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The purpose of this study was to determine whether the early analysis of the electrocardiogram in patients
with acute myocardial infarction may be useful in predicting the development of myocardial necrosis. It is
based on observations in the dog that epicardial ST segment elevations (ST ) consequent to experimental
coronary artery occlusion predict the development of myocardial necrosis, as judged by histological appearance,
electron microscopy, myocardial creatine kinase activity, as well as the development of new Q waves and
the decline of R waves in epicardial leads. Accordingly, the usefulness of early ST t in the standard 12-lead
electrocardiogram as a predictor of the subsequent development of electrocardiographic signs of necrosis was
assessed. Studies were made on 51 patients with acute myocardial infarction who were admitted to the hospital
within 8 hours of the onset of chest pain. Each QRS complex was scored from 0 to 4 as follows: 0-normal
QRS; 1=fall in R wave amplitude by at least 0-2 mV and 50 per cent of control; 2-Q>0 2 mV in depth
and >0 04 s in duration, but Q<R; 3=same as score 2 but 2>R; and 4=QS. Leads considered to be
vulnerable for the development of necrosis were those with a score of 0 or 2 with ST t >0O15 mV on admission. Changes in score >2 occurred within 5 days in an average of 70 4+4 5 per cent (SEM) of the
vulnerable leads in the 68 vulnerable leads in the 27 patients with diaphragmatic myocardial infarction and
in an average of 56 7±7±5 per cent of the 76 vulnerable leads in 24 patients with anterior myocardial infarction (leads Vl to V6). The sum of the height of R waves (ER) in the vulnerable leads fell by 63 7±3-8
per cent in patients with diaphragmatic myocardial infarction and 76-1 ±4-9 per cent in patients with anterior
myocardial infarction. Approximately four-fifths of the fall in E2R and of score changes .2 which had
occurred by the fifth day had already developed one day after admission.
It is concluded that there is a predictable percentage of leads with ST elevations in the initial electrocardiographic recordings, which ultimately develop signs of necrosis. A significant reduction in this percentage
after a therapeutic intervention may be indicative of the sparing of jeopardised myocardium, and thus may
provide a much needed approach to assessing the effects of interventions on the extent of myocardial necrosis.
The concept that the size of a myocardial infarct
can be modified in experimental animals after
coronary occlusion has gained support from studies
using the method of epicardial ST segment mapping, correlated with analyses of creatine kinase
(CK) activity and histological appearance of myocardial biopsies (Maroko et al., 1971, 1972b;
Maroko and Braunwald, 1973; Braunwald and
Maroko, 1974; Hirshfeld et al., 1974; Epstein et al.,

1975). In addition, the fact that the size of experimentally produced infarcts can be limited has been
shown by a method totally independent of epicardial
ST segment mapping. Histological analysis of the
posterior papillary muscle after occlusion of the
circumflex coronary artery has shown a reduction

in necrosis in animals receiving propranolol
(Reimer et al., 1973) or mannitol (Reimer et al.,
1975). Thus, limitation of infarct size in animals
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be salvaged by these interventions is substantial and
that it is possible to start treatment a number of
hours after occlusion which will still be effective
(Maroko et al., 1972a; Maroko and Braunwald,
1973).
The salvage of contractile tissue otherwise
destined to undergo necrosis may be expected to
reduce the incidence of heart failure and ultimately
of the mortality secondary to myocardial infarction
(Harnarayan et al., 1970; Scheidt et al., 1970; Page
et al., 1971; Dizadji et al., 1972). One of the most
formidable barriers to the clinical application of this
concept is the lack of a suitable technique to assess
the efficacy, or lack thereof, of these interventions
designed to accomplish this salvage. Specifically, a
technique is needed which can be applied to
patients at an early stage in the course of an infarction, when the injury to considerable quantities of
myocardium is still in the reversible phase, which
will predict the ultimate amount of myocardial
necrosis to be anticipated, and which can then be
repeated at a later time to assess the amount of
damage which has actually occurred.
One technique that has been employed is the
analysis of the rate of fall of ST segment elevation
in the epicardial or praecordial electrocardiograms
(Maroko et al., 1971; Redwood et al., 1972;
Maroko and Braunwald, 1973; Braunwald and
Maroko, 1974; Reid et al., 1974; Borer et al., 1975;
Come et al., 1975; Epstein et al., 1975; Flaherty et
al., 1975; Maroko et al., 1975); this method has
the advantage of showing practically instantaneous changes in reversible tissue damage, thus
making it possible to monitor increases or reductions of myocardial ischaemic injury (Maroko et al.,
1972a). This property, together with the simplicity
and rapidity of the method, makes it suitable for
the rapid evaluation of the effect of treatment of
ischaemic injury. ST segment mapping, however,
does not provide an absolute measurement of the
size of the ischaemic zone. In addition, it is critical
to recognise that factors other than ischaemia can
affect the height of the ST segment. These include,
but are not limited to, alterations in pH and ion
concentrations, temperature changes, drugs such as
quinidine and digitalis, the development of localised
intraventricular conduction defects, and epicardial
injury caused by pericarditis and myocardial injury
not of ischaemic origin. Consequently, it would be
misleading automatically to attribute changes in ST
segments exclusively to alterations caused by
ischaemia.
It has become clear from animal experiments
(Radvany et al., 1975; Hillis et al., 1976) that
epicardial sites which show ST segment elevation
shortly after coronary occlusion have a predictable

progression to QRS configurations indicative of
necrosis (R wave fall and Q wave development).
Interventions which have been shown to protect
ischaemic myocardium by diminishing both CK
depletion and the development of histological
evidence of necrosis, reduce this fall of R wave and
Q wave development.
The present investigation was undertaken to
determine whether these concepts could be extended
to the clinical sphere and specifically to ascertain
whether in patients with acute myocardial infarction
early ST segment elevations recorded in the 12
standard leads can be used to predict the subsequent development of electrocardiographic signs of
necrosis, as reflected in the appearance of pathological Q waves and fall in R wave voltages in the
same leads.
Methods
The electrocardiograms of 51 consecutive patients
with acute myocardial infarctions admitted to the
Peter Bent Brigham Hospital whose electrocardiograms satisfied the following criteria were analysed:
(1) Acute myocardial infarction diagnosed by a
typical history, typical electrocardiographic
pattern of an acute transmural myocardial infarction by ST-T wave changes, and increases
in serum CK, LDH, and SGOT activities to at
least 3 times the upper limits of normal.
(2) Availability of an electrocardiogram recorded
within 8 hours of the onset of pain (ECGO) in
which at least one of the leads (other than aVR)
showed both an ST segment elevation .0-15
mV and a score of 0 or 2 in the same lead (for
definition of score see below). Thus, the electrocardiographic criteria require the existence of
ST segment elevations independent of existence
of Q waves and the existence in the same leads
of QRS complexes that could undergo further
necrosis.
(3) Availability of electrocardiograms recorded 1
day (ECGid) and 5 days (ECG5d) after
admission.
Patients with intraventricular conduction defects, bundle-branch block, hemiblock, and third
degree atrioventricular block were excluded.
The patients consisted of 43 men and 8 women
who averaged 60-2 ±11-8 years (SD) in age. The
time from the onset of pain to the first electrocardiogram averaged 4-7 ±2-1 hours (SD).
In order to examine the evolution of the QRS
complex throughout the first days after acute
myocardial infarction the 3 electrocardiograms
(i.e. ECGO, ECG1d, and ECG5d) were analysed as
follows:
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QRS SCORE

(1) QRS 'SCORES'
The QRS complexes were scored from 0 to 4 regardless of abnormalities of the ST segment or the
T waves (Fig. 1) as follows: (i) A score of 0 represented a QRS with normal appearance, i.e. Q wave
< 0 2 mV and/or < 40 ms; (ii) a score of 1 represented a decline in R wave amplitude by .0-2 mV
and .50 per cent from that recorded in ECGo;
the Q wave remained < 0 2 mV and < 40 ms; (iii)
a score of 2 represented a complex with Q wave
amplitude of .0-2 mV, duration of >40 ms and a
Q/R <1 0; (iv) a score of 3 represented a complex
identical to that defined for a score of 2, except that
Q/R >1.0; (v) a score of 4 represented a QS
complex.
In the initial tracing (ECGO) leads having ST
segment elevations >0-15 mV and score of 0 or 2
were considered to be vulnerable for the development of necrosis. The percentage of such leads in
which the scores increased by more than 1 or 2 in
ECGLd and ECG5d were determined.

r4m

(2) ANALYSIS OF FALL IN HEIGHT
OF R WAVES

R wave heights were measured in all vulnerable
sites, as defined above, and the change in the sum
of R waves (ER) in all vulnerable sites, in ECG1d
and ECG5d, in each patient was determined and
expressed both in mV and as a percentage of the
ER in ECGO.
In patients with a diaphragmatic wall myocardial
infarction (group 1, 27 patients), these analyses were
carried out both in lead aVF alone and in leads II,
III, and aVF considered together. In patients with
acute anterior myocardial infarction only leads VI
through V6 (group 2, 24 patients) were analysed.
Comparisons of ECGo and ECGld and of ECGo
and ECG6d were made using Student's t test for
paired observations (Snedecor and Cochran, 1967).

Fig. 1 Method of QRS scoring, as described in the
text.
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GROUP 1

The 27 patients with diaphragmatic wall myocardial
infarction in whom the standard unipolar and
bipolar leads (II, III, and aVF) were analysed
(Fig. 2) had 68 vulnerable leads. The percentage of
vulnerable leads per patient which showed a change
in score 21 averaged 60-5 ±7 9 per cent (SEM) at
day 1 and 74-1 ±6-7 per cent at day 5 (Fig. 3) while
for a change in score .2 these values averaged
56-7 ±6-0 per cent at day 1 and 70 4 ±4 5 per cent
at day 5 (Fig. 4). The ER in vulnerable sites
averaged 1-83 +0*22 mV per patient in ECGo and
had declined by an average of 0 93 +0-15 mV (i.e.
50-8 ±4 2%) at day 1 and by 1.15 +0-81 mV (i.e.

5 DAYS

.3

...

A score >I 100%
A score > 2 = 100%
ER= 0.1 mV

Fig. 2 Electrocardiogram from a patient with an acute
diaphragmatic myocardial infarct. Leads II, III, and
aVF on admission are considered to be vulnerable sites, as
defined in the text, since in each, ST segment elevation
20-15 mV and the score does not exceed 2.
Twenty-four hours later all 3 leads (100%) evolved a
change of score 21, and 2 of the 3 leads (67%), i.e. II
and aVF developed a change in score 22. By 5 days all
3 leads changed score >2. ER fell by 1 5 mV (71%) in
1 day and by 2-0 mV (95%) in 5 days.
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63-7 ±3-8%) at day 5 (Fig. 5).
In the 27 patients with diaphragmatic wall
myocardial infarction, lead aVF alone was also
analysed. In 20 of these 27 vulnerable leads (741 %)
exhibited a change of score > 1 at day 1 and 96-3 per
cent at day 5. The comparable values for changes in
score .2 were 63-0 per cent at day 1 and 77-8 per
cent at day 5. The R wave voltage in these 27
vulnerable leads averaged 0'61 +0 09 mV and it
declined by an average of 0-32 ±0-06 (i.e. 5641 ±
6.5%) at day 1 and by 0 41 ±007 mV (i.e. 7041 +
5 5%) at day 5.

carried out during the past 40 years have shown a
correlation between changes in the QRS complex
and the extent of myocardial necrosis in patients
and experimental animals with coronary occlusion.
Wilson et al. (1933) noted the development of QS
complexes in epicardial leads as indicators of
transmural myocardial necrosis. Prinzmetal et al.

GROUP 2

The 24 patients with anterior myocardial infarction
in whom the standard praecordial leads (V1-V6)
were analysed had 76 vulnerable sites (Fig. 6). The
percentage of vulnerable leads per patient which
showed a change in score >1 averaged 61-7 ±8-2
per cent at day 1 and 80-8 +4-5 per cent at day 5
(Fig. 3 and Table), while for a change in score .2
these values averaged 31-5 ±7-4 per cent at day 1
and 56-7 ±7-5 per cent at day 5 (Fig. 4 and Table).
The 2R in the vulnerable leads averaged 2 01 ±
0-48 mV per patient in ECGo and declined by an
average of 122 ± 0-38 mV (i.e. 55-8 ± 6-2%) at day
1 and by 1-40 ± 040mV(i.e. 76 ±1 4.9%) at day
5 (Fig. 5 and Table).

Discussion
Both experimental and clinical pathological studies
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Fig. 4 Average ( SEM) per cent of vulnerable sites
per patient which changed in score 22 in 1 and 5 days
after admission in 27 patients with diaphragmatic wall
myocardial infarction (DMI, triangles) and in 24
patients with anterior myocardial infarction (AMI,

circles).
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Fig. 3 Average ( SEM) per cent of vulnerable sites
per patient which changed in score 21 in 1 and 5 days
after admission in 27 patients with diaphragmatic wall
infarcts (DMI, triangles) and in 24 patients with anterior
myocardial infarction (AMI, circles). Of the changes
occurring on the fifth day approximately four-fifths had
already occurred by the first day.
TIME AFTER ADMISSION

TIME AFTER ADMISSION (days)

Fig. 5 Per cent fall in the sum of R waves (2R) in
vulnerable sites in patients with acute diaphragmatic wall
myocardial infarction (DMI, triangles) and in the 24
patients with acute anterior myocardial infarction (AMI,
circles).
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Fig. 6 Praecordial leads Vl to V6 from a patient with acute anterior myocardial infarction. Five of these leads (Vl V5) are considered to be vulnerable to the development of electrocardiographic signs of necrosis. The scores are indicated
below each tracing. Within one day all 5 sites (100%) have changed score by 2 or more. ER fell by 91 per cent of
07 mV
in the first day and by 99 per cent in 5 days.
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Table Alterations in QRS complex in 5 daysanterior myocardial infarction
Case No.
1
2
3
4

5
6
7
8
9
10
11
12

13
14
15
16
17
18
19
20
21
22
23

24
Mean
SD
SE

% , Y-Rrd
35
48
67
100
100
100
100
87
93
100
100
43

96
100
80
56
98
46
76
42
46
68
97
50
76-1
24-0
4-9

% Ascore > 15d
67
60

%Ascore >25d
0

25

50

0

100
100

50

100
100
100

100
100
100
67
75
100
50
100
67
50
100
33
67
100
86
67
80-8
20-9
4-4

100
100
100
50

75

50
100
67
66
100
50
100
67
0
20
0
33
100

75
33
56-7
36-5
7-5

(1954) and Shaw et al. (1954) analysed the origin
of the QS complex in detail. They pointed out that
the outer layers of the myocardium were ordinarily
responsible for the R wave and stated that 'death
of muscle in the outer ventricular layers eliminates
or reduces the magnitude of the positive epicardial
potential'. These investigators also observed that
a QR pattern in epicardial leads might reflect the
presence of a mixture of viable and necrotic myocardial cells.
Wilson et al. (1944) suggested that praecordial
electrocardiograms provided information concerning the portion of the myocardium closest to the
exploring electrode and termed these leads 'semidirect leads'. Extensive clinico-pathological correlations were then carried out by Myers et al., who
established the relation between electrocardiographic abnormalities in particular leads and the
occurrence of infarction in specific areas of the
myocardium (Myers et al., 1948a, b; 1949a, b, c).
More recently, the relation between the appearance of new Q waves, the fall in R waves, and
the development of myocardial necrosis were reexamined in our laboratory (Radvany et al., 1975;
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Hillis et al., 1976). Studies in dogs 24 hours after
experimentally produced coronary occlusion
showed a highly significant correlation between the
development of epicardial Q waves, the diminution
of R wave voltages, and depression of myocardial
creatine kinase (CK) activity and the histological
appearance of myocardial infarction at the corresponding epicardial sites. Moreover, it was shown
that epicardial ST segment elevation shortly after
coronary occlusion accurately predicts the extent
of subsequent myocardial infarction, as reflected
in the reduction of myocardial CK activity, in the
histological appearance of the myocardium as well
as in the changes in the QRS complex (Hillis et al.,
1976). In other studies we observed that ST segment elevations, both in praecordial and epicardial
leads, correlate well with the subsequent development of myocardial necrosis (Muller et al., 1975).
One of the major objectives of the present study
was to provide a quantitative description of the
evolution of the QRS complex in patients with acute
myocardial infarction. However, the aim of this
study was not to determine the rate of fall of R wave
or the appearance of pathological Q waves. Rather,
the principal finding is that within 5 days of admission approximately two-thirds of the leads which
present with ST segment elevations >0415 mV
within 8 hours after the onset of chest pain develop
electrocardiographic signs of necrosis, as reflected
in the development of new, pathological Q waves
(.>02 mV and >40 ms). These leads also develop
striking reductions in the R wave, i.e. reductions
of the order of 70 per cent. The incidence of these
changes were similar in leads II, III, and aVF in
patients with diaphragmatic wall infarcts, and in the
praecordial leads Vi through V6 in patients with
anterior myocardial infarction. In the former group,
the analysis of aVF alone or II, III, and aVF
provided similar results, suggesting that even when
only one lead is analysed the progression of the
necrotic process can be assessed.
To apply this approach clinically, we propose to
use the praecordial ST segment recorded as early as
possible after the onset of the clinical event as a
predictor of the ultimate fate of the tissue in a
manner analogous to the epicardial ST segment in
the experimental animal. This praecordial ST

an

segment may then be compared with the changes
in the QRS complex that occur subsequently, such
as the development or deepening of Q waves and the
reduction of R waves; these changes in the QRS
complex could be employed in a manner analogous
to the alterations in CK activity or histological appearance of the myocardium subjacent to the
epicardial electrode in the experimental animal.
It should be emphasised, however, that this group

of patients should not be used as a control group for
future studies but rather during each investigation
the patients should be randomised into control and
treated groups and the evolutive QRS changes
compared.
Before applying this method clinically, it was
necessary to obtain a clear picture of the natural
evolution of changes in the QRS complex in
patients with acute myocardial infarction who had
no treatment to protect ischaemic myocardium.
The present study provides this picture; it indicates
that the evolution of the QRS complex is quite
predictable and that there is relatively little variability in the extent of electrocardiographic changes
occurring in the vulnerable sites with transmural
myocardial infarction when the initial tracing is
obtained less than 8 hours after the onset of the
clinical event. If, with the application of an intervention, the decline in ER and the change in score
occurring in vulnerable sites were significantly less
than in a comparable group of control patients, it
would be consistent with a beneficial effect.
The proposed simultaneous analysis of the ST
segment and QRS wave alterations, while not capable of expressing the mass of infarcted myocardium
in quantitative terms, appears to be: (1) capable of
predicting the surface representation of the extent
of necrosis to be expected when much of the
myocardial injury is still in a reversible phase, i.e.
at a time of ST segment elevation, before the development of changes in the QRS complex; (2)
capable of assessing the surface representation of
the extent of necrosis that actually develops, as
reflected in the change in the QRS complex; (3)
capable of being applied immediately, i.e. without
requiring any delay in therapy; (4) safe and atraumatic; and (5) simple to apply, easy to interpret,
and inexpensive.
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