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NTRODUCTION —Considerable progress has been made in the

standardization of precordial leads, but there is still a great di-
versity of opinion as to how many leads of this kind should be taken,
as to what precordial points should be explored, and as to the proper
location for the remote or reference electrode. The multiplicity of leads
still in use and still being recommended is the souree of much confusion
and continues to retard progress in the setting up of adequate normal
standards and satisfactory diagnostic criteria applicable to the in-
terpretation of the precordial electrocardiogram. It is not, therefore,
surprising that there has been a persistent demand that a single stand-
ard method for taking precordial leads be established. Unfortunately,
it is not easy to meet this demand for there is no generally accepted
method for determining which leads are likely to prove most and which
least useful, and there are very great differences of opinion as to whether
the decisions required should be made on empirical grounds alone, or,
if not, as to what general principles should be taken into consideration.

It seems to us that it would be less difficult to solve this problem if
there were a more widespread and clearer understanding of the nature
of precordial leads, the relations between them and leads of other kinds,
the considerations which led to-their use, the advantages which have
made them popular, and the purposes which they may be expected to
serve. We propose, therefore, to discuss the precordial and other special
leads which we have used with much satisfaction over a long period.
We want to emphasize the principles upon which they are based and to
call attention to the kind of information that may be obtained by their
use in cases of bundle branch block, ventricular hypertrophy, and myo-
cardial infaretion. It is in these conditions partieularly that the stand-
ard limb leads have been found inadequate.

It is true that much of our present knowledge of the human electro-
cardiogram has been gained by the correlation of electrocardiographie
data and clinical or post-mortem observations. Nevertheléss, electro-
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cardiography can hardly be considered a purely cmpirical science. Tts
physical and physiological foundations rest upon a large body of eritical
experimentation dictated by well-constructed hypotheses. These founda-
tions were laid, and the more fundamental principles upon which the
interpretation of eleetrocardiographic records is hased were established,
before the string galvanometer was introduced into clinical medicine.
The more important advances made since that time have come about
in the same way as those which preceded them. Few major cleetro-
cardiographic problems have been solved by clinical observations alone.
For this there are excellent reasons. Our basic knowledge of action
currents was acquired by means of direct leads from the tissues under
investigation. Unfortunately, it was not possible to study the action
currents of the human heart by this method, and indirect leads were
necessarily employed for this purpose. The standard limb leads now
in universal use have become indispensable, and they are entirely ade-
quate for most of the purposes which clinical electrocardiograms can
be expected to serve. They are not, however, capable of furnishing
detailed information of the sort obtained when the surface of the exposed
heart is explored by means of direct leads. Experiments on animals in
which such leads have been employed have consequently continued to
play a very important role in the solution of our most difficult eleetro-
cardiographic problems. We have not, however, been able hitherto to
use all the knowledge acquired in this way to the best possible advantage,
beeause the difference in character between the limb leads used in man
and the direct leads used in animal experiments has made it diffieult
to correlate our clinical and experimental observations. Precordial
leads of the type now widely used are much more closely related to direct
leads than to the standard limb leads. Tt is precisely for this reason that
they are of such great value. They not only detect lesions which are
beyond the range of the standard limb leads, but furnish data that can
be directly compared with the data obtained by the use of epicardial
leads in animals.

Unipolar Direct Leads—For the study of cardiac action currents,
all kinds of direct leads are not equally satisfactory. In their extensive
and detailed study of the course of the excitatory process over the
ventricular musecle, Lewis and Rothschild' found that it was diffieult
or impossible to interpret the records obtained when both electrodes
were in contact with the ventricular surface. When leads of this kind
were used, the cardiac impulse spreading through the ventricular wall
from within outward often reached both electrodes at approximately
the same time. The deflections recorded under these ecircumstances
were of complicated and variable form and gave no reliable clue to the
time of arrival of the impulse beneath either electrode. When, on the
other hand, a small electrode in contact with the epicardium was paired
with an electrode on the chest wall, the QRS complex almost invariably
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displayed a large and very abrupt deflection which was easily recognized
and was found to coincide with the activation of the muscle in con-
tact with the exploring electrode. The name ‘‘intrinsie deflection’
was therefore assigned to it. The other deflections of the QRS group,
which were attributed to the excitation of muscle more distant from this
electrode, were referred to as ‘‘extrinsic deflections,’’ but their origin
was not studied in detail.

Because of the character of the laws which govern the distribution of
electric currents in three-dimensional conductors such as the body,? the
magnitude of the potential variations produced by the heartbeat at
any point outside the heart itself rapidly diminishes as the distance
from the epicardial surface increases. In the course of a cardiac cycle,
the variations in potential at a point on the ventricular surface are in
the neighborhood of thirty times as large as those displayed by the arms
and legs. The deflections of leads from the ventricular surface to some
distant part of the body, such as those employed by Lewis and Roth-
sehild, represent the potential variations of the electrode in contact with
the heart; the potential variations of the distant electrode are negligible
by comparison. It is convenient to use the term ‘‘unipolar’ to desig-
nate leads of this kind in which one electrode is almost completely in-
different, and the term ‘‘bipolar’ to designate leads like the standard
limb leads in which the two electrodes are approximately equidistant
from the heart and may, in general, be expected to undergo potential
variations of about the same magnitude.

The electrocardiograms reproduced in Fig. 1 were obtained by means
of unipolar direct leads from the exposed heart of a dog. Six points on
the anterior surface of the ventricle, easy to identify later by their
relations to the vessels or other surface markings, were selected, and,
from these, control curves were taken with a small exploring electrode.
Points 7, 6, and 8§ were on the right ventricle; the first was on the thick-
est part of the wall near the atrioventrieular groove, and the other two
were In the central region close to the trabeculated area which overlies
the attachment of the anterior papillary musecle. Points 3, 7, and 2
were on the left ventricle; the first was very close to the junction of the
free wall and septum, the second near the left margin of the heart, and
the third very near the apex. After the eontrol records had been
taken, temporary right bundle branch block was produced by pressing
upon the right side of the septum above the anterior papillary muscle
with the back of a small knife thrust through the wall of the conus
arteriosus just below the pulmonary valve. A second set of curves was
taken immediately after the knife was withdrawn, and a third set when
the right bundle branch had recovered almost completely. Left branch
block was then produced by making a cut on the septum just beneath
the aortic valve, and a fourth set of records was made. Standard Lead I
was taken simultaneously with each direct lead. The intrinsic deflection
is easily identified in all of the curves except the first and third from
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point 7; it is the sudden downward movement which begins with the
peak of R. The beginning of this deflection, and therefore the peak of
R, marks the time of activation of the subepicardial muscle in contact
with the exploring electrode. Whether the activation of this musecle
and the beginning of the intrinsic deflection coincide exactly or only
approximately need not concern us here. It will be noted that, in the
leads from the right ventricle, the peak of R fell very late in the QRS
interval when right branch block was present and at the very beginning
of this interval when left branch block was present. In the leads from
points 1 and 2 on the left ventricle these relations are reversed; the
peak of R fell late in the QRS interval when left branch block was pres-
ent and early when right branch block was present. No curve was ob-
tained from point 3 while right branch block was present, for the form
of the ventricular deflections of Lead I shows that, when the seeond
tracing was taken from this point, the right bundle branch had already
recovered its conduetivity. In the lead from point 3 taken after left
branch block was produeed, the peak of R was not later than before.
This point was very close to the septum, and, in our experience, the in-
trinsic deflection in leads from this region has seldom been much de-
layed either by left or by right branch block.

When the cardiac mechanism is normal, the intrinsie deflection is
always earliest in leads from the traheculated region, as in the present
instance (point 8). It is only a very little later in leads from the cen-
tral region but considerably later in leads from points near the atrio-
ventricular groove (peint 7) and from points on the conus arteriosus.
The earliest intrinsic deflections found on the left ventriele usually
occur in leads from the apex (point 2), the latest, in leads from the
lateral part of the free wall toward the base. This region was not
studied in the experiment under consideration. The intrinsic deflection
is normally considerably later over the surface of the left ventricle as a
whole, than over the surface of the right. This difference is attributable
to the greater thickness of the left ventricular wall, for in general the
latest intrinsic deflections are found where the muscle is thickest.

Origin of the QRS Deflections.—The origin of the more conspicuous
and more constant components of the various kinds of ventricular com-
plexes seen in unipolar direct leads is clearly understood. It must be
emphasized that, although the excitation of the muscle in contact with
the exploring electrode produces a much larger and much more sudden
fluctuation in the potential of this electrode than the excitation of any
equal mass of muscle at a greater distance from it, every unit of ven-
trieular muscle, without exeeption, produces action currents which con-
tribute to the form of these complexes. It is obvious that those com-
ponents of the QRS complex which precede the intrinsie deflection must
be attributed to the excitation of musele which passed into the active
state ahead of the subepicardial muscle beneath the exploring electrode,
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Fig. 1.—Unipolar direct leads from six points on the exposed ventricular surface of
a dog's heart.
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and that those components which follow the intrinsic deflection must
be ascribed to the excitation of muscle that was still in the resting state
when the muscle under the contact became active. The peak of R, there-
fore, separates the QRS components attributable to musele activated
hefore, from the QRS components attributable to muscle activated after,
the cardiac impulse reached the muscle in contact with the exploring
electrode.

The resting cardiac musele fiber is surrounded by a ‘‘membrane’’
which has a very low electrical conductivity., Across this membrane
there is an electromotive force which makes its inner surface strongly
negative in comparison with its outer surface. The passage of the ex-
citatory process along the fiber is associated with a sudden and very
great increase in the conductivity of the resting membrane and a sud-
den decrease in the electromotive foree (Cole and Curtis®); in other
words, with the sudden development of a short cireuit between the in-
side and the outside of the fiber. Current flows cut of the resting part of
the fiber adjacent to the short circuit and re-enters the fiber through
the short-cirenited region. The effect in the medium outside the fiber
is the same as if the cardiac impulse were immediately preceded by the
positive pole, and accompanied by the negative pole, of a battery. In
other words, we may say that, across the houndary between active and
resting muscle, there is an electromotive force which makes the potential
of points toward which the excitation wave is advancing positive, and
the potential of points which lie behind it negative.

The cardiac impulse spreads through the free walls of the ventricles
from within outwards and normally enters the septum from both sides
simultaneously. Throughout its course it is traveling away from the
ventricular cavities, and these are continuously on the negative side of
all the boundaries hetween active and resting muscle. Consequently,
the potential of both cavities is negative throughout the QRS interval*
except in those instances in which one side of the septum becomes active
before the other, in which case the ventricular cavity on the side ae-
tivated last almost always displays initial positivity.

Electromotive forces distant from two neighboring points have ap-
proximately the same effect upon the potential of both. It is elear, then,
that no cardiace electromotive force except that generated by the musecle
between them is capable of producing a large difference of potential
between two points which are separated solely by the thickness of the
ventricular wall. If the potential of the adjacent part of the ventricu-
lar cavity is negative, the potential of an epieardial electrode ean be
positive only while the excitation wave is passing through the part of
the ventricular wall upon which it rests. In taking unipolar leads the
galvanometer connections are so made that positivity of the exploring
electrode produces an upward deflection in the completed record. The
R deflection in unipolar leads from the ventricular epicardium of the
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normal heart must, therefore, represent the electrical forces produced
by excitation of the muscle between the exploring electrode and the
ventricular cavity. The total voltage of these foreés is, of course, not
measured by the height of the R deflection, but by the difference in po-
tential between the endocardial and the epicardial surfaces of that part
of the ventricular wall in contact with the exploring electrode. In
bundle branch block most, if not all, of the septal musele is activated
from the contralateral side, and the petential of the homolateral cavity
is positive until the eardiac impulse has passed through the septum.
Under these circumstances, the R deflection in leads from the outer sur-
face of the delayed ventricle ordinarily displays two peaks. The part
of this deflection which precedes the division is dne to aectivation of the
septum and represents positivity of the ventricular eavity which is
transmitted through the inactive ventricular wall; the part which fol-
lows the division is due to activation of the ventricular wall adjacent
to the electrode. When this second peak of R is written, the ventricular
cavity is negative.

When the excitatory process reaches the muscle in contact with an
epicardial electrode, the boundary between resting and active musele
disappears from that part of the ventricular wall upon which the
electrode rests. The potential of the electrode then becomes the po-
tential of the adjacent part of the ventricular cavity. The sudden drop
in the potential of the electrode when the electromotive forece across the
wall beneath it disappears is responsible for the intrinsic deflection.
The total length of this deflection is an approximate measure of the
voltage across the ventricular wall when the cardiac impulse arrived at
the epicardial surface.

If the excitatory process is still spreading through some part of the
ventricular wall when the intrinsic deflection occurs, the negativity of
the ventricular cavity outlasts this deflection and an S wave is inseribed.
If, on the other hand, the muscle in contact with the exploring electrode
is the last ventricular musecle to pass into the active state, the ventricu-
lar cavity is at zero potential when the intrinsic deflection is complete
and there can be no S deflection.

If the subendocardial musecle of some part of the ventricular wall
passes into the active state earlier than the subendocardial muscle which
lies between the exploring electrode and the ventricular cavity, the initial
negativity of the eavity is transmitted to this electrode and a Q deflec-
tion occurs. If the eavity is initially positive because ¢f circumstances
that we have already mentioned, there ean be no Q. Since late activa-
tion of the subendocardial muscle is likely to be associated with late
activation of the subepicardial musele of the same region, Q deflections
are most common in those leads in which the intrinsic deflection occurs
late in the QRS interval, and in which, therefore, R is tall and S is
small or absent.
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In summarizing our remarks on the interpretation of the QRS de-
flections of unipolar direet leads from the ventricular surface, we may
point out that the character of these deflections depends mainly upon
the time at which the musele in contact with the exploring electrode he-
comes active in relation to the beginning and to the end of the QRS
interval. If this musele becomes active very early in this inferval,
the R deflection is narrow and usually small and the 8 wave broad and
usually deep. If it is activated very late in this interval, R is tall and
broad, S small and narrow, and a Q wave is often present. If it is ac-
tivated at the very end of the QRS interval, S is ahsent but there may
he a conspicuous Q. As the time of activation of the muscle beneath
the exploring electrode approaches the beginning of the QRS interval,
R becomes smaller, S larger, and @ less frequent. As it approaches the
end of the QRS interval, R hecomes larger, 8 smaller, and Q more fre-
quent. In this discussion we have, of course, not considered many of the
perplexing details of the QRS complex which may he cnceountered in
unipolar direct leads as well as in leads of other kinds. Some of these
cannot be interpreted satisfactorily until more data are available than
at present.

Umipolar Precordial Leads.—The potential of every extracardiac point
ingide the body is determined by the potential over the heart’s outer
surface. The potential variations of everv element of the epicardial
surface contribute in some measure to the potential variations of an
electrode placed upon the precordium. But the magnitude of the eon-
tribution made by the potential variations of any given surface ele-
ment is large if its distance from the electrode is small, and vice versa;
in faet, it varies roughly as the inverse cube of this distance. For this
reason, the potential variations of a precordial electrode are determined
to a very large extent by the potential variations of the elements of
ventricular surface nearest it. If all or the grcat majority of these
elements simultaneously display potential variations of the same sort,
the potential variations of the electrode are of the same charvacter though
very much smaller. If, on the other hand, the various elements that
are more or less equidistant from the electrode display potential varia-
tions of many different kinds, the potential varviations of the electrode
represent a mixture which may not resemble any of its components very
closely.

Sinee the conditions last mentioned rarely exist, it is almost always
possible, by moving an electrode step by step across the precordium, to
determine the nature of the potential variations of the various parts of
the anterior ventricular surface, provided that the potential variations
of the exploring electrode are accurately recorded. In 1929 we began
to use multiple precordial leads of this kind to ascertain which of the
two ventricles first became active in the classical varieties of bundle
branch block. In our first experiments the precordial electrode was
paired with an electrode on the left leg. The data obtained in this
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way were not entirely conclusive because the components of the QRS
complex due to potential variations of the precordial electrode ecould not
be distinguished with certainty from those due to potential variations
of the leg eleetrode.

In man, the potential variations of the precordium are ordinarily three
to five times as large as those of the extremities or of the back. When
a precordial electrode is paired with an extremity or dorsal electrode,
the general outline of the ventricular complex is determined, therefore,
to a very large extent hy the potential variations of the former and is
much the same regardless of whether the latter is placed upon the right
arm, the left arm, the left leg, or the left infrascapular region. But
in leads of this kind the potential variations of the reference electrode
do exert a very considerable influence upon the details of the form
of the ventricular complex and make it impossible to utilize the simple
principles applicable to the interpretation of the deflections of unipolar
direct leads in the analysis of the records obtained.

Many seem to believe that precordial leads are merely additional
leads comparable in all respeets to the standard limb leads. The praetice
of taking a single precordial lead and calling it Lead IV, a practice
which we have never followed, is no doubt partly responsible for this
entirely unjustifiable attitude. There is no limit to the number of pairs
of points on the trunk which might have served as locations for the
electrodes if the ‘‘eut and try’’ method had heen used to find the ad-
ditional leads most likely to prove helpful in those situations in which
limb leads had been found inadequate. Precordial leads of the kind
under consideration were seleeted for this purpose because observations
dictated by theoretical considerations showed that they are in reality
semidirect leads from the anterior ventrieular surface, eapable within
certain limits of serving the same purposes as direct leads from the
ventral wall of the exposed heart. They cannot serve these purposes,
however, unless the potential variations of the reference electrode are
made negligibly small in comparison with those of the exploring
electrode. The extent to which the character of the potential variations
of the precordial electrode is ohscured by the potential variations of
the remote electrode determines the degree to which the advantages
gained by placing one electrode upon the precordium have been sur-
rendered.

Considerations of this kind led us to devise an artificial ground which
reduces the potential variations of the remote electrode to a minimum
and makes it possible to obtain essentially unipolar leads from the pre-
cordium, from the esophagus, from the extremities, and from other parts
of the body. This artificial ground consists of a central terminal which
is connected through three equal resistances of 5,000 ohms each to
electrodes on the right arm, left arm, and left leg.® The effect of this
device is to balance out those electric forces responsible for differences
in potential between these extremities and consequently for the deflec-
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tions of the standard limb leads. It is easily demonstrated that at
every instant the potential of the eentral terminal must be equal to the
algebraic mean of the potentials of the three extremity electrodes. On
the basis of the assumptions upon which Einthoven’s equilateral triangle
is founded it has been shown that those components of the heart’s re-
sultant electromotive force which are parallel to the plane defined by
this triangle have no effect whatever upon the potential of the central
terminal. The effects of those components which are perpendicular
to this plane cannot be accurately predicted on theoretical grounds.
The experiments of Eckey and Froéhlich,® Burger,” Burger and Wuhr-
mann,® and of others® have, however, demonstrated that the largest po-
tential variations of the central terminal do not ordinarily exceed 0.3
millivolt. The potential of this terminal is, therefore, so nearly con-
stant that for practical purposes we may consider it zero throughout the
cardiac cycle, We shall then consider ail leads unipolar in which an
exploring electrode is paired with an artificial ground of this type.

When we began to use preeordial leads in our studies of human and
experimental bundle branch block, it soon became evident that the most
satisfactory way to obtain semidirect leads from bhoth ventricles was to
move the exploring electrode aeross the precordium, along a line
roughly perpendicular to the anterior interventricular suleus and ex-
tending from a point at least as far to the right as the right margin of
the sternum to a point well beyond the left border of the heart. We
have changed our original method of taking precordial leads only as
regards the number and the locations of the points explored, which
have undergone minor modifications from time to time. We now take
unipolar leads from each of the six points specified by the Committee
of the American Heart Association for the Standardization of Precordial
Leads.® In accordance with the recommendations of this committee,
these leads are designated V,, V,, V,, V,, V., and V,. The first of these
six points is at the right margin of the sternum in the fourth intercostal
space and the second on the left sternal margin at the same level. The
remaining points lie on a broken line extending from the second point
to the apex beat and thence around the left side of the chest at the apical
level. When the apex beat cannot be located, this line is drawn from
the second point to the intersection of the left midelavicular line and
the fifth intercostal space and is eontinued around the chest at the level
of this intersection. The third point is midway between the second and
the left midelavieular line, the fourth in the midelavicular line, the fifth
in the anterior axillary line, and the sixth in the midaxillary line. In
addition to these six standard leads, we usually take a unipolar lead
from the tip of the ensiform cartilage (Lead Vjy) and often take uni-
polar leads from the posterior axillary line (I.ead V), from the left
infrascapular region (Vjz), and from other points.

In the precordial electrocardiograms of normal subjects the ventricu-
lar complexes of the leads from the right side of the precordium are
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strikingly similar to those obtained by placing the exploring clectrode
directly upon the thinner parts of the anterior wall of the dog’s right
ventricle (Fig. 2). In these complexes the R deflection is small and
narrow and S is deep and relatively broad. The peak of R oceurs early
in the QRS interval and is followed by a large, abrupt downward move-
ment which obviously corresponds to the intrinsic deflection of direct
leads. The ventricular complexes of the leads from the left side of the
precordium are similar to those seen in direct leads from the thicker
parts of the anterior and left lateral walls of the dog’s left ventricle.

Z_ \ = Ef/‘ i

Fig. 2.—The precordial electrocardiogram of a normal subject. The decimals

marked on each record give the time of the intrinsic deflection with reference to the
beginning of the QRS interval in Lead I, which was taken simultaneously with each
precordial lead. (Reproduced from an article by Wilson in Stroud’s Diagnosis and
Treatment of Cardiovascular Disease, by permission of the F. H. Davis Company,
Philadelphia.)
The R component of these complexes is tall and relatively wide and it is
often preceded by a Q and followed by an S deflection. The peak of R
which marks the onset of the intrinsic downstroke is, on the average,
about 0.02 second later in leads from the left side of the precordium
than in leads from the right side.’* In precordial leads this downstroke
is not nearly so sndden as in direct leads and, therefore, is somewhat
more difficult to identify with certainty when the contour of the ven-
tricular complex is complicated or unfamiliar.
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Between those parts of the precordium which yield small R and deep
S waves and those whieh yield QRS complexes of the opposite kind, there
is a zone which yields complexes that are intermediate in form or repre-
sent a combination of the deflections obtained at points farther to the
right and those obtained at points farther to the left. This zone varies
from subjeet to subject, both in location and in width, and is probably
not absolutely constant in either particular in one and the same subject.
The ventricular complexes of leads from this transitional zone may
display notching and other peculiarities of form. They represent a
mixture to which the potential variations of those parts of the right
ventricle and the potential variations of those parts of the left ven-
tricle which are least distant from the exploring electrode contribute
in approximately equal measure.

The minimal, maximal, and mean voltages of Q, R, S, and T in pre-
cordial Leads Vi, Vo, Va, V4, Vi, and Vg, and in unipolar extremity
Leads Vg, Vi, and Vg, found by Kossmann and Johnston' in their
study of thirty normal subjects, are given in Table I, which is repro-
duced in modified form from their paper.

Unipolar Limb Leads~—Unipolar leads from the right arm (Vy),
left arm (Vy), and left leg (Vy) furnish a valuable means of com-
paring the potential variations of these extremities with those of the
right and left sides of the precordium and, consequently, of establishing
relations between the complexes of the standard limb leads and those
of the precordial leads. Unipolar limb leads may be taken by placing
the exploring electrode used in taking the precordial leads on each of
the extremities in turn or by transferring the wire connected to this
electrode to each of the extremity electrodes. When this is done, the
deflections obtained are often inconveniently small unless the sensitivity
of the electrocardiograph is increased to one and a half or two times its
normal value. Goldberger'® has introduced a procedure which avoids
thig difficulty. By breaking the connection bhetween the central terminal
and the extremity upon which the exploring electrode has been placed,
he increases the size of the deflections obtained by fifty per cent with-
out changing the sensitivity of his apparatus. The standard limb leads
and the unipolar limh leads are, of course, directly and simply related.
The deflections of any two leads of either set furnish all the data needed
to compute the deflections of the other four. The equations which ex-
press these relations have been published elsewhere® and need not be
repeated here. It may be pointed out here, however, that when the
ventricular complexes of Leads I and II are similar in form, the com-
plexes of Lead Vg resemble the complexes of these leads turned upside
down; that when the complexes of Lead III are the inverse of those of
Lead I, the complexes of Lead Vi are like those of Lead I; and that
when the complexes of Leads II and III are alike, those of Lead Vg
have the same form. It should also be remembered that at any instant
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the algebraic sum of the potentials of the three extremities is equal
to zero.

The Position of the Heart From the Electrocardiographic Stendpoint.
—The standard and unipolar electrocardiograms of six subjects are re-
produced in Fig. 3. Not all of these tracings are normal, but, so far
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as >tHéV'Q‘f{“SN complexes are concerned, similar curves could be selected
from any collection of normal records. They are arranged in ac-
cordance with the position of the mean electrical axis of QRS the one
which displays the greatest degree of right axis deviation is at the top
and the one which displays the greatest degree of left axis deviation is
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at the bottom. It will be noted that the potential variations of the right
arm (Vg) were always of the same general kind. In some cases, this
extremity was slightly positive at the beginning, at the end, or both at
the beginning and at the end of the QRS interval, but throughout by far
the greater part of this interval it was conspicuously negative in all.
The potential variations of the other two extremities varied greatly with
the position of the electrical axis. When this axis was shifted to the
right, as in the first electrocardiogram, the potential variations of the
left arm (V) were like those which oceur over the anterior surface
of the dog’s right ventricle and over the right side of the precordium in
normal subjects. The potential variations of the left leg (Vy), on
the other hand, resembled those which occur over the anterolateral
surface of the dog’s left ventricle and over the left side of the precordium
in normal subjects. When the cleetrical axis was shifted to the left,
as in the last electrocardiogram, just the reverse was the case; the po-
tential variations of the left arm resembled those normally found on
the left side of the precordium, and the potential variations of the left
leg, those normally found on the right side.’®

When the heart is normal, the precordial electrocardiogram has es-
sentially the same form regardless of whether the limb leads display
right axis deviation, no axis deviation, or left axis deviation. It is
evident, therefore, that, in normal subjects with right axis deviation,
the potential variations of the right ventricular surface are transmitted
to the left arm and the potential variations of the left ventricular sur-
face to the left leg, whereas, in normal subjects with left axis devia-
tion, the potential variations of the right ventricular surface are trans-
mitted to the left leg and the potential variations of the left ventricular
surface to the left arm. These differences in the magnitudes of the
contributions made by the right and left ventricular surfaces to the
potential variations of arm and leg can hardly depend upon factors
lying within the heart itself; they must he due to variations in the
spatial relations between the surfaces of the two ventricles and the at-
tachments of the extremities to the trunk. When the electrocardiogram
is normal, there is an obvious correlation hetween the inclination of the
mean electrical axis of QRS and the position of the heart. When the
long axis of the heart is nearly vertical, right axis deviation is usually
present, and when the long axis of the heart is nearly horizontal, left
axis deviation is usually present. We are justified, therefore, in using
the terms ‘‘vertical’”’ and ‘‘horizontal’’ in defining the position of the
heart from the purely electrocardiographic standpoint. So far as the
normal heart is concerned, the first five of the six cardiac positions
described below could be defined equally well in terms of the position
of the electriecal axis, but, if that were done, the definitions could not be
applied when the heart was abnormal.

From the purely electrocardiographic standpecint, we may then define
the following six positions of the heart (F'ig. 3).
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Vertical Position.—
a. The ventricular complexes of Lead V), resemble those of
Leads V', and V,.
h. The ventricular complexes of Lead Vy resemble those of
Leads V', and V.

Semavertical Positions.—
a. The ventricular complexes of Lead Vy resemble the ven-
tricular complexes of Leads V, and V.
h. The QRS deflections of Lead V), are small,

Intermediate Posttion.—
a. The ventricular complexes of Leads Vi and Vy are similar
in form and size and like those of Leads V; and V.
Semihorizontal Position.—
a. The ventricular complexes of T.ead V; resemble those of
Leads V, and V.
h. The QRS deflections of Lead Vy are small.
Horzontal Position.——
a. The ventricular complexes of Lead Vi resemble those of
Leads V; and V.

. The ventricular complexes of Lead Vp resemble those of
Teads 1V, and V,.

Indeterminate Position—There is no obvious relationship between
the ventricular complexes of the limb leads and those of the
precordial Jeads.

As long ago as 1910, Kraus and Nieolai'* asserted that the deflections
obtained by leading from the surface of the body are very similar to
those that would be obtained by leading from those parts of the heart’s
surface beneath and nearest the clectrodes. They based this opinion
upon the prineiples that govern the distribution of electrie currents in
volume conduetors. As regards preeordial leads, we reached a similar
conclusion long hefore we knew that others had held this view, and we
have demonstrated that there is a very close relation between the
potential variations of a precordial clectrode and the potential varia-
tions of the underlying ventricular surface. There is considerable evi-
dence of a less direet kind that the potential variations of the right
arm are similar to the potential variations of those parts of the heart’s
surface that are nearest the right shoulder; that the potential variations
of the left arm resemble the potential variations of those parts of the
heart’s surface that are nearest the left shoulder; and that the po-
tential variations of the left leg are like the potential variations of the
heart’s diaphragmatic surface.

We have already mentioned that the potential of the right arm is
ordinarily negative throughout the greater part of the QRS interval.
The reason lies in the relation of the right shoulder to the great valvular
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orifices at the base of the heart. The negativity of the ventricular
cavities is transmitted through these orifices to the adjacent parts of
the body, including the right shoulder and the richt arm. The potential
variations of this extremity do not represent the potential variations of
the ventricular cavities in pure form, of course, but mixed with the
potential variations of other regions and partieularly with those of the
surface of the right ventriele. Over the thinner parts of the free wall of
this chamber, the potential is normally weakly positive at the very be-
ginning of the QRS interval, but during the rest of this interval it does
not differ from that of the ventricular cavity. It is frequently impos-
sible, therefore, to say whether the base of the heart or the right ven-
tricular surface contributed most to the potential variations of the right
arm. The same is sometimes true with reference to the potential varia-
tions of the left arm. It is well known that when the heart assumes a
more vertical position or turns about its long axis in the direction re-
quired to bring the left ventricle below the right, the potential variations
of the left leg become more like those of the left ventricular surface and
less like those of the right ventrieular surface, while the potential varia-
tions of the left arm change in the opposite way. When the heart as-
sumes a more horizontal position or twists about its long axis in the di-
rection required to bring the right ventricle below the left, the effects
upon the potential variations of the left arm and left leg are the reverse
of those described.

It is also true that, in myocardial infarction, the potential variations
that oceur at the epicardial surface of the infarct are transmitted to
the left arm when the anterolateral wall of the left ventricle is involved
and to the left leg when the diaphragmatic wall is involved.

But although the anatomical position of the heart and its electro-
cardiographic position are very closely related, there are reasons for
believing that the correlation between the two eannot be perfeet. It
is evident that those parts of the right ventricular surface which play
the most important role in determining the potential variations of the
right side of the precordium are not identical with those parts of this
surface which play the most important role in determining the potential
variations of the left arm or left leg, as the case may be. A similar state-
ment may be made with reference to those parts of the left ventricular
surface which eontribute most to the potential variations of the left side
of the precordium. Significant relations between the ventricular com-
plexes of the precordial leads, and the ventricular complexes of the
unipolar limb leads of the kind upon which the determination of the
electrocardiographie position of the heart is based, can be expected to
occur, therefore, only when potential variations of one kind take place
simultaneously over a large part of the right ventricular surface and
potential variations of another kind take place simultaneously over a
large part of the left ventricular surface. This is likely to happen
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when the heart is normal, in right and in left bundle branch block, and
in preponderant hypertrophy of the right or left ventricle. It is much
less likely to happen when there are lesions which give rise to local
modifications of the potential variations at the surface of the heart or

and precordial electrocardiograms

(VrF) were similar to those of the left side

\:

The potential variations of the left hind leg
Ps, and Ps),

Fig. 4.—The standard electrocardiograms, unipolar electrocardiograms,

of a normal dog.

of the precordium (P4,

which have opposite effects upon the potential variations of different
parts of the surface of the same ventricle. For this reason and be-
cause the potential variations of the extremities often represent ecom-
plicated mixtures, it is often impossible in cases of myocardial disease to
establish any relation between the potential variations of the precordium
and the potential variations of the extremities.
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It should be noted that the electrocardiographic position of the heart
may change even though the anatomical position remains the same.
This is true hecause the former is determined not only by the orientation
of the surfaces of the two ventricles, but also by the distribution of po-
tential variations of various kinds on each of them. In bundle branch
block, for example, the regions in which the same kind of potential
variations occur at the same time are not exactly the same in extent
and configuration as when the heart is normal. Consequently, the
onset of bundle branch block may, although it usually does not, alter
the position of the heart from the electrocardiographic standpoint.

The Precordial Electrocardiograms of Dog and Man.—The electro-
cardiograms reproduced in Fig. 4 represent observations made in the
course of an experiment upon a normal dog. Standard limb leads,
unipolar limb leads, and nine unipolar precordial leads were taken.
The first precordial lead was from a point 4 em., and the second from a
point 2 em., to the right of the midline; the other precordial leads were
taken by moving the exploring electrode aeross the precordium in a base-
apex direction and were from points 2 em. apart. The precordial curves
closely resemble the normal human curves obtained by the same method.
The potential variations of the two forelegs were similar; both ex-
tremities were negative throughout the greater part of the QRS interval
(Leads Vg and V). The ventricular complexes of Lead Vy are like
those obtained from the left side of the precordium (Leads P,, P,, P.,
Ps, and Py) and the deflections of Lead V; are smaller than those of
the other unipolar limb leads. The heart, then, was in the semivertical
position.

The electrocardiograms shown in Fig. 5 are reproduced to demon-
strate that there are no essential differences between the precordial
electrocardiograms obtained in canine bundle branch block and those
obtained in human bundle branch block. The curves of the first set
represent left branch block in man; those of the second set left branch
block in the dog. In both cases the ventricular complexes of the leads
from the right side of the precordium display small R and broad S
deflections, indicating that the excitatory process arrived at the surface
of the right ventricle very early in the QRS interval. The ventricular
complexes of the leads from the left side of the precordium, on the other
hand, are dominated by broad notched R waves of the kind seen in di-
rect leads from the anterclateral wall of the left ventricle after seetion
of the left branch of the His bundle. The curves of the third set repre-
sent human right branch block, and those of the fourth set, canine right
branch block. Here the complexes of the leads from the right side of
the precordium display a small initial R and a tall final R deflection and
are similar to those obtained by leading directly from the surface of
the right ventricle after the right branch of the His bundle has been
cut. The ventricular complexes of the leads from the left side of the
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precordium show narrow R and broad notched S deflections, indicating
early activation of the left ventricular surface. It is evident that, if
precordial leads instead of limb leads had been used in the early studies
of experimental and clinical bundle braneh bloek, human left branch
block could never have been mistaken for right branch block over a
period of nearly twenty years. The confusion which prevailed over
this long period arose because the dog’s heart is almost always in the
semivertical position, whereas, in patients with arteriosclerotic heart
disease, the heart is usually in either the semihorizontal or the hori-
zontal position. Since the relations between the surfaces of the two
ventricles and the attachments of the extremities to the trunk are
not constant in man, the differentiation of human right, from human
left, bundle branch block, on the basis of the data furnished by limb
leads alone, is sometimes impossible.

Comparison of Precordial and Direct Leads——The similarities and
differences between unipolar precordial leads and unipolar direct leads
from the anterior surface of the heart can be appreciated only when
these two kinds of leads are directly compared. In a number of ex-
periments on dogs, we eut one of the branches of the His bundle under
aseptic conditions, restored the chest, and allowed the animal to recover
completely. Approximately one month after this operation, unipolar
precordial leads were taken with the chest intact. The heart was then
exposed by splitting the sternum and the potential variations of numer-
ous points on its anterior surface were recorded.

The curves shown in Fig. 6 are from an experiment in which the
right branch of the His bundle was cut twenty-six days before the
clectrocardiographic studies were made. Six of the preeordial electro-
cardiograms are reproduced (P;, Ps, Py, Ps, Pg, and Ps). Below these
are the records of the potential variations of three points on the right
ventricle (points 4, 5, and 6), one point near the interventricular suleus
(point 3), and two points on the surface of the left ventricle (points 7
and 2). Point 4 was on the conus, point 5 near the atrioventricular
groove, point 6 in the eentral region, and points 2 and 1 on the left
border above the apex.

The first three eurves of the bottom row were obtained before the
chest was opened by thrusting a sharp exploring electrode, insulated
except at the extreme tip, through the chest wall on the right side of
the precordium. The first curve was taken when the tip of the electrode
was just beneath the skin, the second when it touched the heart and
yielded a monophasic response, and the third when it was in the cavity
of the right ventricle. The last three curves were obtained in the same
way except that the sharp electrode was thrust through the chest wall
at a point just inside the apex beat, consequently entering the cavity of
the left ventricle. It will be noted that the cavity of this chamber was
negative throughout the QRS interval. The potential variations of the
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cavity of the right ventricle were not of the usual form inasmuch as the
positivity of this chamber, due to the spread of the impulse through the
septum from left to right, did not occur at the very beginning of the
QRS interval as it ordinarily does. The R wave to which it gave rise
is preceded, therefore, by a Q deflection.

Dog 58 26 auys PO
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Fig. 6.—Precordial and direct leads in canine right branch biock. (1) The pre-
cordial electrocardiogram. (2) Direct leads from three points on the right and three
points on the left ventricle. (3) Rt. ¢!, Potential variations of the cavity of the right
ventricle, Lt. ¢, Potential variations of the cavity of the left ventricle.

The curves shown in Fig. 7 are from an experiment in which the
left branch of the His bundle was cut twenty-seven days before the
electrocardiographic study was made. Eight precordial electrocardio-
grams are reproduced. Below these are records of the potential varia-
tions of the cavity of the right ventricle (12¢), three points on the
right ventricle (8, 3, 5), three points on the left ventricle (6, 1, 7), and
the eavity of the left ventricle (13¢c). Point 8 was near the atrioventrieu-
lar groove, point 3 in the upper part of the central region, point 5
close to the trabeculated region, point 6 near the apex, and points 1
and 7 on the left border well above the apex. It will be noted that the
cavity of the right ventricle was negative throughout the QRS interval
while that of the left ventricle displayed initial positivity.
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The similarity between the potential variations of the exposed sur-
face of the right ventricle and the potential variations of the right
side of the precordium, and bhetween the potential variations of the
surface of the left ventricle and those of the left side of the precordium
in these two experiments requires no comment. We may point out,
however, that the first peak of the bifid R waves often recorded over
the delayed ventricle oceurs when the eavity of that ventricle is positive,
whereas the second peak, which marks the beginning of the intrinsic
deflection, occurs when the cavity is negative. In those cases in which
the peak of this broad R wave is not divided, the first peak is usually
represented by a shoulder on its ascending limh,

27 days 120

Fig. 7.—Precordial and direct leads in canine left branch block. (1) The pre-
cordial electrocardiogram. (2) The potential variations of three peints (8, 3, §) on
the right, and three points (6, I, 7) on the left ventricle. Potential variations of
the cavity of the right (12c) and 'of the cavity of the left (13¢) ventricle.

luman Bundle Branch Block.~—There can be no reasonable doubt
that, in man as in the dog, the potential variations of the right side of
the precordium (Leads V, and V,) ordinarily resemble the potential
variations of the anterior surface of the right ventricle, while the po-
tential variations of the left side of the precordium (Leads V, and V)
ordinarily resemble the potential variations of the anterolateral surface
of the left ventricle.

The electrocardiograms shown in Fig. 8 are those of a man who was
examined both before and after he developed left bundle branch block.
The tracings of March 28, 1940, display slight left axis deviation and
flat T waves in Lead II; the QRS interval measures about 0.09 second.
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On Dee. 9, 1940, left branch block was present. On this occasion, uni-
polar limb leads, unipolar precordial leads, and unipolar leads from
the left infrascapular region were taken. The potential variations of
the left arm (V) were similar to those of the left side of the pre-
cordium and the left infrascapular region, whereas the potential varia-
tions of the left leg were like those of the right side of the precordinm
in general outline. The heart was then in the horizontal position.
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Fig. 8.—Left bundle branch block; heart in the horizontal position.

The electrocardiograms shown in Fig. 9 are those of a tall thin man
who was examined for the first time on Feb. 3, 1937, when his electro-
cardiogram was normal. There was no deviation of the mean electrical
axis at this time. On April 14, 1940, left bundle branch block was
present and there were broad notched R deflections in Leads T and II
and broad S deflections in Lead I1I. The precordial electrocardiograms
of that date differ in no essential partieular from those reproduced and
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the heart was evidently in the semihorizontal position. On Nov. 27,
1940, and on Dec. 6, 1940, the ventricular complexes of the standard
limb leads were of the concordant type. The unipolar leads taken on
the latter date show that the potential variations of the left leg were
like those of the left side of the preecordium and the left infrascapular
region., The potential variations of the left arm were small on both
oceagions. On these two days the heart was in the semivertieal position.

Fig. 9.—Left bundle branch block; heart in the semivertical position.

The patient whose electrocardiograms were reproduced in Fig. 10 was
under observation from Feb, 26, 1941, until March 22, 1941. The
ventricular complexes of the standard limb leads were quite variable in
form. The ceurves taken on February 28 display discordant ventricular
complexes of the kind ascribed to bundle branch block of the rare type.
Those taken on March 14 show small bizarre QRS deflections in Tiead I
and diphasic QRS complexes with broad initial R waves in Leads 11 and
III. 1In the tracings taken on Feh. 26, March 13, March 18, and March
26, the ventricular complexes are intermediate in form between the two
types reproduced. Precordial electrocardiograms were taken on March



44

I
i

i
i1

AMERICAN HEART

Hittttttittitt

1

win
i

I

T

T
PN N
I
I N
N

JOURNAL

nin

nin
nm

B
=
=
t

T AN

cle by Wilson.®)

arti

an

position. (F¥rom

the vertical

n

heart

10.—TI.eft bundle branch block

Fig.



WILSON ET AL.: PRECORDIAL ELECTROCARDIOGRAM 45

4 and on Mareh 14, and the two'sets of curves differ only as regards
the form of the ventricular complexes of Lead V,. Differences of this
kind have no important significance. They are apparently due to varia-
tions in the position of the heart or to slight variations in the locations
of the precordial points explored. The precordial electrocardiograms
demonstrate beyond question that the conduction defect was in the left
branch of the His bundle and not in the right.** When they are com-
pared with the unipolar extremity curves taken on February 28, it is
clear that the heart was then in the vertical position. On that date,
the potential variations of the left arm were like those subsequently
found on the right side of the precordium and the potential variations
of the left leg like those found on the left side of the preecordium. On
March 14, the heart was in a somewhat different position. On that day,
the potential variations of the left arm and of the left leg were ap-
parently complicated mixtures of components transmitted from the sur-
face of the right ventricle, and components derived from the surface of
the left ventricle.

= I ﬂp-‘wnﬁl-‘- =
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Fig. 11.—Right bundle branch block induced by quinidine; heart in the semihorizontal
position.

The electrocardiograms reproduced in Fig. 11 are those of a young
woman with ulcerative colitis who developed right bundle branch
block on two different occasions after the administration of 0.4 Gm. of
quinidine sulfate. Before the drug was given, slight left axis deviation
was present, but, apart from inversion of the T waves in Lead V,, both
the standard and the precordial electrocardiogram were within normal
limits. In both sets of curves, the ventricular complexes of Lead V;,
resemble those of Leads V3 and V¢, and the deflections of Lead Vy are
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small. The heart was then in the semihorizontal position. Tt will be
noted that the onset of right branch block produced more striking
changes in the form of the ventricular complexes of Lead V, than in the
form of those of Leads V, and V,. In the latter, the R wave was slightly
smaller and the S deflection deeper and broader after the block than
before; in the former, the deep S originally present was replaced hy a
broad slurred R’ when the block developed. When the cardiac mech-
anism was normal, the transitional zone which vields complexes inter-
mediate in form between those obtained from points farther to the
left and those obtained from points farther to the right lay between pre-
cordial points 2 and 3. When vight branch block was present, it lay
between points 7 and 2; only the first precordial lead vielded ventricular
complexes of the kind seen in direct leads from the surface of the
right ventriele. On the second oceasion on which right braneh block
was induced by quinidine, this apparent shift in the transitional zone
did not occur.

The electrocardiograms reproduced in Fig. 12 represent right hundle
branch block in a man whose heart was in the semivertical position.
The precordial electrocardiogram displays the features usually assoei-
ated with this conduection defect; the transitional zone lay between
points 3 and 4. In the standard limb leads the ventricular com-
plexes are of the concordant type. The potential variations of the
left leg were like those of the left side of the precordium and the po-
tential variations of the left arm were very small.

The electrocardiograms reproduced in ¥ig. 13 arc those of a man,
aged 62 years, with arteriosclerotic heart discase. The ventricular com-
plexes of the standard limb leads suggest that left hraneh block was
present. It should be noted, however, that a Q@ and an S deflection are
present in Lead I; hoth of these eomponents are extremely rare in this
lead in left branch block but common in right. The precordial electro-
cardiogram shows that the conduction defeet was on the right side, but
it is peculiar as regards the size of the R deflection in Leads V, and V.
The small size of the R waves in these leads suggests that the block was
complicated by some factor which diminished the magnitude of the
forces produced by activation of the anterolateral wall of the left ven-
tricle. Although no unipolar limh leads were taken, the form of the
complexes of the standard limb leads shows that the potential variations
of the left leg were like those of the left side of the precordium and the
potential variations of the left arm like those of the right side of the
precordium. The heart was, therefore, in the vertical position.

When the QRS interval measures 0.12 second or more, and the QRS
complex in Lead I is monophasic and consists of a broad, slurred, flat-
topped, or bifid R deflection, the precordial curves are, almost always,
characteristic of left branch bloek. When the QRS interval measures
0.12 second or more, and the QRS complex in I.ead I is biphasie or
triphasic and ends with a broad, slurred or notched S deflection, the
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precordial curves are, in the vast majority of cases, characteristic of
right bundle branch block. The occasional exceptions to these general
rules are due to a number of different causes. When the heart is in the
vertical position, the limb leads may suggest that right branch block is
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Fig. 12.—Right bundle branch block; heart in the semivertical position.
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Fig. 13.—Right bundle branch block; heart in the vertical position. (From an article
by Wilson.®)

present when the precordial curves are characteristic of left branch
block, and viee versa. In other instances, the prolongation of the QRS
interval is due to a general depression of the conductivity of the
Purkinje tissue or to local lesions involving the subendocardial Purkinje
network over a considerable area (‘‘arborization block’’).*¢ The latter
is seen most often in association with extensive myocardial infaretion,
When the QRS interval measures 0.12 second or more, and the pre-
cordial electrocardiogram shows some hut not all of the features typical
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of right or of left branch block, the conduction defect eannot be located
with certainty. Sometimes this situation arises because this defect is
associated with lesions which modify its effects upon the electrocardio-
gram. Sometimes it depends upon peculiarities in the extent or loca-
tion of the transitional zone, which separates the parts of the precordium
that display potential variations like those of the anterior surface of
the right ventricle, from the parts of the precordium that display po-
tential variations like those of the anterolateral surface of the left ven-
tricle. This may be so far to the left or so far to the right that all of
the six standard precordial leads vield ventricular complexes of the same
type. When this happens, it is desirable to take additional unipolar
leads so arranged as to cross this zone. Tt is still impossible to sayv
why the transitional zone is so variable in width and location. Finally.
it should be emphasized that in many cases of bundle branch block there
is no obvious relation between the form of the ventricular complexes of
the precordial leads and the form of the ventricular complexes of the
limb leads. In these cases the position of the heart must he classed
as indeterminate.

When the QRS interval is abnormally long but measures distinetly
less than 0.12 second, the precordial curves are seldom characteristic of
complete bundle branch block. TIn rare instances they are typical of
right branch block even though the QRS interval of the limb leads is
not much greater than 0.10. In most of the cases of this kind that we
have seen we suspected that the right ventricle was greatly hyper-
trophied, and it is possible that this condition was in part responsible
for the form of the precordial electrocardiogram.

Unipolar precordial leads make it possible to diagnose incomplete
right bundle branch block in many cases in which it cannot be recog-
nized by other means. TFxeept under special cirecumstances, the diag-
nosis of ineomplete left branch block is still very difficult to make with
certainty.

The eleetrocardiograms reproduced in Figs. 14 and 15 represent the
alternation of complete with incomplete right branch block. The first
ventricular complex of each pair represents complete, and the second
incomplete, block. Tt will be noted that as regards their earliest eom-
ponents the paired complexes are identical in all leads. In the case of
the limb leads and the leads from the left side of the precordium (V'
and V,), the sole difference lies in the width of the final QRS eom-
ponent and the size of the T deflection. In the leads from the right side
of the precordium (V, and V,), from the tip of the ensiform process
(Vz), and from the right nipple line, the difference is much greater; the
large final R’ deflection of the first complex is very much smaller (V,
and Vgz) or embryonic* in the second (V). The presence of such

*This term is used to indicate that the peak of this deflection does not rise above
the level of the trace at the beginning of the QRS interval
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small or embryonic R’ deflections, in addition to an initial R wave in
the leads from the right side of the precordium, strongly suggests that
incomplete right braneh bloek is present, particularly when the QRS
interval is slightly inereased and there is a broad S wave in Lead I
and in the leads from the left side of the precordium. It is advisable
to take precordial leads whenever the QRS complex of Lead I is of
this kind.

Fig. 14.—Complete and incomplete right bundle branch block; standard and unipolar
limb leads.

Fig. 15.—Complete and incomplete right branch block; precordial leads.

In incomplete left bundle branch block, the precordial electrocardio-
gram resembles that seen in preponderant hypertrophy of the left
ventricle and the two conditions frequently coexist. The presence of a
Q deflection in the leads from the left side -of the precordium exeludes
the former, but the absence of this deflection does not differentiate one
from the other.
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Transtent Branch Block.—In the vast majority of the cases of human
bundle branch block, there is no way of knowing whether all the electro-
cardiographic abnormalities present arc due to the conduction defect or
whether some of them are the result of the other lesions which are al-
most always present. Cases in which the electrocardiogram is normal
after braneh block disappears, or immediately hefore it develops, are,
therefore, of unusual interest. In such cases the effects produced by
the block are uncomplicated hy other factors.

/10-17-36 [0-22-36

Fig. 16.—Transient left branch block.

The electrocardiograms reproduced in Ifig. 16 are those of a woman,
aged b5 years, who had symptoms suggesting hyperthyroidism. She was
under observation from Oct. 13, 1936, until Nov. 3, 1936. Left branch
block was present when the patient was seen for the first time, but, on
October 19, the standard extremity curves were normal. At this time
the precordial curves were normal as regards the QRS complexes, but
the T waves were sharply inverted in Leads V,, V,, V;, and V,. This
case conforms to the rule that abnormalities which are confined to the
leads from the right side of the precordium are not accompanied by
similar abnormalities in the limb leads. It illustrates the value of pre-
cordial leads in detecting lesions which produce electrocardiographic dis-
turbances of this kind. On October 22, the branch block was again pres-
ent. In the standard leads the broad notched QRS deflections were of
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low voltage and of the concordant type. In the precordial leads the
voltage of the chief QRS deflection was so large that, in order to record
it properly, it was necessary to reduce the string galvanometer to one-
half the normal sensitivity. It will be noted that the conduction defect
greatly reduced the size of the R waves in the leads from the right side
of the precordium, abolished the inversion of the T waves previously
present in these leads, and shifted the transitional zone to the left. In
the leads from the left side of the precordium (V, and V), it gave rise
to monophasic QRS complexes consisting of broad, bifid R defleetions.
It is evident that the heart was in the semivertical position.

The electrocardiograms reproduced in Fig. 17 are those of a woman,
aged 24 years, with rheumatic heart disease. She was under observa-
tion from Nov. 16, 1938, until April 25, 1939. When she was first
seen, the electrocardiogram displayed rather large P deflections, but
was not definitely outside normal limits. On April 5, the P-R interval
measured 0.32 second, and right branch block was present. On April
14, the electrocardiogram was normal and precordial leads were taken.
On April 25, right branch block was again present and the precordial
leads were repeated. It will be noted that the block gave rise to a large
final R’ deflection in Leads V, and V,, inverted or flattened the T waves
in the first four precordial leads, made the R deflections somewhat
smaller in the leads from the left side of the precordium, and produced
broad S waves in Leads V; and V.

Ventricular Hypertrophy.—Preponderant hypertrophy of the left
ventricle increases the thickness and the bulk of its walls. When un-
complicated, its chief effect is, therefore, to exaggerate the normal dif-
ference in this respect between this chamber and its fellow. It is not
surprising, then, that in left ventricular hypertrophy, unipolar pre-
cordial leads yield curves which, in their broader aspects, are not un-
like those obtained when the heart is normal. The chief differences
are these: In left ventricular hypertrophy the voltage of the chief
deflection of the QRS group is on the average much greater than nor-
mal, and the QRS interval is increased to 0.10 or even 0.11 second. In
the leads from the right side of the precordium the R deflections are, on
the average, much smaller than normal and may be absent.™ The
transitional zone is, as a rule, much displaced to the left. In the leads
from the left side of the precordium, R, and often Q as well, is ab-
normally large; the peak of R occurs abnormally late in the QRS inter-
val; and the T deflections are inverted.

By increasing the bulk and thickness of its walls, preponderant hyper-
trophy of the right ventricle tends to abolish or reverse the normal dif-
ference between it and the left. In high-grade right ventricular hy-
pertrophy, the precordial curves are, as regards their broader aspects,
somewhat like those obtained in right branch block, but the QRS inter-
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val is not increased and the QRS deflections are not ordinarily hroad,
slurred, or noteched. On the average, the voltage of the chiet QRS
defleetion is above normal although not as large as in lelt ventricular
hypertrophy.* In the leads from the right side of the precordinm,

Fig. 17.——Transient right branch block.

the R wave is very large, 3 is frequently present, S is usually absent,
and the T deflections are commonly inverted. In some instances a small
initial upward deflection precedes the first downward deflection of the
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QRS group, but we suspect that the presence of such a summit may be
due to incomplete right branch block. In the leads from the left side
of the precordium the R deflections arec abnormally small and the S
deflections abnormally large. In other words, the precordial curves
are opposite in type to those obtained when the heart is normal.

— " s A ————

? i

—u-\/- ssegEc=d
E::f _ -—q—ﬂ--—mﬂ'\.

t ¥
i¥

——r——!—-——’———*—ﬂ'ﬁ—-

13 O‘f‘f
— /6 d

U
3 U':! ‘V/Z - ¥ 8

———————

Vi 083 *‘V-‘v

Fig. 18.—~Left ventricular hypertrophy; heart in the horizontal or semihorizontal
position.

In left ventricular hypertrophy the position of the heart has the
same effect upon the mean electrical axis of QRS as in normal subjects.
The electrocardiograms reproduced in Fig. 18 are those of a man, aged
54 years, with hypertensive heart disease. The standard extremity
curves display left axis deviation, a QRS interval measuring approx-
imately 0.10 second, and prominent Q waves, abnormally large R de-
flections, and inverted T waves in Lead I. The precordial curves, which
were taken with the galvanometer at one-half the normal sensitivity,
are characteristic of left ventricular hypertrophy. Although no unipolar
limb leads were taken, it is clear that the heart was in the horizontal or
semihorizontal position.
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The electrocardiograms reproduced in Fig. 19 are those of a woman,
aged 50 years, with hypertensive heart disease. No axis deviation is
present, but the R deflections are abnormally tall and the T waves in-
verted in all of the standard limb leads. The QRS interval is slightly
increased. The precordial curves, which were taken with the galvanom-
eter at one-half the normal sensitivity, are characteristic of left ventricu-
lar hypertrophy. The potential variations of the left leg were like
those of the left side of the precordium and the potential variations of
the left arm were small. The heart was in the semivertical position.

Fig. 19.—Left ventricular hypertrophy; heart in the semivertical position.

The electrocardiograms reproduced in Fig. 20 are those of a young
man, aged 16 vears, with rheumatic heart disease, aortic stehosis and
regurgitation and probably mitral stenosis, and an enormously enlarged
heart. Right axis deviation is present, the T deflections are inverted
in Leads IT and III, the P-R interval is inereased, and the P deflections
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are large and deformed. Seven precordial leads were taken, the last,
marked V,, from the posterior axillary line at the level of the apex,
which was not far inside this point. The precordial eurves, which were
taken with the galvanometer at one-half the normal sensitivity, are
characteristic of left ventricular hypertrophy. Although unipolar limb
leads were not taken, it is evident the potential variations of the left
leg were like those of the left side of the precordium and the potential
variations of the left arm like those on the right side of the precordium.
The heart was, therefore, in the vertical position.
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Fig. 20.—Left ventricular hypertrophy; heart in the vertical position. (From an
article by Wilson, Johnston, Cotrim, and Rosenbaum.?®)

The electrocardiograms of two patients with right ventrieular hyper-
trophy are reproduced in Fig. 21. The curves of the upper sect are
those of a woman, aged 34 years, who had pulmonary hypertension of
unknown origin. The limb leads display conspicuous right axis devia-
tion. The precordial curves are characteristic of right ventricular hy-
pertrophy; tall R waves, prominent Q waves, and inverted T waves
are present in Lead V,, and small R and deep S waves in Leads V,
and V,. The potential variations of the left arm were like the potential
variations of the left side of the precordium, and the potential varia-
tions of the left leg resembled those of the right side. The heart was
in the horizontal position. The curves of the second set are those of a
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man, aged 40 years, with mitral stenosis and aortic insufficiency. The
precordial curves are characteristic of right ventricular hypertrophy.
Large S waves and small R waves are present in all of the standard

(1) Heart in the horizontal position. (2) Heart in the semivertical position.

21.—Right ventricular hypertrophy.

Fig.

limb leads. Here the ventricular complexes of the unipolar leg lead are
like those of Leads V, and ¥,; the complexes of the right arm lead are
like those of Lead V,, and the complexes of the left arm lead apparently
represent a mixture of the potential variations of the other two ex-
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tremities. In this case the heart was apparently in the semivertical
position.

When the heart is greatly enlarged, it is ordinarily in the horizontal
or semihorizontal position. In either case, left ventricular hypertrophy
produces left, and right ventricular hypertrophy produces right, axis
deviation, When the heart is in the semivertical position, left ventricu-
lar hypertrophy produces abnormally tall R waves and, usually, inverted
T waves, and right ventricular hypertrophy produces large S waves in
all of the standard limb leads. When the heart is in the vertical position,
left ventricular hypertrophy produces right, and right ventricular
hypertrophy should produce left, axis deviation, although we have not
as yet seen the latter occur.

The precordial curves of left ventricular hypertrophy are distin-
guished from those of left bundle hranch block by the absence of slurred
or bifid R waves and the great frequency of Q deflections in the leads
from the left side of the precordium. In left branch block, the presence
of Q in these leads suggests that the diagnosis is wrong or that septal
lesions which prevent initial positivity of the left ventricular cavity
are present. The QRS interval is almost always less than 0.12 second
in hypertrophy, whereas, in block, it equals or exceeds this figure.

The precordial curves of right ventricular hypertrophy are distin-
guished from those of right bundle branch block by the absence of
double or bifid R waves in the leads from the right side of the pre-
cordium, by the small size of the R waves in the leads from the left side
of the precordium, and by the absence of a greatly inereased QRS
interval.

It must be admitted, however, that cases are frequently encountered
in which it is impossible to say with certainty whether the electro-
cardiographic changes are due to hypertrophy alone or to hypertrophy
plus incomplete bundle branch block.

Myocardial Infarction.—The character of the potential variations at
the epicardial surface of an infaret depends upon the stage of infare-
tion and upon whether the whole thickness of the ventricular wall or
only the subendoeardial layers of musele are involved. Immediately
after ligation of the anterior descending coronary artery or one of
its branches in experiments upon the dog’s heart, direct leads from the
region supplied by the vessel occluded display pronounced upward dis-
placement of the RS-T junction, which persists for many hours but
disappears when the muscle affected dies or recovers.® This RS-T dis-
placement is accompanied by a corresponding reduction in the voltage
of the intrinsic deflection. When the whole thickness of the ventricu-
lar wall is involved and the infarcted muscle is already dead or ineapable
of responding to the excitatory impulse, the potential variations of the
part of the ventricular eavity adjacent to the infaret are faithfully
transmitted to its epicardial surface. Sinee the ventricular cavities
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are normally negative throughout the QRS interval, direct leads from
the central part of the infaret then vield QRS complexes which con-
sist of a monophasic downward deflection (QS deflection). In many
cases, some fraction of the musele in this region remains alive and
gives rise to an embryonic R wave which produces a notch on the de-
scending or ascending limb of the single QRS component. When the sub-
endocardial layers of muscle are for the most part dead or incapable
of responding to the cardiac impulse, and the outer layers of muscle are
relatively normal, the embryonic R rises above the base line and be-
comes a true R deflection. The QRS complex then consists of an ab-
normally large Q followed by a small R and often by an S deflection
also. Since infarets of the left ventricular wall are usually more ex-
tensive on the endocardial than on the epicardial side, QRS complexes of
this kind are commonly seen in direct leads from the marginal parts of
the infarcted area.'® These same zones also yield deep, sharply inverted
T deflections due to an inerease in the duration of the excited state at
the epicardial surface. In the dog, the T-wave changes develop some
hours after infarction begins, and ordinarily disappear almost eom-
pletely within twenty-four hours or less. In man, they ecommonly last
for some weeks or months.

The potential variations of the epicardial surface of the infarcted
region are transmitted to the adjacent parts of the body. When the
anterior wall of the left ventricle is involved, they are transmitted to
the precordinm; if the anterolateral wall is involved, they are also
transmitted to the left arm. If the posterior wall is infarcted, they
are usually transmitted to the ventricular levels of the esophagus, to
the back, and to the left leg. The potential variations of points at some
distance from the heart but on the same side of it as the infareted region
are, of course, a mixture of components derived from the epicardial sur-
face of the infaret, from regions adjaeent to it, and from other parts
of the ventricular surface. It is only when the infaret is large that
characteristic curves are obtained by leading from regions distant from
it. The potential variations of parts of the body on the side of the
heart opposite the one involved, as regards their general character,
are the inverse of those that occur at the surface of the infaret.

The diagnosis of myocardial infaretion can be made with certainty
from the electrocardiogram alone only when characteristic changes in
the QRS complex occur in association with RS-T displacement or typical
changes in the T deflections. Changes in the QRS complex have more
diagnostic value than displacement or changes in the T waves when
only electrocardiographic data are available, but they are not con-
clusive. When clinical data are available and are strongly suggestive
of infarction, and serial curves are taken, the opposite is true because
of the relatively rapid, progressive changes which the T complex under-
goes. Similar changes may oceur in pericarditis, but usually this ean
be ruled out on clinical grounds.
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From the electrocardiographic standpoint, there are many types of
infarcts which differ one from another as regards the character of the
electrocardiographic changes and the leads in which they occur.
Whether some of these varieties are determined by the position of the
heart rather than the location and extent of the infarcted region, only
the future can decide.

T-Wave Changes Only—The electrocardiograms reproduced in Fig.
22 are those of a physician, aged 67 years, who was first seen on Aug. 7,
1934. At that time, the standard limb leads showed a considerable shift
of the electrical axis to the left, but no other notable features. Myo-
cardial infaretion occurred early in March, 1940. Six weeks later
(April 25, 1940) there was sharp inversion of the T deflections in all
of the precordial curves although the limb leads showed no significant
changes. After eight months, all electrocardiographic evidence of
infarction had completely disappeared. The patient made an un-
eventful recovery., We have seen no instance of serious cardiac im-
pairment following anterior infaretion which produced no -electro-
cardiographic abnormalities other than sharp inversion of the T waves.

Transient QRS Changes—The electrocardiograms reproduced in Fig.
23 are those of a man who began to have symptoms typical of coronary
thrombosis at 6:40 p.M., on Oct. 6, 1936, while he was under treatment
for prostatic hypertrophy. On the following day, the standard electro-
cardiogram showed extremely small QRS deflections and flat T waves in
Lead I. In the precordial leads there was a progressive diminution
in the size of R as the exploring electrode was moved from the first to
the fourth position, and this deflection was abnormally small in
Leads V, and V,. A month later, the QRS deflections were normal,
but there was sharp inversion of the T waves in all of the limb leads and
in the last four precordial leads. The patient’s recovery was complete
and uninterrupted.

It is apparent that, in this instance, the infarcted musele was, for a
time, incapable of responding to the excitatory impulse, but it was
not dead and subsequently recovered its excitability. Very pronounced
alterations in the QRS complex of the kind observed in this case seldom
disappear completely, but they often undergo a very slow and much less
pronounced retrogression. Very often, clear-cut and characteristic de-
formities of this complex and, much more rarely, residual changes in
the T waves are still present years after the cardiac accident. An
instance of this kind is illustrated in Fig. 24. The patient developed
myocardial infarction in May, 1934, when he was 23 years old. The
electrocardiograms taken at that time are not very different from those
reproduced, which were made seven years later. When last seen, this
young man was working and was free of symptoms. Note that the
ventricular complexes of the unipolar left arm lead are like those of
Lead V5.
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Persistent RS-T Displacement.—The electrocardiograms reproduced
in Fig. 25 are those of a man, aged 73 years, who hegan to have anginal
pain late in May, 1941, and developed myocardial infarction on June 11
of that year. Very pronounced RS-T displacement of the kind com-
monly seen in very recent anterior infarction was still present on Nov. 7,
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22.—Anterior myocardial infarction ; changes in the T waves only.

Fig.

1941, when the first electrocardiogram was taken, and remained es-
sentially unchanged on April 20, 1942. The patient developed con-
gestive cardiac failure but had chest pain only during the earliest stage
of his illness. Complete healing of the infareted musele must have
taken place long before the last curves were made. Ordinarily, pro-
nounced RS-T displacement of the kind in question persists for a few
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Fig. 23.—Anterior myocardial infarction; transient QRS changes.

C oronary occluswy 7 years ago,

Fig. 24.—¥Anterior myocardial infarction; persistent changes in the QRS complex and
residual changes in the T waves.
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hours, or, at most, for a few days. Why it persists in rare instances
for weeks or months is still a mystery. In thiee cases of this sort, one of
which was observed by Langendorf* a ventricular aneurysm was pres-
ent, but it is possible that the association was due to chance. There
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is no known reason why ventricular aneurysm should displace the RS.T
junction or deform the RS-T segment in this way. In addition to
RS-T displacement, both electrocardiograms display a QRS interval be-
tween 0.10 and 0.11 second in length, and late R waves in the leads
from the right side of the precordium. These findings strongly sug-
gest that ineomplete right branch block was present.
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Extensive Anterior Infarction—In the three cases illustrated in
I'ig. 26, characteristic signs of infaretion were present in all of the six
precordial leads, or in all exeept the first. In such instances it must
be assumed that the region involved is a very large one. The first
patient was a woman, aged 48 years, who began to have symptoms
typieal of coronary thrombosis at 9:45 pm. on Aug. 9, 1938. On the
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next day, small QRS deflections, prominent Q waves, and upward dis-
placement of the RS-T junction were present in Lead I. On August
11, the precordial electrocardiogram displayed large QS deflections
and conspicuous upward RS-T displacement in all leads except V.
The second patient was a man, aged 71 years, who began to have severe
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pain in the chest at 9:45 r.m., on Dee. 10, 1940. On December 13, the
changes in the precordial leads were almost identieal with those that
oecurred in the case just deseribed. Both patients recovered.
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The third patient was a man, aged 48 years, who had severe attacks
of anginal pain on Feb. 1, and on May 30, 1938. The first electro-
cardiogram was taken on Oect. 14, 1938. At that time there were very
large Q deflections in Lead I and large QS deflections in the last five
precordial leads. Probably because the intaret was an old one, no pro-
nounced RS-T displacement or fypical T-wave changes were present.
The patient died on Oect. 16, 1938, and autopsy disclosed an infaret

anteroseptal mnrarcuon.
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measuring 9 by 10 em., which involved the lower two-thirds of the
anterolateral, and the lower one-third of the posterior, wall of the left
ventricle. The cavity of this chamber was almost completely filled by
a thrombus.

Anteroseptal Infarction—In the four cases illustrated in Fig, 27,
the diagnostic signs of infarction (characteristic QRS combined with
characteristic RS-T or T-wave abnormalities) were confined to the leads
from the right side of the precordium. Leads V, and V, display altera-
tions in the T waves which are more or less typical but no unequivocal
changes in the QRS complexes. Since the potential variations of the
left arm are like those of the left side of the precordium in the majority
of the cases of anterior myocardial infarction, the changes in the ven-
tricular complexes of l.ead 1 are as a rule no greater than those dis-
played by the ventrieular complexes of Lead V.. An electrocardi-
ographie diagnosis of anterior infarction, therefere, cannot be made with
certainty in cases of the kind under consideration unless leads from
the right side of the precordium are employed. Since the potential
variations of the infarcted region are referred to the right side of the
precordium, we may assume that the anteroseptal wall of the left ven-
tricle is involved.

The first patient was a man, aged 68 years, who developed myocardial
infarction in September, 1939. The electrocardiogram, taken on Novem-
ber 30 of that year, shows notched QS deflections in Leads V, and V,
and inversion of the T waves, not of the kind charaeteristic of infare-
tion, in Leads I, V,, V,, V, and V, The ventricular complexes of
Lead T closely resemble those of Lead V.

The second patient was a man, aged 57 vears, who had a corconary
accident about Sept. 1, 1938. The electrocardiograms, made on Septem-
ber 13, show characteristic changes in the T waves of Leads I, V,, V,,
V, and V.. Characteristic changes in the QRS complexes are con-
fined to Leads V, and V,. The ventricular complexes of Lead I are
like those of Lead V.

The third patient was a woman, aged 48 vears, who began to have
symptoms typical of coronary thrombosis on Feh. 9, 1939. The electro-
cardiograms, taken on February 11, show signs diagnostic of infaretion
in Lead V, and typical T-wave changes in Lead V,. The ventricular
complexes of Lead I are like those of Lead V.

The fourth patient was a man, aged 59 vears, who had a coronary
ocelusion on May 14, 1940. The electrocardiograms of Aug. 5, 1940,
display signs diagnostic of infarction in Leads V, and V, and charac-
teristic T-wave changes in Leads V7, and V. The ventricular complexes
of Lead I are like those of Lead V.

In normal subjects the R defiection steadily increases in height as the
precordial electrode is moved from the first to the fourth position and
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then decreases as it is moved farther to the left. The deerease in the
height of R, and its eventual disappearance as the exploring electrode
was moved across the right side of the precordium in a number of
the cases just deseribed, is a far more reliable sign of infarction than
complete absence of this deflection in the first two or three precordial
leads.
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Fig. 28.—Two cases of anterolateral and one case of posterolateral infarction.
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Anterolateral Infarction.—In the first two of the three cases illus-
trated in Fig. 28, the diagnostic signs of infaretion in the chest leads
are confined to the leads from the left side of the precordium, and it
may be assumed that the anterolateral wall of the left ventricle was in-
volved.
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The first patient was a man, aged 70 years, who had a severe attack
of anginal pain on July 6, 1938. The precordial electrocardiogram,
taken on December 16 of the same year, displays signs diagnostic of
infaretion in Leads V4, and V;, and abnormally small R deflections as-
soclated with changes in the T eomplex in Lead Vs. In Lead I the QRS
deflections are extremely small, and suggestive changes in the T waves
are present.

The second patient was a man, aged 47 years, who was disoriented
when admitted to the hospital, so that no history of his illness could
be obtained. It was learned later that he had had anginal pain, but
the time at which coronary thrombosis occurred could not be determined.
The electrocardiogram displays deep @ deflections in Lead I and in
Lead V,, and the ventricular complexes of these leads are very much
alike. There is also a rapid decrease in the size of the R deflection be-
tween Lead V, and Lead V,. No characteristic modifications of the RS-T
segment or T wave are present, probably because the infaret was an
old one, .

In infarets of this kind, as a rule, there are changes diagnostic of in-
farction in the ventricular ecomplexes of Lead I. Since the infaret
involves the left upper margin of the heart, the potential variations at
its epicardial surface are transmitted to the left arm.

The third case illustrated in Fig. 28 belongs to a different group and
will be referred to later.

High Laterel Infarction.—The electrocardiograms reproduced in Fig.
29 are those of a man who was under observation off and on from Sep-
tember, 1926, until his death on Jan. 19, 1942. In the autumn of 1934,
he began to have mild anginal pain on exertion after meals, and at 3
o’clock on the morning of Aug. 18, 1935, he developed symptoms charae-
teristic of coronary thrombosis. The electrocardiogram taken on the
following day presents small QRS deflections, deep Q waves, and sharply
inverted T waves in Lead I. The precordial electrocardiogram taken
at the same time, which is not reproduced, is not definitely outside nor-
mal limits, but the R and T waves of Leads V, and V, are unusually
prominent. The patient had no more anginal pain and got along very
well until June 3, 1940, at 12:30 .M., when a second coronary aceident
occurred. The electrocardiogram taken two days later is very similar
to that of 1935 except that the QRS interval is a little longer. Pre-
cordial leads were not used on this occasion. In Oetober, 1941, parox-
ysmal nocturnal dyspnea began to occur, and in January, 1942, the
patient entered the hospital with the symptoms and signs of congestive
cardiae failure, and attacks of substernal oppression.

On January 13, the limb leads showed a QRS interval measuring
approximately 0.11 second, left axis deviation, and inverted T deflec-
tions in Lead I. The precordial curves of the next day present a very
small R deflection in Lead V, and prominent @ waves in Lead V,, but
no other changes which suggest infarction. The third attack of severe
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anginal pain began at 7 a.., on January 15. On January 17, right
bundle branch bloek was present. The precordial leads then showed
changes characteristic of this conduction defect and small hizarre QRS
deflections in Lead V.
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The autopsy disclosed a very Jarge thronibus eovering the apical two-
thirds of the inner aspect of the anterior wall of the left ventricle. Be-
neath this clot the endocardium was grayish-white in color, and near the
base of the ventricle it was about one millimeter thick. Mottled grayish-
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pink to bluish-red areas were scattered through the anterior wall of
the left ventricle, the septum, and the apieal parts of the right ventricle,
which also contained a thrombus. The left coronary artery was blocked
by a fresh clot near its origin. In the posterolateral wall of the left
ventricle near its base there were extensive grayish-white to grayish-yel-
low areas which were thought to represent old myocardial infarction.
The infaret responsible for the electrocardiographic changes observed in
1935 and 1940 apparently involved this region. We have seen only one
other instanee in which the limb leads showed signs diagnostic of an-
terior infarction and the precordial leads did not.

Fig. 30.—Plain posterior infarction. In this as in other figures the symbol F is
used for unipolar esophageal leads. The figure which follows this symbol gives the
distance (in centimeters) of the esophageal electrode from the nostrils.

Plain Posterior Infarction.—The man, aged 45 yvears, whose electro-
cardiograms are shown in Fig. 30, was referred to us for laboratory
studies only. He had symptoms typical of coronary thrombosis about
one month before these curves were taken. The deep Q waves and
sharply inverted T waves of Leads Il and III indicate that there was a
recent infarct on the posterior wall of the heart. Note that the potential
variations of the outer surface of the infaret were transmitted to the
left leg. The precordial leads show no significant abnormalities, but it
will be observed that, in Leads V, and V,, the R deflections and T
waves are unusually tall. Characteristic signs of infarction are present
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in the leads from the ventricular levels of the esophagus (Leads E,,
and E,,). In the lead from the auricular levels of the esophagus (Lead
E,;), there is a large diphasic auricular complex, and the ventricular
complex consists of a large QS deflection followed by an inverted T
wave. Electrocardiograms of this kind are obtained from the auricular
levels of the esophagus in normal subjects.>* The exploring electrode
is close to the auricular wall, which accounts for the character of the
auricular complex, and also opposite the great valvular orifices at the
base of the ventricles so that the negativity of the ventricular cavities
is transmitted to it. Large Q or QS deflections in leads from this region
have no significance.

In the earliest stages of infarction of the posterior wall of the heart,
downward displacement of the RS-T junetion is usually present in the
precordial leads. In leads from the ventricular levels of the esophagus,
the displacement is upward.?

Posterolateral Infarction—The last of the three patients whose electro-
cardiograms are reproduced in Fig. 28 was a physician, aged 42 years,
who had a coronary accident on March 18, 1937. The limb leads, taken
on May 25 of the same year, display inverted T waves in Leads T and
IT and small QRS deflections with prominent Q waves in Leads II and
III. There is also a small Q deflection in Lead I. The changes in the
T waves resemble those found in anterior, and the changes in the QRS
complex those found in posterior, infaretion. In the precordial curves,
the significant abnormalities are in Leads V, and V, which show promi-
nent Q and sharply inverted T waves. It will be noted, however, that
in the leads from the right side of the precordium, the R and T deflec-
tions are unusually prominent.

Another electrocardiogram of the same sort is reproduced in Fig. 31.
The patient was a man, aged 54 years, who had symptoms typical of
coronary thrombhosis about one month before the electrocardiographic
study was made. In this instanece, unipolar leads from the left posterior
axillary line, from the left infrascapular region, and from the ven-
tricular levels of the esophagus were taken, and all of these show promi-
nent Q and sharply inverted T waves. Similar but less characteristic
changes are present in the leads from the left side of the preecordium
(Leads V, and V). There can be little doubt that the infaret involved
the posterolateral wall of the heart. Note that here also large Q and
inverted T waves oceur in the unipolar left leg lead. Not all cases in
which there are sharply inverted T waves in Lead I and abnormally
large Q waves in Leads IT and III are examples of posterolateral infare-
tion. This electrocardiographic pattern in the limb leads may be pro-
duced by the simultaneous presence of two infarets, an old lesion on the
posterior, and a more recent one on the anterior, wall of the heart. It
may also occur in anteroseptal infaretion in which, perhaps because of
some peculiarity in the position of the heart or because there is more
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involvement of the septal wall of the left ventricle than is usual, the
potential variations of the central part of the infarcted ventricular wall
are sometimes transmitted to the left leg.

Posteroinferior Infarction—The electrocardiograms reproduced in
Fig. 32 are those of a man, aged 53 years, who had symptoms typical of
coronary occlusion on Dee. 19, and Dee. 23, 1941. The ecurves taken

Fig. 31.—Posterolateral infarction.

on December 26 show upward displacement of the RS-T junection, sharply
inverted T waves and prominent @ deflections in Leads II, 111, and Vi,
and complete atrioventricular block, which was transient. Signs diag-
nostic of infarction are present in the unipolar lead from the tip of the
ensiform cartilage (Lead Vi), but in none of the usual precordial leads.
It will be noted that, in this instance, the R and T waves are not un-
usually prominent in th® leads from the right side of the precordium. On
the contrary, no R wave is present in Lead V,, and the R wave in Lead
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V, is unusually small. In some cases of this sort, slight upward displace-
ment of the RS-T junction occurs in Lead V, in the carly stages of
infaretion.
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Fig. 32.—Posteroinferior infarction.
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Signs of Posterior Infarction in Limb Leads and of Anterior Infarc-
tion in the Precordial Leads—We have seen only one case of the kind
illustrated in Fig. 33. The patient, a man aged 68 years, had a coronary
accident on March 31, 1935, while he was undef treatment for prostatic
hypertrophy. Ie died three days later, but permission for an autopsy
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could not be obtained. No symptoms referable to the heart had oceurred
previous to this fatal illness. The limb leads show pronounced upward
displacement of the RS-T junction and prominent @ deflections in Leads
II and IIT and in precordial Liead V,. There is, in addition, conspicuous
RS-T displacement without characteristic alterations of the QRS com-
plex in Leads V, and V,. Leads V, and V, were not taken.

Fig. 33.—Signs of posterior infarction in the limb leads and of anterior infarction in
the precordial leads. (After Wilson.?2 Reproduced with the permission of the Mac-
millan Company, New York.)

Fig. 34.—Anteroseptal followed by posterolateral infarction.

The character of the electrocardiographic changes precludes the possi-
bility that there were two infarcts differing in age. Nor does it appear
consistent with the presence of a single infarct extending from the
posterior wall of the heart around the left margin onto the anterior wall,
for the most striking changes in the precordial leads are in the middle
of the series. We are not able to explain these findings satisfactorily,
but may point out that apical infarction might give rise to electro-
cardiographic changes of this sort if the heart were in the vertical posi-
tion.
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Old Anteroseptal and Recent Posterolateral Infarction—The electro-
cardiograms reproduced in Fig. 34 are those of a man, aged 52 years,
who had symptoms eharacteristic of infaretion on Dee. 18, 1938, and
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made an uneventful recovery. On Aug. 29, 1940, he had a second attack
of severe anginal pain. On this oceasion he was examined at his home
and the eardioscope disclosed very pronounced upward RS-T displace-
ment in Leads IT and III

Serial electrocardiograms in a case of anteroseptal infarction.

Fig, 35.
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The electrocardiograms taken two months after the first attack show
prominent Q deflections but no charaeteristic T-wave changes in Leads
IT and III. The precordial curves of the same date display signs
diagnostic of infarction in Leads V,, V,, and V,, and sharply inverted
T waves in Lead V,. Note that the ventricular complexes of Lead I re-
semble those of Lead V,, which are in no way abnormal. The infaret was,
then, of the anteroseptal variety. We have already mentioned that infarcts
of this kind may give rise to prominent Q deflections in Leads IT and
III.  After the second infarction, sharply inverted T waves appeared
in the complexes of Liead V, which had previously esecaped modification,
and initial R deflections were present in Lieads II and IITI. At the same
time, conspicuous R waves were found in the leads from the right side
of the precordium in which only embryonic R deflections had previously
been present. Note, however, that the resurgent R waves are preceded
by Q deflections in Leads V,, V,, and V,. Observe also the large size of
the T waves in Leads V,, V,, and V,, in which deeply inverted T waves
were present after the first coronary accident. The second infaret was,
then, of the posterolateral kind.

‘We were able to make a more detailed study of another case in which
the same series of events occurred. The patient was a man, aged 48
vears, who had his first coronary thrombosis on May 21, 1938. The first
electrocardiogram was taken about two hours after the onset of charac-
teristic symptoms (Fig. 35). The limb leads showed no significant
changes, but there was very pronounced upward displacement of the
RS-T junction in Leads V., V,, and V,. Three days later, the R deflec-
tions had disappeared in Leads V,, V,, and V, and had become very
small in Lead V,, the RS-T displacement had hegun to subside, and in-
version of the terminal part of the T waves had developed in Leads
Vy, Vs Vi, V,, and V,. The ventricular complexes of Lead V, were not
affected. In the course of the next year the T' deflections regained their
normal form, but the QRS changes persisted.

On Mareh 5, 1942, the patient, who had been well for nearly three
years, began to have new attacks of severe anginal pain. He was ad-
mitted to the hospital, but at first the electrocardiogram showed only
the residual changes which dated from his first infarction (Fig. 36). On
March 11, however, he developed clear signs of posterior infarction. In
the extremity curves, these consisted of pronounced upward displace-
ment of the RS-T junction and prominent @ deflections in Leads IT and
III. In the precordial electrocardiogram, inverted T waves eventually
developed in the complexes of Lead V,, which had escaped in the first
attack, and small R waves appeared in Leads V,, V,, and V,. In these
same leads the T waves became larger than they had been before.

Anterior Infarction Plus Right Bundle Branch Block.—When anterior
infaretion produces right bundle branch block, modifications of the clec-
trocardiogram that can be regarded as diagnostic of infaretion are rela-
tively rare in the limb leads. Displacement of the RS-T junection and
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more or less characteristic changes in the T waves may be present, but,
when the area of the QRS complex is large, they arc often obseured hy
the alterations in the T complex due to the bloek. TIn the precordial
leads, on the other hand, entirely characteristic modifications of the QRS
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and T deflections are usually present. We have studied this problem ex-
perimentally by producing anterior infarction and right bundle branch
block in dogs, and there are no essential differences between this animal
and man, either as regards the character of the changes in the ven-
tricular complexes of the limb leads, or as regards the changes of the
ventricular deflections of precordial leads.
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The electrocardiograms reproduced in Fig. 37 are those of a man, aged
37 years, who had severe attacks of anginal pain on July 26 and 28, 1938.
Two days after the last attack, a pericardial frietion rub was heard. The
patient died on Sept. 18, 1938, and autopsy disclosed thrombosis of the
anterior descending coronary artery and a very large anterior infaret
over which the pericardium had become adherent. Liquefaetion neerosis
of the central part of the infarct had taken place.

Fig. 37.—Anterior infarction complicated by transient right bundie branch block.

The limb leads, taken on July 28, show small broad QRS ecomplexes and
slight upward displacement of the RS-T junection in Lead I. The QRS
interval measures approximately 0.12 second. The precordial curves
taken on the following day are characteristic of anterior infarction com-
plicated by right bundle branch block. The presence of the block is
indicated by the length of the QRS interval, the very late R waves in
Leads V,, V,, and V., and the broad S waves in Lead V,. The small
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initial R deflections which oceur in the leads from the right side of the
precordium in uncomplicated right bundle branch block are absent. The
presence of the infaret is indicated by the very large Q deflections in
Leads V,, V,, V,, and V,, the small bizarre QRS deflections in Lead V.,
and pronounced upward displacement of the RS-T junction in Leads
V,, V,, and V,. The precordial curves, taken on August 10, are not
cssentially different in general outline, but the RS-T displacement is
not so great and the end of the T wave is slightly inverted in Leads V., to
V. inclusive.

The electrocardiograms, taken on August 22, are very different. The
QRS interval is normal, and small QRS deflections, prominent Q waves,
and sharply inverted T waves are present in Lead I. In the precordial
leads, the R deflection decrecases from Lead V, to Lead V, where it is
absent, and there are abnormally large Q deflections in Lead V,. Dis-
placement of the RS-T junetion and inversion of the end of T are present
in Leads V, to V. It is noteworthy that, although initial R waves were
not present in Leads V,, V,, and V, so long as the branch block persisted,
they appeared when normal intraventricular conduction was re-estab-
lished. It should also be noted that the S waves which follow these small
initial R deflections are much deeper than the @ waves present in the
same leads during block. These initial R waves must evidently be
aseribed to forces produced by activation of the free wall of the right
ventricle, and the deep S waves that follow them, at least in part, to the
activation of septal muscle from the right side.

Another example of anterior infarction plus right bundle branch block
is illustrated in Fig. 38, The patient was a man, aged 56 years, who had
a coronary thrombosis, either on Sept. 23 or on Oct. 3, 1938. The first
electrocardiogram, taken before he had had anginal pain, is normal.
After the coronary accident, the limb leads disclosed the presence of
right branch bloeck but showed no changes characteristic of myocardial
infarction. The precordial curves, on the other hand, are characteristic
of both of these conditions.

Posterior Infarction Plus Right Bundle Branch Block.—The electro-
cardiograms reproduced in Fig. 39 are those of a man, aged 53 vears,
who began to have symptoms characteristic of coronary thrombosis at
9 a.m. on April 30, 1941, The electrocardiograms, taken on May 27, 1941,
display large Q@ waves in Leads I1 and III, and sharp inversion of the
end of T in the latter. The QRS interval measures about 0.14 second
and there is a broad S wave in Lead I. The precordial electrocardiogram
is characteristic of right bundle branch block. The conspicuous Q waves
and T-wave changes in Lead ¥V, suggest that the marginal parts of the
infarct involved the lateral wall of the left ventricle. In the cases we
have observed, QRS changes in the limb leads characteristic of posterior
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Fig. 38.——Anterior infarction complicated by right bundle branch block.

Fig. 39.—Posterior infarction complicated

I

by right bundle branch block.
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Myocardial Infarction Complicated dy ““Arborization’’ Block—The
electrocardiograms reproduced in Fig. 40 are those of a man who, after
nine years of hypertension, developed myocardial infarction on Aug. 28,
1941. In the electrocardiograms of May b, 1942, the limb leads display
a QRS interval of about 0.14 second, deep, broad Q waves followed by
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late R waves in Leads 11 and ITI, and conspicuous S deflections in Lead
I. This electrocardiographic pattern is very similar to that shown in
Fig. 39, and posterior infarction complicated by right hranch block was
suspected. The precordial electrocardiogram, however, is incompatible
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with the presence of this econduction defect, and shows no changes diag-
nostic of infarction; nor ig it characteristic of left branch bloeck. The
leads from the ventricular levels of the esophagus (Fuy, Esq, and Eep)
present very broad, notehed Q waves and very late, tall R deflections.
It seems probable, therefore, that the infaret involved the subendocardial
musele on the posterior wall of the heart, and not only permitted the
negativity of the left ventricular cavity to he transmitted to its epi-
cardial surface during the first part of the QRS interval, but also de-
layed the activation of less seriously injured outer layers of muscle,
which gave rise to the late R deflection.
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Fig. 41.—Anterior infarction complicated by “arborizatlon block,” by right bundle
branch block, or by both

The electrocardiograms reproduced in Kig. 41 are those of a man,
aged 45 years, who had symptoms typical of coronary thrombosis, in
January, 1938. The limb leads, taken a year later when the patient had
congestive cardiac failure, display a QRS interval measuring between
011 and 0.12 second, small QRS deflections, and deep, broad Q waves in
Lead I. The curves from the right side of the precordium are like those
seen in right bundle branch block complicated by anterior infarction, but
in this instance the eurves from the left side of the precordium are of
the same type. It will be noted that these ventricular complexes closely
resemble the ventrieular complexes of the esophageal electrocardiograms
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reproduced in Fig. 40. In the case under consideration, leads from the
ventricular levels of the esophagus yielded curves of the opposite type;
the QRS complex of these tracings is diphasic and consists of an R wave
followed by an S deflection of approximately equal size. It may be that
these electrocardiograms represent right bundle branch block compli-
cated by anterior infarction in which there is extreme displacement of
the transitional zone. They are, however, more suggestive of anterior
infaretion with involvement of the subendocardial musele over a large
area, complicated by delayed activation of more normal subepicardial
musecle and, perhaps, by right branch block as well. It seems probable
that, in some cases of old infarction, the Purkinje network is damaged
locally by subendocardial sclerosis and that, as a result, there is a delay
in the activation of such living muscle as may remain in the part of the
ventricular wall affected. Oppenheimer and Rothschild*® bad such
lesions in mind when they introduced the term ‘‘arborization’’ block, but
we doubt very much that the criteria for the electrocardiographic diag-
nosis of this condition advanced by them are capable of distinguishing
between bundle branch block and intraventricular block of other types.

Infarction Complicated by Left Bundle Branch Block—When
coronary thrombosis is complicated by left bundle branch block, the
electrocardiogram rarely presents changes which can be considered
diagnostie of myoeardial infaretion. Displacement of the RS-T segment
and changes in the T wave may occur if the area of the QRS complex is
small, When the area of the QRS complex is large, the alterations in
the T complex due to infarction are likely to be obscured by those pro-
duced by the conduction defect. The presence of characteristie modifica-
tions of the QRS deflections in infarction almost always depends upon
the transmission of the potential variations of the cavity of the left ven-
tricle to the epicardial surface of the infaret and the adjacent parts of
the body. When this cavity is negative throughout the QRS interval, as
is the case when intraventricular conduction is normal and in right
bundle branch block, large Q or QS deflections occur in those leads in
which one eleetrode is placed on that side of the left ventricle on which
the infarct lies, provided that the connections are made in such a way
that negativity of this electrode is represented by a downward deflec-
tion. In left bundle branch block, the cavity of the left ventricle is posi-
tive at the beginning of the QRS interval, and, eonsequently, Q or QS
waves do not oceur in leads of the kind mentioned. Direct or semidirect
leads from the infarcted wall or from the cavity of this chamber display
diphasic QRS complexes consisting of an R followed by an S deflection.
Ventricular complexes of this sort are not sufficiently distinetive to have
diagnostic value. When the septum is infarcted, as well as the free wall
of the left ventricle, the cavity of the left ventricle is initially negative
because the negativity of the cavity of the right is transmitted to it.
Under these cireumstances, the eleetrocardiogram may display large Q
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or QS deflections in leads from the left precordium. The presence of
large Q waves in these leads in left bundle branch block should always
lead to the suspicion that the ventricular septum is involved.

!

Fig, 42.—Posterior infarction complicated by left bundle branch block.

A case of infarction which was complicated by left bundle branch
block is illustrated in Fig. 42. The patient was a man, aged 56 years,
who had a coronary ocelusion on Nov. 24, 1933. When he was first seen
about ten days later, the limb leads showed the changes usually observed
in posterior infarction. Exeept for inversion of the T waves in Lead V
the precordial leads were negative. A week later, the patient developed
transient intraventricular block with ventricular complexes similar to
those observed in 1937 and 1938 (see Fig. 42). The area of the QRS
group was small, and the block did not abolish the inverted T waves in
Leads II and III. It did abolish the prominent Q waves in these leads.
These curves have been published (Wilson,?? Fig. 78). When the patient
returned in 1937, the intraventricular block was again present and it
persisted. The ventricular complexes of the standard leads are of the
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kind aseribed to right bundle branch bloek, but the precordial leads
indicate that the conduetion defeet was in the left branch of the His
bundle instead of the right. The heart was in the vertical rather than
in the horizontal position. The QRS complexes of Liead V, are diphasic
and, as regards their gencral outline, of the sort obtained by leading
directly from the surface of an infarct of the left ventricular wall when
left branch block is present. But QRS deflections of this kind may oe-
cur in Lead V, merely because the transitional zone is shifted unusually
far to the left. They are not sufficiently distinctive to be heipful in the
diagnosis of infarction. A case of septal infarction plus left bundle
branch block is described in the article to which we have already re-
ferred (see I'ig. 82 of that artiele).

In conclusion, we may say that we feel certain that, in the long run,
unipolar precordial leads will be found superior to precordial leads of
other kinds. They are the hest available substitute for unipolar direet
leads from the anterior surfaces of the ventricles. They are not directly
influenced by the potential variations of the extremities; this makes them
valuable in the analysis of electrocardiographic patterns in the standard
limb leads with which we have long been familiar.

We must add that many of the views expressed here must be regarded
as tentative. There are still many problems to be solved. We do not
know exactly what degree of correlation may exist between the electro-
cardiographic position and the anatomic position of the heart. We have,
as vet, very little information as to the effect of the latter upon the pre-
cordial electrocardiogram. The factors that determine the location and
breadth of the transitional zone arve still obseure. Tt is desirable that the
effects of preponderant hypertrophy of the right and of the left ventriele
upon the form of the precordial deflections be studied experimentally.
It is still impossible to diagnose the lesser grades of this eondition with
any certainty. We need to have a better idea as to what parts of the
heart’s surface play the most important role in determining the potential
variations of the extremities and other points on the body distant from
the heart. We must study more carefully the electrocardiographic
changes produced hy combinations of lesions, such as right ventrieular
hypertrophy and right bundle branch block, aud by conduction defects
which delay the activation of local regions of muscle, particularly in
myocardial infarction (‘‘arborization block’’). We must determine
more exactly what the different electrocardiographie patterns seen in
infarction mean in terms of the size of the infaret, its loeation, and the
character of the changes in the musecle involved.

We feel sure that the future will see a great increase in the use of
precordial and other special leads, and that it will bring us far greater
knowledge of the electrocardiogram than we now possess.
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