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Significance of exercise induced ST segment elevation
in patients with previous myocardial infarction
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SUMMARY In order to determine the significance of exercise induced ST segment elevation in

patients with previous myocardial infarction, we have studied 156 patients, 26 months (mean) after
myocardial infarction. Each patient underwent 16 lead precordial electrocardiographic mapping
before, during, and after exercise and in addition coronary arteriography was performed. There was

no significant difference in the extent of coronary disease or abnormalities of left ventricular function
between patients with exercise induced ST segment elevation that was noted to occur in leads with Q
waves and those with ST segment elevation plus depression or those with ST segment depression
alone. Patients without exercise induced ST segment changes had fewer coronary arteries involved
than those who developed ST segment changes. Nineteen patients with exercise induced ST seg-

ment elevation alone underwent coronary artery bypass surgery; in 11 this resulted in complete
abolition of the exercise induced ST segment elevation and was associated with symptomatic relief
and patent grafts without alteration of left ventricular function. Thus, exercise induced ST segment

elevation in patients with previous myocardial infarction should be considered as important as ST
segment depression in terms of underlying myocardial ischaemia, coronary anatomy, and left ven-

tricular function.

In recent years there has been much interest in the use
of exercise testing both early and late after acute
myocardial infarction. -3 It has been shown that the
development of ST segment depression with exercise
is associated with a higher incidence of future coro-
nary events.4 In such patients early venous graft
surgery may be considered. Much less is known,
however, about the significance of exercise induced
ST segment elevation in patients with previous
myocardial infarction. This study was designed to
examine the clinical and angiographic findings of this
electrocardiographic sign in association with previous
myocardial infarction.

Patients and methods

One hundred and fifty six patients (102 men, 54
women) with a single documented previous myocar-
dial infarction undergoing coronary angiography were
studied. Ninety eight patients complained of chest
pain; 72 complained of shortness of breath (> NYHA
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grade 2a) with or without accompanying angina. They
were aged 44 to 67 (mean 54) years.

Myocardial infarction was documented by at least
two of the following features: a typical history of chest
pain, typical electrocardiographic changes, and a rise
in serum enzymes. No patient was exercised within
three months of a documented myocardial infarction.
The interval between the myocardial infarction and
the exercise test was 26 ± 17 months (mean ± SD).

EXERCISE TESTING
Sixteen precordial electrocardiographic leads (unipo-
lar V leads connected to a central Wilson terminal)
were positioned on the chest in order to cover the left
hemithorax.5 Each patient performed an increasing
work load on a bicycle ergometer using a standardised
procedure. The exercise tests were limited by chest
pain, dyspnoea, fatigue, or multiple ventricular
ectopic beats. Exercise tests were performed within
one week of coronary angiography; in those patients
undergoing coronary artery bypass graft surgery it
was performed three to six months postoperatively.
The method, sensitivity, and specificity of this tech-
nique have already been published.56 At each of the
16 positions ST segment depression or elevation was
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Table 1 Clinical details of 156 patients with previous myocardial infarction

STT STI STT + ST4 No ST Total

(Anterior 22 46 12 17 97
Site of infarction

Inferior 10 34 6 9 59

Time from
infarction (mth) 23 28 25 24 26

{ Present 20(63) 58(73) 12(67) 8(33) 98
Angina

Absent 12(37) 22(27) 6(33) 18(67) 58

D Present 15(47) 36(45) 9(50) 12(46) 72

Absent 17(53) 44(55) ,. 9(50) 14(54) 84

Figures in parentheses are percentages.

measured in three complexes and an average taken.
ST segment changes were measured in millimetres
(mm) to the nearest 0-5 mm. The ST segment was

considered depressed if there was a change of 1.0 mm
or more lasting 0-08 s or longer. The ST segment was
considered raised if there was a change of 1-0 mm or

more measured 0*06 s after the end of the QRS com-

plex. The exercise tests were reported without know-
ledge of the clinical symptoms or results of coronary

angiography.
Contour maps of the area of ST segment change

were drawn for each precordial surface map.7 The 16
precordial positions were divided into three areas

(anterior, inferior, and lateral) and an attempt. was

made to predict the coronary disease from the site of
electrocardiographic changes (that is anterior=left
anterior descending, inferior=right, and lateral=cir-
cumflex coronary disease).7

CORONARY ANGIOGRAPHY
Left ventricular angiography and selective coronary
arteriography were performed- using the Judkins
technique. Where coronary arteriography was, in
addition, performed after coronary artery bypass graft
surgery this was done via a percutaneous femoral
approach three to six months after direct myocardial
revascularisation. In each case, the saphenous vein
graft was either selectively opacified or the occluded
origin visualised. The radiologist and cardiologist who
performed the investigations also interpreted them
-without knowledge- of the findings at exercise elec-
trocardiography. Lesions obstructing the coronary
artery lumen by 70% or greater were considered
significant.

Results

Satisfactory recordings were obtained in all patients.
The clinical details are shown in Table 1. The relation
between clinical symptoms and extent of coronary

disease described at coronary angiography is shown in
Table 2. It can be seen that a history of shortness of
breath with or without angina was not associated with
more severe coronary disease than when angina occur-
red alone. Nor was the site of infarction related to the
extent of coronary artery disease (Table 3).

ELECTROCARDIOGRAPHIC CHANGES
Exercise induced ST segment elevation was found in
32 (20 5%) patients; in all, the ST segment elevation
occurred in the leads with previous myocardial infarc-
tion, that is those leads with Q waves. A further 18
(11-5%), in addition, developed ST segment depres-
sion in other leads. There were 80 (51%) patients with
ST segment depression alone in response to exercise
and a further 26 (17%) patients who developed no ST
segment changes. It will be seen from Table 1 that all
types of electrocardiographic responses were seen
both in patients with angina and those with shortness
of breath. Exercise induced ST segment elevation was
equally common and if anything slightly more fre-
quent in those patients with angina (32/50: 64%) than

Table 2 Relation between clinical symptoms and extent
ofdisease

Coronary disease

One vessel Two vessel Three vessel

Angina 18 29 40
Dyspnoea 14 18 37

Table 3 Relation between site ofinfarction and extent
ofdisease

One vessel Two vessel Three vessel

Anterior 20 27 50
Inferior 12 20 27
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Exercise induced ST elevation in previous myocardial infarction

Table 4 Relation between electocardiographic changes and cornay anatomy

Coronary anatomy No. with

STT STI STT + STI No ST

One vessel 8(25) 8(10) 2(11) 14(54)
Two vessel 4(12.5) 29(36) 6(33) 8(31)
Three vessel 20(62.5) 43(54) 10(56) 4(15)
Total 32(100) 80(100) 18(100) 26(100)

Figures in parentheses are percentages.

in patients who complained of shortness of breath
(24/50: 48%).

Table 1 shows that all four exercise induced elec-
trocardiographic signs could be found in association
with both anterior and inferior infarction. There were
no significant differences in the extent of coronary
disease between patients with exercise induced ST
segment elevation and those with ST segment eleva-
tion plus depression or those with ST segment depres-
sion alone (p>0.05); patients without exercise
induced ST segment changes had fewer coronary
arteries involved than those who developed ST seg-
ment changes (p<0-05) (Table 4). Six patients (12%)
with exercise induced ST segment elevation had a left
ventricular aneurysm demonstrated at angiography;
this compares with eight (8%) patients without exer-
cise induced ST segment elevation (p>0-05).

Analysis of the 18 patients with both ST segment
elevation and ST segment depression showed that in
eight patients ST segment depression occurred on the
opposite wall to the site of infarction. These patients
did not differ from the other 10 in terms of symptoms
or coronary disease (Table 5).

Table 5 Symptoms and extent ofcoronary disease in eight
patients with ST segment depression located away from
infarction and 10 patients with ST segment depression adjacent
to infarction

ST away from ST adjacent to
infarction infarction

Angina 4 8
Dyspnoea 5 4
Three vessel disease 4 6
Two vessel disease 4 2
One vessel disease 0 2

Table 6 Correct prediction ofcoronary anatm from site of
precordial electrocardiographic changes

STT ST STT + STI

One vessel 5/8 (63) 6/8 (75) 1/2 (50)
Two vessel 3/4 (75) 13/29 (45) 4/6 (67)
Three vessel 5/20 (25) 6/43 (14) 7/10 (70)

Figures in parentheses are percentages.

Table 7 Results ofcoronary artery bypass graft surgery in
19patents with exercise induced STsegment elevation

Postoperative angina Postoperative ST segment
elevation
Present Absent

Present 6 1
Absent 1 11

SITE OF ELECTROCARDIOGRAPHIC
ABNORMALITIES AND CORONARY ANATOMY
Table 6 shows the prediction of coronary anatomy
from the site of precordial electrocardiographic
abnormalities. In these circumstances (that is patients
with previous infarction) it was not possible reliably to
predict the site or extent of coronary disease from the
site of electrocardiographic changes.

CORONARY ARTERY BYPASS GRAFT SURGERY
Nineteen patients with exercise induced ST segment
elevation alone and angina pectoris underwent
myocardial revascularisation and postoperative
arteriography. Table 7 shows the pre and postopera-
tive clinical and exercise electrocardiographic data. In
11 of the 19 patients there was complete abolition of
the exercise induced ST segment elevation after
surgery; this was in association (in 11 patients) with
patent grafts and relief of chest pain six months later.

Discussion

We have described the results of exercise testing and
coronary artery bypass graft surgery on exercise
induced ST segment elevation in patients with previ-
ous myocardial infarction.

Exercise induced ST segment elevation in patients
with previous myocardial infarction was found to be
common, occurring in 32% of patients both with and
without accompanying ST segment depression. ST
segment elevation occurred entirely in leads with Q
waves, a finding noted by others.8 Earlier reports that
exercise induced ST segment elevation was uncom-

mon probably result from the practice of using a

single lead for exercise testing.9 ST segment elevation
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in the absence of previous infarction, however, is
rare.8 9

Exercise induced ST segment elevation occurred
both with and without ST segment depression. In this
study, unlike earlier workers, we have tried to under-
stand the significance of the ST segment elevation by
comparing the clinical and angiographic findings of
those with this electrocardiographic sign with patients
with both ST segment elevation and depression, those
with ST segment depression alone, and those without
ST segment changes.
Unlike many previous workers we found angina to

be a frequent symptom in patients with ST segment
elevation whether or not there was accompanying ST
segment depression.8 10 The differences in the various
studies probably reflect selection criteria. Most of our
patients were investigated because they had chest
pain, at least as a part of their symptom complex. Our
study differs from others in that we have compared
the symptoms noted on exercise testing with the dif-
ferent electrocardiographic responses. In particular,
angina was infrequent only when there were no ST
segment changes. This suggests that the development
of exercise induced ST segment elevation even in the
absence of ST segment depression does reflect
myocardial ischaemia in a proportion of patients.
Important confirmation of this was found when the
effects of venous graft surgery were studied in those
patients who developed ST segment elevation. A suc-
cessful operation was associated in the majority of
patients with abolition of both angina and the exercise
induced ST segment elevation. This occurred in the
absence of any improvement in left ventricular func-
tion seen at angiography. A similar finding was noted
in the single case cited by Hegge et al. I I

The coexistence of both ST segment elevation and
ST segment depression has led some to postulate that
these two electrocardiographic signs are merely recip-
rocal changes.'1 Though the use of a precordial map-
ping system has allowed us to study the changes that
occur over the front of the chest, it is still possible that
ST segment elevation that occurs in isolation on the
front of the chest may reflect ST segment depression
on the back. In a single patient with ST segment ele-
vation occurring after exercise we have precordially
mapped the back as well as the front of the chest and
were unable to identify any leads with ST segment
depression.

Perhaps the most frequent explanation of ST seg-
ment elevation that occurs in leads with Q waves is
that this is an electrocardiographic manifestation of
left ventricular dyskinesia.12 13 Though isotope
studies appear to provide some support for this
hypothesis,13 14they do not provide an adequate elec-
trical explanation. Normally subendocardial
ischaemia manifests itself as ST segment depression;

Fox, Jonathan, Selwyn

ST segment elevation is usually considered to reflect
transmural ischaemia.'5 The "electrical window" of
an old infarct, however, provides what is functionally
a cavity lead giving a Q wave,16 and thus in the pres-
ence of subendocardial ischaemia it may be expected
that ST segment elevation would be recorded.'6

Left ventricular dyskinesia was found in the vast
majority (all but four patients) of our patients; in con-
trast, left ventricular aneurysm was seen rarely. No
differences were found in the left ventricular function
of those patients with and without exercise induced
ST segment elevation. This, of course, must be consi-
dered in the context of a group ofpatients almost all of
whom have some abnormality of ventricular function.

In contrast, patients with exercise induced ST seg-
ment elevation were found frequently to have exten-
sive coronary disease. In this respect ST segment ele-
vation did not differ from ST segment depression
alone or ST segment elevation plus ST segment
depression. We were also unable to distinguish in
terms of symptoms or coronary disease between ST
segment elevation with adjacent ST segment depres-
sion and ST segment elevation with ST segment
depression away from the site of infarction. This last
should be interpreted with caution since there were
only 18 patients with exercise induced ST segment
elevation plus depression. Patients with previous
myocardial infarction but without ST segment
changes were those most likely to have less severe
coronary disease often involving only one vessel. It
was, however, not possible to predict the site of coro-
nary disease from the exercise test.

Although the genesis of exercise induced ST seg-
ment elevation still remains uncertain, this study sug-
gests that in a substantial proportion myocardial
ischaemia plays an important role, whether or not the
ST segment elevation is accompanied by ST segment
depression. For practical purposes this electrocar-
diographic sign should not be considered in any way
different from ST segment depression in patients with
previous myocardial infarction, since their clinical
features, extent of coronary disease, and left ventricu-
lar function abnormalities do not differ.
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