:

Atrial fibrillation

130

Instructions for Chapter 7 Worksheets
For each arrhythmia, examine the whole strip. Determine an atrial

and ventricular rate. In Figure 7.10, the atrial rate in indeterminate.

The ventricular rate is irregularly irregular and consistent with
atrial fibrillation. The correct way to calculate the heart rate in
atrial fibrillation is to count the number of QRS complexes in a
random six second sample and then multiply that number by ten
to get the ventricular rate in beats per minute (bpm). Figure 7.10
shows 4 QRS complexes in a six-second interval. Four multiplied
by ten would yield a ventricular rate of 40 bpm.

Clinical Associations:

Hyperthyroidism, pulmonary embolism, COPD,
hypertension, valvular heart disease, CHF



WORKSHEET 7.1

Atrial rate:

Ventricular Rate:

Diagnosis:

Instructions for Chapter 7 Worksheets Clinical Associations:

For each arrhythmia, examine the whole strip. Determine an atrial
and ventricular rate.

WORKSHEET 7.2

Atrial rate:

Ventricular Rate:

Diagnosis:

TT

Instructions for Chapter 7 Worksheets Clinical Associations:

For each arrhythmia, examine the whole strip. Determine an atrial
and ventricular rate.

ey e g

e
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WORKSHEET 7.3

Atrial rate:

Ventricular Rate:

Diagnosis:

[)x1/2

132

Instructions for Chapter 7 Worksheets

For each arrhythmia, examine the whole strip. Determine an atrial
and ventricular rate.

Clinical Associations:



Ventricular O
Arrhythmias ¢

Self-Study Objectives

M Define and identify the following:

mmmmmm Premature Ventricular Contraction

A premature ventricular contraction (PVC) is a single abnormal beat that
comes earlier than the expected next beat and is abnormally wide. It origi-
nates in the ventricle. The ST segment points away from the QRS in these
beats. PVCs occur in normal and abnormal hearts.

T YT ava A2 % VT V'“"‘W"“'/\"—"A\f'_"v

FIGURE 8.1

Premature ventricular contraction
Ventricular bigeminy

Ventricular trigeminy

Paired PVCs

Ventricular tachycardia
Ventricular fibrillation

Artifact

Torsade de pointe

[dioventricular rhythm

Describe a clinical association or cause of:
Premature ventricular contraction
Ventricular bigeminy

Ventricular trigeminy

Paired PVCs

Ventricular tachycardia
Ventricular fibrillation

Torsade de pointe

[dioventricular rhythm
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Ventricular Bigeminy

PVCs can occur in a pattern that pairs them with a normal beat. This is called
ventricular bigeminy. This can occur in normal and abnormal hearts.

. W\N \/’MJ‘N 4 w/w\wrwr\%

M%Mﬂ%ﬁq\\/ A A

FIGURE 8.2

Ventricular Trigeminy

PVCs can occur in a pattern that pairs them with two normal beats. This is
called ventricular trigeminy, or a trigeminal pattern of PVCs. This can occur
in normal and abnormal hearts.
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FIGURE 8.3
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Paired PVCs

PVCs can occur in pairs, called paired PVCs or coupled PVCs. Paired PVCs
have a more unstable rhythm than a single PVC and are more likely to be asso-
ciated with underlying heart disease than a single PVC. Electrolyte imbalance,
particularly hypokalemia, can exacerbate this.
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FIGURE 8.4

Ventricular Tachycardia

Ventricular tachycardia (VT) is a regular rhythm originating in the ventricles
at a rate of greater than 100 bpm, usually 140 to 260. It has at least three beats.
Figure 8.5 demonstrates a self-limited 11-beat episode of VT. VT is usually
associated with underlying heart disease, such as coronary disease, cardio-
myopathy, hypertension, or congestive heart failure.

mm/sec KX VATACH at 15:44:12 HR 102 7Sp02 2 PV 6| NBP 270 (15 44> ’ R : o

FIGURE 8.5
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s \/cntricular Fibrillation

Ventricular fibrillation (VF) is a fatal arrhythmia that must be rapidly termi-

nated. It is a chaotic electrical discharge that does not effectively depolarize

the ventricles and leads to death unless treated effectively and swiftly. It can
be seen in acute myocardial ischemia or infarction, congestive heart failure,

and cardiomyopathy. Hypokalemia increases the risk of its occurrence.
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FIGURE 8.6

e A rtifact

Figure 8.7 demonstrates a rhythm recorded on a two-channel recorder. Both
leads are recorded at the exact same time, so any event on th