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Comparison of scalar and vector electrocardiographic
diagnosis and localization of myocardial infarction

G. McNeill, D. Emslie-Smith, and K. G. Lowe

From the Department of Medicine, University of Dundee, Dundee

A prospective study was made of 8o patients during typical clinical episodes of acute myocardial infarction
with biochemical and scalar electrocardiographic confirmation. Nine patients had bundle-branch block and 12
had had previous episodes of myocardial infarction. Serial electrocardiograms and vectorcardiograms were
recorded during the first week in hospital. The most strikingfinding was that in more than half the cases there
was disagreement between the electrocardiogram and vectorcardiogram in the localization of infarction. The
earliest evidence of infarction in the electrocardiogram is often restricted to ST and T changes though in the
corresponding vectorcardiograms evidence of infarction may be present in the QRS loop. In those cases in
which both electrocardiogram and vectorcardiogram show QRS abnormalities these are frequently detected
earlier in the vectorcardiogram, but the converse is rare.

Criteria for the scalar and vector electrocardio-
graphic diagnosis and localization of myocardial
infarction have been proposed and improved upon
over many years. Their correlation with each other
and with subsequent necropsy findings have led
some authors (Gunnar et al., I967) to claim that
the spatial vectorcardiogram, and others (Simon-
son et al., I966) that the scalar electrocardiogram
provides the better diagnostic information. It seems
to be impossible to devise perfect diagnostic criteria
for either the electrocardiogram or vectorcardiogram
and an increased diagnostic sensitivity of any pro-
posed criteria is offset by a concomitant loss of
specificity with quite high rates of false-positive
diagnosis (Eddleman and Pipberger, I97I). The
electrocardiogram is particularly useful for studying
changes in the ST segment and T wave, whereas
ST and T vectors are not easily analysed in the
vectorcardiogram. On the other hand, electrical
events during ventricular depolarization are often
more clearly demonstrated in the vectorcardiogram
than in the electrocardiogram. Moreover, the natural
history of coronary artery disease and the morbid
anatomical accompaniments are so varied and com-
plex that in clinical practice we are not always pre-
sented with clear-cut cases of myocardial infarction
precisely limited to one area of the left ventricle.
Rather do we see a spectrum of disease, and patients
may present with infarction that is single or mul-
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tiple, old or new, localized or diffuse, and often
associated with other cardiac abnormalities such as
cor pulmonale, hypertensive heart disease, and dis-
turbances of conduction.

Despite these facts, the computer-assisted analysis
and interpretation of routine electrocardiograms,
using programmes based on rigidly defined num-
erical criteria, is already in use, and there is insuf-
ficient awareness of the limitations of the practice.
We therefore decided to study prospectively a
consecutive series of patients with acute myocardial
infarction and to compare the electrocardiogram
with the vectorcardiogram according to selected
but widely acceptable diagnostic criteria. We have
also studied and compared the evolutionary changes
in the electrocardiogram and vectorcardiogram by
taking serial records during the acute clinical epi-
sodes.

Vectorcardiographic diagnostic criteria
The recognition of myocardial infarction from the
electrocardiogram has been a universal daily prac-
tice for decades and does not require further com-
ment here, but the recognition of infarction from
the vectorcardiogram has been developed much
more recently. In the cardiographic diagnosis of
infarction it is customary to designate sites based on
electrical rather than anatomical considerations
(Walsh et al., i962), and it is usual to distinguish
the following: inferior, anteroseptal, anterolateral,
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and posterior (with variations according to different
authors), singly or in combination. The criteria for
the vectorcardiographic diagnosis of infarcts in these
conventional sites are as follows.

Inferior infarction
Significant elevation ofthe early vectors (10 to 30 ms)
in the frontal and sagittal planes and clockwise
rotation of the initial part of the QRS loop in the
frontal plane are the chief features of inferior in-
farction (Milnor et al., i95I; Scherlis and Grishman,
I95I; Burch et al., i955; Young, Wolff, and Chat-
field, I956a; Sodi-Pallares, i956; Burch et al.,
i958; Howitt and Lawrie, I960; Hugenholtz,
Whipple, and Levine, 196ib; Hugenholtz, Forkner,
and Levine, Ig6Ia; Tranchesi et al., i96i; Wolff
et al., i96i; Walsh et al., i962; Abramson, i963;
Hoffman, Taymor, and Gootnick, i964; Gunnar
et al., i967).
The criteria we have selected (Gunnar et al.,

i967) successfully predicted infarction in 92 per cent
of the authors' cases and correctly localized the site
when correlated with necropsy findings. On the
other hand, the criteria were fulfilled in 32 per cent
of patients with normal hearts.

Anteroseptal infarction
Criteria for the diagnosis of anteroseptal infarction
have been largely based on the posterior direction
of early vectors (IO to 30 ms) in the horizontal
plane (Scherlis and Grishman, I95I; Karlen, Wolff,
and Young, I956; Burch, Horan, and Cronvich,
I956; Burch et al., I958; Howitt and Lawrie, I960;
Wolff et al., I96I; Hugenholtz et al., I963; Simon-
son et al., I966; Gunnar et al., I967).

Anterolateral infarction
The chief criteria for the diagnosis of anterolateral
infarction are the clockwise rotation of the initial
forces and the posteriorly directed 20 ms vector in
the horizontal plane, and counterclockwise rota-
tion of the QRS loop in the frontal plane (Scherlis
and Grisham, I95I; Burch et al., I956, I958;
Howitt and Lawrie, I960; Hugenholtz et al., i96ia,
b; Wolff et al., I96I; Doucet, Walsh, and Massie,
I966; Gunnar et al., I967).

Posterior infarction
Criteria for the diagnosis of posterior infarction
depend on quantitative aspects of the anterior dis-
placement of the QRS loop in the horizontal plane
(Scherlis and Grishman, I95I; Elek et al., I954;
Jacobson et al., I959; Rothfield et al., I959; Hugen-
holtz et al., i96ia, b; Wolff et al., I96I; Tranchesi

et al., I96I; Walsh et al., I962; Hoffman et al.,
I965; Gunnar et al., I967).

J vector and T loop criteria
Diagnostic features based on the direction and
magnitude of the J vector and on the direction,
shape, and route of inscription of the T loop have
been described by a number of authors (Cosby
et al., I955; Burch et al., i955; Hoffman and
Schack, I956; Karni, I956; Karlen et al., I956;
Young, Wolff and Karlen, I956b; Sano et al.,
I960; Tranchesi et al., I96I; Chou, Helm, and
Lach, I964). The J vector and T loop are difficult
to study and the vectorcardiographic diagnosis of
infarction is usually based on abnormalities of the
QRS loop.

Diagnosis of myocardial infarction in
presence of ventricular hypertrophy and

bundle-branch block
Complicating cardiac conditions can make the diag-
nosis and localization of myocardial infarction more
difficult. These include left ventricular hyper-
trophy (Burch et al., I955; Wolff, I955; Young
et al., i956b; Karlen et al., i956; Milnor, I957;
Hugenholtz et al., i96ib, i963; Simonson et al.,
i966), and right ventricular hypertrophy (Hugen-
holtz et al., Ig6Ia; Rothfield et al., i96i; Tranchesi
et al., i96i; Gunnar et al., i967). Right bundle-
branch block causes difficulty with the diagnosis of
posterior infarction (Doucet et al., i966; Simonson
et al., i966; Gunnar et al., i967). It is often difficult
to diagnose infarction in the presence of left bundle-
branch block, but it may be possible in some cases,
for example, of anterolateral infarction, and here
the vectorcardiogram has some advantages over the
electrocardiogram (Hugenholtz et al., I96Ib; Simon-
son et al., I966).

Case material
Eighty men and women with clinical, biochemical, and
scalar electrocardiographic evidence of acute myocardial
infarction were investigated after their admission to the
medical wards of the Dundee Royal Infirmary. Patients
with severe shock or persistent cardiac arrhythmias were
not included in the series. All had persisting retrosternal
pain lasting more than I5 minutes. The series included
cases with no evidence of previous cardiac disease and
also patients with pre-existing disease such as angina
pectoris, hypertension, and previous episodes of myo-
cardial infarction. In all the cases with a history of pre-
vious infarction there was evidence of recent infarction
on the scalar electrocardiogram.

Methods
Biochemistry
Serum glutamic oxaloacetic transaminase (SGOT) and
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hydroxybutyric dehydrogenase (HBD) levels were esti-
mated routinely in the Clinical Chemistry Department
by methods based on those of Reitman and Frankel
(I957) and Elliot and Wilkinson (I96I), respectively. In
each case there was a significantly raised serum level of
SGOT or HBD within 5 days of hospital admission.

Electrocardiography
Within 8 days of admission to hospital 4 serial scalar
electrocardiograms and 4 serial vectorcardiograms were
recorded. Corresponding cardiograms were performed
within IO minutes of each other. The first cardiograms
were performed within 30 hours of hospital admission
and the second and third within the following 72 hours.
The fourth and final cardiograms were performed on the
seventh or eighth day after admission.

Vectorcardiography
We used the system of electrode placement devised by
Frank (I956). A Sanbom vectorcardiograph was em-
ployed, with a storage oscilloscope and an ultraviolet
polaroid camera. The horizontal, frontal, and right
sagittal projections of the spatial QRS loop were photo-
graphed. Several QRS complexes were visualized to
ensure that varying complexes, attributable to aberrant
conduction or ectopic foci, were not present. If the pro-
jections of the P and T loops obscured the QRS loop
they were erased from the oscilloscope so that undis-
turbed solitary QRS loops could be photographed. The
inscription of the QRS loops was interrupted at 5 ms
intervals. The deflection of the cathode ray on the
oscilloscope could be altered allowing a deflection of
i cm to be equivalent to 0.1, 0.2, 0.5, or I.O mV.
Although the patients were usually in a recumbent

position and breathing quietly while the cardiograms
were being taken, the presence of breathlessness, and its
management by a more vertical posture, did not enable
cardiograms to be taken in a precisely uniform posture
and at a constant phase of respiration.

Vectorcardiographic criteria
Evidence of myocardial infarction was sought on the
serial vectorcardiogram, employing the criteria for in-
ferior, anteroseptal, anterolateral, and posterior infarc-
tion suggested by Gunnar and his colleagues in I967.
The criteria for inferior infarction were:

i) Clockwise rotation in the frontal plane plus the
maximum projection of the QRS vector in this plane
situated between 2700 and 35O. In patients under 50
years of age, Gunnar stipulated that the maximum
projection of the QRS vector should be situated
between 2700 and 200 in the frontal plane.

2) The 20 and 30 ms vectors directed superiorly in the
frontal and sagittal planes.

If either criterion were fulfilled the diagnosis of
infarction was made.
The criterion for anteroseptal infarction was posterior

displacement of the 20 ms vector behind the frontal
plane and the criterion for anterolateral infarction was
clockwise rotation of the initial forces in the horizontal
plane about the point of zero potential.

The criterion of posterior infarction was counter-
clockwise inscription in the horizontal plane in assoc-
iation with more than half the area of the QRS loop
anterior to the point of zero potential.

Scalar electrocardiography
In each case criteria of either myocardial infarction
(Myers, Klein, and Hiratzka, 1948a, 1949a, b; Myers,
Klein and Stofer, I948b) or bundle-branch block
(Hugenholtz et al., I96Ib; Simonson et al., I966) were
fulfilled on the standard 12-lead scalar electrocardiogram.

Scalar criteria of inferior infarction were those of
Myers et al. (I949a) which they had correlated with
necropsy studies.
I) In aVF, a Q wave exceeding 40 ms in duration.
2) In aVF, a QR complex of o.s mV or more, when the
Q wave measures 30 ms or more from onset to nadir,
and exceeds 25 per cent of the amplitude of the
associated R wave.

3) Classical RS-T displacement (see below) in aVF.
The criteria of anteroseptal infarction were those of

Myers et al. (I948b).
i) The presence of a normal initial R wave in lead Vi

or in another lead from the right anterior chest wall
(in this study, V3R) plus replacement of the normal
initial upright deflection in one or more of the three
leads V2, V3, V4 by a QS or an abnormal QR com-
plex, and absence of a normal Q wave from leads V5,
V6, and aVL and the standard limb leads.
The Q wave of a QR complex was considered ab-

normal when the time interval from its onset to nadir
exceeded 20 ms and when its amplitude was more
than 25 per cent of the voltage of the succeeding R
wave. Myers and his colleagues (I948b) felt that such
a Q wave was only diagnostic of anteroseptal in-
farction if it was found in every cardiac cycle, other-
wise it could be attributable to respiratory changes.
In this series this stipulation was not enforced.

2) Classical RS-T displacement in V2 or V3 or V4.
If either criterion were fulfilled a diagnosis of antero-

septal infarction was made.
The criteria of anterolateral infarction (Myers et al.,

1948a) were:
I) In leads Vs plus V6 and/or aVL an abnormal QR

pattern characterized by a Q wave of more than 20
ms in duration from onset to nadir and amounting to
25 per cent or more of the amplitude of the succeed-
ing R wave.

2) Classical RS-T displacement in V5 plus V6 and/or
aVL.
If either criterion were fulfilled a diagnosis of antero-

lateral infarction was made.
The criteria of posterior infarction were those of Myers

et al. (I949b) for posterolateral infarction:
I) Large R waves in leads VI, plUS V2, PlUS or minus

V3 and V4.
2) An RsR' pattern in Vi, with large R waves in V2 plus

V3.
3) ST depression, plus peaked T waves in Vi and V2.
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Myers made no attempt to quantify the size of signifi-
cantly abnormal R waves in criteria i and 2.

'Classical RS-T displacement' was considered as ST
elevation greater than O.I mV, followed by the return of
ST to the isoelectric line associated with inversion of the
T wave. Sudden inversion of the T wave, per se, was
also considered to be evidence of infarction. In I959 the
World Health Organization reported that when these
classical RS-T changes occurred the probability of
myocardial infarction being present was almost IOO per
cent.
The electrocardiographic and vectorcardiographic

criteria outlined above were strictly observed, and, using
them, comparisons were made between the evolving
patterns of myocardial infarction on the scalar electro-
cardiograms and vectorcardiograms.

Results
The results of the comparisons first mentioned are
shown in Tables I, 2, and 3.

Of the 8o cases, I2 had a history and cardio-
graphic evidence of previous infarction (Table 3).
Nine had bundle-branch block (5 right and 4 left),
and one of these, with right bundle-branch block,
had both old and recent infarcts (Table 2). These 2
groups are considered separately.

Patients with first episode of myocardial in-
farction
Sixty cases remained in which we could compare the
localization of first infarction determined from the
electrocardiogram and vectorcardiogram (Table I).
According to the criteria we adopted the localiza-
tion agreed in 28 cases but failed to do so in 32. All
6o cases had electrocardiographic evidence of infarc-
tion, this being a necessary criterion for inclusion
in our series, whereas in 3 of the 6o cases there
was no vectorcardiographic evidence of infarction.

Localization of infarct by electrocardiographic criteria
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TABLE 2 Bundle-branch block, recent myocardial infarction

No. of cases Electrocardiographic diagnosis Vectorcardiographic diagnosis

I Right bundle-branch block+anterolateral infarct Right bundle-branch block
2 Right bundle-branch block+anteroseptal infarct Right bundle-branch block+ anteroseptal infarct

+ anterolateral infarct + anterolateral infarct
Right bundle-branch block Right bundle-branch block+posterior infarct

I Right bundle-branch block+inferior infarct Right bundle-branch block+posterior infarct
+ inferior infarct

3 Left bundle-branch block Left bundle-branch block+ anteroseptal infarct
I Left bundle-branch block+inferior infarct Left bundle-branch block+ inferior infarct

+ anteroseptal infarct

* This patient had a previous anteroseptal infarct and is also included in Table 3.

Inferior infarction In this group the QRS loops evolve while scalar evidence of infarction was lim-
of the vectorcardiogram frequently indicated evi- ited to ST and T changes but these scalar features
dence of inferior infarction when scalar evidence were never preceded by the vectorial changes. In
was restricted to ST and T changes but these this group vector and scalar QRS abnormalities
scalar changes were never preceded by vectorial evolved simultaneously.
QRS abnormalities. When significant vector and
scalar QRS changes did not evolve simultaneously,
the vectorial criteria were usually fulfilled earlier. Anterolateral infarction Anterolateral infarc-
Even when criteria for involvement of other areas tion was only diagnosed in conjunction with antero-
of the left ventricle were satisfied this observation septal infarction or, less frequently, inferior infarc-
still held after the acute infarction. Where there was tion, except for i patient with right bundle-branch
evidence of both old and recent infarction we had no and scalar evidence of an anterolateral infarct.
evidence that either the electrocardiogram or Again, as with anteroseptal infarction, the vector-
vectorcardiogram was superior. cardiogram might show abnormalities of the QRS

loop while scalar evidence of infarction was re-
Anteroseptal infarction Again we found that, stricted to ST and T changes. When both the
after an acute infarction, significant abnormalities electrocardiogram and vectorcardiogram showed
in the QRS loop of the vectorcardiogram could QRS abnormalities these sometimes appeared first

TABLE 3 Patients with past and present episodes of myocardial infarction

Case Site ofprevious infarction Current electrocardio,aphic diagnosis Current vectorcardiographic diagnosis

I Anteroseptal Anteroseptal infarct, anterolateral Anteroseptal infarct, anterolateral
infarct, inferior infarct infarct, inferior infarct

2 Anteroseptal Anteroseptal infarct Nil
3 Anteroseptal+ anterolateral Anteroseptal infarct Anteroseptal infarct
4 (i) Anterolateral Inferior infarct Nil

(2) Anteroseptal + anterolateral
5 Anteroseptal Inferior infarct Nil
6 Anteroseptal Right bundle-branch block Right bundle-branch block, posterior

infarct
7 (i) Anteroseptal Anteroseptal infarct, inferior infarct Anteroseptal infarct, inferior infarct

(2) Inferior
8 Anteroseptal Anteroseptal infarct, inferior infarct Anteroseptal infarct, anterolateral

infarct, inferior infarct
9 Inferior Inferior infarct Inferior infarct, posterior infarct

10 Anteroseptal Inferior infarct Anteroseptal infarct, anterolateral
infarct

II Inferior Anteroseptal infarct, anterolateral Anteroseptal infarct, anterolateral
infarct, inferior infarct infarct, inferior infarct

I2 Inferior Anteroseptal infarct, anterolateral Anteroseptal infarct, anterolateral
infarct infarct
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in the vectorcardiogram but only in one case did
they appear first in the electrocardiogram.

Posterior infarction Posterior infarction was
usually suspected in association with inferior in-
farction and there was a poor correlation between
the el2ctrocardiogram and the vectorcardiogram. In
the one case where posterior infarction was diag-
nosed in both the electrocardiogram and vector-
cardiogram the scalar abnormalities appeared
earlier.

Patients with bundle-branch block and in-
farction
In cases with bundle-branch block which fulfilled
the cardiographic criteria of infarction there was
seldom agreement between the electrocardiogram
and vectorcardiogram (Table 2).

Patients with old and acute episodes of in-
farction
In these I2 cases there was agreement between
electrocardiogram and vectorcardiogram in loca-
tion of the fresh infarction in only 5 of them (Table
3). Again the electrocardiogram had the advantage
of demonstrating ST and T changes, whereas in
some cases the vectorcardiogram showed QRS loop
evidence of infarction when only the ST and T
changes were present in the electrocardiogram.

Discussion
Although our study was a purely cardiographic one
without necropsy confirmation, all our patients had
classical clinical episodes of infarction with bio-
chemical and scalar electrocardiographic confirma-
tion. As we have already shown there is a wide
choice of criteria for the diagnosis and localization
of infarction and this should constantly be borne in
mind in routine interpretation of the electrocardio-
gram and vectorcardiogram. The striking result we
obtained is that in more than half the cases there was
disagreement between the electrocardiogram and
vectorcardiogram in the localization of infarction
and this despite the fact that the scalar and vector
criteria for diagnosis and localization of infarction
selected by us were widely accepted. In clinical
practice this may not be too important but it does
emphasize the empiricism of electrocardiography
and the continued need to strive for more precise
and quantitative criteria for diagnosis and localiza-
tion of infarction and the need to obtain clinico-
pathological correlation.

Studies of serial changes in the vectorcardiogram
during the clinical episode of acute infarction and
comparison with the scalar electrocardiogram have
been relatively limited. Karni (1956) studied the

evolutionary changes in the spatial T loop during
a period of three weeks after the onset of symptoms.
Our investigation has allowed us to make an evalua-
tion of the relative usefulness of scalar and vector
electrocardiography in detecting significant early
changes during the phase of ventricular depolariza-
tion. Benchimol and Barreto (I969) made brief
reference to a similar comparison during a study of
the evolutionary changes in the vectorcardiogram
restricted to acute inferior infarction and their find-
ings and ours are in agreement. We have compared
such changes in the vectorcardiogram and the
electrocardiogram after an acute inferior, antero-
septal, and combined anteroseptal and anterolateral
infarction. The significant finding is that the earliest
evidence of infarction in the scalar electrocardio-
gram is often restricted to ST and T changes
though in the corresponding vectorcardiograms
evidence of infarction may be present in the QRS
loop. In those cases in which both electrocardio-
gram and vectorcardiogram show QRS abnormali-
ties, these can frequently be detected earlier in the
vectorcardiogram whereas the converse finding is
rare. If the vectorcardiogram is to play a significant
part in the early detection of acute infarction, it is
likely to be in regard to its superiority over the
electrocardiogram in demonstrating QRS abnor-
malities.

This work was assisted by a grant from the British Heart
Foundation.
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