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THE DIAGNOSIS and PROCESS of HEALING of
MYOCARDIAL INFARCTION - an ELECTROCARDIOGRAPHIC STUDY

SECTION I - METHOD and MATERIAL

The investigation which is reported in the following
pages was undertaken with the purpose of, firstly, comparing
the stendard limb leads on the one hand with the unipolar
limb and praecordisl leads on the other, in the disgnosis of
myocardial infaretion and, secondly, of assessing in what
measure the unipolar leads furnish information with respect
to the exaét localisation of the infaretion and to its
process of healing.

The work was begun in 1946 in the Cardiology Department
of Glasgow Royal Infirmary. The patients were either
in-patients or out-patients throughout the period of
observation, or they were followed up as out-patients after

dismissal from the wards. In most cases it was possible



/ possible to obtain serial electrocardiograms at widely
varying intervals, covering a maximum period of two years.
The electrocardiograms were teken with a Cambridge fixed or
a Cambridge portable electrocardiograph. The tracings were
taken in the customary order; viz. standard limb leads,
six or seven unipolar prasecordial leads and finally three
unipolar limb leads. The positions of the explofing
electrode on the chest were those recommended by the
Committee of the American Heart Association and Cerdisc
Society of Great Britain snd Ireland in 1938 and 1943. The
chest electrode consisted of a small metal disc applied by
suction to the chest. Wilson's central terminal was used,
without any electrical resistences, intervening between the
central terminal and the limb electrodes. The unipoler
limb leads were taken after increasing the sensitivity of
the instrument so that one millivolt was equivalent to
.fifteen millimetres. This was the method adopted at the
beginning of the investigation, so that, although the
Goldberger method of augmentation of the unipolaer limb leads
became the routine procedure in the Cardiology Department,
it was not considered desirable to change the established
practice in the present work. Care was taken to ensure
| that the posture of the patient was unchanged throughout
any serial tracings. As a general rule, in-patients were

lying flat in bed, unless orthopnoeic, and out-patients were



/ were invariably in a sitting posture, unless
specifically stated to the contrary, digitalis was not
exhibited.

The series consists of fifty-nine cases, all but one

being males. Age distribution is as follows:

30 - 39 years: 3 cases
40 - 49 years: 19 cases
50 - 59 years: 29 cases
60 - 69 years: 8 cases

The allocation of cases according to site of infarction
is as follows:
anterdseptalz 15 cases
enterolsteral: 11 cases
poéteripr (ineluding posterolateral): 28 cases
anteropdéterior: , . » ' 3 cases

latersal: ' . ‘2 cases



SECTION TIL

HISTORICAL REVIEW

It would be idle to speculate on what snatomist
first described or depicted the coronary arteries. They
are clearly outlined in a sketech of the heart drawn by
Leonardo da Vineili and dated 1512 and they are figured in
the illustrations of "De Corporis Humani Fabrica Libri
Segtum", published in 1543 by Vesalius, professor of
eanatomy at Padus. (andrd Wesal of Belgium). It is
believed that the drawings were made by Stephan van Calcar,
one of Titian's pupils. The course of the coronary
arteries was studied by Vieussens of Montpellier
(1641-1716) in his "Traitd du Coeur" and pathological
states of the coronary arteries, viz. calcification and
ossification, were mentioned in the writings of other
‘French and Italian morbid anatomists of the seventeenth
century. The association of pasthological coronary
arteries with dilatation of the heart was recognised by
the Itelian physiciesn, Lancisi (1654-1720) and also by
Senac (1693—1770), who wes physician to Louis XV. He
was the author of two volumes entitled "Traité’de la
Structure du Coeur, de son Action et de ses Maladies."

While morbid anatomists might also be physicians, they



/ they were not concerned, &s far as their writings
indicate, with the correlation between cliniecal symptoms
and post-mortem observetions. However, in 1761, the
subject of pathological anatomy and its relation to
clinical medicine received & powerful stimulus from the
publication of the five books of "De Sedibus et Causis
Morborum" by Morgagpi, professor of anatomy at Padua. His
records of postmortem examinations are preceded by clinical
observations. In the fashiop of the times, the writings
are in the form of letters to a friend. He describes a
case of severe recurrent chest pain in association with
pathological coronary arteries and, in another letter,
there "is & description of coronary arteries, one of which
"appeared to6 have been changed into a bony canal", in a
patient who had died of acute intestinal obstruction.

The history.of coronary artery disease, in the later
decades of the eighteenth century, shifts to the cliniecal
gide. In 1772, Heberden, who was in medical practice in
London, published his classical description of the illness
which he named "angina pectoris” based on notes, written
in Latin at the bedside of nearly a hundred patients; his
study was entirely elinical. In 1793 there died suddenly,
at & hospital conference, the celebrated John Hunter, who,
for the long period of twenty years had suffered from
angina pectoris. To his former pupil, Jenner, whose fame

more happily rests on the discovery of vaccination, fell



/ fell the sombre task of conducting a postmortem
examination. He found that the coronary arteries were
"in the state of bony tubes", and that two areas on the
posterior surface of the heart were "of a white colour --
and covered by an exudation of coagulating lymph." That
such would be the condifion of the coronary arteries had
been the prediction of Jenner and of his lifelong friend
Parry, & Bath physician, who was also conversant with
angina pectoris. In 1799, Parry published a clinical and
prathologieal study : "An Inquiry into the Symptoms and
Causes of the Syncope Anginosa, commonly called Angina
Pectoris; 1illustrated by Dissections." He was thé first
to express the view that the ossification of the coronary
arteries found in these patients was the essential cause
of their angins pectoris and subsequent death.

This theory of the etiology of anginoid pain was
shared by the Glasgow anatomist, Allan Burns, who, in
1809, published his "Observations on the Diseases of the
Heart." As an experiment he demonstrated that pain
develops in the limb musecles, rendered ischaemic by a
ligature and he drew an analogy between this pain and
angine pectoris. Nevertheless this view was criticised
'by several eminent physicians. Corrigan of Dublin, in
1837, published & paper"On Aortitis as one of the Causes
6f.Angina Pectoris" and, as late as 1894, Sir Clifford

Allbutt was still of the opinion that angina was "the /



/ "the ery of the diseased aorte.”

During the nineteenth century there was little
advancement in the clinical approach to angina pectoris.
In an era where physical signs were the favourite study
of physicians it is not surprising that a disease, notable
for its paueity of signs, should fail to excite their
interest. However the science of cellular pathology was
meking striking progress in Germany under Virchow and
Cohnheim. The myocardium became the object of intensive
pathological study. Its various fibrotic lesions, single
or multiple, patchy or diffuse, were sorted out; their
origin in the ischaemia of chroniec coronary disease was
acknowledged and their role in subsequent myocardial
dilatation and failure was realised. Sudden or acute
coronary thrombosis was also recognised. It was regarded
a8 invariably fatal because the coronary arteries were
considered to be end-arteries. This conception was
'supported by Cohnheim's experiments on dogs. He found
that ligature of one of the two coronary arteries or a
large branch of either was immediately fatal but other
workers, repeating the experiments at a later date with
improved technique, could meintain the life of their
animals for days or weeks. By the end of the century
however seversl postmortem reports were published which
described considerable enastomosis between the branches

of the right and left coronary arteries and at the same



/ same time pathologists recognised that myocardial
infaretion or its sequel, parietal aneurysm (as it was
called), were originally caused'by acute coronary
occlusion. These views were clearly set forth in two
publications, the first by Rend Marie in 1896 under the
title of "L'Infarctus du Myocarde et ses Conséﬁuences,"
and the second by Sternberg in 1914, "Das Chronische
partielle Herzaneurysmea." For the time being the
pathological study of the subject had outstripped the
clinical approach.

Although the first case of acute coronary thrombosis
to bé correctly diagnosed during life was described as
esrly as 1878 by Adam Hammer of St. Louis and Vienna it
was not until 1912 thet in the Journal of the American
Medical Association there appeared the celebrated paper of
Herrick's entitled "Clinical Features of Sudden
Obstruction of the Coronary Arteries", in the course of
which he described the clinical symptoms of coronary
thrombosis based on six cases, one with postmortem
confirmetion of diagnosis. Nevertheless, as Herrick
himself admits,'the paper failed to arouse interest. A
similar study in 1910 by Obrastzow and Straschesko in
Germany met with the same indifference but a secohd.paper
by Herrieck in 1918 found physicians prepared to appreciate
the importance and apparent frequency of the condition.

In his second paper Herrick had added two new cases both /



/ both with postmortem confirmation of diagnosis.
Furthermore, he was now using the electrocardiograph and
the prospect of enhancing the reliability of the clinical
diagnosis was indicated by the resemblance of the tracings
of one of the patients to those obtained by Fred Smith in
dogs in which a coronary artery had been ligated.
Immediately after ligation, he found that the
RS-T segment branched off from the R wave above the
iso-electric level; within 24 hours the T waves became
deeply inverted in all leads and thereafter there was a
slow return to the upright form. |

Thanks to the inventive genius of Einthoven an
electrocardiograph suitable for clinical use was
introduced into medicine in 1903. Although Kolliker and
Muller noted as early as 1856 that each beat of the
frog's heart is accompanied by the productioﬁ of an
electric current, it was not until 1887 that Waller
succeeded in demonstrating and recording a similser
current in man, by attaching, to the front and back of
the chest, electrodes led from a capillary electrometer.
In this instrument the varigtions of potential caused
changes in level of a mercury meniscus but incidentsl
physical agents such as friction and viscosity of the
mercury militated strongly against the registration of

the very small action currents of the heart. ZEinthoven
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/ Einthoven substituted a string galvanometer of his
own design for the capillary electrometer and instead of
effixing electrodes to the chest he attached them to the
extremities - the right and left arms and the left leg -
‘and thus launched the standard limb leads of to-dasy. In
Britain, Sir Thomas Lewis did much to popularize the
velectrocardiograph in his Clinical Electrocardiogrephy,
published in 1915, Thus the third decade of the century
opened with physicians alert to the clinical diagnosis of
coronary thrombosis and in the possession of an instrument
of precision, the potentialities of which were only
beginning to be explored.

During the nineteen-twenties the study of coronary
thrombosis was largely electrocardiographic. Amidst the
literature, which rapidly accumulated, certaln papers are
pre-eminent and have become classical contributions to
the subject. Pardee (1920) in New York first recorded
in men a tracing exhibiting upward displacement of the
RS-T segment originally observed by Smith (1918) in dogs
immediately after coronary ligation. This deviagtion of
the RS-T segment was recognised as & sign of coronary
artery obstruction in man and has since been named
Pardees éign. Pardee (1925) also called attention to
the unusual shape of the inverted T waves which followed
the disappearance of the RS-T elevation. The descending

limb had often & noticeable upward convexity. He named
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/ nemed this pecularity "the coronary T wave"; the
game sign was called "the cove-plane T wave" by
Rothschild et al (1926). Both labels have passed into
common ﬁsage. later, Pardee (1930) mede a special study
of the Q wave of lead III and provided it was of
sufficient size, viz. 25 per cent or more of the largest
deflection of GRS, in whichever lead this occurred, it
was teken to signify "disease of the left ventricle, so
that the right ventricle predominates during the
spreading of the contraction.” The majority of such
large QB waves were obtained in patients with angina
pectoris, but certain cases of myocardial Ffibrosis with
congestive failure and of rheumatic heart disease
espeéially with pericarditis and occasionally of
hypertension gave such records. Pardee recognised that
respiratory movements influenced the Q wave of lead III
and thet s high position of the diaphregm might explain
the occasional occurrence of a large Q3 in normal persons.
In England, Parkinson and Bedford (1928) published their
paper on the sequential electrocardiographic changes
following myocardial infarction. They described the
sequence of changes in the RS-T segment and T waves, viz.
transient deviation of the RS-T segment from the
iso-electric plane followed by deep inversion of the
T waves in either lead I or lead III and correlated the

electrocardiographic sequence with the pathological



/ pathological changes evoked in the myocardium
by coronary occlusion - the RS-T deviation indicating
spread of necrosis and the T inversion, impairment of
function, not confined to the limits of the actual
necrosis. They contended that only a large number of
gserisl records, commencing from the time of the attack,
could prove that the electrocardiogram had remained
unaffected by a clinical attack of myocardial infarction,
but they were, at the same time, prepared to admit that
there may be areas in the heart which are silent as far
as the electrocardiogram is boncerned.‘ They concluded
with the prediction that the size and distribution of
the inférct mey decide the lead in which T inversion
predominates.

Four years later, in 1932, an anteroposterior chest
lead was re-introduced into clinical mediecine by
Wolferth and Wood (1932a). They themselves pointed out
that Waller had used this link-up as long ago as 1887
and thet Lewis had applied electrodes directly to the
chest in hisvstudies of suricular action from 1909
onwards. The new anteroposterior lead consisted of an
anterior electrode placed just to the left of the
mid-line at the cardiac level and connected with the
right arm wire of the electro-cardiogram and a posterior
electrode placed medial to the angle of the scapule and

connected with the left arm wire. The normsl



/ normel configuration of this lead as originally
derived was a diphasic initial ventricular complex
beginning with a prominent downward ¢ wave. The R wave
equally large. The RS-T segment had practically no
iso-electric period and the T wave was large and inverted.
Their clinical work was inspired by their experimental
work on dogs (1933) in which they found that an
anteroposterior chest lead displayed typical changes in
the RS-T segment after ligation of the descending branch
of the left coronary artery, while the limb lead
electrocardiogram was normsl. They predicted that a
similar association might occur in the human subject and
shortly afterwards such & case presented itself. The
patient was a female of 76 years. The diagnosis of
myocardisl infarction was made with confidence on
clinical grounds. The blood pressure shortly efter the
attack was 180/100; later it fell to 155/90. The
standard limb leads on the day of a second, more severe,
attack of cardiac pain showed no sign of myocardial
infarction but an anteroposterior chest lead showed
severe devietion of the RS-T segment. However the
standard limb leads do show frank left axial devistion
with very shallow diphasic T waves in lead I. The
interpretation to-day would be anterior coronsry
insuffieciency requiring further electrocardiographic

investigation or early left ventricular hypertrophy /



/ hypertropny which is now known to be a freguent
cause of the absence of diagnostic signs in lead I
in anterior infarction. Four days after the first
electrocardiogram, lead I showed an elevation in the
ST segment measuring 1.5 mm. which the suthors admit is
"suggesfive of coronary occlusion." Thereafter the
ST-T segment became flat and later the T wave became
inverted. Soon, & second case of myocardial infarction
occurred - @ male, aged 62 years - in whom typical
RS-T deviation wes seen both in the standerd limb leads
end in the anteroposterior chest lead. As evidence of
the specificity of RS-T deviation in the anteroposterior
lead the authors collected thirty-three controls, visz.
twenty normals and thirteen cases of cardiac lesions
other than infarction; in none of these controls was
there RS-T deviation such as had been foind in the two
cases of myocardial infarction. This work was
published prior to the report on their experimental work
on dogs. Soon afterwards (1932b) the same authors
published a further paper describing three cases of
myocardial infarction in which diagnostic signs occurred
in ‘the standasrd limb leads but not in the chest lead.
One of the cases showed a Tl pattern; the other two were
probably posterior infarctions which would account for
the absence of signs in the anteroposterior lead. The

authors conclude that "the purpose of the paper is to /
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/ to show that lead IV does not in any way renlace the
routine electrocardiogram but should be used as an
adjunct to it." In the same year, 1933; Ketz and Kissin,
using the same anteroposterior lead now called lead IV,
published the electrocardiograms of twenty—five'normals :
end eleven cases of coronary occlusion of which four
showed disgnostic signs in lead IV but not in the
standard limb leads. However, lead I of all four cases
shows signs which to-day would be considered as
suggestive of an anterior coronary lesion, viz. very
slight upward bowing of the ST segment and a shallow
inverted T wave. Soén, additional chest leads weré
introduced. Wood et al (1933) added leads V and VI.
Lead V had the praecordial electrode applied to the apex
br to a point 4 cms. to left of sternum in the 5th
interspace and connected, as before, with the right arm
wire while the indifferent electrode was the left leg.
Lead VI consisted of a posterior chest electrode to which
the left arm connection was attached and the indifferent
electrode was again the left leg. By using the right
arm wire for the praecordial electrode in leads IV and V,
these early tracings showed & polarity the reverse of
that subsequently sccepted. Using particularly chest
leads IV and V the suthors studied thirty-six cases of
myocardial infarction of which nineteen were anterior in

"situation. They found that the usefulness of these



/ these lesds was greatest in the disgnosis of
anterior infarction for RS-T displacement was more
pronounced and more persistent in these leads than in
the standard limb leads. O0f the nineteen, six finally
“came to autopsy; four had infarction of the anterior
surface of the left ventricle including the apex and of
the anterior half of the septum; the fifth had fibrosis
of the left ventricular wall involving its
anterd-inferior regions and adjacent septum, and the
sixth had an entero-lateral sneurysm. However study of
the standard limb leads of these pétients shows that
frequently lead I shows RS and T signs which st the
present time would be considered suggestive, if not
diagnostic, of anterior infarection. A gimilaer ceriticism
may be made regarding the claims made for lead IV in the
diagnosis of coronary occlusion by Liberson and Liberson
(1933). In an illustrative case the chest lead showed
a conspicuous deviation of the ST-T segment suggestive of
an acute myocardial lesion, "where neither the elinical
pieture nor the standard leads suggest it." However,
the validity of this statement may be questioned because
the blood pressure fell from 170/90 to 120/66 end the
standard limb leads show diphasic T waves in leads I and II
with "coving" of their first portions. These authors
used the same positions for the electrodes on the chest

as had Wolferth and Wood but they connected the anterior
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/ anterior electrode with the left arm wire and the
posterior one with the right. Thus the main deflections
in the chest lead followed the direction of similar
deflections in thé standard limb leads. They established
criteria for the normal chest lead based on twenty
subjects essentially similar to those of Wolferth and
Wood.

Hoffman and Delong (1933) reported a study of chest
leads of one hundred and twenty-five normael cases and a
small group of coronary cases. In & subgroup designated
as showing normal standard and abnormal chest leads,
thepe are minor variations in the standerd leads, e.g.
slight inversion of T1, shallow Tl and T2, both of which

~are suggestive of anterior lesions and both of which
would ét least warrant further electrocardiographic
investigation. In another subgroup where the standard
leads were abnormal and the chest lead normal, there are
changes of T3 type, clearly indicating a posterior lesion.
This relative pauecity of signs in chest leads in posterior
infarections is nbw well recognised. The asuthors
confirmed the observation of Wolferth and Wood that at
times lead IV may show abnormal signs before they are
clear in the standard leads. They also noted that the
chestilead may revert to normal before the stsndard limb
leads and that on the other hand the chest lead may

retain a frankly abnormal pattern after the signs in the



/ the standurd limb leads have dilsappesred or at
least have become equivocal. Frobably the suthors'
evaluation of the abnormasl in 1limb ieads would be
considered too exclusive by present day standards.

Goldbloom (1934) investigated twenty-five normal
cases and forty ambulant cardiac cases, ineluding
thirteen who had hed coronary thrombosis. 0f the
thirteen, four showed an abnormal lead IV "wheress the
routine three leads are negative.” But scrutiny of the
published tracings shows that there are abnormal T waves
in all four tracings of such & nature that suspicion of
myocardial disease would be aroused.

While most workers favoured the apex-beat as one site
for the exploring electrode there was little uniformity in
the selection of other sites. However there was general
agreement that multiple praecordial leads should be
recorded and that the sites for the praecordial electrode
should be clearly defined because it was appreciated that
slight changes in the position of the electrode caused
conslderable change in the praecordial pattern.

(Hoffmen and Delong, 1933; Wood et el., 1933). It was
agreed that the right arm or the left leg should be
chosen for the indifferent electrode and that positivity
of the exploring electrode should be represented by an
upright deflection in the electrocardiogram. Groedel

(1934) and also Hecht (1936) chose as sites for the



19
/ the exploring electrode, firstly the apex-beat and,

gsecondly, & point on the prsecordium in the fourth
interspace'just to the left or right of the sternum, the
indifferent electrode being placed on the right arm.
Master (1934) investigated one hundred and four normel
adults, placing the exploring electrode near the lower
end of sternum about the level of the apex and slightly
to‘the left of the mid-line. The posterior electrode
was placed at the same level on the vertebral cblumn.
Later he selected the left leg as the site of the
indifferent electrodes. Bohning and Katz (1938) used
the same arrangement of electrodes, viz. the praecordial
electrode placed just to the left of the mid-line in the
fourth interspace and the indifferent electrode on the
left leg. They studied two hundred cases of corbnary
disease over & period of three years. Twenty-five of
the series were ulpimafely examined postmortem. The
conclusion reached by these workers was that lead IV was
of definite value in determining the presence, site and,
to some extent, the age of myocardial infarctions,
especially fhose involving the anterior wall. Roth (1935)
used three praecordial leads, viz. the righf pectoral
(sternal end of fourth right interspace) the ieft pectoral
(midway between the right pectoral and the apex); and the
epex itself; each was paired with the right arm and the

left leg. He favoured the left pectoral lead to which
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/ which he invariably attached the left arn wire and
thus obtained a tracing of which the prineipal
deflections were in the same direction as those of the
gstandard limb leads. He pointed out that in this lead
the initial upward deflection of the ventricular complex
was absent in anterior myocardial infarct?on and that it
remained so, indefinitely, &s "a residual stigma". A
similar observation had been made by Wood et al (1933),
who reported disappesrance of the initial small
component of the QRS complex in leads IV and V, as:wellﬂ
as deviation of the RS-T segment, in acute anterior
infarction. In their work, the older electrical link-up
wes customary and the small component was therefore
downward. In addition they noted the permanence of this
sign. Wilson et al (1932¢ had also described the
absence of the initial positive wave in anterior
infarction in chest leads. Wood and Seltzer (1939) used
the same chest leads as Roth did. They studied
thirty-three cases of myocardial infarction and found
serial standard limb leads diagnostic in all but one
instance but in four others the changes occurred earlier
in the chest leads so that the disgnosis was made sooner.
They derived no help from the chest leads in posterior
infarction for, here the limb leads required no
confirmation and "the chest leads had little to give."

In 1938 the American Heart Association and the
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/ the Cardiac Society of Great Britsin and Ireland
published their recommendations for the standerdisation
of praecordial leads. They selected a series of leads

. from the following points - the sternsl end of the fourth
right interspace, the sternal end of the fourth left
interspace, a point midway between the latter and that
next to be described, the mid-clavicular line iﬁ the
fifth left interspace, the anterior exillary line at the
same horizontal level, the mid-axillary line at the same
level. These are numbered C (chest) 1 to C6 with a
further initial R for right arm and F for left leg
according to the site selected for the indifferent
_ electrode.‘ If it consists of the central terminal of
Wilson (to be described) the letter V is used. Later,
(1943), €7 in the posterior axillary line and C8 in the
line of the angle of the scapula were added by the
American Heart Association since they were of particular
value in the study of posterolateral infarction.
Following the official publication of 1938 several
other papers were published establishing the normal
variations of all six praecordial leads and also the
abnormael pstterns in various cardiac lesions. Edwards
and Vander Veer (1938) studied sixty-seven subjects of
whom ten were normal. Of the six preaecordial points,
paired with the right arm, left arm and left leg, they

preferred lead CR4 because of the greater amplitude of
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/ of the deflections in this lead. Deeds and Barnes
(1940), on the data obtained from a hundred normals,
fifty of either sex, also found the right arm the most
satisfactory gsite for the indifferent electrode; they
were less favoufably impressed by the left arm and least
of all by the left leg as the position for the
indifferent electrode. Shanno (1940), studied a hundred
normal subjects (nurses from 18 to 22 years) using the
left leg as the site for the indifferent electrode.

With increasing experience most workeré began to
favour the right arm rather than the left leg as the site
of the indifferent electrode. When the former was used,
the T waves showed less physiological variation. They
were invarisbly upright in adults and only rarely
inverted in children. Wolferth and Wood (1940), wrote
an ingenious paper predicting the effect of the
potentials of right arm and left leg on those of any
given praecordial lead by a study of the standard 1imb
leads. They selected the T waves in the first instance
since they are'simultaneous in 811 three standard limb
leads. For example, if Tl is +4, T2 is +2 and T3 is -2
then T of RA is 2, T of LA is 6 and T of LL is 4. Hence
if the right arm is used as the indifferent electrode,
the T waves of any praecordisl lead will be two units
smaller than if the indifferent electrode had had no

potential, whereas if the left leg is used as the

;



23

/ the indifferent electrode, the T waves of the same
praecordial lead will be four units smaller than if the
indifferent electrode had had zero potential. In other
'Words, for this T relationship in the standard limb leads,
the lesser degree of distorsion of the praecordial
T waves is obtained by pairing with the right arm rather
than the left leg.

While physicians were preoccupied with the c¢linical
application of praecordial leads and were appraising
-their diagnostic usefulness at times with unwarranted
enthusiasm, the theoretical and experimental approaches
to electrocardiography made rapid advancement during the
fourth decade of the present century under Wilson and his
associates in HMichigan. In common with other
investigators they used a bipolar praecordial lead, the
indifferent electrode being pleced on an extremity, usually
the left leg, but they made the further advance of
eliminating, by calculation, the effect of the potentials
of the remote electrode from those recorded by the
praecordial electrode; in other words the actual
votential of the praecordial electrode was calculable,
(Wilson et al, 1931y. These principles were first
applied by Wilson et al (19325) to their classical studies
of humen bundle-branch block.

Shortly afterwards (1934a) they performed a series

of experiments on the mode of excitation of the dog's
/
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/ dog's heart.  An exploring electrode was applied
directly to the exposed ericardial surface, the
potential variations of whidh, they pointed out,were
twenty to thirty times és great as those of an
indifferent electrode placed on an extremity or on some
other part of the body distant from the heart. The
necesgity to free the_former from the influence of the
latter no longer arose. Thus the potentisl variations
of the exploring electrode, as recorded, were considered
to be those actually occurring at that point.

With such leads the electrocardiographic record,
obtained from the exposed ventricles of a normal canine
heart, shows firstly a positive deflection due to the
spread of the excitatory process from endocardium to
epicardium at the point of contact of the eléctrode, the
potential of which becomes increasingly positive as the
excitation wave approaches it. When it arrives at the
epicardium the potential of the electrode suddenly falls
to a zero or negative value. This abrupt movement is
called "the intrinsic deflection.” Sometimés the
original positive deflection is preceded by a small.
negative deflection which represents electrical forces
generated before the subendocardial muscle beneath the
electrode has been activated. As a rule the
_RS-T junction and the RS-T segment are close to the

isoelectric level; the T wave varies in sign and in /

‘
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/ in size from region to region of the exposed °
epicardial surface.

Using the same direct leads Johnston et &l (1935)
and Wilson et al (1934band 35) studied the electrical
potentials over experimental infarcts in dogs. They
found that immediately after production of the infarct by
arterial ligation there is displacement of the
RS-T junetion and segment in a positive direction and
diminution or disappearance of the intrinsic deflection.
Further, a large negative Q wave develops and the final
ventricular complex may consist entirely of a large
negative monophasic deflection. Absence of the normal
initisl positive deflection or R wave is due to failure
of electrical forces normally contributed by the involved
muscle. As & convenient label, this form of curve is
called the central type since it is obtained over the
centre of the infarct. In leads from the margins of the
infaret, the initial @ wave is less conspicuous; the
pre-intrinsic R wave and the intrinsic RS deflection are
preserved although diminished in size. Sueh curves are
conveniently named "marginal." |

The displacement of the RS-T segment above
mentioned regresses after several’hours in experimental
canine infarcts. It is followed by the development of
very large inverted T waves which, in experimental

infarets, last not more than a day.
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/ 4s early as 1930 Wilson hed suggested that a
praecordial electrode would be of value in the study of
human myocardial infarction. Heving as a foundation
the curves obtained in experimental infasrction in dogs,
as outlined above, he compared with them the patterns
obtained by praecordial electrodes in human myocardial
infarction. The necessary use of praecordiai or, as
he called them, semidirect leads in man eombared to the
epicardisl or direct leads in dogs involved some
modificetion of the tracings. The potentials variations
of a praecordial electrode are much smaller than those
of an epiecardial electrode. The potential variations
therefore of the indifferent electrode, wherever it may
be placed, are relatively much larger and cannot be
disregarded. While he might have reverted to s
mathematical elimination of theveffect,of the indifferent
electrode from the finished tracing, he evolved at this
time (19349, an indifferent electrode of practically
zero potential, now well known as the central terminal
of Wilson, so that the recorded and actual potentials of
the praecordial electrode are practically identical and
fufthermore that the curves obtained bear a striking
reéemblance to those obtained experimentally with direct
epicardial leads. The first description of the central
terminal appeared in 1934; it is based on the following

principles. If & single terminal is connected through,
/
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/ through equal resistances to any three electrodes,
then the potential of the terminel is equal to the mean
potentiél of the three electrodes. Furthermore, if the
three electrodes chosen are at the apices of the
equilateral triangle of Einthoveﬁ (right arm, left arm
and left leg) and if the theory of the equilateral
triangle is valid, then the potential of the central
terminal is zero and hence if an exploring electrode is
paired with such a central terminal, the record obtained
is that of the potential fluctuations of the exploring
electrode alone (Wilson et al, 1931la, 1934J.

In their earlier Work, Wilson and his associates
used resistances of 25,000 ohms, one such resistance
being introduced between the central terminal and each
of the three electrodes on right arm, left arm and left
leg respectively. It was at first mainteined that the
resistances had to be large in comparison with the
largest body resistance offered by skin and internal
struetures between each pair of electrodes. However
these lerge resistances made the apparatus too sensitive
to stray electric currents so that 5, 000 ohms were
subsecuently ewmployed. This central terminal'remainé
of zero potential whéther.the exploring electrode is
placed on the praecordium or on an extremity. While the
curve obtained with guch a unipolar lead placed on ;he

praecordium is very similar to that recorded by a
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/ a praecordial lead naired with an indifferent
electrode placed upon an extremity this does not obtain
when the exploring electrode is placed further from the
heart. With the use of the central terminal however,
it is possible to record the precise electrical
potentials of an extremity or of any point distant from
- the heart. Wilson's procedure was to take a unipolar
lead from each extremity (VR, VL and VF, right arm, left
arm and left leg respectively); from five points across
the praecordium from right to left (V1: right edge of
sternum at level of fourth or fifth costal cartilage;
V2; left sternal margin at same level as V1; V3: midway
between V2 and V4; V4: midclavicular line or apei-beat;
V5: anterior axillary line); sometimes also V6 in
midaxillary line, and VE at the ensiform cartilsge.

Using this technique Wilson et al made further
studies on myocardial infarction in man (1931¢, and 19329.
He found that when the anterior wall of the humen heart
is infarcted, the tracings obtained by przecordial leads
afe closely similar to those seen in direct leads in
experimental infarcts in dogs, as described above. In.
the early stages there is positive displacement of the
RS-T junction and segment, as originally described by
Wolferth and Wood (1932a) for their apical lead IV. The
ventricular complex.may have the form of a single large

negative deflection or Q wave especially over the centre
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/ centre of the infarct, although occasionally sa
small R or an RS deflection persists especially towards
the margins of the infaret. Sometimes the R wave is
represented by a notch near the base on one or other of
the limbs of the Q wave. As the RS-T displacemént
subsides, large negative T waves develop. These were
also described by Wolferth and Wood at a previous date.
Thus, as Wilson et al pointed out, there is no essential
difference between the changes in the ventricular complex
in experimental infarction in dogs and those regarded as
diagnostic of myocardisl infarction in man. The chief
dissimilarity is in the time of occurrence and the
duration of the changes. In general, the changes take
longer to evolve and to retrogress in man. The
RS-T displacement may persist for a week or longer and
the subsequent T changes may teke months to retrogress.
However fhe,modifications of the GRS deflection are
frequently permanent in man ss they are in dogs. They
81so noted that the changes in the QRS complex and those
involving the T wave are not necessarily most |
conspicuous in the same lead, frequently the‘latter are
best seen in leads further to the left than the former.
Wilson recognised the difficulty of interpreting
correctly a large S deflection in leads V1 and V2 and
cited a case (1936) which displayed those signs but which

at postmortem examination showed only hypertrophy of the/
/
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/ the left ventricle secondary to aortic stenosis.

In another paper from the same school by Kossmen and
de la Chapelle (1938) absence of the R wave was noted in
leads V1, V2 and Y3, although, at post-mortem there was
no infarction of the free walls of the right or of the
left ventricle. By probing and skewering experiments
they proved that the right ventricle was actually
subjacent to the V2 and V3 positions in many instances.
However they found involvement, by infarction, of the left
side of the septum in the particular cases studied, and
therefore came to the conclusion that the normal R wave of
the anterior praecordial leads depended on the preservation
of the normal eiectrical activity of the left side of the
septum. In view of the fact that the R wave might be
missing in leads from the right praecordium &s a normal
variant and in the left ventricular hypertrophy, the
diagnosis of septal infarction could not be made unless
signs of infarction were present in other praecordial
leads, e.g. & QR pattern or absence of R waves or by
abnormal T patterns not attributable to left ventricular
hypertrophy. However these workers laid little emphasis
on cardisc position as a determinant of QRS pattern. The
explanation of the facts in modern terms is that hearts
showing left ventricular hypertrophy tend to be
horizontsl in electrical axis and that they, as well as

normel horizontal hearts tend to have no R wave in )
/
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/ in leads V1 and V2 becsuse the potentials of the
ventriculsr cavities which are negative are referred
to the V1 and V2 positions.

Kossmanvand de ls Chapelle were also interested in
the preservation of the R wave, although diminished in
lead V3 and in those further to the left in the presence
of lesions of the anterior cardiasc wall. While they
recognised that temporary functional reduction of
électrical forces could account for such & diminished
R wave, they also suggested that it might be due to
" fibrous replacement of a sufficiént number of muscle
fibres or a subendocardisl infarction of limited degree.

Wilson (1936) also recognised that the value of
praecordial electrocardiography is not limited to
diagnosis alone. Some assessment of the size of an
enterior infarction can be reached from the number of
leads in which diagnostic signs appear; if they occur
in all five or six praecordial leads, a large infarct
can be suspected, or if only in one or two, only a small
part of the anterior well has been infarcted. Sometimes
1eéds V2 and V3 show characteristic signs while lead V4
is negative; in such cases the standard limb leads are
also likely to be negative or difficult to interpret and
hence, as Wilson pointed out, "it would seem unwise to
rely upon & single praecordial lead from the region of

the apex beat," which was, in fact, the site of lead IV
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'/ 8till be recognised in spite of right bundle branch
block. Similarly the RS-T pattern depends upon the
relative magnitude of the electrical forces produced by
the infarction in comparison with those due to the
. bundle branch block.

While the nomeneclature of préecordial
electrocardiography was officially clarified by the
publications of the committee of the American Heart
Association and the Cardiac Society of Great Britain and
Ireland (1938) and subsequently by a supplementary
report from the American Heart Agsocistion (1943) there
was little agreement regarding the merits of the various
leads, in particular the zero potential claimed for
Wilson's central terminal was challenged on theoretical
and experimental grounds by Wolferth et al (1941){ and
Wolferth and Livezey (1944). Experiments had been
performed by Eckey and Frohlich (1938), by Burger (1939)
and by Wilson’(l946) to detect any trace of potential
in the central terminal and to prove that it was so
minute that it could be disregarded. The experiments
consisted of immersion of & subject in distilled or tap
water in & tub or in a fresh water 1ake; In the first
instance the tub was metal-lined and a suitable
electrical link-up msde between the lining and the
central terminsl; in the second instance, & large metal

electrode was placed in the lake eleven feet from the



/ lead IV, the single prsecordial lesd originally
introduced by Wolferth and Wood (1932a).

On the other hand Wilson (1936) recognised that the
praecordial leads had relatively little information to
offer in the diasgnosis of posterior infarction except
during the early stages when they may show depression of
the ST segment but the potential variations of a left
thigh lesd may show positive signs of infarcetion in suech
cases because posterior infarcts generally involve the
diasphragmatic surface of the heart. The difficulty of
diagnosing lateral infsrction from the usual sites of
praecordial leads was soon evident because positive
gsigns were more prominent in standard limb leads I and II
than in the exillary leads V5 and V6. It must be
conceded however that the standard of normality by which
leads V5 and V6 hed been judged wes unduly wide by modern
criteria, for in the case figured both show negative
T waves. Combinations of signs due to two infarctions
of different age or due to a continuous anteroposterior
infarction were slso described as were also the effects
of bundle branch block on the signs of infarction.

Right and left bundle branch block are both common in
the presence of myocardial infarotion.. Wilson described
how left bundle branch block conceals any signs of
infarction of the free wall of the left ventricle in the

QRS complex of praecordiasl leeds, whereas they can still,

/
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/ the body and the potential»variations of the central
terminal with respect to this electrode were measured.
With the tub, the potential variations of the centrsl
terminal were found to be 0.2 to 0.3 millivolts (Eckey
and Frohlich), 0.26 millivolt (Burger) and 0.15 millivolt
(Wilson). Burger himself exvressed doubts as to whether
the minute potential variations of the central terminal
could be ascertained by such immersion experiments.
Wolferth and Livezey (1944) were also sceptical of the
method and c¢laimed that an electrode placed on the right
scapula was more uniformly indifferent than the central
terminal. In Wilson's review of the subject (1946) he
states that all the avallable data which have‘a bearing
on the central terminal are consistent and that all
immersion experiments give essentially the same results,
which are important considerstions in estimating their
significance. He himself remained of the opinion that
the p&tential variations of his central terminasl did not
exceed 0.3 millivolts.

Goldberger (1942) introduced some modifications of
the Wilson technique. He dispensed with the 5,000 ohm
resistances because of the fairly high skin-electrode
resistances normally encountered. This simplified
central terminsl is used as the indifferent electrode as
before, the exploring electrode being pleaced on the

praecordium or on a limb, just above the elbow or the/
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/ the knee, as required. The tracings obtained,
namely, praecordial and "ordinary" limb leads are
identical with both teehniques. Goldberger also
discovered that he could sugment the 1limb lead tracings
by one half if he detached the connection between the
central terminal and the 1limb, fhe potential of which
was being recorded; at the same time he utilised the
1limb electrode already in situ as the exploring
electrode by attaching it to the left arm cable of the
electrocardiogram. These "augmented" unipolar
extremity leads were designated aVR, aVL and aVF. Since
the sensitivity of the galvanometer is not altered he
advised that these records be read in millimetres, since
their sctual amplitude in millivolts was less by one
third compared with that of ordinary unipolar leads.

The two main advantages of the augmented method
were, firstly, that there was no further need for an
additional exploring electrode on the 1imb and,
secondly, the frequently small unipolar extremity
potentials were rendered larger without distortion'of
‘their forms and without increasing the sensitivity of
the galvanometer. However, in 1949, Bryant, Johnston
and Wilson of the Michigan school sgein advocated the
use of the 5,000 ohm resistances on both practical and
theoretical grounds; they considered that the potential

of s centrel terminel connected to the limb electrodes /
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/ electrodes through resistances of 5,000 ohms and
the potential of a central terminal connected directly
to these electrodes might be expected to differ
significently in about one cese out of ten.

In 1949 The British Cardiac Society recommended
the general adoption of the unipolar V leads. Such a
measure would have had the great advantage of uniformity
of technique in different clinics but there were still
grounds for doubt sas to the best indifferent electrode
and at the turn of the century further papers appeared
comparing the bipolar chest leads CR, CL and CF with the
V leads and also the Wilson with the Goldberger methods
of taking V leeads.

Dolgin et al (1949) studied forty-four normal
adults in whom CR, CL, CF and V leads were taken; the
unipolar extremity leads were taken by the Goldberger
method but with the 5,000 ohm resistances retained.

They found that the size of the deflections was greatest
in CR and smallest in CF leads. When the standard limb
leads'indicated right axiel devigtion, CF leads showed
very small deflections over the left praecordium and,
conversely, when there was left axial deviation CL leads
showed similar but much less pronounced diminution in
deflections over the left praecordium. CR and V leads
were less influenced by axial shift. They also

subscribed to the old view that the employment of the /
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/ the central terminal eliminated the effect of
the extremity potentials on the praecordial fracings.
They studied several abnormal subjects whose
electrocardiograms showed abnormelities of & kind wﬁich
might not be consistently recorded by all techniques.
Of particular interest is a group with healing or healed
- posterior infarction, diagnosed by inversion of the
T waves in leads II, III and VF. This finding is
asgociated with inversion of the T waves in leads V5 and
V6 justifying the diagnosis of posterolateral rather
than posterior infarction but the CF leads showed upright
T waves in all six praecordial positions obviating the
diagnosis of involvement of the lsteral wall. The
CR gnd CL leads were similar to the V leads.

4 similar analysis of C and V leads was published
in 1950 by Leatham who succinetly points out that
"Jegving theoretical considerations aside, the best
chest lead is the one which varies least in health and
shows the earliest changes in disease." As & result of
his examination of a hundred healthy adults, he»found
that normal variations in CF leads are very great
compered with those in CR and V leads due to the great
changes in potential at the electrode on the left foot
with changes in the position of the heart. He found
that for practical purposes the right arm is equally as

good as the central terminal; on the one hand the right/
/
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/ right arm hes approximetely a constant vpotential
and.Pence the seme error is always introduced and on
the other, the potential of the central terminal
epproaches zero, but is inevitabl& influenced by the
veristions in votential of the left foot. The normal
T inversion sometimes shown by CF leads over the right
praecordium and occasionglly seen in V1 and rarely in
V] leads is a further disadvantage of CF and V leads
respectively. A similsr sfudy was undertaken by
Cameron (1949) who investigated sixty cases (thirty
normel and thirty abnormal) in whom standasrd limb leads,
unipolar limb leads and multiple praeoordiél leads of

the V, CR, CL snd CF types were recorded. He found
| that the V leads represent the mean of the CR, CL and
.CF leads, i.e. that the distorting effect of the remote
electrode is thereby reduced to & minimum.

Side by side with the experimental, cliniecal and
theoretical investigations pursued by various workers
“and summerised above, efforts were made to establish
and interpret the normel patterns of unipolar V leads
in particular. Kossman and Johnston (1935) of the
Michigan School using the Wilson central terminal
exsmined thirty young mele adults and found that the
R wave representing a positive variation in the
potential of the exploring electrode is invariably

present, marking the beginning of a large and rapid /
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/ rapid excursion of the string whieh corresponds
to the intrinsic deflection of direct, experimental
leads. When timed by a simultaneous standard limb
lead I the apex of R is 0.02 sec. earlier in leads
over the right side of the praecordium than in those
over the left side.

Several years later, in 1944, Wilson et al
summarised their views on the interpretation of the
praecordial electrocardiogram. They believed that the
passage of the cardiac impulse causes positive
potentisls ahead of it and negative potentials‘behind
it. Both sides of the septum are activated from their
endocardial surfaces inwards, the left being ahead of
the right. Hence for a brief moment the potential of
the right ventricular cavity is positive, and any lead
facing into the right ventricular cavity and thus in
apposition to the right side of the septum registers s
small positive or R wave. Conversely, &t the same
moment, the left ventricular cavity is negative and any
leasd facing into the left ventricular cavity and thus
also the left side of the septum registers a fleeting
negative potential or Q wave. Thereafter the wave of
excitation passes from the endocardial surface of the
free walls of the ventricles outwards, causing a sudden
fluctuastion in potential registered by the electrode as

a positive or R wave. Wilson et al do not, in this
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/ this article, discuss further this duasl explanation
of the R wave of leads facing the right side of the
interventricular septumland the free wall of the right
ventricle. They describe the intrinsic deflection as
beginning at the moment when the exeitatory process
reaches the epicardium and the whole thickness of the
wall is‘activated. At that instant, potential
differences in that part of the wall disappear snd the
electrode suddenly registers the negativity of the
cavity below. This sudden drop in potential completes
"the intrinsic deflection."” As stated sbove, the pesk
of R is earlier, by 0.02 sec. in leads from the right
side of the praecordium than in leads from the left side
owing to the greater thickness of the left ventricle.
Leads from the right side of the praecordium have
therefore & small positive R wave followed by & large
negative S wave; leads from the left side of the
praecordium have & large positive R which is oftén
preceded by a small § wave and followed'by an S wave.
Between the right and left sides is a transition zone
where R and S are of intermediate form. Thus if the
"endocardial musele of some part of the ventricular wsall
passes into activity earlier than the musecle below the
electrode, this initial negativity of the cavity is
transmitted to the electrode and a Q wave results. If

the excitatory process is still spreading through some/
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/ some part of the ventricular wall after the
excitation of the muscle under the electrode, the
negativity of the.cavity outlasts the intrinsie
deflection and an S is inseribed. In other words the
peak of R separates deflections due to muscle activated
before, from those due to muscle activated after, the
cardiac impulse reaches the ventricular epicsrdium
under the electrode.

By taking unipolar leasds from the right arm (VR)
left arm (VL) and left leg (VF) Wilson established &
relationship between the potential varistions of the
right and left sides of the praecordium and those of
the limbs. When the heart is normal praecordiasl
electrocardiograms are of constant form irrespective of
the axis deviation of the standard limb leads but the
unipolar limb leads vary greatly with the position of-
the heart. When the standard limb leads show right
axisl deviation, the potential variations‘of the left
erm are like those of the right side of the praecordium
whereas the potential variations of the left leg are
like those of the left side of the praecordium. The
reverse occurs in left axis deviation. This
relationship is based on the fact that the potential
veristions of the left arm resemble those of that part
kof the heart's surface nearest to the left shoulder

whereas the potential variations of the left leg are/
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/ are like those of the disphragmatic surface. A
similar relationship holds in the case of the right arm
but it is opposed to the valvular orifices at the bage
of the heart through which the negativity of the
ventricles is trensmitted, irrespective for the most
part of the axis deviation. Thus by comparing VL and
VF with V1 to V6 various electrocardiographic positions
of the heart can be determined (Wilson differentiates
six) even when the axis deviation of the standard limb
leads is masked by ‘other electrocardiographic
abnormalities. The six positions are :-

Vertical Position

a) The ventricular complexes of VL resemble those
" of leads V1 and V2.

b) The ventricular complexes of VF resemble those
of leads V5 and V6.

Semivertical Position

a) The ventricular complexes of VF resemble those

of leads V5 and V6.
b) The QRS deflections of VL are small.

- Intermediste Position

The ventricular complexes of VL and VF are similar

in form and size snd like those of leads V5 and V6.

Semihorizontal Position

a) The ventricular complexes of VL resemble those

of leads V5 snd V6
b) The GRS deflections of VF are small. /
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Horizontal Position

a) The ventriculer complexes of VL resemble those
of leads V5 and V6.

b) The ventricular complexes of V? resemble those
of leads V1 and V2

Indeterminate Position

No obvious relationship between 1imb and preecordial

leads.

It must be clearly understood that Wilson's six
cardiace positions are concerned with rotation round an
enteroposterior axis. They do not take cognisance of
rotation around the other two axes, viz. the long axis
of the heart itself and & transverse or horizontal axis
through the hesart, the effects of whieh may be
conspicuous in the electrocardiogram, as will be discussed
later in this paper. Murthermore, Wilson made it clear
that he used the terms, vertical, horizontel, ete. solely
in respect of the electrical position. He did not imply
that they could be applied indiscriminately to the
anatomical position of the same heart. While the
anteroposterior axis is the only one, anatomical rotation
about Which can be roughly checked radiologically, and
while hearts which are frankly vertical on xX-ray
examination are, as a rule, vertical electrically, and
similsrly for the horizontal position, yet there are

large numbers of hearts which are intermediate or /
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/ or average in position on x-ray exsmination but

which, nevertheless, are semivertical or vertical,
semihorizontal or horizontal electrocardiographically.
These facts are borne out in the following pages.

Goldberger's approach (1949) to normel unipolar
electrocardiographic patterns is somewhat different from
that of Wilson. He clagsified them into five groups on
theoretical grounds :-

1) Leads which face the epicardial surface of the
left ventricle. They show a gR pattern and T is
usuglly upright. They may occasionally have an R
or a gRS pattern.

2) Leads which face the epicardial surface of the
right ventricle. They show an rS or RS pattern and
T is usually upright but may sometimes be inverted.

An rSr' pattern is occasionally found. ’

3) Leads which face the cavity of the right ventricle.
They show an rS pattern and T is inverted. Sometimes.
e QS pattern may appear.

4) Leads which face the cavity of the left ventricle.
Thege have a QS pattern and T is ipverted.

5) Leads which face the back of the heart.  These
have a QR pattern and T is inverted. Sometimés'a Qr
or & gR pattern may appear.

Goldberger based the above classification on a

study of multiple leads over the upper half of the trunk/
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/ trunk as well as on the limbs. He divided the
trunk by three lines through i) the second interspaces,
ii) the fifth interspsces, iii) the eleventh interspeces.
At the points where these are transected by three
vertical lines, viz. the mid-scapular, the'mid-axillary
and the mid-claviculer, leads are taken. Thus leads V4
end V6 are included but the other four praecordial leads,
Vl, V2, V3 and V5 are also recorded, as well as the
unipolar 1limb leads, & head lead and leads from both
supraclavicular fossse.

Leads from the right arm, right shoulder girdle
enteriorly and posteriorly, head, left shoulder girdle
posteriorly and right anterior part of chest, inecluding
lead V1 can be said to face either ventriculer cavity
and therefore their main deflection ié negative. Leads
overlying or facing the epicardial surface of the left
ventricle, i.e. from the left side of the praecordium,
left upper abdomen and left lower back have a positive
main deflection. Leads facing the epicardisl surface
of the right ventricle such as those over the 1dwer
mid-sternal region and the right upper abdomen have &
negative main deflection. The left arm, the left upper
abdomen snd the left leg are found to be transition
zones, i.e. their potentials vary greatly with the
position of the heart. Goldberger maintained that a

complete electrocardiographic technique should include
: /

!
i
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/ include leads that record these five basic
ventricular patterns as well as three basic auriculsr
patterns which he also described; =about twenty unipolar
leads would be necessary from which a fairly detailed
assessment of the electrical cardisc position could be
made. He discounted the validity of Wilson's method of
estimating cardiac vosition, as deseribed above, since
the extremities often face regions of the heasrt that the
praecordisl 1eadé do not face and hence it may be
impossible to correlate the two groups. Goldbverger
prefers to interpret any given praecordial or limb
pattern in terms of his five basic ventriéular forms,
described above.
| While therefore the ideal unipolar lead has not yet
been found and variations in technigue must continue and
while the interpretation of any unipolar pattern rests
on the hypothesis that there is a positive potential
ahead of the sctivating impulse in the myocardium and a
negstive one behind it, the technique of unipolar
electrocardiography has by this time come to rest on s
foundation built by long practice and adequate
mathematicel proof. Side by gide with the édvances in
the technical and theoretical fields summarised above,
its contribution to the study of myocardial infarction
has been expiored by numerous workers in the past decade.

In the paper previously cited from the Michigan

{
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/ Michigan School (1944) Wilson et al, besides
amplifying their interpretation of the normal praecordisl
unipolar electrocardiograms, summarised &bove, also
extended their views on the significance of the patterns
Ain myocardial infarction. They interpreted the central
‘type of curVe,‘viz. a deep &S deflection which is found
where the whole thickness of the ventricular wall is
dead as being due to the transmission to the praecordial
electrode of the negative potential of the ventricular
cavity through the inert "hole" or "window" provided by
the infarct. In many infarcts, however, some fraction
of musecle remains alive and gives rise to an embryonic
R wave in the course of the ¢S deflection. It mey only
be & notech on the descending or ascending limb of the
QS wave, but if the outer layers of the myocardium are
still capable of responding to the impulse, the R wave
is larger and, although still delayed, it reaches above
the isoelectric level. Thus & €¢R eomblex is recorded.
Such appearances sre common at the margin of infarets;
here also it is usual to find sharp inversion of the
T wave "due to an increase in the duration of the
excited state at epicardial surface.”

Goldberger (1945) also subscribes to the above
views, He points out that if an infarct in the left
ventricular wall is small both these leads which overlie

its epicardial surface and those which overlie the /
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/ overlie the unaffected regions of the ventricle
may show a small normael g weve because both leads face
the left side of the interventricular séptum and record
the spread of the stimulus from its left surface towards
its centrsl layers by a smell initial negative deflection.
However if the infarct is large a deep Q is recorded for
the reasohs stated by Wilson and summarised above.
. Goldberger finds that in leads which face the epicardial
surface of the left ventricle the normal q wave is less
than 0.04 sec. in duration whereas an abnormal Q wave or
‘@S deflection measures more than 0,04 sec. in width and
furthermore abnormal € or ¢S waves are ffeguently
associated with elevation of the RS-T junction and
segment or with deep symmetrical T waves in the earlier
stages of infarction. Such an association is uncommon
with normal q waves although it can occur if a fair
amount of muscle had survived the infarction.
Nevertheless when the infarct heals RS-T changes tend to
disappear slthough abnormal ¢ waves may remsin
indefinitely. In actual practice if a @ wave in s
unipolar lead over the left ventricle constitutes the
main ventricular deflection it is abnormal. Goldberger's
interpretation of CR deflections is the same as Wilson'é.

With regard to infarcts whieh involve the right

ventricle Goldberger states that an abndrmal & mey. not

sppear because leads which overlie such an infarct are/
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/ ;re also facing the right side of the septum and
hence record & small normal r wave due to the spread of
the stimulus from the left side of the septum towsards
its middle layers. However infarcts of the right
ventricle near the apex may show abnormal Q‘or QS waves
because the R wave normally recorded in this situstion
is due to the éarly arrivael of the impulse at the cardiac
‘apex and its passage through the right ventricular wall
rather than to sctivation of the septum which is in any
cage in the same plane as the electrode and hence its
electrical activities, being at right angles to this
plane, are unlikely to be recorded by such an electrode.

Goldberger also studied the Q waves of unipolar

left arm and left leg leads, pointing out that the
presence of ¢ waves in these leads and hence in the
standard limb leads is as mﬁch dependent on ,the position
of the heart as on the situation‘and size of the
infarction. He believes that the heart after an
iﬁfarction occupies a different electrical position from
that before infarction. In the first place a large ares
of muscle is no longer functioning and the force of
contraction of the remsining muscle may cause abnormel
torsion of the hesrt around any of its axes. In the
second place changes in the size of the hesrt may'occur'
after infarction due to decrease in output, cardiac

‘decompensstion or localised dilatation. In view of
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/ of these facts the differentiation of normal from
abnormal Q waves in leads VL and VF is often difficult.
As & result of his comparison of fifty cases of anterior
infarction and oné hundred uninfarcted controls either
with or without ventricular hypertrophy Goldberger
concluded that the @ wave in lead VL after infarction\
measures st least 50% of the amplitude of the succeeding
R wave which is invariably present or 30% or more of the
entire GRS and that it should be 0.04 sec. or more wide.
As with abnormal Q wa¥Ves in praecordial leads described
above, the RS-T complex shows the usual signs of
infarction but these are however temporary. It is
emphasised however that such a GR deflection may occur
in the left arm lead in the absence of infarction, e.g.
if the left arm records potentials from the back of the
heart and similarly infarction may be presen® when this
pattern is absent. A deep LS wave in lead VI may be
recorded if the left arm faces the central zone of the
infaretion; a vertical heart also causes this pattern
in lead VL but in the latter case the P wave is inverted;
in either case the T wave is inverted. Bxamples of the
above circumstances occur in the text of ihe present work.

The abnormal Q of lead VL is transmitted to standafd
limb léad I. According to Goldberger, a @ wave in
lead I is sbnormal, if the accompanying r wave is spall,

if the § is 0.04 sec. or more wide and if it is 1 mm. or
/

7
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'/ or more deep but the diagnosis of anterior infarction
is much less fallacious if it is based on the anterior
praecordial lesds and not on lead VL or standard limb
lead I. However in the case of posterior infarction
much reliance is placed on the left leg lead since, apart
from oesophageal leads, it is the only one which faces
the epicardial surface of the infarction. Based on fifty
cases of posterior infarction and one hundred controls
Goldberger's criteria for an abnormal Q wave indicative
of inferction in léad VF are: +the duration of an
abnormal Q wave should be 0.04 sec. or more measured from
its onset to return to base-line; its amplitude should
be 60% of the succeeding R wave or 40% of the entire
QRS complex. Such an abnormal Q in lead VF causes a
similar wave in standard limb leads II and III; in
lead III, according to Goldberger, a Q wave, to be
abnormal, should last 0.04 sec. at least and should
measure 50% or more of the tallest R in the standard
leads, and, in lead II, it should be 25% or more of the
size of the R wave of that lead.

The above criteria for an abnormal Q wave in,lead VE
were criticised by Myers et al (19499). They studied
fifty cases in which the final decision regarding the
presence or absence of posterior infarction was based on
-the findings in oesophageal leads. Forty-five of the

fifty ceases had fulfilled Pardee's criteris for an
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/ an sbnormal Q wave in standard limb lead III but
only twenty-four of the forty-five gave pogitive signs of
infarction in the oesophageal leads; in.the remeining
twenty-one posterior infarction could be excluded. As
Myers points out, hearts which are horizontal,
semihgrizontal or intermediate have a tall R wave and
upright T wave in lead VI derived from the left ventricle
but because the gealvanometric connection to the left arm
in lead III is the reverse of that in lead VL, a deep
QS and inverted T are recorded in lead III. However, a
Q wave in lead VF is frequently an indication of
posterior infarction. Twenty-two of the twenty-four
gubjects with proved posterior infarction showed it but
~only three of the twenty-one subjects with a Pardee Q3
and negative oesophageal lesads. Thus lead VF was a more
sccurate basis for diagnosis of posterior infarction than
the Pardee criteria for stendard limb lead III. On these
grounds Myers set down criteria for the diasgnosis of an
abnormal Q wave in lead III somewhat different.frém those
of Goldberger, viz. (i) the voltage of the QRS complex
of lead VF should be at least 0.5 millivolt; (ii) the
duration of the @ wave should be 0.04 sec. Myers
measured from the onset of the Q wave to its nadir while
Goldberger measured from onset to return to baseline;
(1iii) the Q wave should have an smplitude of 25% or more

of that of the succeeding R wave. If Goldberger's
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/ Goldberger's criterie had been applied‘to Myers!'
forty-five cases, two of the twenty-one uninfarcted
controls would have been considered sbnormal, whereas
four cases with known infarctions hed G/R ratios not
considered abnormal by his standards and two others were
borderline in his view. In the present work Myers!'.
eriteria for an sbnormal Q wave in lead VF have been
adopted.

Wilson's explanation of the coronary QS wave, viz.
that it represents the unaltered transmission of the
negative potentisls of the ventricular cavity through the
"hole"™ or "window" of transmural infarcted tissue has
recently been subjected to experimental investigation by
Prinzmetal et al (1953). He used a needle-like silver
plunge'electrode insulated exdept for its tip which he
inserted by stages through the ventricular wall of the
dog, taking electrocardiograms at each step. He found
positive potentials only in a shell of epicardial muscle;
muscle placed more deeply was negative throughout the
process of depolarisation and gave QS deflections without
R waves. Similarly the septum wes positive on its right
side, the positivity increasing as the electrode was
drawn from the surface of the right side through its'
substance towards its middle layers; thereafter as it
transversed the left side of the septum, the potentials

became less positive and finally became negative as the
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/ the surface of the left side was approsached.
Negative potentials were registered in the ventricular
cavity. Prinzmetal labelléd the S deflections found
intramurally "QSm" in contrast to those found in the
cavity "QSc" and he himself is able to distinguish them
in his experimental curves but he does not consider that
the usual clinical procedures will allow of such
differentation. He next applied his plunge electrode
to experimentally produced infarcts. He obtained QSc
curves throughout the thickness of infarcts which were
entirely fibrous, thus confirming the work of Wilson.
When he investigated infarcts with surviving muscle he
found positive potentials in the epicardial layers only;
thereafter they were negative throughout the remsinder
of the thickness of the wall. Thus, he postulated, a
QS deflection found over an infarct mey be due to ecavity
potentials, to intramurael potentials or to a mixture of
both - the more surviving muscle the greater the
intramural negativity. He also investigated the
coronary QR wave, whiech, according to Wilson, represents
the trensmission of the negative cavity potentials to
the epicardium with a resultant initisl downward
deflection, after which overlying intact muscle
contributes a positive potential, represented by the
late R deflection. He was unable to record Q waves

over his experimental infarctions or over the epicardium/
/
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/epicardium of regions of which the endocardium had
been cauterised. He considers that some degree of
epicardial damage is necessary for the production of a.
QR wave. He concludes therefore that epicardial or
praecordial electrocardiograms provide g fair
representation of epicardial potentials only,
independently of the state of the underlying intramurasl
.musecle. In the present work, the concepts of Wilson
have been retained.

Similarly, the displacement of the RS-T segment
has been investigated by experiment by several workers.
Pruitt and Valencia (1948) produced myocardial infarection
in dogs by coronary ligation and found that there was
upward displacement of the RS-T segment in leads from a
portion of the ventricular cavity adjacent to the
infarct as well as in curves obtained directly over the
infarction. They believed that the electromotive forces
regponsible for upward RS-T displacement on both aspects
of these transmursl lesions were due to the boundaries‘
between injured and uninjured muscle at the peripheral
margins of the lesion. Hellerstein and Katz (1948)
produced focal subepicardial lesions of the free walls
of the ventricles and subendocardial lesions of the free
walls and of the septum by physico-chemical means.

Their results were similar to those of Pruitt and

Velencis in so far as they found positive displacement
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/ displacement of the RS-T segment when the electrode
was placed on s subepicardial infarcet and also when fhe
electrode was within the ventricular cavity in the
neighbourhood of & subendocardial infaret but they made
further significent observations. In both casges there
is negative RS-T displacement on the other side of the
affected portion of the ventricular wall; ih both cases
the cavity potentials of the RS-T period are
transmitted unchanged through the sound myocardium of
the wall opposite the infarect; i.e. if there is a
subepicardial infarct of the anterior wall, an electrode
on the epicardium of the posterior wall registers
RS-T depression; 1if the infarct of the anterior wail is
subendocardial, the electrode in the same position
records a positive RS-T displacement. They also found
that at, or just beyond, the periphery of subepicardial
lesions, the displacement of the RS-T segment fell to
zero from its positive level over the infarct. More
distally still, it showed a zZone of negative
displacement, beyond which it again become isoelectric.
By this time the electrode was approaching the
diametricelly opposite wall where typical RS-T
depression was found.

While the latter findings await confirmation and
elinical application, the broader generalisstions

regarding RS-T displacement have been adopted in the
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/ the present work; viz. that immediately over the
subepicardial infarct, there is positive RS-T displacement
and that over the external surface of a portion of
ventricular wall of which the subendocardial lesyers are
infarcted there is RS-T depression. Lastly, when the
infaret is of some size there is RS-T depression in leads
which face the cavities of the ventricles and in leads
~over the unaffected wall opposite the infarction. To
align this statement with modern theory, the premise is
necessary that the subendocardial layers have escaped
infarction,

In the paper previously cited, Wilson (1944)
extended the application of unipolar electrocardiography
to problems of situation and size of infarction in the
solution of which he had predicted the vélue of unipolar
leads as early as 1934. On the basis of praecordial
electrocardiograms he subdivided anterior infarctions
into those involving chiefly the anteroseptal wall of the
left ventricle and those involving the anterolateral wall.
The latter frequently includes the former. An infarect
is considered to be anteroseptal in situation if
diagnostic changes are restricted to praecordial leads V2
and V3. In such cases the leads over the left side ofA
the praecordium show few, if any, abnormalities, and if’
these hearts are in the semihorizontal or horizontal

position, the pattern of these leads is transmitted to/
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/ the left arm and thence to standerd limb lead I,

which is therefore similarly uninformative of the presence
of the anteroseptal infarction. =

An infarct is said to be anterolateral if diagnostic
signs are present in leads V4 and V5; they may either be
confined to these lesds or all four leads, V2 to V5
inclusive, may show the pattern of infarction, marginal
or central. In anterolateral infarctions diagnostic
signs are frequently seen in lead VL and hence s8lso in
standard 1imb'1ead I. While ¢S or QR deflections are the
classical signs of infarction, as previously discussed,
Wilson attached great weight to anothér pattern; vig.
progressive diminution in size of the R wave as the
electrode passes from the V1 to the V4 position, thus
indicating inéreasing inability of the underlying muscle
to respond to the excitatory process. He considered
fhat this sign indicated infarction of the anterior wall
of the left ventricle.

Similarly, the large group of posterior infarctions
are divided into ®plain™ posterior and posterolatersal.
An infarct is said to be plain posterior in situation
if diagnostic signs are found in lead VF but not in any
praecordial leads, the anterior of which usually show the
signs reciprocal to infarction. If, in addition to
lead VF, the axillary leads show signs of infarction,

usually a marginal pattern, then the infarct is considered
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/ considered to be posterolateral in situation.

Both types of posterior infarction show diagnostic
signs in oesophsgeal leads. The diagnostic poésibilities
of these leads were explored by Nyboer (1941). At the
ventficular levels of the oesophagus the QRS complexes and
T waves are chiefly upright. This is in éo;trast with
their form at auricular levels where the GRS complexes
show an initial downward deflection or are chiefly
negative and the T waves are inverted. When the
posterior ventriculsr wall is infarcted however, deep
o waves occur at the ventricular level with elevation of
the RS-T segment, and, later, inversion of the T wave.
Such s tracing may be differentiated from a normal tracing
taken at the suricular levels by the distinctive form of
the P wave in the latter - it shows an intrinsic
deflection.

Sometimes & plain posterior infarction as indicated
by lead VEF has also typical signs of infarction in the
ensiform lead which Wilson took as a routine procedure.

He considered that this indicated involvement of the
inferior and basal regions of the.posterior wsgll. In
such cases praecordial leads V1 and V2 do not show the
reciprocal.signs of infarcﬁion commonly found in posterior
infsrction, on the contrary the R wave may be absent or
very small in these leads.

Combined patterns, viz. Tl and T3 types, may be
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/ be explained by reference to praecordisl and
unipolar limb leads. If an infarct is posterolateral
in situation and if the T sbnormslities- of the axillary
leads are transmitted to the left arm, standard limb
lead I will probably display them also. Hence there
are classical signs of posterior infarction in standard
limb leads II and III combined with T abnormalities in
stendard limb lead I. A similar grouping of signs may .
be found if a small anterior infarction complicates a
pre-existing posterior infarction, and, lastly, Wilson
considered that it may also arise in certain
anteroseptal infarctions where "because of some
peculiarity in position of the heart, the potential
variations of the infarcted ares are transmitted to the
left leg.™

Wilson sgain expanded his views on the diagnosis of

myocardial infarction in 1946 at the end of a discussion

on the theoretical aspects of unipdlar electrocardiography.
He described six cases each of which presents an unususl |
‘or unexplained feature. He himself was well aware of the
eiistence of these problems and of the locality to which 

further investigation should be directed. The first case

wes an snteroseptal infarction diagnosed from leads V1, V2 ..
and V3. The gpical and axillary leads were normal but
legd VI had terminal inversion of the T weve and standard

limb lead I had s flat T wave. The derivation of the
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/ the left arm potentials is not clear.  The second
cese was a high latersal infarction,.proved by multiple
leads at levels of the 4th and 3rd left -intercostal spaces
but the right praecordial leads did not show high R and
T waves as they usually do in high lateral infarction.
(Barlier in the same year, Wilson had published six cases
of lateral infarction including the case sbove quoted. He
. considered it might be a high anterolateral infarction.)
The next case showed the typical signs of a posterolateral
infarction; &t postmortem examination, the posterior
region of the left ventricular wall showed a recent infarct
whereas the lateral wall showed 0ld scarring. The fourth
case exemplified the need for seriasl tracings - & 12 lead
electrocardiogram was practically normsl eight days after
the onset of praecordisl pain which recurred daily. Two
and a helf weeks after onset, signs of a high latersl
infarct were present. The fifth case showed the signs
of right bundle branch block and posterior infsrction
in the unipolar limb leads and those of anteroseptal
infarction in the praecordial lesads. At sutopsy the
infarction extended in a crescent from the anteroseptal
wall, through the central layers of the septum to the
posteroseptal wall; 1in addition there was old scarring
of the posterolateral well. The last case presentéd the
enigma of classical signs of o0ld posterior infsrction in

standard limb leads II and III as well as in lead VF and
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/ and in multiple oesophageal leads but, many years
previously, the standerd 1limb leads had been taken in &
physiological experiment and they presented the same
signs. At no time did the subject experience symptoms
likely to be attributable to myocardial infarction.

It was clearly necessary that a close comparison be
made between the diagnosis of site and sge of infarction,
reached by full unipolar electrocardiography and the
postmortem findings - & need exemplified by the two cases
described above. This gap was bridged by the work of
Myers et al, published in 1948 and 1949. They performed
161 postmortem examinstions on subjects of whom they had
at least one set of multiple electrocardiograms. They
divided their ceses into, i) anteroseptal; ii) large
anterolateral; 1iii) posterior; iv) posterolateral;
v)‘anteroposterior; vi) lateral infarction, and
vii) infarctions of interventricular septum and right
ventricle. Their interpretation of electrocardiographic
patterns followed the Wilson school but they were more
sensitive to the effect of cardiac position both as a
cause of the vagaries of pattern upon which that due to
infarction is superimposed and as a reason for failure
to localise an infarct antemortem. Their findings are
reviewed in the appropriate sections of the present
work in so far as they are apposite to it.

However, electrocardiographic and postmortem
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/ postmortem correlations do not solve the problems
encounfered in elinical cases. The present work was
undertaken with a view to reassessing the assistance
which might be expected from standard limb leads on the
one hand and unipolar leads on the other in the diagnosis
of infarection and from the latter in the estimation of
the situation, size and healing of infarctions. The
probability has bgen kept in view that a study of the
retfogressive changes in infarction recorded in
electrocardiograms would have a bearing on the cliniecal

prognosis.
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SECTION III
ANTEROSEPTAL INFARCTION .
INTRODUCTION

It is now customary to make a diagnosis of infarction
'of the anteroseptal wall of thé left ventricle if a
QS deflection or an abnormal QR deflection is found in
leads V2 and V3 or in leads V3 and V4 or in all three
leads. While a &S deflection in these leads is always
abnormel, a QR deflection is not necessarily so.
Goldberger (1945) states that in leads which face the
epicardial surface of the left ventricle, which is the
usual relationship for leads V3 and V4, although not
for V2, a q wave is abnormal when it measures more than
0.04 éec. from onset to return to baseline or when it
forms the main ventricular deflection. Myers (1948)
considers it abnormal if it messures 0.02 sec. or moré
from onset to nadir and if its amplitude is 25% of
that of the succeeding>R wave. All fifteen casés of
anteroseptal infarction discussed in this work have
QS deflections so that doubts with respect to the /R
ratio do not arise. The classical electrocardiographic
pattern of anteroseptal infarction should have a normal
lead V1, i.e. the small initisl upright deflection or

R wave of lead V1 should persist. Being derived from the/



/ the normal activation of the left side of the septum
its persistence indicates intact septal function, at least
in its anterior part. Sometimes the R wave of lead V2
also survives but it is smaller than that of lead V1 since
it is nearing the site of infarction. This decrease in
the gize of the R wave as the electrode passes from the
V1 to the V2 or even to the V3 positions was considered
by Wilson (1944) to be an important sign of anteroseptal
infarction.  Similarly, any G waves registered by
leads V5 and V6 or by lead VI should be smell and of brief
duration since they are derived from the same source as
the R wave of lead V1, viz. from early activation of the
left side of the septum.

While this QRS pattern is typical of anteroseptal
infarction Myers (1948) points out that it may slso occur
in lateral infarction and in right ventricular dilatation.
In the former, if severe counter-clockwise rotation of
the heart about its own long axis is present, then the
potential variations of the lateral ventricular wsll msay
be referred to the prsecordium and abnormal QR deflections
may be recorded by leads V2, V3 and V4. In right
ventricuiar dilatation and hypertrophy lead V1 may show
a normel RS deflection but in leads further to the left,
there may be reduction or disappearance of the R wave.

Modifications of the typiecal pattern are common in

anteroseptal infarction and have been discussed by /



/ by Myers (1948), whose views may be summarised
as follows. Frequently 1éad V1 does not register a
smell initial R wave but, like V2, shows only a deep
QS deflection. In view of the septal origin of the
R wave of lead V1 its disappearance indicates
involvement of part of the septum, in particular of its
anterior portion so that the negative potentials of the
left ventricular cavity are transmitted through the
septal infarct to the right praecordium and exceed any
positive potentials derived from activation of septal
remnants together with those from the free wall of the
right ventricle. While therefore abnormal
oS deflections in leads V1 and V2 tend to occur as a
result of extehsion of an snteroseptal infarction into
the septum they are also found in primary septal
infarction, which is, however, an uncommon lesion.
Proof that such &S deflections are due to infarction is
afforded by the demonstration of s small initial R wave
derived from the intact posterior part of the septum ih
a lead further to the right than the V1 position, say
lead V3R.  Similarly if leads further to the left, viz.
leads V3 and V4 show abnormal & waves typical of a
marginal zone of infarction, this constitutes indirect
evidence that the QS pattern of leads V1 and V2 is due

to infarction. During the acute stage, the



/ the RS-T segment of leads V1 and V2 may provide
additional diagnostic signs, viz. elevation of the
RS-T juﬁction and straightening or upward convexity of
the RS-T segment. If the above ancillary evidence is
not available then QS deflections in leads V1 and V2
cannot be attributed unequivocably to infarction since
they may occur occasionally in normal horizontal hearts
and also in left ventriculsr hypertrophy if by backward
rotation of the apex, the mitral orifice is tilted
forwards and towards the right so that the negative
potentials of the left ventricular cavity are
transmitted to the electrode in the V1 and V2 positions
and gre large enough to exceed the positive potentials
-arising from the septum and the free wall of the right
ventricle. The same pattern also occurs in left bundle
branch block since in this condition the septum is
activated entirely from its right side and thus an
initial downward deflection is registered in leads V1
and V2.

The RS-T pattern over an anteroseptal infarction
depends largely upon its ége glthough it must be
admitted that s series of electrocardiograms displaying
sequential RS-T changes is much more reliable as an
indication of the age of an infarct than is one tracing.
Barly in the stage of injury the RS-T junction is

elevated 2-8 mm. above the iso-electric line and from /



/ from this point the RS-T segment rises in s straight
line or in & line with upward convexity to the T wave
which is monophasic and upright. These changes may
precede histological evidence of infarction, & fact which
is in sccord with experimental work in animals
(Blumgart et 21, 1941). The RS-T displacement soon .
begins to recede and the terminal portion of the T wave
begins to dip below the isoelectric line. The T wave
ultimately becomes inverted and cove-plane in contour.
| After reaching maximel depth it gradually recedes while
the RS-T junction approaches the isoelectric line and the
R5~T segment becomes less dome-shaped. Eventually the
T wave becomes flat or upright although fixity of the
RS-T pattern may occur at any point. Frequently the
“characteristic cove-plane inversion of the T wave may
become permanent and even upward displacement of the
R5-T segment may persist in occasional instances. The
above changes in combinstion with the QRS pattern
previouslyvdescribed are pathognomonic of anteroseptal
infarction when they occur in leads V2, V3 and/or V4
but the abo#e RS5-T changes, occurring alone, are not
necessarily indicetive of infarction becsuse similar
changes occur in acute righé ventricular dilatation
- end in acute pericarditis.

In acute’anteroseptal infarction sharply inverted

T waves may be recorded by lesds V5 and V6 which /



/ which frequently overlie the zone of ischaemis
around the infarction. There is no preceding
displacement of the RS-T segment and there are no
gignificant QRS‘changes. Irom these leads, the
T inversion is transmitted to the left arm and thence
to standard limb lead I. In view of the reversibility
of ischaemia it is not surprising that these T waves
usually return to normel or revert to a previous
pattern of left ventricular hypertrophy or, in the
course of a year or so, develop the signs of left
ventricular hypertrophy.

The present section of this work deais with
fifteen cases of anteroseptal infarction, of which the

- following are the case reports and electrobardiograms.




Cage 1, J.Y. male, 51 years.

The first 12-lead electrocardiogram was obtained
one week after onset of illness. The standard limb
leads are similar to those taken four hours after onset
but unfortunately on that occasion unipolar leads were not
taken. Standard limb lead I shows a small Q wave in both
instances measuring 1 mm. but whereas in the first
electrocardiogram it is one sixth of the amplitude of the
R wave, in the second it is one quarter. Examination of
the unipolar praecordial leads shows that the € wave of
standard 1limb lead I is the summetion of the abnormal
Q wave of lead VL and of the reverse of the normel initisl
positive wave of lead VR which is derived either from the
anterior cardisc wall or from the interventricular septum.
Hence the Q wave of standard limb lead I is only partly
"derived from pathological signs. Probably of greater
significance therefore is the decrease in the height of
"the R wave and the slight decrease in size of the positive
T wave. The pattern in lead VI is clearly derived from
the marginal zone of infarction, i.e. there is a Q wave
which is almost half of the size of the R wave although
both are small; there is slight elevation of the
ST segment and the T wave is flst. The tall R weve of

‘lead VF indicates vertical or semivertical cardiac position.



/ position. The praecordial leads show absence of
the normal small initiel upright deflection in leads V1
end V2. This sign almost certainly indicates septal
infarction in this case since it is accompanied by
elevation of the ST junction in these leads and by.
pathognomonic signs of infarction in leads V3 and V4.
Furthermore the heart is in a vertical or semivertical
position, not a horizontal one, and it is only in the
latter position that cavity potentials may be referred to
the right praecordium and hence there may be no small
initisl R wave in leads V1 and V2 normally. bLeads V3
and V4 shéw the classical signs of infsrction of the
anteroseptal wall, central in lead V3 aﬁd marginal in
lead V4.

During the following week, the infarction spread to
involve the lateral wall. Lead VL now reflects the
central zone of>infarction, a transmission facilitated by
forward rotation of the apex or clockwise rotation of the
heart around its own long axis both of which are common
in vertical hearts.

In spite of such s pathognomonic figure in lead VL
stendard limb lead I shows little change in its QR ratio
because, as before, the signs in lead VL are frankly
mitigated by the reciprocal of lead VR. The S wave of
standard limb lesd I has become more prominent

representing, as it does, the end of the QS deflection of



/ of lead VL. The ST-T formation of standard limb
now shows an ST plateau and. inversion of the T wave. The
praecordial leads show that the infarct has spread to the
lateral wall and that the extension is laminar. There is
conspicuous deepening of the Q wave and shortening of the
R wave of lead V4, As a corollary of the shortened
R wave, the S wave is also deeper being derived from
intact ventricular muscle elsewhere, which now forms &
proportionately larger amount of the muscle mass than in
the previous tracing. The marginal zone is now shifted
to the V5 level. Concurrently the ST-T deflections are
'evolving in the usual manner. Very deep cove-plane
T waves are seen in leads V3 and V4, messuring fifteen
and twelve millimetres respectively.

By seven and a hslf months after onset the standard
limb leads are again within normal limits. Lead VL
shows a small R wave ggain, the pattern reverting to a
marginal type. The praecordial leads show a striking
recession of signs in leads V5 and V4 both of which are
again within normal limits. Lead V3 now shows severe
splintering of its deep QS deflection, the positive
element rising just sufficiently above the isoelectric
level to be called an R wave. The same component is
represented by notching of the deep QS deflection of

lead V2. In lead V1, the QS complex remains unaltered.



/ There is still elevation of the ST junetion in
leads V1, V2 and V3 and persistent inversion of the
T waves. Thus there has been very good recovery at
the V5 aﬂd V4 levels and at least laminar recovery at

the V3 level.
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Case 2, A.J.M., male, 40 years.

This patient, an acid-worker, had had severe
praecordial pain lasting for three hours about a week
before admission to hospital. He had had no previous
chest pein. General condition was satisfactory. The
apex-beat was diffuse and the cardiac sounds were "soft
and tic-tac" in character. Blood pressure was 128/72.

Electrocardiograms were taken ten days after onset.
The standard limb leads are very suggestive of an
anteroseptal infarction with upwerd convexity of the
ST segment and sharp inversion of the T wave in lead I.
The praecordial leads show a small R wave in lead V1
diminishing practically to nil in lead V2 and a deep
¢S deflection in lead V3. This is a typical pattern of
anteroseptal infarction. Cove-plane T waves are seen in
leads V3 and V4 where they measure seven and six
millimetres reépectively but the early phase of the
ventricular complex is of normsl transitional RS form,
indicating more or less intact left ventricular muscle in
- this region. It is clear that lesd VL has derived its
potentials from the central zone of infarction for it
presents & broad notched QS deflection. It is probable
therefore that the cardiac apex was rotated forwsrds so
that the central zone fesced the left arm while intact left

ventricular wall at a lower level was referred to the /
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/ the apical and axillary leads. Such a transmission
of potentials would also be favoured by the vertical
position of the heart which is indicated by the tall R
in lead VF and especially if clockwise rotation sbout
its own long axis were added. The pattern presented by
lead VL is greatly modified by the reciprocal of the

normsel lead VR in the formation of standerd limb lead I.
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Case 3, J.M., male, 57 years.

This patient, a shop-keeper by occupation, complained
of praecordial and substernal pain of several hours
duration occurring six days previous to his attendance at
the out-patient department. The pain had not recurred and
although the patient had remained off work, he did not feel
111,

General condition was satisfactory. There was no
abnormal physical sign on cardisc examination. Blood
pressure was 130/80.

He was advised to rest in bed at home. He had no
further pain and was able to return to work.

An electrocardiogram obtained six days after onset
shows upward convexity of the ST segment of lead I without
however elevation of the ST junction. There is also
inversion of the T wave in lead I. Left axial deviation
is present. The unipolar limb leads indicate that the
electrical positioﬁ is semihorizontal; the deflections of
lead VF are small whereas those of lead VL are fairly large
and are closely similar to those of standerd limb lead I.
The unipolar praecordial leads éhow a splintered
QS deflection in leads V1 and V2. In view of the
horizontal electrical position such & pattern may be s

normal variant and not an indication of septal infarction
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/ infarction but the reappearance of an early small
R wave in these leads one month after onset of illness
indicates that its early absence is a sign of septal
involvement. In lead V3 in the esrly tracing there is
e significant Q wave followed by a shortened R wave
indicating that this lead is over the marginal zone of
infarction. This infarct would therefore appear to
involve the anterior part of the septum and the adjacent
anteroseptal weall. In spite of the limitation of QRS
changes to the first three praecordiasl leads there are
ST-T changes in all six praecordial leads, viz.
straightening or upward convexity of the ST segment and
inversion of the T wave. The deepest cove-plane
inversion of the T wave is seen ih lead V3. One month
after onset, in addition to the reappearance of the early
R wave in leads V1 and V2 as previously mentioned, there
is increase in the later R wave in lead V3 already
forecast in lead V2 by the notehing, already noted,
occurring earlier in the ventricular.deflection. At the
same time the ¢ wave of lead V3 has diminished
considerably.

At this level, viz. over the free wall of the left

vgntricle close to the anterior terminus of the septum
there has been a fair return of funetion. STQT changes

are now practicﬁlly confined to the first four
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/ four prasecordial leads and chiefly consist in
sharp inversion of the T waves. Lead VL has returned
to normel and hence also standard limb lead I.

This case demonstrates fairly rapid healing in a

septal and eanteroseptal infarct in & horizontal heart.

(6
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Case 4, J.C. male, 53 years.

This patient was admitted a fortnight after the
onset of praecordiasl pain. On the evening before
admission collapse with loss of consciousness supervened.
On recovery of consciousness, praecordial pasin was very
severe. On admission blood pressure was 90/62; the
pulse was thready and the cardiac sounds were very soft.
In the next few days blood pressure rose to 110/76 at
Which level it remasined throughout his hospital stay.

A 13 - lead electrocardiogram taken six days asfter
onset shows the typical signs of an eanterior infafction in
the standard limb leads. The significance of the tiny
Q wave in lead I is heightened by the shortness of the
R wave which follows it. There is elevation of the
ST segment in lead I and depression in leads II and III.
The pattern of standard limb lead I is eclearly derived
from that of lead VI with little modification from lead VR
the deflections of which are smsall. Lead VL has derived
its potentials from the marginal zone of infasrction which
would indicate that the infarct has encroached on the
lateral wall of the left ventricle and therefore that the
infarct is in fact anterolateral and not limited to the
anteroseptal wall. However the failure of leads V5 or

V6 to show Q waves precludes this case from the (
. /

i
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/ the anterolateral group, although no rigid
distinetion cen be made between the two types. The
praecordial leads show the typical signs of an
anteroseptal infarction; deep QS deflections are seen
in leads V1 to V4 inclusive and upward convexity of the
ST segment is seen in leads V3, V4 and V5.

The association of a persistent R wave with upward
’convexity of the ST segment in lead V5 would suggest
pericarditis or subepicardial involvement at this site.

By seven weeks after onset there is conspicuous left
axial deviation in the standard limb leads with
broadening of the GRS deflections and shallow inversion
of T1. The unipolar leads indicate that the axis of the
heart is now semihorizontal or horizontal. It is probable
that this axial deviation is due to some recovery of left
ventricular activity and not to an anatomical shift of
axis in so far as there is a considerable increase in
height of the R wave in lead V5 and in lead V4 it has
emerged for the first time, indicating some return of
left ventricular function. In addition lead V4 shows a
- further positive wave causing notching in the latter part
of the QRS deflection; this probably indicates
resuscitation of islets of muscle within the substance of
the left ventricular wall.

The patient was seen again eleven months after onset

of illness.  He complained of slight praecordisl pain
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/ pein if he welked more than two hundred yards.
Blood pressure was 100/60. The chest was rather short
and deep. Theqapex—beat was faintly palpable. The
first cardiac sounds were soft. The patient was working
steadily as a hairdresser by this time.

The finasl electrocardiographic pattern shows frank
left axial deviation with broadening of the GRS deflection
in the standard limb leads. In association with the
inversion of the T wave in lead I the possibility bf early
left bundle branch block would arise from consideration of
the standard limb leads alone but it is not confirmed from
the praecordisl leads. Lead VR now shows a pattern
commonly derived from the back of the heart a derivation
facilitated by backward rotation of the apex of a
horizontal heart. Leed VL shows a short blunt Q wave
followed by a slightly delayed R wave indicating lﬁcal
conduetion defect in the lateral wall of the left
’venfricle. The praecordiel leads show further signs of
repair. The R wave has increased in height in leads V7,
V6 and V5. In lead V4, both the early R wave and the
late positive notching of the S wave are more conspicuous
and an early R wave has now emgrged in lead V3 indicating
some return of funetion in subendocardisl muscle. A
minute R wave can be detected in lead V1 suggesting some
recovery in septal funection. However inverted or

diphasic T waves persist in some measure throughout the

/
i
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/ the praecordisl leads, the greatest degree of

inversion being seen in lead V4.
This case represents several features commonly

found in partielly healed infarcts: (i) the heart is
horizontsl with backward rotation of the anex. This
position is frequent in healing anterolateral infarctions,
and there is 1little doubt that the upper lateral wall was
involved to some extent in the present case; (ii) there
is a conduction defect in the lateral ventricular wall;
(iii) there is fairly active recovery at the leftward
margin of the infarct; (iv) there is persistent deformity
of the T waves as an indication of myocardial ischaemia or

dilatation in general.
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Case 5, C.C., male, 36 years,

This man had a sudden attack of retrosternal
radiating down the left arm one week before admission to
hospital. His general condition was satisfactory. There
was little evidence of shock and blood pressure on day of
admissién was 120/84, two days later it was 104/70 and
thereafter it showed slight variations. Radiologically,
the heart was normal in size and shape.

The electrocardiogram obtained on admission shows
elevation of the ST segment in all three standard limb leads,
especially in lead II. The T wave is small and is inverted
in all leads but again chiefly in lead II. There is no Q
wave in leads I and II but a small Q is present in lead III.

A deep QS deflection is presented by leads VI to. V3
inclusive; in lead V4 there is & sudden transition to a
QRS deflection. Elevation of the ST junction, measuring two
millimetres, is seen in leads V2 and V3 and one millimetre
in lead V4., The ST segment retains its normal upward con-
cavity in lead V2 but in leads V3 and V4 it shows straight-
ening and upward convexity respectively, typical of the
stage of organisation bf infarction., Slight upward convexity
persists in lead V5. Leads VR and VL show downward
displacement of fhe ST segment and upright T wave typical of

the intact left ventricular wall opposite an acute infarction.
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In addition the P waves are inverted. It is clear that
both leads VR and VL face the back of the heart., Iead VF
shows a very4smail ventricular deflection barely measuring
five millimetres, but there is a very small Q wave which is
as large as the following R wave, The ST segment is
s1lightly elevated and the T inverted.

The praecordial leads indicate an anteroseptal
infarction. - Because of backward rotation of the apex the
potentials fram the lower edge of the infarction have been
referred to the left leg and both right and left arms have
‘recorded the reciprocal effects of the infarction. It is
probsble that the deep QS deflection of lead V1 indicates
septal involvement and the signs at the V4 level are
suggestive of subepicardial spread of infarction at the
apex. The probable septal involvement mey explain the
splintered QRS of lead VL. The first small R wave may be
due to positive potentials derived from activation of part
of the septum from right to left and the large R wave which
follows is the delayed intrinsic deflection of the lead.
| This case emphasises the importance of asseséing
cardiac poSition before estimatigg the size and position of
an infarction and it shows how the classical signs in the
standard limb leads are influenced by unusual cardiac

positions,
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Case 6, J.L., male, 45 years.

Thié patient, a fitter by occupation, complained of
pain over the praecordium spreading over the chest,'which
had lasted for two hours, three weeks prior to admission
to hospital. The pain had been sccompanied by sweating
and vomiting. On the evening preceding admission it had
returned, its situation being over the lower end of
sternum with radiation over the chest. He recalled that
two years previously, he had had severe pain in the
praecordium, radiating over the chest and down both arms
which lasted only a few minutes but which had recurred
frequently for two or three weeks.

| Patient showed no cyanosis or dyspnoea. There was
slight elevation of temperature for several weeks. Pulse
rate at first was 80 to 90, falling to 70 to 80 per minute:
blood pressure on admission to hospital was 94/74 falling
over the next ten days to 84/74 and thereafter slowly
rising to 100/80. The cardiac sounds were soft; there
were a few rales at the pulmonary bases..

The first 1l2-lead electrocardiogram was obtained
three weeks after onset of illness. There is a small
splintered R wave in standard limb lead I but no Q wave,
which is not suggestive of infarction. The presence of &
small S wave prevents any elevation of the ST-T junction.

The slight plateauing of the ST segment and the inversion /
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/ inversion of the T wave are however indicative
either of infarction or of pericarditis. The resson for
the paucity of signs is found in the unipolar limb leads.
The deep single negative defléctions of both leads VR and
VL and the tall R wave of lead VF indicate that the heart
is vertical and therefore lead VL is unfavoursbly pleced
to register central or marginal patterns from the infarct.
There is however inversion of the T wave in lead VL which
is faithfully reproduced in lead I. The plateauing of
the ST segment is chiefly obtained from the reciprocal of
the ST depression of lead VR which is however derived from
the endocardial surface of the infarction.

The praecordial leads show absence of the R wave in
leads V1 and V2. In view of the absence of horizontal
position it is uﬁlikely that these leads are reflecting
cavity potentials; Dbecause of their association with’
ST-T signs typical of infarction in other prasecordial
leads, the pattern in leads V1 and V2 is indicative of
infarction of the anterior part of the septum and its
terminus in the anteroseptal wall. The R wave reappears
in leads V3 and V4; the latter shows & broadened and
‘ splintered S wave. Cove-plane T waves are seen in leads
V3, V4 and V5 which is their usual position in anterior
infarction. There 1s also slight upward convexity of the
ST segment. The pattern in leads V3 and V4 would suggest

/

infarction of the subepicardial layers only or
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/ or pericarditis.

One year and three months later the limb leads show
flat T waves in standard limb lead I and almost flat
T waves in the other limb leads. The GRS complexes are
typical of a vertical heart. The praecordiél leads show
peréistence of the S deflections in leads V1 and V2 and
a similar &S is registered by lead V3 but their ST-T
formations are now normsal. Either there has been some
shiftiﬁg of the electrode at the V3 position or there has
been spread of infarction at this point causing
obliteration of the R wave, in the long interval between
electrocardiograms. The persistent &S deflections in
these leads no doubt represent the ultimate replacement of
muscle by scar tissue at this stage. In lead V4 however
there are signs of laminar recovery. There is still an
early R wave but the previous notching of the broad S wave
has developed into a prominent late R wave. Functional
recovery is also reflected in the tall R waves of leads V5
and V6. There is still sharp inversion of the T waves
of leads V4 and V5 but they are out of the region
subtended by the left arm lead.

This case illustrates the scantiness of diagnostic
signs of infarction in the standard limb lesds largely
due to vertical position of the heart. Signs of recovery
and repairvare evident, viz. left ventriculsr hypertrophy

and laminar recovery at the left edge of the infarect.
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Case 7, D.M. male, 45 years.

This petient had his first attack of chest pain five
weeks before he attended the out-patient department. The
pain was of tearing ch&racter and lasted about an hour.

A further sttack occurred s week later radisting down the
left arm and had persisted in milder form during the
ensuing month. When examined at the out-patient
department his blood pressure was 140 systolic,

90 diastolic. Apart from & deep sternal furrow the
chest was of average shape. The apex beat was not
pelpable and the cardisc sounds were soft and toneless.

Standerd limb lead I of the same date shows slight
shouldering of the ST segment and & shallow inverted
T wave, of a general contour undoubtedly suggestive of &
recent anterior infarction; There is no Q wave but the
R of the RS complex is relatively small. Lead I has
clesrly derived its potentials from lead VI and although
in turn, its derivation from the praecordial leads is not
clear it is probably related more to lead V5 than to
lead V4 both of which however are over the zone of
ischaemisa. Leads V1, V2 and V3 show deep QS deflections
which when viewed in association with the residual
elevation of the ST segment in lead V3 and the cove-plane

inverted T waves of leads V3 and V4, indicate a resolving

anteroseptal infarction.
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/ The patient was seen again six months later. He
still haed slight pain in the chest radisting down the
left arm chiefly after heavier meals. Flatulence wasg
troublesome.

The standard 1limb leads, which, although abnormsal, in
so far as the QRS complex of leads II and III is broadened
and notched, now show no frank sign of a previous
infarction. Lead I no longer resembles lead VL/Which
now shows signs derived from & marginal zone of infsrection.
A slight shift of cardiasc axis may have occurred such that
the marginal zone with its Q wave has beenvbrought into
the territory of lead VL in contradistinction to its
previous reference limited to the zone of ischaemis.

In view of the smallness of the deflections in
lead VL, standard limb lead I has now derived its pattern
largely from the reverse of leed VR. The praecordial
leads show a very satisfactory regression of signs from
the axillary leads forwards. Lead V4 as well as V5 are
practically normeal. The particular interest at this date
centres on lead V3 where the R wave has returned,
gseparating a @ from an S wave. This indicates some
regeneration of active muscle elements in the left border
of the infarction.

» The last electrocardiogram was obtained more than
two years from onset of illness by which time the patienf

hed returned to work as & banker. Blood pressure was /
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/was 116 systolie, 70 diastoliec. There was very slight
cyanosis but no dyspnoea. The chest was of average shape.
The cardiac sounds were of average quality. Radiologically
the heart was of normal size and pulsation was normal.
Stendard 1imb lead I and also lead VL are normal but the
broadening and notching of the QRS deflection persists in
standard 1imb leads II and III and in lead VF. 4 deep
QS deflection persists as the only abnormelity in leads V1
~and V2. The boundary between scar tissue and active muscle
is represented by the notched QS deflection of lead V3, the
change in form from the previous electrocardiogram being no
doubt due to slight change of position of the electrode and
to the slight shift of cardiac axis. Leads V4 to V7 are
normsl.

This heart was semivertical in position. The infarct
had & broad ischsemic zone, the ST-T changes of which were
readily’referred to the left arm and therefore to lead I.

On the other hand if the deflections in lead VL are -smell
then the psttern of standard limb lead I may approximgte
much more closely to the reverse of its other component,
viz. lead VR. | In the final electrocardiogram the
limitation of any abnormalities directly attributable to
the infarction to leads V1, V2 and V3'explains the absence

of such signs from any of the limb leads.
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Case 8, W.W. male, 57 years.

This patient attended the out-pétient department
five weeks afﬁer onset of illness. He had had recurrent
angina of effort for the previous month. The sttack of
pain whiceh necessitated his confinement to bed had lasted
two hours and had radisted widely over the chest and into
both arms.

He was a powerfully built man. Blood pressure was
150 systolic; 80 diastolic. The cardiasc sounds were of
everage intensity and pure.

Standard limb lead I shows slight upward bowing of
the ST segment with shallow inverted T wave. The shape
of this ST-T formation is very suggestive of anterior
infarction; it has been derived from lead VL the
deflectioﬁs of which however are very small.

GS deflections are seen in V1, V2 and V3 and
combined with the slightly elevated ST take-off and its
upward convexity indicate an anteroseptal infarction with
anterior septal spread. The RS pattern of lead V4 with
gshouldered ST segmént and sharply inverted T wave indicate
injury to the subepicardiasl zone of muscle only.

A year after onset the standard limb leads show
shallow inverted T waves in lead I and diphasic T waves

in lead II. TLead VI has & fixed marginal pattern with




41

/ with a slurred prominent Q wave, a small R wave,
plateasued ST segment and sharply inverted T wave. Lead VF
shows a delayed intrinsic deflection indicative of a local
conduction defect affecting the posterior wall.

Leads V1 to V3 show persistent broad QS deflections
and V2 to V5 inclusive still show deeply inverted T waves.
The small upward notch in the short QS of lead V4 would
suggest'the presence of some active muscle tissue in this
region. Leads V6 and V] are in keeping with a minor
degree of left ventricular dilatation.

Clinically at this date the patient felt well. Blood
pressure wés 140/80 and the cardiac sounds were of average
quality. Rediologicelly however there was "slight

enlargement of the heart involving mainly the left ventricle"
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Case 9, F.H., male, 50 years.

This patient had had recurrent anginoid pain
dating from an acute attack which occurred nine months
previousvto his attendance at the out-patient department.
The patient had been confined to bed at home for a honth
during the initial illness.

When examined at the out-patient department he
showed normal blood pressure and no clinical signs of
cerdiac dilatation. The cardiac sounds were pure.
Blood pressure was 150/100.

The electrocardiogram obtained at that time shows
ST platééuing and inversion of the T wave very suggestive
of previous anterior infarction. Lead VL shows frank
signs of infarction, viz. a prominent Q wave, a very
small R wave, ST elevation and inversion of the T wave
- but these signs have been mitigated by the reciprocal of
lead VR which has cancelled the Q wave, increased the
height of the R wave and decreased the ST elevation. The
t81l R wave of lead VF indicates a vertical position and
the depression of the ST segment in this lead is typical
of intsct ventricular wall opposite an infarction. The
praecordial leads show deep QS deflections in leads V1,
V2 end V3 indicating previous infarction in the anterior

part of the septum and adjacent anteroseptal wall. The /
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/ The ST-T deflections of these leads have returned to
normal. In lead V4 there is a significant Q wave; in
the first ventricular complex, which is of sinus origin,
the § wave is 25% of the succeeding R wave, in the second
complex, which is a nodal extrasystole, it is almost 33%

of the R wave. There is a deep S wave which is part of

the transitional pattern between right and left ventricles.

The ST segment is slightly convex upwards and there is a
cove-plane T wave, Hence lead V4 clearly over1ies the
edge of the infarction. The ST-T formation suggests that
organisation is‘still taking place. Hence thé

ST-T pattern in leads V5 and V6 probably indicates an
ischaemic zone rather than left ventricular hypertrophy.
Thus the praecordial leads demonstrate the residue from

a8 previous septal and anteroseptal infarction, the extent
and age of which cannot be assessed from the standard

limb leads. At this late date, nine months after onset,

the electrocardiographic signs are probably fixéd,
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Case 10, M,T,, male, 43 years,

This patient had an attack of praecordial pain
lasting eight hours six weeks before his attendance at the
out-patient department. There had been no recurrence of
pain., Blood pressure was 100/70 and the cardiac sounds
were soft. An electrocardiogram shows a very small Q wave
in lead I and a sharply inverted T wave, The ST-T contour
is suggestive of a previous anterior infarction. Deep
cove-plane T waves are seen in leads V3 and V4 and lesser
degrees of inversion in leads V2 and the a%illary leads,
There is a very small R wave in lead I indicating intact
septal function but there is no R wave in leads V2 and V3,
The splintered QRS formation in lead V4 éuggests that the
infarction is laminar and not transmural at this situation,

The pattern of lead V1 which shows a prominent R
wave would suggest derivation from the anterior cardiac wall
in the region of the conus pulmonalis, the late activation
of which would inscribe the R wave. Thus there is pro-
bably forward rotation of the apex beat of this vertically
placed heart, The next set of electrocardiograms shows
satisfactory regression of the T waves in leads V1, V2 and
V3 and also in V6 but in leads V4 and V5 there is still sharp
inversion. Deep QS deflections typical of anteroseptal

infarction persist in leads V2 and V3 and appear for the
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first time in lead V4 where previously the infarction was
laminar. In view of the ease of placing the electfode on
the apex-beat, which was palpaﬁie in this case, the change
in lead V4 is probably not entirely due to shift of position
of the electrode.

Three months after onset there is still little
change in the standard 1limb leads, The only new features in
the praecordial leads are the development of a conspicuous
notch towards the end of the QS deflection in lead V4 and
the slight delay in attaining the peak of the R wave in
leads V5 and V6., The notch in lead V4 becomes a positive
late R wave tﬁo months later and by one year and eight
months after onset it has become a conspicuous late upward
deflection signifying recovery of function in the subepi-
car&ial layers at this level. Similarly, lead VL registers
a new late R wave since by forward rotation of the apex lead
VL derives its pétentials from the anterior cardiac wall.
Leads V5, V6 and V7 and also VF now show the signs typical
of left ventricular hypertrophy or dilatation, viz. increased
height of the R wave and in the axillary leads sagging of the
ST segment and shallow diphasic T waves; in addition there is
increased depth of the QS deflection in leads over the right
side of the praecordium, Although the ST-T deflections of

leads V2 and V3 have returned to normal there is still a
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deep QS deflection in both leads., Thus the last electro-

cardiogram represents a combination of various features -

.persistent signs of infarctioﬁ—viz. the absence of an

early R wave in leads V2 and 3 and V4 - no doubt an
indication now of scar tissue - signs of compensatory
hypertrophy or dilatation of the left ventricle and signs
of repair revealed by the new late R wave in lead V4.

It is to be noted that the R wave of leads V5 and
V6 is a large upright deflection as early as six weeks
after onset which would suggest that the lateral wall of
the ieft ventricle was practically intact end was therefore

& likely region to iniﬁate compensatory changes,
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Case 11, S.K. male, 44 years.

This patient, a railwayman, had been confined to bed
at home for seversl weeks because of recurring attacks of
retosfernal constrietion and numbness of the left arm
which had occurred two or three times daily for a few
‘weeks and were accompanied by weakness and sweating.

When eventually seen at the out-patient department,
the cardiac sounds were of average cuality. Blood pressure
was 150/90. There was no clinical cardisac énlargement.
The chest was of broad deep sharve. Radiologicelly the
heart showed & hypertensive configuration with some
enlargement of the left ventricle. An electrocardiogram
taken at this time shows left axial deviation in the
standard limb leads. There is upward convexity of the
ST segment and inversion of the T wave suggestive of recent
enterior infarction in lead I. This contour is derived
from lead VL where there is however a @ wave which is
twenty-five per cent of the succeeding prominent R wave.
Thus subendocardial infarction of the lateral wall of the
left ventricle is suggested. The Q wave has not been
transmitted to standard limb lead I because of the
simultaneous negative deflection in lead VR, In the
praecordial leads the first phase of the ventriculer
complex is abnormal in only two leads, viz., leads V1 and

ve. & small ¢ wave followed by an equally small R wave
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/ R wave is seen clearly in lead V2 and less

conspicuously in lead V1. A Q wave 1in these leads is
due to initiael sctivation of the septum from right to
left gnd not from left to'right which is the normal early
direction of septal potentials. The small R probably
represents potentials arising in the free wall of the
right ventricle. Leads further to the left show s
transitional RS pattern or a left ventricular pattérn but
there is no G wave in leads V3 to V6 inclusive. However
the shape of the ST segment and the cove-plane T waves
are very typical of an anteroseptal infarction; the
deepest inversion is seen in lead V4 where it reaches
sixteen millimetres. It is probable therefore that the
region of the free wall of the left ventricle actually
infarcted was at a higher level than the sites of these
praecordial leads, especially in view of the fact that
leasd VL records a significant Q wave. The alternative
explanation for the Q wave is that it is the result of the
normal activation of the unaffected posterior part of the
~se§tum. Thus septal infarction can be diagnosed with
some certainty end there is a high probability that the
anteroseptal wall is also involved.

Patient was again examined more than a year later.
He stated he felt well although he still had upper sternal
- pein radiating into the neck on wealking. Exertional

dyspnoes was also present. The build was stocky and thef

i
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/ the chest broad and deep, as before. The heart

sounds were soft. Blood pressure was 156/100. The
left shoulder joint was painful on movement. An
electrocardiogram now shows severe left axiel deviation.
There is now a small Q wave in standard limb lead I
derived from lead VI where it is now early enough to evade
cancellation by the negative deflection of lead VR. It is
clearly & normel septal € in lead VL and therefore it was
probably of similar nsture in the first tracing. The
residual signs bf the septal infarction can be detected in
leads V1 and V2. The T waves of the praecordial leads
have regressed almost to normal.

This case is an example of a septal or more probably
septal and anteroseptal infarction occurring in a

horizontal heart due to left ventricular hypertrophy.
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~Case 12, S.W., male, 51 years.

This patient, 'a steel-worker, first attended the
out-patient department gix weeks after an attack of
enginoid pain lasting several hours. General condition was
good. The cardiac sounds were soft and B.P., was 116/70.
Radiologically the size of the heart was normal although
the left border was prominent.

Electrocardiograms taken six weeks after onset show
shallow inversion.of the T waves in lead I as the sole
evidence of possible anterior infarction. The praecordial
leads however show deep QS delections in leads V1 to V3
inclusive, combined with deep cove-plane T waves indicating
anterogeptal infarction. In lead V3 and T inversion is
deepest, measuring thirteen millimetres,

Recovery was uneventful. When seen again eight
months after onset the cardiac sounds were soft; B.P. was
120/60. Eight months after onset the ST-T segment of
standard limb lead I is practically flat. While allowance
must be made for shift of electrode the pattern of lead
V4 would now suggest further subehdocardial infarction in
the region of the apex. There is a Q wave which is very
probably significant of subendocardial involvement because
it measures at least twenty-five per cent of the succeeding

R wave and because there is no Q wave in leads further to
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the left. The upward ST.bowing is highly suggestive of

a recent lesion. In the other praecordial leads, inversion
of the T wave has almost disappeared but QS deflections
persist in leads V1 to V3 inclusive. The unipolar limb
leads indicate that the heartis in the intermediate or
semivertical position so that the absence of an R wave in
lead V1 is probably due to involvement of the anterior

. part of the septum.

The final tracing taken one year and eight months
after onset shows frank left axial deviation in the stand-
ard limb leads. The unipolar limb leads indicate that
the heart is now in the intermediate position. The end
of the T wave of leads V1, V2 and V3 is inverted but the
prominent U wave of these leads gives a fallacious im-
pression of this inversion. Otherwise there is no ST-T
abnormality in the praecordial leads. Deep QS deflections
persist however in leads V1, V2 and V3. The Q wave pre-
viously seen in lead V4 has now disappeared. The apical and
axillary leads show increased height of their R waves which
is either due to the assumption of the intermediate position
or to early left ventricular hypertrophy. There is no sign
of regeneration at the left edge of the infarct where it
is most likely to occur.

At this date (one year and eight months after onset)
the patient felt and looked well. B.P. was 130/80. The



59

The chest was of average form and the apex beat was palp-
‘able in the 5th left interspace in mid-clavicular line,
The cardiac sounds were of a&érage intensity and pure.
Radiologically there was obvious increase in size of the
cardiac shadow, especially to the left (see facsimiles).

These findings are consistent with the electrocardiograms.
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Case 13, W.L. male, 51 years.

This patient attended the out-patient department
five and a half weeks after an attack of chest pain which
lasted twelve hours, There was no c¢linical enlargement
of the heart; the cardiac sounds were séft and pure;
blood pressure was 120/70.

An electrocardiogram shows & low upright T wave in
standsrd limb lead I; there is s prominent Q wave in
lead IITI which is not necessarily abnormal in this lead.
The unipolsr limb leads show slight upward convexity of
the ST segment and very shallow inversion of the T wave in
lead VL but these have largely been cancelled out in lead I
by the reverse direction of the ST-T contour derived from
lead VR. Lead VI shows a small ventricular complex just
reaching five millimetres and consisting of a small Q wave
whiceh is however half of the size of the succeeding R wave,.
It is probable that this QR formation is derived from the
marginal zone of infarction by slight backward rotation of
the cardiac apex. The Q wave of lead VF added to the
reciprocal of the R wave of lead VL accounts for the
prominent Q wave of standard limb lead ITII.

The praecordial leads show deep QS deflections in
leads V1, V2 and V3. A notch early in the downstroke of

the QS in lead V3 is clearly the homologue of the very
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/ very small R wave which appears in lead V4,
separating a small Q from a deep S wave;  this represents
a marginal pattern. Cove-plane T weves are prominent in
leads V2, V3 and V4, deepest in V3. The praecordial
leads are thus typical of an anteroseptal infarction in
the stage of orgenisation. The question as to whether
the deep QS deflection in lead V1 represents septal
involvement or a normal variant in & horizontal heart
must rest on the assessment of cardiac position. The
pattern of lead VF would suggest an origin from the left
rather than the right ventricular surface and hence thset
the cardiac position is intermediate to vertical with,
probably, some backward rotation of the apex, such that a
marginal pattern was transmitted to lead VF. Hence the
QS deflection of lead V1 probably representé septal

involvement.
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Case 14 H.W., male, 55 years.

This patient, a coal-filler by trade, was seén
at the out-patient department four weeks after a severe
-attack of substernal pain which had confined him to bed
at home for three weeks. Blood pressure was 128/80.
The cardiac sounds were of average intensity and pure.

| An electrocardiogram shows inversion of the T
wave in standard limb lead I as its sole abnormality.
The unipolar limb leads are slightly more informatiwve
. in so far as there is a minute Q wave, a small R wave,
8light shouldering of the ST segment and inversion of
the T wave in lead VL, which constitutes an incomplete
marginal pattern of infarction. The unipolar prae-
cordial leads are indicative of anteroseptal infarction;
there is a deep QS deflecfion‘in leads V2 and V3. The
interpretration of theldeep QS deflection in lead V1
depends on the electrical position of the heart, It

occurs as a normal variant in the horigzontal electrical
‘position but it is improbable that such was the position
of the heart in this case. Although the assessment of
cardiac position is always hagzardous in the presence of
infarction, the chief ventricular deflection in both
leads VL and VF is an R wave which would suggest the
intermediate position in this case. Hence the deep QS

deflection of lead V1 is probably pathological and
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indicates involvement of the left side of the anterior
terminus of the septum. The apical lead V4 has a tall
R wave preceded by a minute Q wave. Although the Q/R
ratio is well within normal limits, the Q wave is not
repeated in leads further to the felt. Besides the Q
wave of lead V4 is accompanied by shouldering of the
ST-T segment and inversion of the T wave, which would
suggest a derivation from the periphery of the infarct,

Ten months latér, the patient was examined
again, He still complained of pain in the front of the
left chest accompanied by dyspnoea on walking,
especially after a meal, The pain would radiate down
both arms. He was slightly cyanosed. Blood pressure
was 104/60, The apex-beat was faintly palpable in
normal situation and the cardiac sounds were pure.

The only change in the standard limb leads is
the development of a small Q wave in standard limb lead
I, derived from the prominent Q wave which has appeared
in lead VL., Thus lead I remains suggestive of a
previous anterior infarction. The praecordial leads
show signs of partial healing. A tinyVR’wave has
returned to lead V1 but leads V2 and V3 show the stigma
of previous infarction in persistence of a deep QS
defleetion. However a new late R wave has appeared in

lead V4 homologous to the heightened R wave of lead V4
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and indicative of laminar recovery in the subepicardial
layers, The Q wave of lead V4 is nowﬁclearly
pathological - it is thick and splintered and lasts
0.04 sec. It would indicate persistent involvement of

the subendocardial layers.
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Case.15, D.H., male, 38 years.

This patient had sudden severe substernal pain
~awakening him out of sleep and 1aéting 8ix hours a fort-
night before his attendance at hospital. Blood pressure
was 106/78. There was no cardiac eniargement but the
sounds were of poor guality. The standard limb leads
show no QRS abnormalities but the ST-T signs are very
suggestive of anterior infarction - the cove - plane
inversion of the T wave -of lead I and the large upright
symmetrical T waves of leads II and III. ZIead VL has
clearly derived its potentials from the central zone of
infarction due either to clockwise‘rotation of the

heart around its own long axis or to forward position

of the apex. The praecordial leads are typical of an
organising anteroseptal infarction. There are deép QS
deflections in leads V2 and V3 with very deep inversion
of the T waves, The deep QS deflection of lead V1
probably represents extension into the anterior part of
the septum; it is unlikely to be a normal variant since
the heart is not ljing in the horizontal electrical
position. The largely positive QRS of lead VF is
indicative of an intermediate to vertical position.

The apical lead V4 has a normal QRS complex but its ST-T

formation is typical of the ischaemic zone around the



infarction.

An electrocardiogram taken ten weeks after onset
shows little chaﬁge in the standard limb leads. In
lead VL however a small R wave has returned; in the
previous electrocardiogram it was répreéented by a notch
at the foot of the QS deflection. The praecordial leads
show diminishing inversion of the T waves and in lead V3
the R wave has also reappeared, separating a promineﬁt
Q wave from a deep S wave and indicating some laminar
- recovery in the leftward edge of the infarction.

The position is fur ther clarified by the tracing
obtained more than tw& yearsvafter onset., The standard
limb leads no longer show any sign of infarction but
left axial deviation is clearly established, Thé
unipolar praecordial leads supply a clue to the change
of axis; lead VL shows a tall R wave, lead VF a RS
complex, the S wave being the more conspicuous, This
combination of signs is typical of a semihorizontal
position., Presumably, healing of the infarct with local
functional recovery of muscle accounts, in part, for the
electrical axial shift bﬁt a sequence of changes, as
striking as those displayed by leads VL.and VP would
favour the view that a minor change in anatomical axis
had occurred, especially in view of the long interval

of two years between the two tracings. The praecordial
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leads show persistent QS deflections in leads V1 and V2,
'the latter especially being the usual residuum of
infarction; 1lead V3 shows the pattern of laminar
recovery previously noted; lead V4 has a marginal
pattern with a thick Q wave, measuring thirty per cent
of the size of the subsequent R wave., Its pathological
significance is emphasised by the absence of a Q wave
 in leads further to the left. In all the praecordial
leads, the ST-T formation is normal;

This case is an example of a well healed
anteroseptal infarction with change of electrical axis

in a horizontal direction.
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COMPARISON OF STANDARD LIMB IEADS
AND UNIPOLAR LEADS
IN THE DIAGNOSIS OF

ANTEROSEFTAL INFARCTION

Myers et al (1948) studied twenty cases of
anteroseptal infarction, correlating electroéardiographic
and pathological findings. Eighteen of the twenty fail
to show signs diagnostic of infarction in standard 1limb
lead I. In at least six of the eighteen, the infarction
was old and hence ST and T changes in any lead are minimal
or unattributable to infarction and, in any case, the
evidence of the previous anteroseptal infaretion in these
cases is confined to leads V1 to V3 or, perhaps, V4 at
most. TMurthermore, fourteen of the eighteen cases had
left ventricular hypertrophy, the pattern of which, as
explained above, 1is registefed by lead I. A1l twenty
cases came to autopsy but the cause of death in seversl
cases was not the myocardisl infarection. Renal abscess,
‘gangrene of leg, peritonitis and uraemis occurred and it
is possible that the electrocardiographic pattern of a
focal lesion such as infarct wes modified by the presence

of a general toxaemic myocarditis. Similarly
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/ Similarly, the effect of cedilanid in depressing the’
ST 'segment and thus obliterating any ST elevation cannot .
be ignored. The two cases of Myers' series which showed
diagnostic signs in lead 1 were very recent cases and
showed "a cardiac position which favoured transmission
along a pathway from the C3 or C4 presecordial position to
the left arm in place of the more common pathway from the
axilla to the left arm".

Bain and Redfern (1948) in the course of a study oh

the Clinical Value of Unipolar Chest and Limb Leads

describe ten cases of anteroseptsl infarction in seven of

which the T wave of lead VL is "just inverted". In only

two of the seven however is the T wave inverted in standasrd

limb lead 1 although in two others it is flat. No
explanation is offered.

A short paper dealing with "The compafative value of
the sugmented unipolar limb leads versus the standard limb
leads in myocardisl infarction"™ was published by Fiske in
1950. He analysed twenty cases of infarction with
postmortem confirmation. There were eight cases of

anterior, seven of posterior and five of combined anterior

and posterior infarction. He statés that the § wave of lead-

aVL is more valuable than that of standard limb lead 1 in
the diagnosis of anterior infarqtion because of its

gregter dimensions not because of any greater specificity.
This statement is subsequentiy qualified by the observation

that lead sVL is more informative than lead 1 in /
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/ in anteroseptal infarction and inferior to it in
anterolateral infarction; the explanation is offered
that in view of the actual position of the hesrt and the
fact that the septum lies in an almost frontal plane, the
septal effects are more readily projected to the left
shoulder than are the lateral effects. The present work
supports the facts in respect of anteroseptal infarction
but not the explanation. However Fiske concludes by
stating that the chest leadskare superior to both the
standard and the unipolar limb leads in the diagnosis of
anterior infarction - & belief which is now generally
held. He propounds the view that the R waves of the
unipolar limb leads, in particular, of leads aVR and aVL,
which contribute to the formation of the ¢ Wéves‘of the
standard limb leads may be more than mere passive agents.
He believes that the timing and size of these R waves may
be altered by the presence of the infarction and thus
increase the specificity of the Q waves of the standard
limb leads, in particular of lead I and lead III
respectively.

The present work lends favour to this thesis in
respect of the more extensive anterolateral infarctions
as discussed in é subsequent section. However, Fiske
leys little emphasis on cardiac position as a
determinant of the QRS patterns of the limb leads.

The ratio /
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/ The ratio of the amplitude of T1 to T3 as an
indication of a focal ischaemic myocardial lesion has
been explored by Goldberger (1947) and by Dressler and
Roesler (1948). Both studies are analyses of the
pattern T1 less than T3, both being positive.
Goldberger's material consisted of twelve-lead
1

electrocardiograms from five hundred unsssorted patients. ;
_ |

He makes the statement suceinetly that T1 is less than T3 i
when T of the left arm is negative. This may oécur as a |
normal variant and also in the presence of left ventricular \
hypertrophy and of anterior infarction, both of which will ]
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