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Preface

There are many ways to learn electrocardiography and
many levels of expertise within this complex field. For ease
of reference, the various levels of knowledge/ability can
be outlined as follows:

Single-Lead Rhythm
Interpretation

Level III: Ability to interpret arrthythmias that include
more sophisticated features such as sinus arrest, pacemak-
ers, aberrancy, and blocked beats.

12-Lead EKGs

Level I: Ability to recognize a limited number of familiar
patterns, usually the major life-threatening rhythms. No
understanding of rules or mechanisms.

Level II: Basic understanding of the rules and mechanisms
of common arrhythmias according to pacemaker sites. No
familiarity with more sophisticated features that compli-
cate basic arrhythmias.

Level IV: Familiarity with 12-lead EKGs (e.g., bundle
branch block, infarction location, axis deviation).

Level V: Ability to distinguish subtle EKG findings (e.g.,
concealed conduction, reciprocal conduction, trifascicular
block, His bundle recordings).

Levels I, 11, and III are concerned with interpretation of
patterns and use only single-lead EKG tracings. Levels
IV and V are multiple leads used to examine both
arrhythmias and the greater complexities of the 12-lead
EKG.

It is usual for a student to proceed through these levels
in a relatively logical progression from simple to complex.
Unfortunately, it is also common for a potential student to
be prevented from entering this fascinating field for lack of
the initial training upon which to build more sophisticated
understanding. Basic Arrlythmias is designed to provide a
sound base of understanding for those interested individ-
uals who have been unable to receive other forms of train-
ing. Its primary area of concentration is Level II, the area
of basic understanding of the common, uncomplicated
rhythms. It is hoped that Basic Arrhythmias will provide an
enjoyable and interesting way for people to develop the

framework that will later support continued learning in
the area of electrocardiography.

This self-instructional program is targeted toward
several groups of people:

* Those who have previously approached EKGs with
“pattern recognition”

* Those who have been unable to participate in more con-
ventional EKG training

* Those who are involved in a formal EKG training pro-
gram and will use this program concurrently to solidify
their learning experience

Because the nature of the book is to provide a foun-
dation for future learning, great care was taken to instill
simple, basic concepts without giving the student any mis-
conceptions or erroneous impressions. To this end, some
information may have been eliminated or lightly passed
over because it was considered to be more sophisticated
than necessary, and thus might leave the reader confused
and without immediate access to an instructor’s help. It is
hoped that Basic Arrhythmians will open the door for new
learners and will provide instructors with more class time
for the critical area of reinforcement and refinement.

This text was originally designed to be entirely self-
instructional with Chapters 1-8 designed in a programmed
format to address basic electrophysiology, waves and mea-
surements, rhythm analysis, and the five major groups of
arrhythmias. Over the years, additional sections have been
appended to add extra practice strips and to cover cardiac
anatomy, clinical manifestations, 12-lead electrocardiog-
raphy, and cardiac pacemakers. The result is that the first
half of the book is self-instructional, while the appendices
are generally more traditional narrative text. Together, the
two sections provide a good foundation for ongoing learn-
ing in the field of electrocardiography.

About the Eighth Edition

Basic Arrhythmias has been well received for many years
and has been used successfully by hundreds of thousands
of students as they begin to study electrocardiography.
It is always a challenge to update and refresh it without
detracting from what makes it such a success. With this
edition, we've fixed a few bugs, switched out some trou-
blesome EKG strips, added some new illustrations and
upgraded some old ones, expanded some sections, and

vii



viii Preface

clarified a few ambiguous areas. But for the most part, the
body of the text is not changed significantly. Please note
that a compiled list of learning objectives is presented
later in this front matter section. These objectives outline
in depth what you can be expected to learn and do after
completing each chapter.

In addition, we have expanded and improved the
learning resources for the Basic Arrhythmias program.
MyBradyLab, an online site dedicated to Basic Arrhythmias,
presents unique study resources and new learning tools to
supplement basic text information.

I am very excited about this eighth edition of
Basic Arrhythmias and hope you find it as enjoyable as I do.
With all its upgrades and its fresh new look, it promises to
continue the long tradition of helping students embark on
their studies of electrocardiography.

What's New in the Eighth Edition
* More 12-leads for practice

¢ Transition from simplified tracings to more “real-world”
12-leads

* Updated content
¢ Addition of some new content for clarification

* Standardization of instructor support materials with
new edition of text
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Navigating Through the Text

The first eight chapters of this text are structured as a self-
instructional unit in a “programmed learning” format. As
such, it is an entirely self-contained learning package; the
only additional materials you will need are a pencil and a
set of EKG calipers, which are available at most medical
supply houses and medical bookstores. Everything else is
provided here in a format designed to make this learning
an enjoyable and worthwhile process. Before you start the
program, you should know something about the format of
these first eight chapters.

Most of the material has been organized into learning
units of approximately similar time frames, so that you can
pace yourself as you go along. The first three chapters pre-
pare you with the basic principles of electrocardiography
and explain many of the theories and concepts that are
the foundation of arrhythmia interpretation. Starting with
Chapter 4, you will begin systematically learning arrhyth-
mias according to their site of origin within the heart.
Finally, you will be given supplemental practice material
to ensure retention of your learning and a self-test to validate
your knowledge. The internal structure of each individual
chapter is essentially as follows.

Self-Instructional Unit

This programmed narrative will teach you any rules and
explanatory materials that you will need to know to inter-
pret arrhythmias. As you read the text, you will be asked
to respond to incomplete sentences or direct questions.
The answers are given in the right-hand margin directly
across from the question. Before reading the text, get into
the habit of covering the margin with this book’s Heart
Rate Calculator bookmark, located on the back cover flap.
Then, as you are asked to respond, write your answer in
the blank space provided, and slide the bookmark down
the page to reveal the desired response. If you have trouble
with an answer, go back over the preceding frames to find
the solution.

Key Points

Near the end of each chapter, you will find a brief sum-
mary of each key point contained in that chapter. This is
provided for your review as you complete the chapter
and as a reference should you need to look up a point in
the future.

Self-Tests

Each chapter closes with a self-test of the important
information contained in that chapter. The format of
the self-tests is very similar to the format of the text,
except that each question is keyed back to the frames
in the chapter that specifically provide the answer to
the question. Since the self-test is intended to tell you
whether or not you learned the material in the chapter,
you will want to let a little time pass between completing
the chapter and beginning the self-test. If you take the
test immediately after finishing the chapter, you might
simply be recognizing familiar terms, rather than truly
understanding the information. So, once you finish the
chapter, take a break from the subject for an hour or two.
Then come back to take the test. If you do well on the
test, go on to the next chapter. If your results indicate
that you did not really learn the material, do not proceed
until you remedy that. To do so will merely confuse you
and may eventually prevent you from learning future
subjects well.

Practice Sheets

Most of the chapters include at least one Practice Sheet of
EKG rhythm strips for you to develop skill in analyzing
and interpreting arrhythmias. Since practice is probably
the single most important element in developing skill at
arrhythmia interpretation, it is critical that you take advan-
tage of the practice time provided.

This book is designed to enable you to teach yourself
arrhythmia interpretation. However, your learning will
be greatly expedited if you have access to an instructor
who will guide your learning and stimulate your think-
ing. If possible, identify a potential instructor before you
begin the program, and arrange for tutorial help should
you require it. Then your questions can be answered and
your horizons expanded as you progress within this self-
instructional course.

Flash Cards

Some of the chapters will ask you to take time out from
the program to memorize material such as specific rules
for each arrhythmia. For your convenience, any material
that must be committed to memory has been printed on

Xi



xil Navigating Through the Text

the flash cards that are provided with this book. This is an
effective method of memorizing material in a short period
of time. Whenever you are directed to memorize informa-
tion, stop working on the program and use the flash cards

to accomplish this task. Then return to the text. The in-
text Flash Card icon, presented in the margin next to cor-
responding programmed narrative, reminds you to turn
to the flash cards.



Learning Objectives

The objectives below outline in depth what you can be

expected to learn and do after completing each chapter.

Chapter1 ELECTROPHYSIOLOGY

1 Describe the electrophysiologic basis of cardiac
arrhythmias.

1.1

1.2

1.3

14

Give the uses and limitations of cardiac arrhythmia

monitoring.

1.1.1 Distinguish between the electrical and the
mechanical functions of the heart.

1.1.2 Relate cardiac arrhythmia monitoring to
pulse/perfusion assessment.

Explain how cardiac impulses are formed.

1.2.1 Briefly describe the sodium pump.

1.2.2 Define polarization and describe the polar-
ized state.

1.2.3 Define depolarization and explain how it
oceurs.

1.2.4 Define repolarization and explain how it
oceurs.

Describe the heart’s electrical conduction system.

1.3.1 Identify the five major areas of electrical
conduction.

1.3.2 Outline the physical layout of the conduction
system.

1.3.3 Describe the usual pattern of electrical flow
through the conduction system.

1.3.4 Give the inherent rates for the SA node, the
AV junction, and the ventricles.

Explain the influence of the nervous system on rate

of cardiac impulse formation.

1.4.1 Differentiate between irritability and escape.

1.4.2 Name the nervous system that exerts an influ-
ence over rate of cardiac impulse formation.

1.4.3 Identify the two opposing branches of the
above-named nervous system, and tell how
each would influence the heart if stimulated.

1.4.4 Describe the effect on the heart if one of the
branches is blocked.

Chapter2 WAVES AND MEASUREMENTS

2 Convey cardiac electrical stimuli to a visible graphic
medium suitable for arrhythmia interpretation.

2.1

Demonstrate the monitoring equipment used to
detect cardiac electrical activity.
2.1.1 Prepare equipment/materials for monitoring.

2.2

2.3

2.4

2.1.2 Demonstrate electrode placement for basic
arrhythmia monitoring.

2.1.3 Optimize contact between electrode and skin.

2.1.4 Select a lead that gives good wave visibility
for arrhythmia interpretation.

Cite specifications of the graph paper used to

display cardiac electrical activity.

2.2.1 Given the standardized speed at which EKG
graph paper is run through the EKG machine,
identify the time intervals associated with
each of the following:

a. time notches in the margins
b. one small box
c. one large box

Relate the components of a single cardiac cycle to
the electrophysiological events that created them.
2.3.1 Differentiate between the following graphic
deflections:
a. wave
b. segment
c. interval
d. complex
2.3.2 Given a single cardiac cycle, locate each of
the following components and describe the
electrical events that created it:
P wave
PR segment
PR interval
Q wave
R wave
S wave
QRS complex
ST segment
i. Twave
2.3.3 Give the normal time duration for each of the
following:
a. PR interval
b. QRS complex
2.3.4 Identify the two phases of the refractory period.
2.3.5 Identify the vulnerable phase of the cardiac
cycle.
2.3.6 Recognize deflections on an EKG tracing that

7o e an o

were created by something other than cardiac
electrical activity.

Differentiate between a single cardiac cycle and an
EKG rhythm strip.

xiii



Xiv Learning Objectives

Chapter3 ANALYZING EKG RHYTHM
STRIPS

3 Utilize an organized analysis format to gather necessary
data from a rhythm strip to interpret the presenting
arrhythmia.

3.1

3.2

Relate the use of a systematic analysis format to the
eventual interpretation of an arrhythmia.

Outline the five components of an organized
approach to rhythm strip analysis.

3.2.1 Describe the pertinent aspects of a systematic
analysis of reqularity, including R-R intervals,
P-P intervals, patterns, and ectopics.
Describe the pertinent aspects of a systematic
analysis of rate.

Describe the pertinent aspects of a systematic
analysis of P waves, including location, mor-

3.2.2
3.2.3

phology, and patterns.

Describe the pertinent aspects of a systematic
analysis of PR intervals, including duration,
changes, and patterns.

Describe the pertinent aspects of a systematic
analysis of ORS complexes, including duration,
morphology, and patterns.

3.24

3.2.5

Chapter4 SINUS RHYTHMS

4 Recognize arrhythmias that originate in the sinus
node.

4.1

42

Describe the characteristics of a sinus pacemaker.

4.1.1 Outline the physiologic mechanisms common
to the sinus node.

4.1.2 Describe the expected path of conduction
for an impulse originating from a sinus pace-
maker.

4.1.3 Identify EKG features common to all arrhyth-
mias in the sinus category.

Outline the identifying features specific to each of

the arrhythmias originating in the sinus node.

4.2.1 Describe Normal Sinus Rhythm, including
etiology, conduction, and resulting EKG
features (regularity, rate, P waves, PR intervals,
and QRS complexes).

4.2.2 Describe Sinus Bradycardia, including etiol-
ogy, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
ORS complexes).

4.2.3 Describe Sinus Tachycardia, including etiol-
ogy, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

4.2.4 Describe Sinus Arrhythmia, including etiology,
conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

Chapter5 ATRIAL RHYTHMS

5 Recognize arrhythmias that originate within the atria.

51

52

Describe the characteristics of an atrial pacemaker.

5.1.1 Outline the physiologic mechanisms common
to atrial pacemakers.

5.1.2 Describe the expected path of conduction for
an impulse originating from within the atria.

5.1.3 Identify EKG features common to all arrhyth-
mias in the atrial category.

Outline the identifying features specific to each of

the arrhythmias originating within the atria.

5.2.1 Describe Wandering Pacemaker, including etiol-
ogy, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

5.2.2 Describe Premature Atrial Complexes, including

etiology, conduction, and resulting EKG fea-

tures (regularity, rate, P waves, PR intervals,
and QRS complexes).

Describe Atrial Tachycardia, including etiology,

conduction, and resulting EKG features

523

(regularity, rate, P waves, PR intervals, and
QRS complexes).

Describe Atrial Flutter, including etiology,
conduction, and resulting EKG features (regu-
larity, rate, P waves, PR intervals, and QRS
complexes).

Describe Atrial Fibrillation, including etiology,
conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

524

525

Chapter6 JUNCTIONAL RHYTHMS

6 Recognize arrhythmias that originate in the AV junc-
tion.

6.1

6.2

Describe the characteristics of a junctional pace-

maker.

6.1.1 Outline the physiologic mechanisms common
to junctional pacemakers.

6.1.2 Describe the expected path of conduction for
an impulse originating in the AV junction.

6.1.3 Identify EKG features common to all arrhyth-
mias in the junctional category.

Outline the identifying features specific to each of

the arrhythmias originating in the AV junction.

6.2.1 Describe Premature Junctional Complexes,

including etiology, conduction, and resulting

EKG features (regularity, rate, P waves, PR

intervals, and QRS complexes).

Describe Junctional Escape Rhythm, including

etiology, conduction, and resulting EKG fea-

tures (regularity, rate, P waves, PR intervals,

and QRS complexes).

6.2.2



6.2.3 Describe Junctional Tachycardia, including eti-
ology, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

6.2.4 Describe Accelerated Junctional Rhythm, includ-
ing etiology, conduction, and resulting EKG
features (regularity, rate, P waves, PR inter-
vals, and QRS complexes).

6.2.5 Describe the term Supraventricular Tachycardia,
and define circumstances in which it can be
used appropriately.

Chapter7 HEART BLOCKS

7 Recognize arrhythmias that are manifestations of con-

duction defects at the AV node.

7.1 Describe the characteristics of the category of
arrhythmias known as AV heart blocks.

7.1.1 Outline the physiologic mechanisms involved
in AV heart block.

7.1.2 Describe the conduction defects encountered
in AV heart blocks.

7.1.3 Identify EKG features common to all arrhyth-
mias in the heart block category.

7.2 Outline the identifying features specific to each
of the arrhythmias included in the heart block
category.

7.2.1 Describe First-Degree Heart Block, including
etiology, conduction, and resulting EKG fea-
tures (regularity, rate, P waves, PR intervals,
and QRS complexes).

7.2.2 Describe Type I Second-Degree Heart Block
(Wenckebach), including etiology, conduction,
and resulting EKG features (regularity, rate,
P waves, PR intervals, and QRS complexes).

7.2.3 Describe Type II Second-Degree Heart Block,
including etiology, conduction, and resulting
EKG features (regularity, rate, P waves, PR
intervals, and QRS complexes).

7.2.4 Describe Third-Degree Heart Block, including
etiology, conduction, and resulting EKG fea-
tures (regularity, rate, P waves, PR intervals,
and QRS complexes).

Chapter8 VENTRICULAR RHYTHMS

8 Recognize arrhythmias that originate in the ventricles.

8.1 Describe the characteristics of a ventricular pace-

maker.

8.1.1 Outline the physiologic mechanisms common
to ventricular pacemakers.

8.1.2 Describe the expected path of conduction for
an impulse originating in the ventricles.

8.1.3 Identify EKG features common to all arrhyth-
mias in the ventricular category.

Learning Objectives XV

8.2 Outline the identifying features specific to each of
the arrhythmias originating in the ventricles.

8.2.1 Describe Premature Ventricular Complexes,
including etiology, conduction, and resulting
EKG features (regularity, rate, P waves, PR
intervals, and QRS complexes).

8.2.2 Describe Ventricular Tachycardia, including eti-
ology, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

8.2.3 Describe Ventricular Fibrillation, including eti-
ology, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

8.2.4 Describe Idioventricular Rhythm, including eti-
ology, conduction, and resulting EKG features
(regularity, rate, P waves, PR intervals, and
QRS complexes).

8.2.5 Describe Asystole, including etiology, conduc-
tion, and resulting EKG features (regularity, rate,
P waves, PR intervals, and QRS complexes).

Chapter 9 PRACTICE MAKES PERFECT

9 Identify basic cardiac arrhythmias as presented on
6-second rhythm strips.
9.1 Apply techniques learned in Chapters 1-8 to ana-

lyze each of the rhythm strips in Chapter 9.

9.1.1 Use a methodical process to approach data
collection (regularity, rate, P waves, PR inter-
vals, and QRS complexes).

9.1.2 Analyze collected data and apply it to rules
of each arrhythmia to identify the presenting
arrhythmia.

Chapter 10 FINAL CHALLENGE

10 Test yourself on your ability to identify basic cardiac
arrhythmias as presented on 6-second rhythm strips.
10.1 Apply techniques learned in Chapters 1-8 to ana-

lyze each of the rhythm strips in Chapter 10.

10.1.1 Use a methodical process to approach data
collection (regularity, rate, P waves, PR
intervals, and QRS complexes).

10.1.2 Analyze collected data and apply it to
rules of each arrhythmia to identify the
presenting arrhythmia.

10.2 Demonstrate your competency by approaching
all 100 strips in a self-test format, without refer-
ring to outside resources.

Appendix A CARDIAC ANATOMY AND
PHYSIOLOGY

A.1 Describe the heart’s location and structure.

A2 Identify the four internal chambers of the heart.



Xvi Learning Objectives

A.3 Describe the heart walls and the pericardial sac.
A.3.1 Name the walls between the heart’s chambers.
A.3.2 Describe the three layers of the heart wall.

A 3.3 Differentiate between left and right heart
pumping functions.

A3.4 Describe the pumping activity in a single
cardiac cycle.

A4 Explain the heart’s valves.
A.4.1 Name the four valves.
A 42 Explain the valves’ role in the heart’s
pumping cycle.

A5 Identify the four heart sounds.
A5.1 Explain the first and second heart sounds.
A.5.2 Explain the third and fourth heart sounds.
A5.3 Explain gallop rhythms.
A.5.4 Explain heart murmurs.

A.6 Explain systole and diastole.
A.6.1 Describe atrial diastole and systole.
A.6.2 Describe ventricular diastole and systole.

A.7 Explain coronary circulation.
A.7.1 State the purpose of coronary circulation.
A.7.2 Describe the functions of the coronary arteries,
cardiac veins, and coronary sinus.

A8 Identify the heart’s surfaces.

Appendix B PATHOPHYSIOLOGY
AND CLINICAL IMPLICATIONS OF
ARRHYTHMIAS

B.1 Describe the clinical effects of arrhythmias.

B.1.1 Define cardiac output.

B.1.2 Give the formula for a calculated cardiac
output.

B.1.3 Name three categories of arrhythmia that can
interfere with cardiac output.

B.1.4 List eight symptoms of reduced cardiac
output.

B.2 Explain the general principles of treating

arrhythmias.

B.2.1 Name additional measures that may be
needed to support perfusion.

B.2.2 Explain the role of the American Heart
Association in developing and maintaining
Advanced Cardiac Life Support recommenda-
tions for treating arrhythmias.

B.3 Explain the significance of each of the 22 basic
arrhythmias in this book, and describe the clinical
picture of each.

Appendix C 12-LEAD ELECTROCARDI-
OGRAPHY

C.1 Explain the advantage of a 12-lead EKG tracing,.
C.2 State the fundamental rules of electrocardiography.

C.3 Explain leads and electrode placement.
C.3.1 Differentiate between bipolar and unipolar
leads.
C.3.2 Define monitoring lead.
C.3.3 Describe the placement of leads on the frontal
and horizontal planes.

C.4 Explain the vectors and axis of electrical flow
through the heart.

C.4.1 Define mean QRS axis.

C.4.2 Explain lead axes.

C.4.3 Explain the EKG features of R waves, Q
waves, S waves, QS waves, Intrinsicoid Deflec-
tions, ] Points, and QT Intervals.

C.4.4 Explain vector relationships.

C.4.5 Describe axis deviation and give the signifi-
cance of left and right axis deviation.

C.4.6 Describe a method for quickly estimating QRS
axis.

C.5 Describe the standardized format for a printed
12-lead EKG report.
C.5.1 Explain the importance of learning to recog-
nize normal in 12-lead EKGs.

C.6 State the limitations of 12-lead EKGs.

Appendix D BASIC 12-LEAD
INTERPRETATION

D.1 Explain interpreting myocardial damage on the EKG.

D.1.1 Define ischemia.

D.1.2 Define myocardial infarction.

D.1.3 Describe EKG changes associated with
myocardial damage.

D.1.4 Describe the evolution of ischemic changes
(age of infarction).

D.1.5 State which leads identify damage on specific
surfaces of the heart.

D.2 Explain interpreting chamber enlargement on
the EKG.
D.21 State causes of chamber enlargement.
D.2.2 Describe the appearance of chamber enlarge-
ment on the EKG.

D.3 Explain interpreting bundle branch block on
the EKG.
D.3.1 Define bundle branch block.
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D.5

D.3.2 Describe the appearance of bundle branch
block on the EKG.

D.3.3 Differentiate between right and left bundle
branch block on the EKG.

Explain interpreting other abnormalities on the EKG.

D.4.1 Describe the appearance of pericarditis on
the EKG.

D.4.2 Describe the appearance of digitalis toxicity
on the EKG.

D.4.3 Describe the appearance of hyperkalemia and
hypokalemia on the EKG.

D.4.4 Describe the appearance of hypercalcemia and
hypocalcemia on the EKG.

Explain the format for analyzing a 12-lead EKG.

D.5.1 Name the key to easy and effective analysis of
the 12-lead EKG.

D.5.2 Name the subjects that the summary analysis
of an EKG should address.

Appendix E PACEMAKERS

E1l

Describe pacemakers.
E.1.1 Explain the purpose of artificial pacemakers.
E.1.2 Define capture.

B2

E3
E4

E.6

B

E.8
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E.1.3 Name the three components of pacemakers.

Name the chambers of the heart that a pacemaker
may pace.

Describe a “smart” pacemaker.
p

Explain the two basic ways in which pacemakers can
initiate impulses.

E4.1 Define triggered pacemaker.

E.42 Define inhibited pacemaker.

Explain the three-letter code system used to classify
pacemakers.

Explain assessment of pacemaker function.

E.6.1 Describe the appearance of pacemakers on
the EKG.

E.6.2 Describe the basic sequence of assessing
pacemaker function.

E.6.3 Name the information that can be revealed by
the relationship between pacemaker spikes
and the patient’s complexes.

Name and describe four common types of pacemaker
malfunctions.

Explain how pacemaker malfunction is treated.
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Chapter 1

Electrophysiology

Overview

IN THIS CHAPTER, you’'ll learn how cardiac arrhythmias reflect what is actually happening
electrically in the heart. You will explore the uses and limitations of cardiac arrhythmia monitor-
ing. You will learn how cardiac impulses are formed and how the heart’s electrical system con-
ducts electrical impulses throughout the heart. You will also learn how the nervous system can
influence the rate at which the heart forms electrical impulses.

Electrical vs. Mechanical Function

1. The human heart is intended to pump blood to the rest of the body. This process
has two distinct components:

* The electrical impulse that tells the heart to beat

¢ The mechanical beating of the heart in response to the electrical stimulation, result-
ing in pumping of blood

To perform these two functions, the heart has two distinct types of cells. There are
electrical (conductive) cells, which initiate electrical activity and conduct it through
the heart, and there are mechanical (contracting) cells, which respond to the electrical
stimulus and contract to pump blood. After the cells initiate

electrical
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the impulse and conduct it through the heart, the
cells respond by contracting and pumping blood.

2. The heart will respond with contraction only if it is stimulated by electrical activ-
ity. Thus, you cannot have a mechanical response if there is no
stimulus.

3. After the electrical cells have discharged their stimuli, the mechanical cells are
expected to respond by

4. Without stimulus, the mechanical cells can't be expected
to contract.

5. Since it is not practical to see inside a living patient’s heart, we must rely on

external evidence to evaluate the status of both electrical and mechanical cardiac

function. For a complete assessment of cardiac status, we must evaluate both
and functions.

6. As part of our assessment of mechanical function, we use blood pressure, pulses,
and other perfusion parameters to determine whether or not the heart is pumping
adequately. We must also look for external evidence to evaluate the heart's electri-
cal activity. The best way to do this is to monitor the electrocardiogram (EKG). An
EKG tracing is used to evaluate the activity of the heart,
while the mechanical activity is evaluated by assessing and

7. You might occasionally encounter a situation in which the heart muscle is not able
to contract in response to the electrical stimulus. In this case, you could have electrical

activity but no response. If you had a functioning electrical
system but a failing heart muscle, you could very likely see a viable EKG tracing but
the patient might not have palpable or blood pressure.

8. To evaluate a patient’s cardiac function, you must assess the mechanical function
by examining and and evaluate
electrical function by analyzing the tracing.

9. An EKG tracing is designed to give a graphic display of the electrical activity in the
heart. The pattern displayed on the EKG is called the heart rhythm. Technically, the
word arrhythmia refers to an abnormal heart rhythm, although the term is often used
maore generally to refer to all cardiac electrical patterns. The term dysrhythmia is syn-
onymous with arrfrythmia; both are used to refer to patterns of
activity within the heart.

10. An EKG can't tell you about the heart’s mechanical activity—you have to assess the
patient’s pulse and blood pressure to determine that. But an EKG can tell you about the
activity, which can be a vital part of your patient assessment.
This data is provided in the form of recognizable patterns, called arrfythmias. Arrhyth-
mias are graphic representations of the heart's activity.

11. To understand and interpret arrhythmias, it is necessary to understand the
electrical activity that is occurring within the heart. This is because all arrhythmias
are actually graphic displays of electrical activity. The term electrocardiography is
given to the study of arrhythmias because arrhythmias are manifestations of
activity within the heart.

12. To help you understand and eventually be able to interpret individual arrhythmia
patterns, you might want to know a little bit about the electrical processes that take
place in the heart to produce the arrhythmia. To do this we'll consider the electrical

sodium
purmp

electrical

contraciing

electrical

electrical; mechanical

glectrical
pulses
blood pressure

mechanical

pulses

pulses; blood pressure
EKG

glectrical

glectrical

electrical

electrical



component independent of the mechanical component. For now, we are discussing
only the activity in the heart.

Impulse Formation

13. The electrical (pacemaking) cells in the heart are distinctive in that they can create
their own electrical impulses without an outside stimulus. On the cellular level, they
create a change in electrical balance in the cell, causing an electrical current to form.
This ability of cardiac cells to initiate electrical impulses on their own is called auto-
maticity. Automaticity is the ability of cardiac cells to create their own impulses
an outside stimulus. It is not the whole heart that creates the
charge, it’s the individual pacemaking within the heart’s

electrical system.

14. The creation of an electrical impulse is a function of electrolytes within cardiac
cells, or more accurately, the way those electrolytes move across cell walls. The primary
electrolytes involved in creating the heart’s electrical stimulus are sodium (Na*) and
potassium (K*). Sodium and are the primary electrolytes that
allow the heart to initiate impulses. Both carry a positive electrical charge, but they are
not present in equal quantities. The sodium “outweighs” the potassium, making the
potassium relatively negative to the sodium. It is the difference in that potential that
allows electrolytes to move through cell membranes. It is movement of these electro-
lytes through the cell that creates the electrical impulse.

Figure 1 The Sodium Pump: Chemical Basis for Impulse Formation
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15. In a resting cell, the potassium is on the inside and the sodium is on the outside.
The outside of the cell is positive, and the inside is relatively negative. The charges are
, 50 no electricity flows. (Figure 1A). As the sodium enters the
cell, and the potassium leaves, an electrical charge is created. (Figure 1B) The sodium
then returns to the outside of the cell and the potassium goes back in. (Figure 1C) This
phenomenon is commonly referred to as the sodium pump. The cycle is repeated for

every heartbeat. The refers to the movement of electrolytes in
and out of the cell to create an electrical stimulus. When the positive and negative
charges are balanced, no flows. When the positive and nega-
tive charges exchange places, an impulse is formed.

16. For an electrical current to form, there must be a difference between the electrical
charges. In the resting cell, the charges are balanced; hence no electricity flows. This is called
the polarized state. The cell charges are and ready for action.
Polarization refers to a ready state where the electrical charges are
and no current flows. When the cell is in its ready state, it is said
tobe . When the charges exchange places in the cell, the result is
formation of an current. Once the pacemaker cells provide the
stimulation, the flow is passed from cell to cell along the conduction pathways until the
cells are stimulated to contract.

Polarization, Depolarization

17. The polarized state is considered a “ready for action” phase. When the two chemi-
cal charges (sodium and potassium) trade places, the electricity flows in a wave-like
motion throughout the heart. This wave of electrical flow is called depolarization and
is how the electrical stimulus travels through the heart (Figure 1B). Polarization refers
to the “ready” state, and refers to the process of electrical dis-
charge and flow of electrical activity.

18. After the cell depolarizes, the positive and negative electrical charges will again
return to their original positions around the cell, and the cell will prepare itself for
another discharge (Figure 1C). The process that follows depolarization, when the cell
charges are returning to their original state, is called repolarization. Repolarization
refers to the return of the electrical charges to their position.
Repolarization occurs depolarization.

19. If each of the positive charges on the outside of the cell is balanced by a negative
charge on the inside of the cell, the electrical charges will be balanced, and there will
be no movement of electricity. This state is called and can be
considered a “ready” state.

20. The wave of electrical activity that takes place when the electrical charges sur-
rounding the cell trade places is called , and the return of the
electrical charges to their original state is called

21. If polarization is considered the ready state, and is con-
sidered the discharge state, then would be considered the
recovery state.

22. Now let’s relate this cellular activity to what is actually happening in the heart. All
of the sequences described in the preceding frames are happening to single cells
within the heart, but they doitin a -like movement, resulting
in the entire heart responding electrically to the same activity.
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Conduction System

23. The electrical cells in the heart are all arranged in a system of pathways called the
conduction system. The physical layout of the conduction system is shown in Figure 2.
This information is an essential part of arrhythmia interpretation and should therefore
be memorized now. (Note: Flash cards are provided at the back of this book to help
you with this and all other memorizing you will need to do as you learn to interpret
arrhythmias. The MyKit website also includes activities to make this learning easier.)
Normally, the electrical impulse originates in the SA node and travels to the ventricles
by way of the AV node. Look at Figure 2 and trace a normal electrical impulse. Where
would the impulse go after it left the AV node and the Bundle of His?

24. In the normal heart, the first impulse that starts the flow of electrical current
through the heart comes from the SA node. The impulse travels through the atria by
way of the intraatrial pathways and to the AV node by means of the internodal path-
ways. If you look microscopically at the cells along these pathways, you would not see
any physical difference between them and the cells in other areas of the atria, so
researchers have questioned whether they actually exist. However, current electro-
physiologic studies support the concept that these pathways do exist, if only as a pre-
ferred route by which impulses travel to the AV node. As it leaves the SA node, where
does the current go?

Electrophysiology 5
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down the left and right bundle
branches and then to the Purkinje
fibers

down the internodal and intraatrial
pathways

Figure 2 Conduction System
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25. The next area of conductive tissue along the conduction pathway is at the site of
the AV node. The AV node is unique in that it does have conductive tissue, but it does
not have any pacemaker cells like other areas of the conduction system. The pace-
making cells are actually located at the junction between the AV node and the atria, in
an area called the AV Junction. Thus, the term AV Node can be used when talking
about conduction, but the term AV Junction is more accurate if you are specifically
discussing the formation of impulses. Don't let this confuse you. It is simply an expla-
nation of what might otherwise appear to be indiscriminate use of the two phrases.
We will use the term AV Node if we're talking only about ;
but if we’'re specifically discussing pacemaking capabilities, we will call it the AV

26. After leaving the area of the AV node, the impulses go through the
to reach the right and left bundle branches. These branches
are located within the right and left ventricles, respectively.

27. At the terminal ends of the bundle branches, smaller fibers distribute the electrical
impulses to the muscle cells to stimulate contraction. These terminal fibers are called
fibers.

28. Are the muscle cells themselves part of the electrical conduction system?

29. Rearrange the following parts of the conduction system to place them in the actual
order of conduction:

(1) (a) Bundle of His

@) (b) SA node

(3) (c) Purkinje fibers

(4) (d) left and right bundle branches
) (e) AV node

(6) (f) intraatrial pathways

Inherent Rates

30. Each of the three major areas of the conduction system has its own built-in rate,
called an inherent rate, at which it initiates impulses. An inherent rate means simply
that each site has a rate range at which it usually produces impulses. A site can exceed
or fall below its inherent rate, indicating that these rates are not concrete rules. But
generally speaking, the sites will produce impulses at a rate within their own
rate ranges.

31. The inherent rate ranges of the major sites are as follows:
SA Node 60-100 beats per minute
AV Junction 40-60 beats per minute

Ventricle 2040 beats per minute

conduction

Junction

Bundle of His

Purkinje

No, they are made up of mechani-
cal cells, not electrical cells.
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This information would give you a clue that if an EKG rate was between 20 and 40 beats
per minute (bpm), the electrical impulse that stimulated the rhythm probably originated
in the . If the rate was between 40 and 60 bpm, the impulse
probably came from the , and it most likely came from the
if the rate was between 60 and 100 bpm.

32. These rates are often helpful clues to be used in interpreting arrhythmias, but they
can be misleading unless they are understood to be mere guidelines and not concrete

33. Generally speaking, the fastest inherent rate will become the pacemaker of the
heart and override all other stimuli. The inherent rate of the SA node is the fastest
and therefore keeps the heart at a rate between and
bpm. Thus, the normal EKG is “sinus” in origin. The SA
node is the normal pacemaker for the heart because the rate of the SA node is
than the other conduction sites.

Irritability, Escape

34. If, however, a site becomes irritable and begins to discharge impulses at a faster-
than-normal rate, it can override the SA node and take over the pacemaking function
for the heart. If the SA node is discharging at a rate of 72 and the AV junction begins to

fire at a rate of 95, the will become the pacemaker.

35. This mechanism of an irritable site speeding up and taking over as pacemaker is
called irritability. It is usually an undesirable occurrence, since it overrides the nor-
mal pacemaker and causes the heart to beat faster than it otherwise would. Irritability
occurs when a site below the SA node and takes over the
pacemaking role.

36. Something very different happens if the normal pacemaker slows down for some
reason. If the SA node drops below its inherent rate, or if it fails entirely, the site with the
next highest inherent rate will usually take over the pacemaking role. The next highest
site is within the , s0 that site would become the pacemaker if
the SA node should fail. This mechanism is called escape and is a safety feature that is
built into the heart to protect it in case the normal fails.

37. Escape mechanism, unlike irritability, is a safety feature to protect the heart.
Would you expect an irritable rhythm to be faster or slower than an escape rhythm?

38. The inherent rate of different areas of the conduction system refers to the rate at
which that site

39. The SAnode has an inherent rate of to
bpm. This means that the normal rate of the heart will usually be within that range.

40. If the rate of an EKG is between 40 and 60, the impulse for that rhythm is probably
coming from the

41. What is the inherent rate of the ventricular conductive tissues?

Electrophysiology
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42. Because these rates cannot be relied upon as firm rules, they should be viewed
only as . If they are used as clues, the rates will be helpful in
interpreting arrhythmias, but if they are considered inflexible they will simply confuse
the learner.

43. A rule regarding the pacemaker function of the heart states that the site that initi-
ates impulses at the rate will usually become the pacemaker.

44. In the normal heart, the
rate and therefore becomes the

initiates impulses at the fastest

45. If the AV junction or the ventricle became irritable, either could become the pace-
maker if it were able to accelerate until it

46. The process described in the preceding frame is called

47. If the SA node failed as pacemaker, or if its rate dropped below the normal range,

the would probably take over as pacemaker.

48. The safety mechanism described in the preceding frame is called

Nervous System Influence

49. In addition to the inherent rates, the heart can be influenced by the autonomic
nervous system. The two branches of this nervous system oppose each other and thus
keep the heart in a relative state of balance. The sympathetic branch influences both the
atria (i.e., the SA node, the intraatrial and internodal pathways, and the AV junction)
and the ventricles. If the sympathetic branch is stimulated, it will cause both the atria
and ventricles to react in these ways:

¢ Increased rate

* Increased conduction through the AV node

* Increased irritability
The parasympathetic branch has the opposite effects, but it influences only the atria; it
has little or no effect on the ventricles. While stimulation of the parasympathetic
branch causes the atria to slow down, as well as decreasing irritability and slowing

conduction through the AV node, stimulation of the sympathetic branch would cause
what three effects on the atria and ventricles?

These nervous influences are outlined in Figure 3.

50. If the vagus nerve (which is part of the parasympathetic branch) is stimulated,
you would expect the heart rate to . On the other hand, if
both the sympathetic and the parasympathetic branches are balanced, the heart rate

would remain normal. What would you expect if you blocked the normal influence
of the vagus nerve?
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Figure 3 Innervation of the Heart by the Autonomic Nervous System
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51. If a patient had a heart rate that was too slow, you might try to speed it up by giving
a drug that would either stimulate the sympathetic branch or

52. The two branches of the autonomic nervous system that influence heart rate are
the branch and the branch.

53. Which of these branches, when stimulated, will produce an increase in heart rate,
AV conduction, and irritability?

54. One of the branches has control over the atria and the ventricles, while the other
influences only the atria. Which one affects both the atria and the ventricles?

55. If both branches are exerting equal influence over the heart, what will happen to
the rates?

Electrophysiology 9
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56. What will happen if one of the branches of the autonomic nervous system is
blocked?

57. Using the reasoning described in the preceding frame, explain what would happen
to the heart rate if the parasympathetic branch were blocked.

58. The vagus nerve is part of the branch of the autonomic
nervous system. Therefore, stimulation of the vagus nerve would cause the heart rate
to , and blocking of the vagus nerve would cause the heart
rate to

59. All of this discussion is about activity and does not yet
connect with mechanical activity. In order to discuss the heart contracting and produc-
ing a pulse, we must connect the electrical activity with
activity.

60. If the muscle cells receive an electrical stimulus, they will respond to it by con-
tracting. Sometimes, however, the muscle itself can’t contract because it is injured or
chemically imbalanced. In these cases the electrical component is all right, but the

component needs attention. In such a patient you would
expect to find the EKG essentially normal, but the would be
absent or diminished.

61. The opposite situation is more common and is the reason you are reading this
book. This is when the heart muscle is able to respond but the electrical activity is
erratic. Sometimes the electrical stimuli will make the ventricles contract before the
atria do, or maybe there will just be too many electrical stimuli, so that the heart is
not able to respond effectively to any of them. And sometimes the electrical impulse
will discharge before the ventricles have time to fill with blood, thereby causing the
ventricles to contract and eject insufficient blood for an adequate pulse. In all of
these conditions, the erratic electrical activity will be seen on the EKG as an

The heart will respond to the influ-

ence of the opposing branch.

It would increase.

parasympathetic

decrease
increase

electrical

mechanical

mechanical
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KEY POINTS

B The heart has two types of cells:
¢ Electrical cells, which initiate and conduct impulses

* Mechanical cells, which contract in response to
stimulation

® Arrhythmias are graphic representations of electrical
activity.
® Electrical activity precedes mechanical activity.

® Electrical activity can occur without mechanical
response (pulse).

B If the electrical impulse stimulates the mechanical cells
to contract, the heart is expected to contract and pump
blood, thus producing a pulse.

B Polarization is when the electrical charges are balanced
and ready for discharge.

B Depolarization is the discharge of energy that accompa-
nies the transfer of electrical charges across the cell
membrane.

B Repolarization is the return of electrical charges to their
original state of readiness.

B Depolarization differs from contraction in that depo-
larization is an electrical phenomenon, whereas con-
traction is mechanical and is expected to follow
depolarization.

B Asshown in Figure 2, electrical flow in the normal heart
originates in the SA Node, then travels via the intraatrial
and internodal pathways to the AV Node, then through
the Bundle of His to the Left and Right Bundle Branches,
and finally to the Purkinje Fibers, where the mechanical
cells are stimulated.

B The inherent rates of the conduction system are as
follows:

SA Node 60-100 bpm
AV Junction 40-60 bpm
Ventricles 20-40 bpm

B The site with the fastest rate will be the pacemaker.
B The SA Node is the normal pacemaker of the heart.

B [rritability is when a site speeds up and takes over as
pacemaker.

B Escape is when the normal pacemaker slows down or
fails and a lower site assumes pacemaking responsi-
bility.

B The influence of the autonomic nervous system can also
affect the heart:

e Sympathetic stimulation causes:

Increased heart rate
Increased AV conduction
Increased irritability

¢ Parasympathetic stimulation causes:

Decreased heart rate
Decreased AV conduction
Decreased irritability

B The sympathetic branch influences both the atria (i.e.,
the SA node, the intraatrial and internodal pathways,
and the AV junction) and the ventricles; the parasympa-
thetic branch influences only the atria.

B [f one branch of the autonomic nervous system is
blocked, the effects of the opposing branch will prevail.

SELF-TEST

Directions: Complete this self-evaluation of the informa-
tion you have learned from this chapter. If your answers
are all correct and you feel comfortable with your under-
standing of the material, proceed to the next chapter. How-
ever, if you miss any of the questions, you should review

Questions

1. Name the two types of cardiac cells and tell what type
of activity each is responsible for.

2. How do these two types of cells work together to pro-
duce cardiac activity?

3. What physical signs are used to reflect the mechanical
function of the heart?

the referenced frames before proceeding. If you feel unsure
of any of the underlying principles, invest the time now
to go back over the entire chapter. Do not proceed with
the next chapter until you are very comfortable with the
material in this chapter.

Referenced Frames Answers

1,2,3,4 electrical: conduction;
mechanical: contraction
1,2,3,4 Electrical cells
stimulate muscle cells to contract.
5,6,7,8 pulses, blood pressure,

other perfusion parameters
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