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Foreword

EKGs for the Nurse Practitioner and Physician Assistant, Second Edition, is a book for
primary care providers and any providers who encounter EKGs in their practices.
This text takes a clinical focus for the interpretation of EKGs, enhancing the under-
standing of complex conditions while providing a logical, practical application.
Maureen Knechtel discusses and explains the pathophysiology of the conditions,
which facilitates understanding rather than memorization. Throughout this text
is useful clinical information that can be immediately applied to practice, as well
as case studies with 12-lead EKG strips, which help to refine the reader’s EKG
interpretation skills.

The second edition is exceptional, with the inclusion of helpful tables that sum-
marize complex information, and useful illustrations to aid in visualization. Each
end-of-chapter quiz features review questions designed to reinforce and enhance
the learning objectives. The culmination of each chapter quizzes your mind and
intuition with review questions to reinforce the learning objectives. This book
delivers a compilation of narrative, diagrams, tables, and actual patient EKGs and
case studies, which provide a complete yet succinct learning experience for the stu-
dent and clinician. Whether you are a nurse practitioner, physician assistant, or
physician, this book is concise, to the point, and an absolute asset to your practice.

Providers are instrumental in identifying abnormalities on EKGs for further
evaluation and treatment leading to life-saving measures. As the population ages,
the incidence of abnormalities expressed on an EKG grows significantly, which
poses a challenge to providers. Regardless of your experience level and whether



X Foreword

you are learning for the first time or extending your knowledge and experience
in the interpretation of an EKG, you will find this book to be an indispensable
resource.

Theresa M. Campo, DNP, FNP-C, ENP-BC, FAANP
Codirector, Family Nurse Practitioner Program
College of Nursing and Health Professions

Drexel University, Philadelphia, Pennsylvania

Nurse Practitioner

Atlantic Emergency Associates

Atlanticare Regional Medical Center

Atlantic City, New Jersey



Preface

This book is written for the physician assistant and nurse practitioner, but it is
intended for any health care provider who is attempting to master the EKG. EKGs
are frequently seen as daunting to conquer, and we are often content to simply learn
the basics and move on with the rest of our training. In my opinion, the problem
lies in the way EKGs are presented. The facts are laid out in books filled with num-
bers and lines, and we find ourselves memorizing the material, perhaps in hopes
of simply passing a test. The goal of this book is to present not only the facts but
also the physiology behind the process. We review clinical scenarios in which you
may see certain abnormalities, to allow for a real-life approach. This should lead
to less memorizing and more understanding and allow for those facts to transition
to everyday clinical use. Chapter 14 features extensive case studies with example
EKGs to allow you to put your newfound knowledge to the test. These examples are
also available online to qualified instructors at Springer Publishing by e-mailing
textbook@springerpub.com.

With more and more physician assistants and nurse practitioners providing pri-
mary care, it is vital to be able to recognize abnormalities early and make appropriate
clinical decisions. This book encompasses all major areas of EKG interpretation and
prepares you to be confident in your interpretation skills. In taking on the responsi-
bility of providing patient care, it is vital to be a master of the EKG no matter what
your specialty.

Itis imperative to always follow a pattern when interpreting EKGs. You should get
into the habit of following the same steps each time so you will be sure not to leave
anything out. This also prevents you from becoming overwhelmed. When you pick

Xi
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Preface

up an EKG, you need to be able to quickly pick out the main points: rate, rhythm,
axis, block, and infarction. Ask yourself: What is the heart rate? Is the rhythm reg-
ular or irregular? Is there heart block? Is there evidence of ischemia or infarction?
Note the axis: Is it left, right, or indeterminate? It doesn’t matter in what order you
review these points. Just find a system that works for you and don’t leave anything
out. Let’s get started.

Maureen A. Knechtel
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Basics of Cardiac Physiology
and Relationship to the EKG
Rhythm Output






Infroduction to

the EKG, Cardiac
Anatomy, and
Electrical Conduction
System

The electrocardiogram (EKG) records the electrical activity of the heart through
specialized terminals called electrodes that are placed at distinct locations on the
human body surface. Currents are transmitted and recorded based on the location
of these electrodes and the relationships that are created between them. The EKG
depicts the direction of energy flow through the heart. This electrical cascade begins
with stimulation of the individual myocytes and continues on through specialized
areas of conducting cells that create the sinus node, atrioventricular (AV) node,
bundle of His (pronounced hiss), and the bundle branches. Sometimes detours are
taken around conduction blocks or scar tissue that may change the appearance of
the typical EKG. On completion of this chapter, you should feel confident in your
ability to navigate and interpret this complex road map of electrical activity and
move one step closer to becoming a master of the 12-lead EKG.
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I Basics of Cardiac Physiology and Relationship to the EKG Rhythm Output

DEPOLARIZATION AND REPOLARIZATION _

The terms depolarization and repolarization refer to a change in the electrical
charge of myocytes involved in conduction. All cardiac cells have a negative resting
internal charge. To initiate contraction, a positive charge spreads from the sinus
node down through the myocardium. The myocardial cells gain a positive charge,
causing them to contract. This process is referred to as depolarization. The cells
become repolarized after electrical conduction ends and they regain a negative
resting charge (Figure 1.1).

FIGURE 1.1 Depolarization and Repolarization

This electrical activity through the heart is represented on EKG by a P wave, QRS
complex, and T wave and the intervals that are created between them. The P wave
represents atrial depolarization, the QRS complex represents ventricular depolar-
ization, and the ST segment and T wave together represent the entirety of ventric-
ular repolarization (EKG 1.1).

EKG 1.1 Defining the EKG Complexes
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EKG complexes appear upright (positive) or downright (negative) based on the
flow of electricity toward or away from the area they represent. If electricity spreads
toward an area, the EKG complex representing that portion of the myocardium will
have an upright appearance (EKG 1.2). Likewise, if electricity spreads away from
an area, the affected EKG complex will have a downward appearance (EKG 1.3).
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EKG 1.3 Negative Deflections

The ability of cells to initiate a pacemaker impulse is termed automaticity. Areas of
cells that generate a pacemaker impulse are termed automaticity foci. Automaticity
foci are located in the sinus node, the AV node, and the ventricles. The anatomy of
the conduction system is illustrated in Figure 1.2.
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I Basics of Cardiac Physiology and Relationship to the EKG Rhythm Output

Sinus Node

AV Node

Perkinje Fibers

Bundle of His

Bundle Branches

FIGURE 1.2 Anatomy of the Conduction System

SINUS NODE

electrical impulse (EKG 1.4).

Located in the high right atrium, this area of impulse-generating tissue sits near
the entrance of the superior vena cava. Although all of the cells in the atria have
the ability to generate an impulse and initiate the electrical cascade, the sinus node
(also known as sinoatrial [SA] node) sets the pace because it conducts slightly faster
than its competitors located more distal in the conduction system. Normal sinus
node activity occurs at 60 to 100 beats per minute and is seen on EKG as a P wave.
A normal P wave should be monophasic, or, entirely positive or negative.

Normal sinus activity is reflected on EKG by a positive P wave. A focus origi-
nating lower in the atrium can cause inverted P waves. This is referred to as a low
atrial focus, and indicates that the normal sinus node has failed to initiate a timely

—~

T
11

' Low Atrial Focus

‘ Normal Upright P Wave

EKG 1.4 Low Afrial Focus Versus Normal Appearing P Wave




AV NODE

1 Infroduction to the EKG, Cardiac Anatomy, and Electrical Conduction System 7

After the electrical impulse initiates in the right atrium, conduction ripples slowly
through both atria toward the AV node. It is a compact area of tissue that lies in the
interatrial septum near the coronary sinus. This is the electrical connection between
the atria and the ventricles and can be thought of as the gatekeeper of electrical
impulses that pass through the heart. Conduction must slow here to allow the
tricuspid valve and mitral valve to open and the ventricles to fill with blood prior
to systole. Activity through the AV node is reflected on EKG as the PR interval (see
Chapter 2).

If the sinus node fails to generate an impulse and initiate the electrical cascade, the
AV node has this ability although it will do so at a slower rate. The normal intrinsic
firing rate of the AV node without stimulation from elsewhere, that is, the sinus
node, is 40 to 60 beats per minute. This rate is indicative of a junctional rhythm if it
occurs in the absence of P waves.

BUNDLE OF HIS =

This area of conducting tissue is just distal to the AV node. Its main purpose is
to connect electrical signals from the AV node to the ventricular bundle branches.
Electrical activity from the bundle of His is not directly reflected on EKG by any
specific interval. It is an important anatomical marker in terms of defining the
location of a block, specifically second-degree type I versus second-degree type II.
Savvy clinicians can impress their colleagues by describing a block as “infra-hisian”
in origin. See Chapter 7 for more on this topic.
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BUNDLE BRANCHES -

The bundle branches are divided into the right bundle branch and left bundle
branch (Figure 1.3). The left bundle branch is further divided into the left anterior
fascicle and the left posterior fascicle. These branches comprise rapidly conducting
fibers called Purkinje fibers. The right bundle branch courses down the inter-
ventricular septum and terminates in the apex. The left bundle branch courses
down the interventricular septum and divides into anterior and posterior fascicles
before terminating in the apex. Electrical activity through the bundle branches is
represented by the QRS complex. Refer to Chapter 7 to learn more about how to
distinguish between these bundle branches on an EKG.

AV Node

Bundle of His

Left Bundle Branch
Right Bundle Branch

Left Anterior Fascicle

Left Posterior Fascicle

FIGURE 1.3 Conduction System Anatomy



Review Questions

10.

. Normal sinus node activity occurs between and beats per minute.

. If electricity spreads toward an area in the heart, the electrical impulse in the lead reflecting that area

will be

. If electricity spreads away from an area in the heart, the electrical impulse in the lead reflecting that

area will be

. All cardiac cells have a resting charge.

. The left bundle is composed of and fascicles.

. The “gatekeeper” for electrical impulses through the heart is the
. The bundle branches are composed of rapidly conducting fibers called
. What component of the EKG represents ventricular depolarization?

. The ability of cells to generate a pacemaker impulse is termed

The sinus node is located in the
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Defining the Intervals

The various intervals seen on the EKG include the following:

* The P wave: represents atrial depolarization

* The PR interval: represents the period of time in between atrial and ventricular
depolarization

* The QRS complex: represents ventricular depolarization

* The ST segment: represents the period of time in between ventricular
depolarization and repolarization

* The T wave: represents the rapid phase of ventricular repolarization

* The QT interval: represents the entirety of ventricular systole

11



12 | Basics of Cardiac Physiology and Relationship to the EKG Rhythm Output

The classic 12-lead EKG represents about 10 seconds of time. On the EKG paper,
one large box is equal to 200 milliseconds or 0.2 seconds. Each large box is com-
posed of five smaller boxes, each equal to 40 milliseconds or 0.04 seconds. This is
helpful to remember when estimating intervals (EKG 2.1).
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EKG 2.1 Using Small and Large Boxes to Estimate Intervals

The baseline of the EKG is defined as the isoelectric or flat line seen between the
waveforms that comprise the P wave, QRS complex, and T wave. When considering
segment elevation or depression, each small box represents 1 mm. You will hear ST
segment elevation or depression described by the number of millimeters it is above
or below the baseline.

The P wave, QRS complex, and T wave are individual components that together
comprise important intervals that describe atrial and ventricular depolarization
and repolarization (EKG 2.2).

.
:
:
i
i
L]
i
:
i
i
]
:
:

il
!
:
i
:
i
i

i
H
i
]
i
i
i
i
i
i
4
d
H
;
:
H
;

) = )
H H H H
S E oy ok = % 5 & B o®E = m % ® =
H H H H
IR K B B I R s B B :omom oW ]
H H M M
2 s s a2 eseektaaxR H
% s H 1
H H
T e onm s o P — :
: s = H
Fonstarpeprannidie i, =
H H i :
FL L =
H H = =
PR s omowm 3 e oW -

- -
! - & m = ! # . 8 i
H - = H =
- Bt F
e‘l]u.‘ltlllllllel {lllllll ‘.
2 2 = =
L L L L M g H
H H 2
2 5 s mom = F
- - - .
$ s a2 o= ooz i e z
£ T H r H
E . a - * -
H H H H
T L T nrned o

o = =

; . -3 gt Pe - :
- - - - - 4
* = 4 - - D O & ® W 2 & @ & &
a H H H H i
= 4 moa k=4 e om . I " q e I L R E
- - - - = a
R I T R - T - A T
H H = = I 3
Wogspaninaraniss Foasranienansrnrdiorrrpirebbibinabipinininaras s ilinsnenrnnsnnnred

EKG 2.2 Defining the Intervals
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Atrial depolarization begins on the right and progresses to the left. Together, right
and left atrial depolarization are represented by the P wave. This independent, yet
summated, activation is best seen in lead V1, at which time electricity is moving
toward the left atrium and away from the right atrium. This typically results in a
biphasic P wave, with an initial downward deflection representing right atrial acti-
vation and a subsequent upright deflection representing left atrial activation. In all
other leads, under normal physiologic conditions, the P wave is represented by a
single upright deflection due to the delayed, but overlapping, atrial activation. The
characteristics of a normal P wave include a maximal duration of 120 milliseconds,
or, 0.12 second, or, three small boxes, and a maximal height of 2.5 mm, or, 2.5 small
boxes (EKG 2.3).

EKG 2.3 Evaluating the P Wave
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PR INTERVAL

The PR interval is the interval from the beginning of the P wave, which represents
atrial depolarization, to the beginning of the QRS complex. The PR interval represents
the time it takes for electricity to spread from the sinus node to the atrioventricular
(AV) node. This interval represents the time necessary to allow for ventricular filling.
A normal PR interval should fall between three and five small boxes, or, less than
one large box on EKG. This represents 120 to 200 milliseconds or 0.12 to 0.2 seconds
of time (EKG 2.4). The PR interval in this example is approximately 140 milliseconds.
If the PR interval is less than 0.12 seconds, this may indicate preexcitation, or, early
activation of the ventricles. This is seen in some forms of supraventricular tachy-
cardia that involve bypass tracts. If the PR interval is greater than 0.2 seconds, this is
consistent with first-degree AV block (EKG 2.5). The PR interval in this example is
approximately 240 milliseconds, when measured from the beginning of the P wave
to the beginning of the QRS complex. This indicates that the conduction is taking
longer than it should to spread from the sinus node to the AV node.

Clinical Point: Depression of the PR interval below baseline can sometimes be
seen in pericarditis.
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EKG 2.5 Prolonged PR Interval
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QRS DURATION _

Normal QRS duration is 80 to 120 milliseconds or 0.08 to 0.12 seconds. This is equal
to three small boxes or less on EKG (EKG 2.6). The QRS complex in this example is
approximately 80 milliseconds. Any prolongation or widening of the QRS complex
represents a delay in conduction through one or both bundle branches (EKG 2.7).
The QRS complex in this example is approximately 130 milliseconds. More specifics
of this conduction delay are covered in Chapter 7.

Clinical Point: A QRS duration greater than three small boxes indicates that there
is a conduction delay somewhere in one or both ventricles.

EKG 2.6 Normal QRS Duration

EKG 2.7 Widened QRS
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The QRS duration represents the depolarization of both the right and left
ventricles. Because the QRS complex represents the pathway that electricity
travels through the ventricles, there can be variations in its appearance. This may
be due to areas of scar tissue, conduction delays, or normal variations. It is vital
to understand the naming conventions used to describe the three components
of the QRS complex (EKG 2.8). Not every ventricular complex has a Q, R, and
S wave.

4
J\fJLTM’L

EKG 2.8 Variations of the QRS Segment

* Uppercase letters refer to larger deflections, greater than two small boxes.

e Lowercase letters refer to smaller deflections, less than two small boxes.

e The Q wave is the first downward deflection.

* The R wave is the first upward deflection.

* The S wave is the first negative deflection after an R wave.

e If there is more than one upward deflection, the second deflection is referred to
as R prime (R’).
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The ST segment is the flat area of baseline situated between the QRS complex and
T wave that represents the period of time in between ventricular depolarization
and repolarization, referred to as the plateau phase (EKG 2.9). It is the ventricles’
answer to the PR interval. Just as there needs to be a delay to allow blood to fill from
the atria to the ventricles (PR interval), there needs to be a delay that starts in the
ventricles to allow them to return to an electrical steady state so that they can ready
themselves to beat again. Ventricular repolarization is minimal during the ST seg-
ment, as the majority is represented by the T wave itself.
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EKG 2.9 ST Segment

When examining the ST segment, be careful to look for the presence of ST seg-
ment elevation or depression. The ST segment should be isoelectric or flat on the
baseline.

Clinical Point: Deviation of 2 mm (two small boxes) above or below the baseline
is indicative of a pathologic process.

The J point is where the QRS complex ends and the ST segment begins. ] point
elevation is a common and usually benign finding on EKG in younger patients, if
it is associated with a concave ST segment. In classic ST segment elevation seen
during an acute injury pattern, the ST segment is convex at the takeoff of the
ST segment. If benign ] point elevation is present, the ST segment will be concave.
This finding is also referred to as early repolarization, but this concept is beyond
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the scope of this book. Compare ] point elevation, ST segment elevation, and a
normal EKG tracing side by side in EKGs 2.10, 2.11, and 2.12, as this is an impor-
tant clinical distinction to make.
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EKG 2.10 ST Segment Elevation



2 Defining the Intervals 19

EKG 2.11 J Point Elevation
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T WAVE
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The T wave represents rapid ventricular repolarization. It is during this time that
the myocytes regain their resting negative charge. The interval from the S wave
to the apex of the T wave is termed the absolute refractory period. During this
phase, the cells are essentially turned off to external stimuli. Once this period
has passed, malignant ventricular arrhythmias can occur if the cellular milieu is
unstable. For instance, ventricular arrhythmias can be initiated by a premature ven-
tricular complex that falls after the apex of the T wave.

Clinical Point: Cardiac myocyte instability can occur as a result of hypokalemia
and myocardial ischemia, and can be facilitated by certain medications.

Two characteristics should be always noted with regard to the T wave: inversion
and peaked appearance. Observe the morphology of the T wave in the normal
tracing (EKG 2.13) and compare it with the abnormal T waves in EKGs 2.14 and 2.15.
Inverted T waves may represent an old infarction or evolving ischemia. This is
because scar tissue alters the route that electricity takes to spread through the heart,
changing the appearance of the T wave (EKG 2.14). If the T wave is peaked, this
represents electrical instability.

Clinical Point: A peaked T wave is typically caused by electrolyte abnormalities,
such as hyperkalemia (EKG 2.15).
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EKG 2.13 Normal Appearing T Wave
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EKG 2.14 T Wave Inversion

EKG 2.15 Peaked T Wave



QT INTERVAL
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This interval represents the entirety of ventricular depolarization and repolariza-
tion. To accurately define the length of the interval, one must take into account
the heart rate. This is called the corrected QT interval or QTc. As the heart rate
increases, the R-R interval shortens, and therefore, the QT interval shortens. As the
heart rate decreases, the R-R interval lengthens and the QT interval lengthens. The
QT interval is always dependent on the heart rate.

It is imperative to accurately identify the end of the T wave. This can be difficult to
do, especially in the setting of QT prolongation due to the gradual down sloping of
the T wave toward baseline, reflective of the abnormal repolarization process. Draw
a slanted line from the peak of the T wave and continue down until it intersects the
baseline. The distance from the start of the QRS complex to where the slanted line
intersects the baseline is the QT interval (EKG 2.16).
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EKG 2.16 Defining the Terminal Portion of the QT Interval

The actual formula to calculate the corrected QT interval is QTc = QT/VRR. An
easy way to estimate this is to remember that the QTc should be less than half the
R-R interval, using the R wave before and after the QT interval you are measuring.
In general, the corrected QT interval should be between 340 and 460 milliseconds
or 0.34 and 0.46 seconds. Any prolongation represents instability in the ventricles’
ability to effectively repolarize, increasing the risk of life-threatening ventricular
arrhythmias.

Clinical Point: QT prolongation can have many causes, but it is frequently seen
in electrolyte abnormalities such as hypokalemia. Certain medications can also
prolong the QT interval, specifically antiarrhythmic medications because of their
intended action of slowing intracardiac ion channels. Certain antibiotics, anti -
fungal medications, and some antipsychotics can also prolong the QTc. If a pro -
longed QTc is present, the patient’s medication list should be closely examined.
Concomitant use of these medications can be a recipe for disaster.
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The U wave is a diastolic deflection sometimes seen at the end of the T wave, and
is typically less than 1 to 2 mm in height (EKG 2.17). The junction of the T and
U waves should be isoelectric or situated along the baseline. For a summary of EKG

abnormalities and their associated clinical conditions related to the intervals, please
see Table 2.1.

Clinical Point: The presence of an upright U wave is generally considered a normal
variant; however, it can be more prominent (>2 mm in height) in the setting of hypo
kalemia. An inverted U wave can be seen in the setting of left ventricular volume
overload. A U wave is much more likely to be present when the heart rate is less
than 65 beats per minute (bpm) and is almost never seen when the heart rate is more
than 95 bpm, as it is usually buried in the T wave.

seveienas Siaaunsd e

EKG 2.17 U Waves

TABLE 2.1 Summary of EKG Abnormalities and Associated Clinical Conditions

EKG Abnormality

Associated Clinical Conditions

P wave widening or peaking

Atrial enlargement

PR interval depression

Pericarditis

PR interval shortening

Preexcitation

PR inferval lengthening

First-degree AV block

QRS widening

Interventricular conduction delay

ST segment depression/elevation

Myocardial ischemia/injury

T wave inversion

Myocardial ischemia

T wave peaking

Hyperkalemia

QT prolongation Medication related, ischemia, primary long QT
syndrome, hypokalemia
U wave Normal variant, hypokalemia, left ventricular volume

overload




Review Questions

. A normal PR interval is

. A normal QRS duration is

. A normal QT interval is

. QTc prolongation can lead to

. Which interval represents the entirety of ventricular depolarization and repolarization?
. The end of the QRS and beginning of the ST segment is referred to as the

. Is a U wave more likely to be seen during tachycardia or bradycardia?

. Which part of the EKG marks the end of the absolute refractory period?

. Measure the PR interval in EKG 2.18.

. Measure the QRS duration in EKG 2.18.

EKG 2.18
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Lead Review

A 12-lead EKG provides a wealth of information once we know what and where to
look for it and how to interpret what we find.

The human body conducts electricity. By placing electrodes at varying but consis-
tent distances from the heart, the flow of electrical currents can be measured from
the heart to those points. This provides a wealth of information regarding the loca-
tion of heart block, ischemia, and infarction by creating electrical vectors that com-
prise the standard 12-lead EKG.

27
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TYPES AND PLACEMENT OF LEADS -

There are two types of leads: limb leads and chest leads. Review Figure 3.1 for limb
lead placement. Review Figure 3.2 for chest lead placement.

@ (L]
Shoulder Shoulder

FIGURE 3.1 Two Options for Limb Lead Placement

FIGURE 3.2 Chest Lead Placement
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The limb leads are the leads that are used to define the cardiac axis (EKG 3.1). There
are two types of limb leads:

* Bipolar leads
Leads I, II, and III

* Unipolar augmented leads
Leads aVR, aVL, and aVF

Unipolar Leads:

EKG 3.1 Bipolar and Unipolar Leads

Bipolar Limb Leads

Leads I, II, and III are the standard limb leads. They are bipolar, meaning they
have a positive pole and a negative pole. These leads record electrical voltages in
one position relative to another position using the left-arm (LA), right-arm (RA),
and left-leg (LL) electrodes. The right-leg (RL) electrode functions as an electrical
grounding system (Figure 3.3).

e Lead I records the electrical difference between the LA and the RA electrodes
and is positive on the left and negative on the right.

e Lead Il records the electrical difference between the LL and the RA electrodes
and is positive at the leg and negative at the arm.

e Lead III records the electrical difference between the LL and the LA electrodes
and is positive at the leg and negative at the arm.
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TIET

|
- +

FIGURE 3.3 Bipolar Leads

By measuring the electrical difference between these leads relative to each other, vec-
tors or angles are created through the heart, which we can see on an EKG. These leads
were designed to represent three sides of an equilateral triangle with the heart residing
in the center. Together, these three leads comprise Einthoven’s triangle, named after
the Dutch physician whom most consider the father of the modern EKG (Figure 3.4).

FIGURE 3.4 Einthoven’s Triangle
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Einthoven'’s law states that the magnitude of the deflection of lead Il is equal to the
sum of the deflections of leads I and III. Einthoven’s equation states that I + III = II.
Considering Einthoven'’s triangle, the LA is positive in lead I and negative in lead III
and, therefore, these leads cancel each other out when added together. As a result
of the combination of all three sides of the triangle (I, II, and III), there is one single
vector (lead II) that represents the sum of the electromotive forces of the heart. In
any given EKG, the voltage of lead I plus the voltage of lead III should equal the
voltage in lead II. If it does not, this should raise suspicion of lead misplacement.
Refer to EKG 3.2 for this point:

Count the number of small boxes in each QRS complex to calculate voltage.

* QRS in lead I = 5 small boxes
* QRS in lead II = 8 small boxes
¢ QRS in lead III = 3 small boxes

Calculate: lead I (5) + lead III (3) = lead II (8). The lead placement in this example
is accurate.

EKG 3.2 Einthoven’s Equation: | + Il = I
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Unipolar Augmented Limb Leads

If an intersecting line is drawn through each of the angles created by Einthoven’s
triangle, several new vectors are created through which to view electrical activity
within the heart (Figure 3.5). This results in the creation of the three unipolar aug-
mented leads aVR, aVL, and aVF.

* aVR: Augmented voltage RA: a combination of leads I and II
* aVL: Augmented voltage LA: a combination of leads I and III
* aVF: Augmented voltage foot: a combination of leads II and IIT

FIGURE 3.5 Intersection of Bipolar and Unipolar Leads

In contrast to the bipolar leads, the unipolar leads record voltages at one location
relative to zero rather than relative to another lead.

The locations of the electrodes which comprise these leads are not in close prox-
imity to the heart. In order to be more readable, aVR, aVL, and aVF are augmented
over the actual voltage from each extremity, hence the term “augmented leads.”
When added together, the QRS voltage in each unipolar lead should equal 0. Refer
to EKG 3.3 for an illustration of this point:

Count the number of small boxes in each QRS complex to calculate voltage.

* QRS voltage in lead aVR = -7
* QRS voltage in lead aVL = +3
* QRS voltage in lead aVF = +4

Calculate: aVR (-7) + aVL (3) + aVF (4) =0
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REVIEW OF IMPORTANT POINTS _

Bipolar leads: Contain a positive and a negative pole

* Lead I is a horizontal line across the body and is negative at the RA and positive
at the LA.

* Lead Il is a diagonal line that is positive at the left foot and negative at the RA.

* Lead Il is a diagonal line that is positive at the left foot and negative at the LA.

e I+MI=1I

Unipolar augmented leads: Contain only a positive pole

* aVR: Augmented voltage RA: a combination of leads I and II

* aVL: Augmented voltage LA: a combination of leads I and III
* aVF: Augmented voltage foot: a combination of leads II and IIT
* aVR+aVL +aVF=0
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COMBINING UNIPOLAR AND BIPOLAR LEADS _

By using all of the unipolar and bipolar leads together, significantly more angles are
created from which to see the heart’s electrical activity. Using the knowledge about
the origin of these leads, a helpful picture can be drawn starting with Einthoven’s
triangle (Figure 3.6).

FIGURE 3.6 Einthoven’s Triangle

Shift the leads in this triangle so that they intersect at a common central point
(Figure 3.7).

FIGURE 3.7 Intersection of the Bipolar Leads
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Create a second diagram by shifting the augmented (unipolar) leads to intersect at
a common central point. Recall that aVR is directed toward the RA, aVL is directed
toward the LA, and aVF is directed toward the feet (Figure 3.8).

aVvF

aVR avL

avL aVvVR

aVvF

FIGURE 3.8 Intersection of the Unipolar Leads

Combine these two together to create a diagram that shows the exact relationship
between the bipolar leads and the unipolar leads (Figure 3.9). It is this relationship
that defines the cardiac axis. All of this information is applied in Chapter 6 when
discussing how to determine the electrical axis of the EKG.

aVvF

aVR

avL

avL

aVvVF

aVR

FIGURE 3.9 Creation of the Cardiac Axis: Bipolar and Unipolar Leads
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Each of these leads records the same electrical activity, but from a different angle.
This is why the EKG tracing will vary from lead to lead. As depolarization spreads
toward a positive pole, there is an upward deflection in that lead. As it spreads
away from a positive pole, there is a downward deflection in that lead. Take the
vantage point of each positive pole. As electricity moves toward it, the respective
EKG deflection appears positive. As electricity moves away from it, it appears nega-
tive (Figure 3.10).

INFERIOR

@ LATERAL

| ©)

LATERAL

@ avL

aVR

‘ aVvF ‘
INFERIOR

©

FIGURE 3.10 Positive Versus Negative EKG Deflections
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PLACEMENT OF THE CHEST LEADS -

The chest leads are leads V1 to V6. These are also referred to as precordial leads
because they are placed directly over the chest wall in close proximity to the heart.
Similar to the augmented leads, the precordial leads only have a positive pole. They
also use a central terminal, or V lead, for their negative pole. These leads do not
figure into axis determination.

Chest lead placement is as follows (Figures 3.11 and 3.12):

* V1: Right fourth intercostal space
* V2: Left fourth intercostal space
* V3: On the left, directly in between V2 and V4
* V4: Left fifth intercostal space in the midclavicular line
* V5: Even with V4 in the anterior axillary line
* V6: Even with V4 and V5 in the midaxillary line
* In women, leads V3 to V6 should be placed just under the breast tissue, but
still in the appropriate anatomical line.

FIGURE 3.11 Chest Lead Placement
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FIGURE 3.12 Electrical Vectors Represented by the Chest Leads

BASIC INTERPRETATION OF THE QRS COMPLEX
ACROSS THE PRECORDIAL LEADS

Considering the QRS complexes in the precordial leads, the R waves should become
taller and the S wave smaller as you move from right to left. This is because the
right-sided chest leads represent the area of myocardium closest to the sinus node,
where the electrical cascade begins and gradually moves distal. In V1 and V2,
there should be a deep S wave, or, negative deflection. Usually around lead V3, the
R wave and S wave will be of equal height. There should be a complete transition
by lead V4, where the R wave should be distinctly larger or the QRS more positive
by this point, and remains so as you continue over to lead V6. By this time, all of
the electrical vectors are pointing toward this area, resulting in positive deflections.
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R WAVE PROGRESSION B

The term R wave progression refers to these normal changes that occur in the QRS
complex as you move across the chest leads. Poor R wave progression refers to
nonadherence to these rules and is rather nonspecific. Anything that changes the
depolarization of either ventricle will change this progression (Table 3.1). Common
causes of this include right or left ventricular hypertrophy, a left anterior fascicular
block, and infarction. These will be specifically addressed in Chapters 6 to 8 and
13. Compare the appearance of normal R wave progression (EKG 3.4) to a lack of
R wave progression (EKG 3.5) across the precordial leads.

EKG 3.4 Normal R Wave Progression
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APPLYING THE GROUP PATTERN OF 12-LEAD
EKG INTERPRETATION

These 12 leads should always be considered in groups because each set of leads rep-
resents a specific area of the myocardium (EKG 3.6). Following a pattern is essential
to correctly and efficiently interpret EKGs. Leads I, aVL, V5, and V6 are the lateral
leads. Leads II, III, and aVF are the inferior leads. Leads V1 to V4 are the anterior
chest leads. Leads V1 and V2 are more specifically referred to as anteroseptal leads.
Lead aVR does not offer a direct view of the left ventricle and therefore does not fit
into any of these groups. It represents the area of the right ventricular outflow tract
and basal interventricular septum. It can be useful in localizing acute left main coro-
nary artery stenosis and determining the origin of atrial and ventricular arrhyth-
mias, but that is beyond the scope of this book.

e Lateral: I, aVL, V5, V6
e Inferior: II, III, aVF
e Anterior: V1 to V4
* Anteroseptal: V1 to V2

EKG 3.6 Group Pattern of EKG Interpretation

TABLE 3.1 Summary of EKG Abnormalities and Associated Clinical Conditions

EKG Abnormaility Associated Clinical Conditions

Poor R wave progression Anterior and/or lateral wall myocardial infarction, left ventricular hypertrophy,
left bundle branch block, fascicular block, lead misplacement




Review Questions

10.

. Which limb leads are bipolar?
. Which limb leads are unipolar?
. aVF is a combination of which leads?

. aVL is a combination of which leads?

. aVR is a combination of which leads?

. As depolarization spreads toward a positive pole, there is a deflection in that lead.

. As depolarization spreads away from a positive pole, there is a deflection in that lead.
. The R wave should be distinctly larger than the S wave by which precordial lead?

. Which lead represents the sum of the electromotive forces of the heart?

Define Einthoven’s equation.
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Rate

It is imperative to implement a systematic approach to EKG interpretation. There
are five main areas to master. They are rate, rhythm, axis, block, and infarction. If
you review each EKG and identify and appropriately interpret these five areas, you
will know everything you need to know about that EKG.
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CALCULATING THE HEART RATE -

The standard calculation used to convey heart rate is beats per minute (bpm).
A normal heart rate that originates in the sinus node is 60 to 100 bpm. Recall that
the term automaticity refers to areas of the heart that have the ability to initiate a
pacemaker impulse. Every cell in the heart is capable of initiating an action poten-
tial and stimulating the heart to beat, but only a few areas do this on a routine basis.
These areas of cells, or foci, are found in the sinus node, the atrioventricular (AV)
node, and in the ventricles (Figure 4.1). Each area of automaticity carries a different
intrinsic heart rate. All these areas are capable of initiating a cardiac impulse, but
the fastest pacemaker always wins and sets the pace for the rest of the conduction
system to follow.

Ventricular
Foci

FIGURE 4.1 Automaticity Areas

By design, the fastest focus is the sinus node. It has an intrinsic rate of 60 to 100
bpm. The AV node has an intrinsic rate of 40 to 60 bpm. The ventricles trigger
impulses at 20 to 40 bpm.

Clinical Point: The lower in the conduction system the focus is located, the more
unstable and unreliable it is.

All slower foci are overdrive suppressed by their faster counterparts. If an auto-
maticity area fails to generate an impulse in a timely fashion, the next fastest pace-
maker will become the dominant one and set the pace. By definition, impulses that
are generated from the AV node and the ventricles will not have a P wave in front of
them, because a P wave represents sinus node activity. The overdrive suppression
order, or a chain of command within the heart, is seen in Table 4.1.
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TABLE 4.1 Overdrive Suppression Order

Automaticity Area P Wave QRS Duration Rate (bpm)
Sinus node Present Normal 60-100
Atrioventricular node Absent Normal or slightly prolonged 40-60
Ventricle Absent Very prolonged 20-40

Recall that a low atrial focus is represented by inverted P waves. This stimulus
originates from somewhere in between the sinus node and the AV node. The heart
rate is reflected as such.

In determining rate, P waves can be ignored for now. Calculate the heart rate by
looking at the R waves. Identify an R wave that falls on one of the thick black lines
that comprises one large box. Count 300, 150, 100, 75, 60, 50, 40 for each large box
that comes after this until arriving at the next R wave (EKG 4.1). The heart rate is
calculated with ease if the next R wave falls on a thick black line. If it does not, the
heart rate can be accurately estimated as it will fall in between two of those num-
bers. Using this simple method, the heart rate in EKG 4.1 can be determined to be
approximately 65 bpm.

EKG 4.1 Calculating Heart Rate

If the calculated heart rate is between 60 and 100 bpm and there is a normal,
upright P wave before each QRS, the automaticity focus generating that impulse
is within the sinus node. Heart rates greater than 100 bpm that have a normal
appearing P wave before them are still (usually) sinus in origin. This is consistent
with sinus tachycardia (EKG 4.2).

EKG 4.2 Sinus Tachycardia
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If the impulse is less than 60 bpm but there is still a P wave before every QRS, this
is consistent with sinus bradycardia. The presence of a P wave defines its origin
within the sinus node (EKG 4.3).

EKG 4.3 Sinus Bradycardia

This method of quickly calculating heart rate does not work for rates less than
40 bpm. Locate the rhythm strip, printed along the bottom of the EKG. The standard
EKG is 10 seconds long and there are 60 seconds in 1 minute. Count how many QRS
complexes there are in a 10-second rhythm strip. Multiply this number by six to
estimate the heart rate. This is also an effective method when there is an irregular
rhythm. This method can be applied to EKG 4.4. There are six QRS complexes in the
rhythm strip EKG 4.4. Six times six is 36 bpm.

EKG 4.4 Calculating the Heart Rate
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JUNCTIONAL AND ESCAPE RHYTHMS _

Anything that originates below the sinus node is called an escape rhythm. If the
heart rate is 40 to 60 bpm and there is no P wave before each QRS, the impulse is
being generated from the AV node (EKG 4.5) and is referred to as an AV junctional
escape rthythm. The heart rate in this example is approximately 36 bpm. If the heart
rate is 20 to 40 bpm and there is no P wave before each QRS, the impulse is being
generated from the ventricles (EKG 4.6) and is termed a ventricular escape rhythm.
The heart rate in this example is approximately 30 bpm. Recall that by definition, an
AV nodal junctional focus will have a narrow or only slightly prolonged QRS, while
a ventricular focus will be very wide.

EKG 4.5 Atrioventricular Escape Rhythm

EKG 4.6 Ventricular Escape Rhythm

In EKG 4.7, a ventricular escape rhythm gradually transitions to and from normal
sinus rhythm. Note the initial lack of P waves prior to a wide QRS followed by the
appearance of P waves and a narrowing of the QRS.
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Interpreting the 12-Lead EKG
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EKG 4.7 Transition From Escape Rhythm to Sinus Rhythm
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Escape rhythms are frequently associated with overmedication. They can also be
seen in fibrocalcific conduction disease, or the normal aging process of the conduc-
tion system. Always closely examine the patient’s medication list for rate-slowing
medications, such as beta blockers, calcium channel blockers, digoxin, and anti-
arrhythmic medications. Escape rhythms should be defined by their origin, as
described earlier. The wider the QRS, the more unstable and unreliable the escape
rhythm is.

Clinical Point: Ventricular escape rhythms are particularly unstable, due to the
lack of preceding escape foci. Patients with these types of rhythms may require
immediate temporary pacing, especially if they are symptomatic or hemodynami-
cally unstable.
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CHRONOTROPIC INCOMPETENCE _

Chronotropic incompetence is defined by an inability of the sinus node to effec-
tively increase the sinus rate and allow for the physiologic demand that is present
with activity. This is frequently overlooked as a lifestyle-limiting condition and a
potential indication for a pacemaker. These patients may not have dangerously low
resting heart rates, but they do have significant impairments in their ability to carry
on normal activities. Patients will complain of persistent fatigue and exercise intol-
erance. If they are already on telemetry, check a resting heart rate. Walk them in the
hall in an attempt to reproduce their symptoms while monitoring for any change in
their heart rate. Inadequate heart rate response to activity can also be determined by
outpatient ambulatory Holter monitoring. If the heart rate does not appropriately
increase with activity, these patients may be considered for permanent pacing,
which can significantly improve their quality of life. For a summary of EKG abnor-
malities and their associated clinical conditions related to heart rate, see Table 4.2.

TABLE 4.2 Summary of EKG Abnormalities and Associated Clinical Conditions

EKG Abnormality

Associated Clinical Conditions

Sinus tachycardia

Normal, infection, anxiety, sympathetic stimulation

Sinus bradycardia

Normal, medication related, increased vagal tone

Escape rhythm

Medication related, electrolyte abnormalities, fibrocalcific conduction system
disease, advanced ischemic disease




Review Questions

1. Normal sinus activity occurs at rates between and bpm.
2. An AV nodal junctional focus will fire at a rate between and bpm.
3. A ventricular escape focus will fire at a rate between and bpm.

4. Calculate the heart rate of the patient in this rhythm strip, assuming it is a 10-second recording. Is it
originating from the sinus node, AV node, or in the ventricles?

5. Calculate the heart rate of the patient in this rhythm strip utilizing the 300-150-100-75-60-50 method for
determining heart rate. Is it originating from the sinus node, AV node, or in the ventricles?

6. Determine the heart rate of the patient in this rhythm strip, assuming it is a 10-se