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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowledge,
changes in treatment and drug therapy are required. The authors and the publisher of this work have
checked with sources believed to be reliable in their efforts to provide information that is complete and
generally in accord with the standards accepted at the time of publication. However, in view of the possibil-
ity of human error or changes in medical sciences, neither the authors nor the publisher nor any other party
who has been involved in the preparation or publication of this work warrants that the information con-
tained herein is in every respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of the information contained in this work. Readers are
encouraged to confirm the information contained herein with other sources. For example and in particular,
readers are advised to check the product information sheet included in the package of each drug they plan
to administer to be certain that the information contained in this work is accurate and that changes have
not been made in the recommended dose or in the contraindications for administration. This recommenda-
tion is of particular importance in connection with new or infrequently used drugs.
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Preface

Understanding and interpreting EKGs and dysrhythmias can be a daunting task
for nurses everywhere. Creating a knowledge base and incorporating tools that
can help make this charge of our profession easier is the mission of this book.
Once general rules are understood, the undertaking of this chore can be a pos-
itive addition to our roles of caring for our patients and their loved ones; for it
is not only the patient who has multiple questions about the things that we do
and the machines that we use to help us attain optimal care. Students who are
studying to achieve an understanding of this aspect of care, new nurses who are
building confidence in their skills, and the experienced nurse who desires to
resharpen their knowledge can all benefit from the contents of this book.

We have worked hard to “demystify” this difficult facet of nursing by starting
at the beginning and building upon the blocks of learning as each chapter takes
on a different aspect of the world of electrocardiography. Through this book,
we provide background physiology and pathophysiology, appreciation for con-
cepts, and highlighted “clinical alerts” in order to provide a thorough compre-
hension of not only the science of this subject, but also the art that must be
incorporated so that our patients feel comfortable with the process and with us.

Each chapter is built around the following tools that contribute to the reader’s
ability to grasp the intent and purpose of each topic:

Objectives and key terms that are used within that particular chapter
An overview to highlight the target goals of each chapter

Clinical alerts to bring out important components of subject matter
Tables to provide information in an easy to understand format
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Boxes that highlight significant factors

Figures to visualize essential portions of information

Real world practical wisdom that has stood the test of time
Key points highlighted in the conclusion

Practice questions to explore the reader’s comprehension
Answer keys with rationales and reiteration of concepts

A final exam to test the learner’s knowledge level

We hope that you enjoy your journey through this part of the prism that
extends to so many facets of care. Each of us must continue the learning process
throughout our careers in our chosen specialties so that we may provide excel-
lent attention to the details of our patient care. May you attain and maintain
wisdom and knowledge, clarity of thought, skillful hands, and a compassionate
heart as we all work towards the highest level of protection for those entrusted
to our care.

Patricia Clutter, RN, MEd, CEN, FAEN
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Introduction

LEARNING OBJECTIVES

At the end of this chapter, the student will be able to:

@ Describe an electrocardiogram (EKG) and the equipment needed to perform
this diagnostic test.

Detail the history of EKG and related advances in today’s technology.

List the clinical uses for EKG.

Distinguish the health care personnel who may conduct EKG and the
certification opportunities available in the discipline.
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KEY WORDS
Angina Endocarditis
Arrhythmia Heart failure
Auscultation Heart valve disease
Bradycardia Holter monitor
Cardiologist Ischemia
Cardiomyopathy Myocardial infarction
Congenital heart defects Pacemaker
Coronary heart disease Pericarditis
Dysrhythmia Physiologist
Electrocardiogram Stress test
Electrodes Tachycardia

Overview

Electrocardiogram, or EKG—also referred to as ECG—is a diagnostic test, per-
formed at the bedside, that assists in the assessment of problems or disturbances
with the electrical activity of the heart. This electrical activity within the heart
is observed by means of an external EKG machine that connects via cables to
electrodes. These electrodes are placed on the patient’s skin where they detect
the heart’s electrical impulses. These electrical impulses are then “translated” by
the EKG machine and recorded as line tracings on paper. The tracings on the
special paper are referred to as a“12 lead.” A “rhythm strip” is different than an
EKG. An EKG looks at all angles of the electrical conduction system providing
12 views. (There are also 15- and 18-lead EKGs that are performed to diagnose
specific myocardial infarction processes.) A “rhythm strip” shows one lead. This
is useful to determine rate and rhythm and as an ongoing tool during patient
observation. Today’s cardiac monitors have many tools built into them to assist
health care personnel to screen for patient problems. A rhythm strip can also
be produced by an EKG machine.

Figure 1-1 shows a normal EKG strip and Fig. 1-2 shows a 12-lead EKG. By
the time you finish this book, you will be able to recognize a normal EKG
rhythm strip that can be obtained from an EKG tracing or a cardiac monitor,
identify all the common electrical cardiac abnormalities, and understand com-
mon concepts relative to the EKG and disease processes.
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FIGURE 1-1 « Normal EKG strip. Strip shows normal sinus rhythm. [From Saladin KS. (2012).
Anatomy & Physiology: The Unity of Form and Function, 6e. McGraw-Hill.]

- | Shen 5 o ‘ :’vt‘-*? T [ T

FIGURE 1-2 « 12-lead electrocardiogram. A standard 12-lead electrocardiogram showing a rhythm strip taken from
lead V.. [From Raff, Hershel and Levitzky, Michael, (2011). Medical Physiology A Systems Approach, McGraw-Hill.]

History of EKG

Willem Einthoven, a Dutch physiologist, introduced the EKG in 1903.
Although Carl Ludwig and his student Augustus Waller are credited with ini-
tially tracing the heartbeat onto a phonographic plate fixed to a toy train that
allowed the heartbeat to be recorded in real time in 1887, Einthoven perfected
this system in 1903 to create a much more sensitive device. Einthoven’s partici-
pants would immerse each of their limbs into containers of salt solution from
which the EKG was recorded as opposed to today’s method of using self-
adhesive electrodes. This original machine weighed 500 pounds and required
multiple people to function.

Einthoven assigned the letters P, Q, R, S, and T, still used today, to the waves

and segments found in the EKG (Fig. 1-3). This earned him the Nobel Prize in
Medicine in 1924.
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FIGURE 1-3 - Normal electrocardiogram showing the P, Q, R, S, T waves. [From Huff, Jane.(2012).
ECG Workout Exercises in Arrhythmia Interpretation 6e.]

Many advances have been made in electrocardiography through the decades.
Once cumbersome laboratory machines, today’s EKG devices are compact
electronic systems that offer computerized interpretation of EKG. In keeping
with the future’s mobile trends, a sleek, low-power wireless case can be attached
to a smartphone to transform the phone to a clinical-quality cardiac event
recorder with the help of a smartphone application.

Clinical Uses of EKG

The clinical uses of EKG are vast. EKGs are utilized in every aspect of health
care. They can be used in physician’s or provider’s offices or in any department
in the hospital environment including (but not limited to) the emergency
department, medical/surgical departments, intensive care units, labor and deliv-
ery, surgery, postanesthesia care unit, and pediatrics. EKGs are also used rou-
tinely in the prehospital setting, often being electronically transmitted to the
emergency department physician prior to arrival. They can also be completed in
a patient’s home by home health care agency personnel or individuals who work
for insurance companies. EKGs may be performed at health screenings, routine
physical examinations, or presurgical workups in a planned elective situation.
They are also an emergent diagnostic tool in potentially life-threatening situa-
tions. The individual receiving an EKG ranges from someone who is initiating a
new exercise regimen to a person who is having chest pain. The use of the EKG
is cross-generational, providing clues to care for all age groups from the infant
with congenital heart disease to the centenarian with shortness of breath.
EKGs are also performed to determine heart rhythms that are different than
the normal rhythm when abnormal electrical impulses disturb the cardiac
cycle. These are called arrhythmias or dysrhythmias (Fig. 1-4). These terms are
usually used interchangeably; however, “dysrhythmia” is more accurate since
the term “arrhythmia” can officially mean an absence of heart rhythm. In this
book, the term dysrhythmia will be utilized to differentiate an abnormal
rhythm. These dysrhythmias will be explored in detail later in this book.



