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I

PREFACE

Rapid, accurate arrhythmia detection and identification involve an under-
standing of electrocardiography solidly based on anatomy, physiology, elec-
trophysiology, and arrhythmogenesis. This book, intended for both the begin-
ner and the advanced student of electrocardiography, presents such
information, with emphasis on mechanisms and causes, in the firm belief that
the approach facilitates a correct diagnosis.

This edition has been updated in every detail and contains the most cur-
rent information on the 12-lead electrocardiogram, arrhythmias, and arrhyth-
mogenic mechanisms. For example, torsades de pointes is fully explained and
illustrated, as are sinoatrial nodal reentry tachycardia and the latest findings
on aberrancy versus ectopy. A completely new chapter deals with antiar-
rhythmic drugs, including calcium channel blockers, beta blockers, and other
new antiarrhythmic drugs.

This book is designed to build ,up your understanding of the 12-lead ECG
gradually, beginning with the impertant chapters on anatomy and physiology,
electrophysiology and mechanisms of arrhythmias, normal electrical activa-
tion of the heart, axis determination, and the normal 12-lead. ECG. These
chapters give you the background to understand the abnormal conditions that
can be diagnosed from the 12 diagnostic leads, such as bundle-branch block,
myocardial infarction, hypertrophy and chamber enlargement, and Wolff-Par-
kinson-White syndrome. —

The chapter on atrioventricular block places emphasis on the difference
between nonconduction and pathological block and explains the pathophysi-
ological basis for the differential diagnosis between types I'and II AV block.

With each new edition of this book, Wolff-Parkinson-White syndrome as-
sumes more and more importance clinically as we learn more about the de-
grees of preexcitation, concealed WPW syndrome, and the incidence and
types of arrhythmias associated with preexcitation. The chapter on this im-
portant subject has been updsted and expanded.

The chapter on the electrical axis retains its two clinically useful methods
of axis determination—the easy two-step method and the more precise hex-

axial figure.

A chapter on electrograms has been added, in view of the fact that more
and more patients are returning from surgery with atrial and ventricular wires
in place. For the same reason the subject of accidental electrocution of the
electrically sensitive patient has taken on greater significance; the chapter on
this important topic has been revised by its original author, Edward L. Con-

over.
Mary Boudreau Conover

.
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HEART CHAMBERS, VALVES, AND VESSELS S

Fig. 1-1 shows the heart’s ¢hambers, vessels, and valves, and the flow of
blood through them. The four chambers of the heart function as a double
pump; the two ventricles do the actual pumping, with the two atria serving
as their primers. The right ventricle pumps venous blood to the lungs for -
oxygenation, while the left ventricle pumps oxygenated blood into the sys-
temic circulation. :

Any pump needs valves so that the fluid will flow in the right direction.
There are four valves in the heart: the mitral valve, separating the left atrium
from the left ventricle; the tricuspid valve, separating the right atrium from
" the right ventricle; the aortic valve, separating the left ventricle from the
aorta; and the pulmonic valve, separating the right ventricle from the pul-
monary artery. These valves are diagramatically illustrated in Fig. 1-1. The
two “inflow tract” valves (mitral and tricuspid) are sometimes referred to as
the atrigventricular (AV) valves. The two “outflow tract” valves (pulmonic
and aortic) are sometimes referred to as semilunar valves.

The heart valves are mechanically very simple—they are cusps that open
with pressure on the convex side (downstream) and close with pressure on
the concave side (upstream). The mitral valve is the only valve with two
cusps (like a bishop’s miter); all the rest have three.

THE CARDIAC CYCLE
Diastole

During diastole, when the whole heart is relaxed, blood enters the atria
through unguarded (no valves) conduits—the superior and inferior vena ca-
vae on the right and the four pulmonary veins on the left (Fig. 1-2, A). The
valves from the atria into the ventricles are open (the two AV valves, mitral
on the right and tricuspid on the left); blood fills the atria and passively
dumps into the two ventricles. The amount of blood accumulated in the two
ventricles depends, of course, on the length of diastole. If diastole is short, as
with a fast heart rate, there will be less blood to pump to the lungs and the
systemic circulation; this is also true if the ventricles contract without the
benefit of a preceding atrial systole, as with a premature ventricular beat.

“Atrial systole

Atrial systole (contraction) occurs in response to an impulse from the
sinus node (the P wave of the electrocardiogram). It is the first event in the
cardiac cycle."Note in Fig. 1-2, B, that when this occurs the atrial blood is
pushed into the already full ventricles. This extra contribution to the end-
diastolic pressure in the ventricles is often picturesquely called the “atrial
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Pulmonary
artery

Pulmonic valve

Aortic valve

Mitral valve

Tricuspid
valve

Chordae
tendineae

R Papillary
muscles

Fig. 1-1. Course of the blood through the chambers, valves, and vessels of the heart.
SVC, Superior vena cava; IVC, inferior vena cava. The papillary muscles and the chor-
dae tendineae are also shown. (From Tilkian, A.G., and Conover, M.H.: Understanding
heart sounds and murmurs, ed. 2, Philadelphia, 1984, W.B. Saunders Co.)
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Fig. 1-2
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kick.” It acts as a primer for the ventricular pump according to Starling’s law,
which says that the more a muscle is stretched, the stronger it contracts—
until it is stretched too much, and then if fails. The cardiac impulse is nor-
mally delayed in the AV node (PR interval) to allow for the important contri-
bution of the atria to the ventricular blood volume.

Ventricular systole

Ventricular systole occurs in response to the impulses traveling through
the conductive system and invading the myocardial tissue (QRS of the elec-
trocardiogram). In Fig. 1-2, C, look at both ventricles at once and imagine
what happens when pressure within the ventrieular chambers suddenly rises.
When the ventricles contract, the resulting pressure causes the AV valves to
close (first heart sound) and the pulmonic and aortic valves to open, permit-
ting the contents of the ventricles to be rapidly ejected through the pulmonary
artery to the lungs and through the aorta to the systemic circulation. When
the ventricles relax, the pressure falls in the aorta and the pulmonary artery,
causing their valves to close (the second heart sound), and the cycle begins
again with ventricular filling during diastole. :

PAPILLARY MUSCLES AND THE CHORDAE TENDINEAE

The AV valves (mitral and tricuspid) are prevented from bulging back into
the atria during ventricular systole by slender, strong cords (chordae tendi-
neae). These cords extend from the borders of the valves to fingerlike projec-
tions on the ventricular walls (papillary muscles). When the ventricles con-
tract, so do the papillary muscles, causing the chordae tendineae to restrain
the valve leaflets from inverting into the atria.

Fig. 1-3 illustrates the chordae tendineae and the papillary muscles. Note
that the left ventricle has two papillary muscles with chordae tendineae ex-
tending to the two cusps of the mitral valve. In the right ventricle there are
three papillary muscles with chordae tendineae extending to the three cusps
of the tricuspid valve.

SURFACES OF THE HEART

Fig. 1-4 illustrates all four heart surfaces—anterior, posterior, lateral, and
inferior (diaphragmatic). The drawing on the left in Fig. 1-4 presents the sim-
plified concept of heart surfaces that we will be using in the chapter on pat-
terns in myocardial infarction (Chapter 18). That is, there are, for practical
purposes, only two surfaces to the heart—superior and inferior. The inferior
surface is composed of the diaphragmatic wall and the posterior wall, and
because the left ventricle is a cylinder, the superior surface has an anterior
aspect zind a, latera‘al aspe?t.

s ' i
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Fig. 1-3. The papillary muscles and chordae tendineae during diastole and systole.
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Fig. 1-4. Surfaces of the heart.
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CONDUCTIVE SYSTEM OF THE HEART

Before the heart can contract, it must be stimulated to do so, the stimulus
being delivered quickly and efficiently to all areas of the myocardium. These
two functions—self-excitation and rapid conduction velocity—are accom-
plished by a specialized conductive system. Automatically and at regular in-
tervals an electrical stimulus arises in the sinus (or sinoatrial [SA]) node, a
grouping of highly specialized tissue located in the right atrium adjacent to
the superior vena cava. The atria are then depolarized, and the impulse in-
vades the AV node.

Within the AV node the electrical current is delayed before being con-
ducted to the bundle of His. This consistently occurring delay not only pro-
tects the ventricles from inappropriately high atrial rates but also allows time
for the atrial contents to be propelled into the ventricles before the latter con-
tract. The position of the AV node in the posterior floor of the right atrium is
shown in Figs. 1-5 and 1-6.

After the impulse emerges from the AV node, its rapid propagation is re-
sumed by way of the bundle of His. Rapid spread of the current within the
ventricles is accomplished by the bundle branches and their ramifications.
The entire interventricular conductive system is called the His-Purkinje sys-
tem. )

The bundle of His divides into two main branches, right and left. The right
bundle branch (RBB) has terminal ramifications in the lower interventricular
(IV) septum and the anterior wall of the right ventricle. This is dramatically
illustrated in Figs. 1-6 and 1-7.

Sinus nod ;

LBB

(anterior fascicle)
AV node LBB

:'~ \ . (posterior fascicle)
Bundle of Hls \
RBB / \\
\'

Fig. 1-5. Conductive system of the heart.



