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Preface to the Second Edition

Since the first edition of this book was
published in 1979, a significant develop-
ment has been observed in the field of
artificial cardiac pacing. A general trend
is more frequent use of a physiologic pac-
ingin recent years. Thus, atrioventricular
(A-V) sequential (bifocal) pacing is com-
monly utilized in our practice today.

In addition, various multi-programma-
ble pacemakers have become very popu-
lar in the past several yecars because a
variety of the pacemaker functions (e.g.,
the pacing rate, energy output, etc.) can
easily be adjusted whencver necessary.
By doing so, the most ideal pacing best
suitable for a given patient’s clinical cir-
cumstance may be provided non-inva-
sively following pacemaker implantation.
The multi-programmable pacing has
proven to be the best pacing approach to
treat advanced sick sinus syndrome. Ac-
cordingly, “Multi-Programmable Artifi-
cial Pacing” is discussed in detail (Chapter
19).

Another new chapter entitled ‘“Auto-
matic Implantable Defibrillator” (Chapter
20) is included in this new edition because
the new device has a close relationship to
over-driving artificial pacing when deal-
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ing with life-threatening ventricular
tachyarrhythmias. Unfortunately, the au-
tomatic implantable defibrillator is not
available for routine clinical use as of this
writing, although this new device has
been tested extensively in animals as well
as humans at The Johns Hopkins Univer-
sity with a favorable result.

A new chapter entitled “Radiology of
Cardiac Pacemakers” (Chapter 4) also has
been added in view of its important con-
tribution in the field of artificial pacing.

The whole text has been revised consid-
erably, although its aims and the basic
design are essentially unchanged. It can
be said that the unique feature of this
book is its practical approach with clinical
applications in the diagnosis as well as the
management of cardiac patients.

[ am truly grateful to my wife, Lisa, and
children, Linda and Christopher, for their
patience and understanding during the
preparation of this book.

Lastly, I will always owe a deep grati-
tude and appreciation to my father, Dr. Il-
Chun Chung, who has always offered
guidance and inspiration.

Epwarp K. CHUNG, M.D.



Preface to the First Edition

Artificial cardiac pacing is an essential
and most effective way of treating various
bradyarrhythmias, particularly the sick
sinus syndrome and complcte A-V block.
In addition, artificial cardiac pacing is of-
ten a life-saving measure for refractory
tachycarrhythmias, especially ventricu-
lar tachycardia.

Today, approximately 250,000 to
400,000 individuals live with artificial
pacemakers, and another 25,000 to 40,000
new patients will receive permanent
pacemaker implantations in the coming
year in the United States of America
alone. This means that every physician
who takes care of cardiac patients has to
be fully familiar with all aspects of artifi-
cial pacing, including indications versus
non-indications, malfunctions versus
pseudo-malfunctions, etc.

The intention of this book is to describe
every pertinent aspect of cardiac pacing
which is directly or indircctly related to
the patient’s care. Various aspects of car-
diac electrophysiology are also included
in this book in order to provide useful
information for better understanding of
the artificial cardiac pacing itself.

This book presents 30 chapters, includ-
ing Introductory Remarks on Artificial
Cardiac Pacing; The Anatomy and Histol-
ogy of the Conduction System; His Bundle
Electrocardiography: Contributions to Ar-
tificial Cardiac Pacing; Role of Artificial
Pacing and Recording in the Understand-
ing of Impulse Initiation in the Human
Heart; Holter Monitor Electrocardio-
graphy; A-V Conduction Disturbances;
Hemiblocks, Bifascicular Block and Tri-
fascicular Block; Sick Sinus Syndrome
and Brady-Tachyarrhythmia Syndrome;
Techniques of Temporary Pacing; Indica-
tions of Temporary Pacing: Indications of
Artificial Pacing for Tachyarrhythmias;

Artificial Cardiac Pacing in Myocardial
Infarction; Artificial Pacing in Children;
Techniques of Permanent Pacing; Indica-
tions of Permanent Pacing; Different
Modes of Artificial Cardiac Pacing; Power
Sources for Implantable Artificial Pace-
makers; Electrode Design and Longevity;
Interferences for Artificial Cardiac Pac-
ing; Factors Modifying Pacing Stimulatory
Thresholds; Recognition of Digitalis Tox-
icity During Artificial Pacing; Recognition
of Myocardial Infarction in Patients with
Artificial Pacemakers; Hemodynamics of
Artificial Pacing; Follow-up Care After
Artificial Pacing; Artificial Pacemaker
Clinics: Practical Value; Transtelephone
Pacemaker Monitoring; Complications
and Malfunctions of Artificial Cardiac
Pacing; Various Electrocardiographic
Findings in Patients with Artificial Pace-
makers; Medico-Legal Considerations of
Artificial Pacing; and Future Develop-
ment of Artificial Pacing.

The contents are intended to be clinical,
concise, and practical, so that this book
will provide all physicians with up-to-
date materials related to artificial pacing,
which will assist them directly in the
daily care of their cardiac patients.

The book will be particularly valuable
to family physicians, emergency room
physicians, practicing internists, cardiol-
ogists, cardiovascular surgeons, house
staff, and cardiology fellows, along with
coronary care unit nurses. In addition,

_medical students will also obtain a great
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benefit by reading this book and learning
a general approach to various cardiovas-
cular problems.

I am sincerely grateful to all authors for
their valuable contributions to this book,
Artificial Cardiac Pacing: Practical Ap-
proach. I also wish to thank my personal
secretary, Miss Theresa McAnally, for her
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devoted and cheerful secretarial assist-
ance. She has been most valuable in han-
dling correspondence to all contributors,
in addition to typing many of my chapters
for this book. It has been my pleasure to
share the work to complete this valuable

book with the staff of The Williams &
Wilkins Company.

Epwarp K. CHUNG, M.D.
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i ~ CHAPTER 1

Introductory Remarks

EDWARD K. CHUNG, M.D., F.A.C.P.,, F.A.C.C.

GENERAL CONSIDERATIONS

It has been well documented that artificial

(electronic) cardiac pacing is one of the most
important and reliable ways |0 manage various
cardiac arrhythmias, particularly brady-ar-

rhythmias. Until 5-10 years ago. the primary
indication for permanent artificial pacing had
been in the treatment of complete A-V block.
However, the most common indication for per-
manent artificial pacemakers al the present
time is in the treatment of the sick sinus syn-
drome (SSS). In addition, artilicial pacing with
over-driving pacing rate (faster than usual pac-
ing rate) is often a life-saving measure for
refractory tachyarrhythmias. The term
“brady-tachyarrhythmia syndrome” is used
when the abnormal heart rhvthms consist of a
component of rapid rhythm as well as a slow
rhythm. In this case, artificial cardiac pacing
has a very important role beciiuse drug therapy
alone is usually ineffective. Brady-tachyar-
rhythmia syndrome is usually a late manifes-
tation of SSS (see Chapter 8).

The artificial cardiac pacemaker functions
in a very similar manner to the natural pace-
maker to initiate the electrical impulses gen-
erated by small batteries. The electrical im-
pulses travel through small wires to the heart.
The artificial pacemaker is timed to produce
the electrical impulses (usually about 70-72
beats/min) just like the cardiac impulses ini-
tiated by the natural pacemaker (sinus node).
In most cases, the heart is capable of pumping
adequate amounts of blood under the control
of an artificial pacemaker.

Approximately 250,000 people (500,000 ac-
cording to some reports) live with artificial
pacemakers in America alone, and 25,000-
40,000 (100,000-110,000 according to some
medical reports) new patients will require an
artificial pacemaker implantation annually.
Although it is difficult to know exactly how

many people live with an artificial pacemaker
at the present time worldwide, it is estimated
to be at least 500,000 people (750,000~
1,000,000 according to some reports). The total
number of artificial pacemakers sold within
the last 20 years is estimated to be approxi-
mately at least 1.5-2 million, possibly more. It
is clearly evident that artificial cardiac pacing
can provide not only the prolongation of hu-
man lives, but also the significant improve-
ment of the quality of life. Long-term admin-
istration of various drugs (e.g., isoproterenol,
atropine, epinephrine) for bradyarrhythmias is
no longer necessary because of the ready avail-
ability of artificial pacemakers in most civi-
lized countries.

The fundamental principles for the utiliza-
tion of an artificial pacemaker were estab-
lished as early as 1932 by Hyman, and later by
Callaghan and Bigelow in 1951. External car-
diac pacing was introduced into clinical med-
icine in 1952 by Zoll. In 1957, temporary direct
myocardial stimulation in the treatment of
complete A-V block was introduced by Weir-
ich et al, and a transistorized, self-contained,
implantable pacemaker for long-term correc-
tion of chronic complete A-V block was estab-
lished in 1960 by Chardack et al. Until several
years ago, mercury-zinc cells had been used
for the energy source, but today a lithium
battery has replaced the mercury-zinc battery
entirely for all types of artificial pacemaker. In
general, a lithium battery may last 10-12 years
in most clinical circumstances. The earlier
pacemakers lasted only 15-18 months, and
therefore frequent replacement of the pulse
generator was required. The nuclear-powered
pacemaker was introduced about 20 years ago
in clinical medicine, but it is not commonly
used.

There are many types of artificial pace-
makers on the market, but the most commonly
used model is a demand ventricular pace-
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maker. The demand pacemaker has a sensing
device that cuts the pacemaker off if the nat-
ural heart rhythm is faster than the pre-set
pacing rate. When the patlient’s own rhythm
becomes slower than the pre-set pacing rate,
the sensing device turns the artificial pace-
maker on again. This is the reason the term
“demand” or “standby” pacemaker is used. In
other words, the deman artificial pacemaker
works only when it is nceded. In the past few
years, multi-programmable pacemakers have
been introduced in clinical medicine. In this
new type of artificial pacemaker, various func-
tions (e.g., pacing rate, energy output, sensitiv-
ity, etc.) of the pacemaker can easily be con-
trolled and adjusted non-invasively after im-
plantation in order to provide the best pacing
for a given individual. The multi-progamma-
ble pacemakers will eventually replace all
non-programmable pacemakers in the near fu-
ture. The average cost of the artificial pace-
maker itself ranges from $2.000 to $3,000. The
total cost of implantation of an artificial pace-
maker including the surgeon’s fee, hospitali-
zation, and various laboratory tests is about
$6,000 to $7,000 in most hospitals.

Following implantation of an artificial pace-
maker, every patient should have periodic
medical check-ups and should carry out nec-
essary daily care, because the artificial pace-
maker will need care like any other mechan-
ical device, and complicalions or malfunctions
may occasionally occur.

A. Indications for Artificial Pacemakers

The precise criteria for the use of a tem-

porary or a permancnt pacemaker vary

slightly from institution to institution, but

the following conditions are generally ac-
cepted.

1. Short-Term Pacing (Temporary Pac-
ing)

a. Symptomatic sccond degree or third

degree A-V block, especially during

acute myocardial infarction (MI),

requires temporary pacing. It

should be noted that A-V block per

se does not require artificial pacing.

b. Symptomatic and drug-resistant

sinus arrhythmias including sinus

bradycardia, sinus arrest, sinoatrial

(S-A) block and A-V junctional bra-

dyarrhythmias (often manifesta-

tions of SSS).
c. Bifascicular and incomplete trifas-
cicular block associated with acute

anterior MI usually requires short-
term pacing (prophylactic pacing)
because these findings are often fol-
lowed by a slow ventricular escape
rhythm due to complete A-V block
[infra-nodal A-V block or complete
bilateral bundle branch block
(BBBB)].

d. Emergency treatment for Adams-

Stokes syndrome, symptomatic

BBBB and SSS.

e. Before or during implantation of a
permanent pacemaker when the
patient is symptomatic (e.g., syn-
cope Or near syncope).

f. Prophylactic pacing during major
surgery when Adams-Stokes syn-
drome and/or marked bradyar-
rhythmias are anticipated.

g. Drug-resistant tachyarrhythmias by
over-driving pacing rate.

At present, the most commonly used
pacemaker for short-term pacing is the
temporary transvenous type. In almost
all situations, a demand unit is prefer-
able to a fixed-rate unit. This is be-
cause normal A-V conduction may be
present during the insertion of a pace-
maker (especially when it is being used
prophylactically) and because it is not
uncommon to observe normal A-V
conduction occurring intermittently
following the development of complete
A-V block. A bipolar or unipolar cath-
eter electrode is inserted, via a jugular
or arm vein, into the right ventricle,
preferably in the apical region, under
direct vision utilizing fluoroscopy,
with an image intensifier. Otherwise,
the blind float technique may be used
in certain cases. In this method, the
catheter electrode is advanced gently
into position as the location of the tip
is monitored by electrocardiogram
(ECG). The usual pacing rate is around
70-72 beats/min.

When a physiologic pacing is de-
sired, of course, A-V sequential (bifo-
cal) pacing mode is preferable (and will
be discussed later). One of the impor-
tant beneficial effects of atrial pacing
is its ability to suppress a variety of
ectopic tachyarrhythmias, particularly
those of supraventricular origin. Thus,
atrial pacing, coronary sinus pacing
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and A-V sequential pacing are advan-
tageous in the trealment of brady-
tachyarrhythmia syndrome or drug-re-
sistant tachyarrhythimias. When there
is significant A-V conduction disturb-
ance under these circumstances, A-V
sequential pacing (bilocal pacing) must
be carried out. Indications of tempo-
rary pacing will be discussed in detail
later (see Chapter 9).
. Indication for Long-Term Pacing (Per-
manent Pacing)
The decision as to whether long-term
pacing is indicated or not is very seri-
ous, because the paticnt must live with
an artificial pacemaker all his life and
must observe various necessary cau-
tions and daily care. In addition, the
pulse generator should be changed ev-
ery 8-12 years in most cases (every 3—
6 vears in older maodels), depending
upon the model. One of the most seri-
ous problems following permanent
pacemaker implantalion is malfunc-
tion of the unit (see Chapter 29), which
may be fatal. At times, it is difficult to
judge whether a permanent artificial
pacemaker is definilely required, be-
cause there is some controversy among
physicians in certain clinical circum-
stances. In general, in the following
situations, long-term pacing is consid-
ered to be indicated.

a. Symptomatic and, or advanced SSS.

b. Symptomatic, chronic second de-
gree (usually Mobitz type II) or third
degree (infra-nodal) A-V block.

c. Complete A-V bluck in acute MI
(regardless of the location of MI)
lasting more than 2-3 weeks.

d. Congenital complete A-V block.

e. Symptomatic  bilateral  bundle
branch block.

f. Recurrent Adams-Stokes syndrome
(usually due to Mobitz type II, ad-
vanced or complele A-V block and
SSS).

g. Recurrent drug-resistant tachyar-
rhythmias benefited by temporary
pacing.

h. Carotid sinus syncope (may or may
not be due to SSS).

When the indication of a permanent
pacemaker has been determined,
the type of pacemaker suitable for

the specific patient must be deter-
mined in view of the patient’s age,
general condition and underlying
disease. When the physiologic pac-
ing is desired, A-V sequential (bifo-
cal) pacing is preferable because
the artificial pacing can provide al-
most identical hemodynamic con-
sequences as the natural sinus
rhythm so that the maximum car-
diac output can be maintained. This
is the reason that bifocal pacing has
become the most commonly used
method of artificial pacing in most
clinical circumstances today. One
of the major advantages of atrial
pacing is its capability to suppress
various ectopic tachyarrhythmias,
particularly those of supraventric-
ular origin. Drug-resistant tachyar-
rhythmias or brady-tachyarrhyth-
mias are often best treated with
atrial pacing, coronary sinus pacing,
or A-V sequential pacing. Of course,
the A-V sequential pacing has to be
used when there is a significant
A-V conduction disturbance under
these circumstances. Fixed-rate
ventricular pacemaker is seldom
used today because various compli-
cations occur frequently. Most
pacemaker manufacturers continu-
ously produce the fixed-rate ven-
tricular pacemakers primarily for
foreign countries. Ordinary demand
ventricular pacing is adequate in
the treatment of complete A-V
block when the physiologic artifi-
cial pacing is considered to be not
essential. Indications of permanent
pacing will be discussed in detail
later (see Chapter 15).

3. Artificial Pacemakers in Acute Myo-

cardial Infarction

There is a significant controversy
among physicians regarding the use of
artificial pacemakers in patients with
myocardial infarction. The indications
of artificial pacing vary markedly de-
pending upon the site of MI. By and
large, artificial pacing is more fre-
quently used in patients with acute
anterior MI than in patients with acute
diaphragmatic MI. Prophylactic artifi-
cial pacing is often indicated in acute



