Cardiac Arrhythmias:
Electrophysiologic
Techniques and
Management

Leonard S. Dreifus, M.D. / Editor

CARDIOVASCULAR CLINICS
Albert N. Brest, M.D. / Editor-in-Chief



Cardiac Arrhythmias:
Electrophysiologic
Techniques and
Management

Leonard S. Dreifus, M.D. / Editor

Professor of Medicine
Jefferson Medical Coliege
Chief, Cardiovascular Division
Lankenau Hospital ,
Philadelphia, Pennsylvania

CARDIOVASCULAR CLINICS :
Albert N. Brest, M.D. / Editor-in-Chief

James C. Wilson Professor of Medicine
Director, Division of Cardiology
Jefferson Medical College

Philadelphia, Pennsylvania

@ F. A. DAVIS COMPANY, PHILADELPHIA



Cardiovascular Clinics, 16/1, Cardiac Arrhythmias: Electrophysiologic Techniques and
Management

Copyright © 1985 by F. A. Davis Company

All rights reserved. This book is protected by copyright. No part of it
may be reproduced, stored in a retrieval system, or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording,
or otherwise, without written permission from the publisher.

Printed in the United States of America

NOTE: As new scientific information becomes available through basic
and clinical research, recommended treatments and drug therapies
undergo changes. The author(s) and publisher have done everything pos-
sible to make this book accurate, up-to-date, and in accord with accepted
standards at the time of publication. However, the reader is advised
always to check product information (package inserts) for changes and
new information regarding dose and contraindications before adminis-
tering any drug. Caution is especially urged when using new or infre-
quently ordered drugs.

Library of Congress Cataloging in Publication Data

Cardiovascular clinics. 1-

Phlladelphla, F. A. Davis, 1969-

v.ill. 27 cm.

Editor: v. 1- A. N. Brest.

Key title: Cardiovascular clinics, ISSN 0069-0384.
. 1. Cardiovascular system—Diseases—Collected works. 1.'Brest,
Albert N, ed

[DNLM: W1 CATTN]
RC681.A1C27 616.1 70-6558
ISBN 0-8036-9227-7 MARC-S

Library of Congress 75[(8307)



Cardiac Arrhythmias:
Electrophysiologic
Techniques and Management



Cardiovascular Cliniés Series

Brest 1/1' Hypertensive Cardiovascular Disease

Brest 1/2 Coronary Heart Disease

Brest 1/3 Cardiovascular Therapy

Downing 2/1  Congenital Heart Disease

Dreifus *2/2  Arrhythmias

White 2/3 International Cardiology

Gifford 3/1 Peripheral Vascular Disease

Harken *3/2 Cardiac Surgery | ’

Harken *3/3 Cardiac Surgery 2 :

Burch *4/1 Cardiomyopathy

Edwards *4/2 Clinical-Pathological Correlations 1

Engle -+ 4/3 .Pediatric Cardiology '

Edwards *5/1 Clinical-Pathological Correlations 2

Likoff : *5/2 Valvular Heart Disease

Fisch *5/3 Complex Electrocardiography 1

Fisch *6/1 Complex Electrocardiography 2

Melmon *6/2 Cardiovascular Drug Therapy

Fowler 6/3 Diagnostic Methods in Cardiology

Vidt - 7/1 Cleveland Clinic Cardiovascular Consultations

Brest et al. 7/2 Innovations in the Diagnosis and Management of Acute
Myocardial Infarction

Spodick 7/3 Pericardial Diseases

Corday 8/1 Controversies in Cardiology

Rahimtoola 8/2 Coronary Bypass Surgery

Rios 8/3 Clinical Electrocardiographic Correlations

Onesti, Brest 9/1 Hypertension )

Kotler, Segal 9/2 Clinical Echocardiography

Wenger *9/3 Exercise and the Heart

Roberts *10/1 Congenital Heart Disease in Adults

Willerson *10/2 Nuclear Cardiology

Brandenburg 10/3 Office Cardiology _

Castellanos 11/1 Cardiac Arrhythmias: Mechanisms and Management

Engle o 11/2 Pediatric Cardiovascular Disease

Rackley 11/3 Critical Care Cardiology

Noble, Rothbaum  12/1 Geriatric Cardiology

Vidt 12/2  Cardiovascular Therapy

McGoon ~12/3  Cardiac Surgery

Rahimtoola 13/t + Controversies in Coronary Artery Disease

Spittell 13/2 Clinical Vascular Disease

Fowler 13/3 Noninvasive Diagnostic Methods in Cardiology

Goldberg .- 14/1 Coronary Artery Spasm and Thrombosis

Dreifus 14/2 Pacemaker Therapy

Conti : ~ 14/3 Cardiac Drug Therapy

Schroeder 15/1 Invasive Cardiology

Wenger 15/2 Exercise and the Heart

*Not Available



Contributors

Jeffrey L. Anderson, M.D.
Associate Professor of Medicine, University of Utah College of Medicine; Director,
Coronary Care Unit, LDS Hospital, Salt Lake City, Utah

J. Thomas Bigger, Jr., M.D.

Professor of Medicine and Pharmacology, Columbia-Presbyterian Medical Center,

New York, New York

Jocelyn Cooper, R.N.
Research Associate, Division of Cardzology Umverszty of British Columbia,
Vancouver, British Columbia, Canada

Leonard Dreifus, M.D.
Professor of Medicine, Jefferson Medical College; Chief, Cardiovascular Division,
Lankenau Hospital, Philadelphia, Pennsylvania

Toby R. Engel, M.D.
Professor of Medicine, Director, Heart Station and Electrophysiology Laboratory,
Cardiovascular Division, Hospital of the Medical College of Pennsylvania,
Philadelphia, Pennsylvania

Kevin Ferrick, M.D.
Instructor, Clinical Medicine, Columbia- Presbyterzan Medical Center, New York,
New York

Arnold J. Greenspon, M.D.
Assistant Professor of Medicine, Director, Clinical Electrophysiology Laboratory,
Jefferson Medical College and Hospital, Philadelphia, Pennsylvania

E. Wayne Grogan, Jr., M.D.
Fellow in Cardiac Electrophysiology, Cardiovascular Section, Hospital of the
University of Pennsylvania, Philadelphia, Pennsylvania

Lawrence, E. Hinkle, Jr., M.D.
Professor of Medicine, Division of Human Ecology, The New York Hospital-
. Cornell Unjversity Medical College, New York, New York

ix



Gerald J. Kelliher, Ph.D. ‘
Professor of Pharmacology, Associate Professor of Medicine, The Medical College of
Pennsylvania, Philadelphia, Pennsylvania

Charles R. Kerr, M.D.
Assistant Professor of Medicine, Division of Cardiology, Umverszty of British
Columbia, Vancouver, British Columbia, Canada

George J. Klein, M.D. / ’ s

Associate Professor of Medicine, Director, Clinical Electrophysiology Laboratory,
The University of Western Ontario; Cardiac Investigation Unit, Arrhythmia Service,
University Hospital, London, Ontario, Canada

Peter Kowey, M.D.
Associate Professor of Medicine, Assistant Professor of Pharmacology, Director,
Coronary Care Unit, The Medical College of Pennsylvania, Philadelphia,
Pennsylvania

Roberto Medina, M.D.
Fellow, Cardiology, Lankenau Hospztal Phtladelphta, Pennsylvania

Eric L. Michelson, M.D.
Associate Professor of Medicine, Jefferson Medical College; Chief, Clinical
Research, Cardiology Division, The Lankenau Medical Research Center
Philadelphia, Pennsylvania

Eric N. Prystowsky, M.D.
Associate Professor of Medicine, Director, Clinical Electrophysiology Laboratory,
Krannert Institute of Cardiology, Indiana University School of Medicine, '
Indianapolis, Indiana

Philip R. Reid, M.D.
Associate Professor of Medicine and Pharmacology, The Johns Hopkins Medtcal
Institutions, Director, Division of Cardiovascular Medicine, Sinai Hospital of
Baltimore, Baltimore, Maryland

James A. Reiffel, M.D.
Associate Professor of Clinical Medicine, Columbia-Presbyterian Medical Center,

New York, New York

" Alejandro Saichin, M.D.
Fellow, Cardiology, Lankenau Hospital, Philadelphia, Pennsylvania

Melvin M. Scheinman, M.D.
Professor of Medicine, University of California, San Francisco; Chief,
Electrocardiography and Clinical Cardiac Electrophysiology Section, Moffitt
Hospital, San Francisco, California

Arjun D. Sharma, M.D.
Assistant Professor of Medicine, The University of Western Ontario, London,
Ontario, Canada



illiam J. Untereker, M.D.

Clinical Assistdnt Professor of Medicine, University of Pennsylvania School of
Medicine; Head, Cardiovascular Section, Pennsylvania Hospttal thladelphza,
Pennsylvania

....Vlctorla L. Vetter, M.D.

Assistant Professor of Pediatrics, University of Pennsylvania School of Medicine;
Associate Cardiologist, Division of Cardiology, Director, Pediatric Electrophysiology
Laboratory, The Children’s AHospt:taI of Philadelphia, Philadelphia, Pennsylvania

Harvey L. Waxman, M.D.
Clinical Assistant Professor of Medtane University of Pennsylvania; Co-Head
Cardiovascular Section, Pennsylvania Hospital, Philadelphia, Pennsylvania

Lewis Wetstein, M.D. .
Assistant Professor of Sdrgery, Division of Cardiothoracic Surgery, The Medical
College of Virginia, Richmond, Virginia

John Zimmerrhan, M.D.
_ Research Fellow, Columbia-Presbyterian Medical Center, New York, New York

xi



Preface f e

The advancements in basic and clinical electrophysiology have been immense over
the past few years. It is the purpose of this text to acquaint the clinician with the needs
and clinical usefulness of electrophysiologic studies in the daily practice of cardiovas-
cular medicine. While numerous textbooks adequately illustrate interesting typical and
unusual examples of various cardiac arrhythmias, few have attempted to identify the
methods and techniques of electrophysiologic studies and the actual clinical needs. The
chapters have been divided into the various anatomic divisions of the specialized tis-
sues and working myocardial structures of the heart.

The editors gratefully acknowledge the importance of the work of the many scientists
who have offered so much to the understanding of electrophysiology of cardiac arrhyth-
mias and who have contributed so generously to this text. -

Leonard S. Dreifus, M.D.
Guest Editor

Editor’s Commentary

One of the most exciting advances in clinical and investigative cardiology during
recent years has been the growth and development of electrophysiology as a bona fide
discipline. Information derived from the electrophysiology laboratory can be imme-
diately useful in the recognition of complex rhythm disturbances, in the selection of
antiarrhythmic drug therapy, and in the application of a variety of nonpharmacologic
(pacemaker, other electrical, and surgical) therapies. This issue of CARDIOVASCULAR
CLINICS provides a state-of-the-art examination of the electrophysiologic techniques
and clinical applications that constitute current practice. I am extremely grateful to
Leonard S. Dreifus for his guidance in the formulation of this issue, and both of us
wish to express our gratitude to the individual authors for their exemplary
contributions. :

Albert N. Brest, M.D.
_ Editor-in-Chief
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Introduction o
to Clinical Electrophysiologic Studies

Eric L. Michelson, M.D., and Roberto P. Medina, M.D.

Tachy- and bradyarrhythmias are a major cause of mortality and morbidity.
Although most frequently associated with coronary artery disease and cardiomyopa-
thy, serious arrhythmias may also occur in patients with mitral valve prolapse, con-
genital heart disease, electrolyte imbalance, primary and secondary diseases of the
sinus and atrioventricular nodes and/or the cardiac conduction system, as well as in
individuals without identifiable structural abnormalities of the heart. Unfortunately,
when therapeutic drug regimens are selected empirically for patients with the most
malignant arrhythmias and at high risk of sudden death, without objective measures
to predict efficacy, there appears to be only marginal effect on prognosis.'?

The lack of uniformly effective and safe antiarrhythmic drugs and the search for-a
more rational approach to the management of patients at high risk of life-threatening
arrhythmias have given great impetus to the recent development of safe and reliable
techniques for the evaluation of the electrophysiologic properties of the heart. Rou-
tinely, the susceptibility of the heart to a variety of tachy- and bradyarrhythmias and
the response to antiarrhythmic drugs and different pacing modalities can be evaluated.
The question of indiscriminate use of costly resources has made the medical commu-
nity the subject of increasing criticism,> while at the same time a physician’s decision
to defer costly diagnostic studies or withhold therapy may also have serious medico-
legal consequences.* Admittedly, clinical electrophysiologic studies are invasive, poten-
tially costly, time consuming, and not without risk.’ Thus, their practical clinical appli-
cation calls for a rational approach to the procedure and appropriate selection of
patients most likely to receive benefit.

The application of invasive electrophysiologic techniques has made important con-
tributions to our understanding of the mechanisms of arrhythmias and the mode of
action of antiarrhythmic drugs. These advances are reviewed in detail in other chapters
in this book. Our focus will be on the practical, clinical application of electrophysio-
logic testing.

The field of clinical electrophysiology began as recently as 1969 with the recordin& ‘
of the His bundle electrogram in human beings, using electrode catheter techniques.
The early years of electrophysiologic investigation were dominated by descriptive work
exploring the timing of electrical activation of the different parts of the conductiofl -
system and myocardium in a variety of spontaneously occurring physiologic and path-
ologic conditions. The development of the technique of programmed stimulation’"
added a new perspective to the understanding of the electrophysiology of the human
heart, with the possibility of stressing the conduction system, determining refractory
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penods, evaluatmg the response of automatic pacemaker tissue to overdrive suppres-
sion, and attemptmg the induction of tachyarrhythmlas in the laboratory. The possi-
bility of initiating and terminating arrhythmias in.a controlled situation provided a
rational basis for the evaluation of therapeutic modalities in patients at risk of serious
or life-threatening arrhythmias, when the tailoring of a protective pharmacologic regi-
men is crucial. Current developments focus on longitudinal studies using electrophys-
iologic testing to assess prognosis and the value of specific interventions, including
drugs, devices, and antiarrhythmic surgery, as well as the introduction of noninvasive
electrocardiographic signal-averaging techniques.

TECHNIQUES AND BASELINE DETERMINATIONS

Catheterization and Intracardiac Recordings®®

Although some guccess has been reported in recording His bundle electrograms from
the body surface using signal averaging, the technique.is generally limited to recording
spontaneous events and does not allow for the use of programmed electrical stimula-
tion. To record intracardiac electrograms, electrode catheters are introduced into dif-
ferent locations in the héart, including the right atrium, coronary sinus, right atrioven-
tricular junction (to record the His bundle electrogram), and right ventricle. More
recently, left ventricular stimulation has also been used.'® Detailed mapping studies
may require recording from multiple sites simultaneously, including the left ventricle,
but the introduction of two to four catheters in the right heart chambers is sufficient
for most clinical applications.

The transvenous route is used, except for left ventricular stimulation. Catheters are
introduced by the percutaneous Seldinger technique, most commonly using the
femoral or occasionally the brachial approach. The His bundle electrogram is better
recorded from the femoral approach, and the coronary sinus is more easily entered
from the left brachial, subclavian, or jugular route. The performance of a venous cut-
down is seldom necessary. The left subclavian or jugular approach is well suited to
serial studies done over days to weeks requiring stable catheter position. Systemic
heparinization is mandated only when the arterial system is entered for left ventricular
stimulation, and the possible complications of the procedure are similar to those of a
routine catheterization procedure. However, the possible thromboembolic complica-
tions of introducing multiple-intravenous catheters may be limited by heparinization
during right heart studies as well, particularly during prolonged catheterization. Size 5
to 7 French electrode catheters are advanced under fluoroscopic guidance. These cath-
eters usually have electrodes separated by a distance of 1 c¢cm; either bipolar, quadri-
polar, or hexapolar catheters are commonly used for most recording and stimulation
techniques.

The intracardiac electrograms are usually displayed simultaneously with three or
more surface electrocardiographic recordings on an oscilloscopic screen and recorded
on a strip-chart for on-line evaluation and/or tape recorder for later analysis. The signal
processor, oscilloscope, and recorder are often incorporated as a single unit, similar to
those used for routine hemodynamic studies. A programmable stimulator is used for
the pacing studies, capable of pacing over a wide range of cycle lengths, from several
sites simultaneously, and introducing accurately timed single or multiple extrastimuli
synchronized to intrinsic or paced rhythms. The stimulator is a constant current pace-
maker, and the current output is usually set at two to three times the patient’s late
diastolic excitability threshold at a given site and with a pulse width of 1 to 2 msec.
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The right atrium may be approached from any venous route, and the most common
site for stimulation and recording is the high right atrium posteriorly at the junction
of the superior vena cava, near the region of the sinus node. The left atrium is
approached indirectly through the coronary sinus from the right atrium, and the left
brachial route is most often successful. The right ventricular apex and/or other loca-
tions in this chamber are, easily accessible from any venous site. The left ventricle is
not usually entered, but when necessary, the femoral arterial approach is preferred. The
His bundle electrogram is recorded by introduction of a catheter into the right ventri-
cle, which is slowly withdrawn to the region of the tricuspid valve while clockwise
torque is maintained to keep the electrode in contact with the interventricular septum.
This maneuver is performed while the electrogram is continuously monitored until a
satisfactory tracing incorporating atrial and ventricular electrograms of approximately
equal size is obtained. A sharp biphasic or tfiphasic deflection representing the His
bundle electrogram appears at this point between the atrial and ventricular potentials.
This technique is successfully performed in most patients using proper signal filtering
(40-500 Hz) by an experienced operator, although a stable position of the catheter is
difficult to obtain in some cases. Validation of the His bundle potential may be
obtained by pacing from the same catheter used for recording.'" When pacing the His
bundle, the interval between the pacing impulse artifact and the onset of the: QRS
deflection on the surface electrocardiogram should be the same as the onset of the His
bundle potential to the QRS prior to pacing. In addition, the configuration of the QRS
complex should be the same during sinus rhythm and His bundle pacing, confirming
that the catheter is not positioned distal to the His bundle, which would then result in
ventricular capture.'' The technique of His bundle pacing is difficult, an®there are
exceptions to the rules mentioned above. Therefore, it is seldom performed during
most clinical studies.

The induction of arrhythmias during programmed electrical stimulation is common,
and this is often the purpose of the study. These arrhythmias are often terminated by
pacing techniques as well; at other times they revert spontaneously to sinus rhythm. If
the arrhythmia is poorly tolerated, such as with rapid ventricular tachycardia and ven-
tricular fibrillation, or with atrial fibrillation in patients who have rapidly conducting
atrioventricular-bypass tracts, electrical cardioversion or defibrillation is mandatory.
Accordingly, every electrophysiologic catheterization laboratory must have both a defi-
brillator, which is checked prior to each study, with ready access to a backup unit, and
at least one person in the laboratory who is continuously assessing the clinical status
of the patient and is ready to use the defibrillator when indicated. The incidence of
induction, in the laboratory, of life-threatening arrhythmias requiring electrical car-
dioversion or defibrillation varies according to the specific studies performed; inci-
dence is highest when the induction of ventricular tachycardia is attempted in patients
with previous episodes of hemodynamically significant sustained ventricular tachycar-
dia or sudden death. Even during these studies, the incidence varies according to the
techniques employed. Although it has been reported to be as high as 52 percent,'” fig-
ures around 20 to 30 percent'* are more in accordancé with the experience of most
laboratories.

The laboratory personnel should include an experienced catheterizer, as well as a
properly trained and experienced electrophysiologist, technician, and nurse, as a min-
imum for most studies. Experience with sick patients, resuscitation techniques, serious
arrhythmias, pacemakers, and antiarrhythmic drugs is mandatory. Studies can be done
in a properly equipped catheterization laboratory or procedure room. Under special
circumstances, studies may also be done at the bedside or in the cardiothoracic oper-
ating room using “portable” equipment. No matter where the study is done, the
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requlrements for an optimal study are 2 well-selected and well—prepared patient, .
tramed personnel, and prOper equipment.?

Timing of Intracardiac Events

" Certain baseline measurements are performed routinely in patients undergoing elec-
trophysiologic studies. These include the standard surface electrocardiographic deter-
minations, including the basic cycle length, the duration of the P wave, the P-R inter-
val, the QRS duration, and the Q-T interval, that can often be more accurately
rneasured because of the faster paper speeds used (100 to 200 mm/sec versus 25 mm/
sec of the standard electrocardiogram).

The timing of certain intracardiac events during the elcctrophysnologlc study is
affected by the autonomic tone of the patient.'* A quiet environment, dim lights, and
a relaxed atmosphere provide conditions as close to baseline as possible. The intervals
usually measured include the following: (a) P-A interval or (right) intra-atrial conduc-
tion time, (b) interatrial conduction time if a coronary sinus catheter is introduced, (c)

ol ' |
ol 1718 T5F 0 17 1+

Figure 1. Simultaneous recording of surface electrocardiographic leads 1, 2, and V,, along with the aortic
pressure (Ao), intracardiac His bundle electrogram (HBE), and time lines (T 100 msec, and 500 msec) in a
patient with right bundle branch block, marked left axis deviation, and syncope. The A-H interval, from the -
onset of the atrial electrogram (A) on the HBE to the onset of His activation (H) represents conduction time *
through the atrioventricular node; and the H-V interval, from onset of the His to the earliest evidence of
ventricular activation (V), in this case on surface lead V,, indicates the infranodal conduction time.
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A-H interval, or conduction time through the atrioventricular node, and (d) H-V inter-
val, or conduction time in the His-bundle branch-Purkinje system (Fig. 1).

The (right) intra-atrial conduction time, between the onset of the surface P wave and
the local atrial deflection on the His bundle electrogram (P-A interval), and the inter-
atrial conduction time, between the local atrial deflections on the high right atrial and
the coronary sinus electrograms (right-to-left atrial conduction interval), are both
approximations of only limited clinical value. To assess atrial conduction more accu-
rately in selected patients, endocardial mapping of the atria is performed. The normal
antegrade atrial activation sequence begins in the high- or mid-lateral right atrium,
spreading to the atrioventricular junction, and then to the left atrium.'* When retro-
grade ventriculoatrial conduction is mapped, retrograde atrial activation normally pro-
ceeds from the atrioventricular junction to the left and right atria. This.information is
important, regardless of the specific conduction times, for the identification of bypass
tracts and the evaluation of supraventricular tachycardias.' ’

The A-H interval is measured from the earliest atrial deflection on the His bundle
electrogram to the earliest His deflection and represents both the conduction time from
the low right atrium to the His bundle, through the atrioventricular node, and, con-
ventionally, the AV nodal conduction time. Normal values vary widely, ranging from
approximately 45 to 145 msec, shortening with sympathetic influences and lengthening
with enhanced vagal tone.'* The H-V interval, measured from the earliest His deflec-
tion on the His bundle electrogram to the earliest onset of ventricular activation on
any surface electrocardiographic lead or intracardiac recording, represents the conduc-
tion time from the proximal His bundle to the ventricular myocardium through the
His Purkinje system. Normal values are narrowly defined by most investigators as
ranging between 35 and 55 msec,® and the H-V interval is not usually affected discern-
ibly by variations in autonomic tone during the study. Its stability provides the basis
for prospective studies on conduction system disease, inasmuch as the H-V interval
should be reproducible during subsequent studies in the absence of pharmacologic
interventions or progressive conduction system disease.

Programmed Electrical Stimulation™®

Pacing techniques during electrophysiologic studies are used for three main pur-
poses: (1) to characterize the electrical properties of atria, ventricles, and the atrioven-
tricular conduction system; (2) to induce and analyze the mechanisms of arrhythmias;
and (3) to evaluate. the effects of pharmacologic, electrical, and surgical interventions
on those physialogic properties and on the inducibility of arrhythmias. The techniques
used are incremental pacing from different sites, and the introduction of single or mul-
tiple extrastimuli during spontaneous or paced basic rhythms. Pacing is usually done
using a stimulation current that is adjusted in relation to the late diastolic threshold
(for example, two or three times diastolic threshold). The relationship between the
threshold and the pacing current should remain constant throughout the study and
during longitudinal studies of the same patient or population, and the diastolic thresh-
old should be determined again after each intervention (for example, after administra-
tion of a drug) or when the pacing site is.changed.

Atrial pacing is performed to determine the electrophysiologic properties of the sinus
node and the atrioventricular conduction system, and to induce and/or terminate
supraventricular tachycardias. Incremental pacing is begun at a cycle length just below
(i.e., rate slightly faster than) that of the spontaneous rhythm, with progressive short-
ening in 50- to 100-msec decrements until atrioventricular nodal block (the Wencke-
. bach point) occurs. Often pacing is done for 1 minute, and the various AV conduction
intervals are also assessed at each paced cycle length. The sinus node recovery time
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(described below) is also of interest and can be determined from the interval immedi-
ately following the offset of pacing. After all parameters have returned to baseline, pac-
ing at the next shorter cycle length is initiated. Ventricular pacing is performed with
similar techniques to provide information about ventriculoatrial conduction and
bypass tracts, and to induce or terminate ventricular tachyarrhy‘thmlas -
Extrastimuli are introduced in the atrium or ventricle, scanning diastole at progres-
‘sively shorter coupling intervals. For example, after every eight or 10 spontaneous or
pced beats, an extrastimulus is introduced at a coupling interval programmed to
either the last atrial or ventricular beat; after a preset pause, the eight- or 10-beat cycle
répeats, and the extrastimulus can be introduced at a shorter coupling interval. This
technique allows for the determination of different electrophysiologic properties of the
'sinus node, the atrial and ventricular myocardium, and the atrioventricular conduction
system. For example, the refractory periods of the different cardiac tissues are deter-
mined by the extrastimulus technique, introducing extrastimuli at progressively
shorter coupling intervals until a response is no longer elicited. The relative refractory
period is reached when delayed conduction of the impulse results, without complete
block. The effective (or absolute) refractory period is the longest coupling interval of
an impulse that completely fails to propagate through the tissue studied. Refractory
periods are a function not only of the electrophysiologic properties of the tissue stud-
ied, but also of the basic driving cycle length used and the intensity of the current
delivered. Therefore, a constant cycle length is used throughout a study for comparing
refractory periods. The effective refractory period of any tissue is inversely related to
the current strength used; within the physiologic range, the greater the current the
shorter the refractory period. The relation between refractory period and the driving
cy¢le length is moré complex and depends on the tissue studied. The refractory period
of atrial or ventricular muscle or of the His Purkinje system tends to decrease with
decreasing cycle length, whereas that of the atrioventricular node behaves in the oppo-
site fashion: the effective refractory period increases with decreasing driving cycle
lengths.'” Furthermore, both amoventncular nodal reﬁ'actonness and conduction are
markedly affected by autonomlc tone.’ .

THE PATIENT WITH BRADYCARDIA

Bradycardn, arbm'u'ﬂy defined as a heart rate of less than 60 beats per mmute is
usually not a pathologic finding. It has been frequently reported in healthy athletes as
* an adaptative mechanjsm to cardiovascular conditioning,'"” and physiologic brady-
cardia has been associated with the normal aging process.”” The electrophysiologic
abnormalities found in patients with bradycardia can be divided into those of an
altered impulse formation (sinus node dysfunction) and those of impaired impulse
conduction. This division is somewhat arbitrary, and abnormalities of impulse for-
mation and conduction are frequently wbserved in the same individual, but these
abnormalities are evaluated separately in the electrophysiologic laboratory using spe-
cific techniques described below. Abnormal sensitivity to alterations in autonomic tone
may also have profound effects on both automaticity and conduction.

Evaluation of the Sinus Node

Although sinus bradycardia is frequent in the general population and heart rates as
slow as 35 to 45 beats per minute may occur in healthy individuals such as long dis-
tance runners,’ us node dysfunction is the pnmary indication for approximately 50
percent of the pe manent pacemaker implantations in this country. ' Nevertheless, the
‘survival of pa’}’lents with the sick sinus syndrome is reportedly similar to that of the -



