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Role of exercise testing early after myocardial infarction
in identifying candidates for coronary surgery
K JENNINGS, D S REID, T HAWKINS, D J JULIAN

Abstract

It has been suggested that ST depression in lead V5 or
equivalent on early exercise testing after acute
myocardial infarction predicts a high risk of death. To
evaluate exercise testing and radionuclide ventriculo-
graphy in this context 103 consecutive patients with
myocardial infarction who were able to undertake a
limited exercise test before discharge from hospital
were exercised and underwent gated blood pool scanning.
No serious complications resulted from exercise testing.
Twenty nine patients developed ST depression in lead V5,
19 had exertional hypotension, 31 developed a heart rate
of > 130 beats/min, and 15 had complex ventricular
arrhythmias. Death during the first year after discharge
from hospital was associated with exertional hypotension
(p < 0001) and a heart rate on exercise testing of >t 130
beats/min (p < 005); these two variables identified all
nine deaths. Inability to complete the exercise protocol
for any reason was also predictive of death (p<0001).
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Ventricular arrhythmias and ST depression in lead V5
induced by exercise were not significantly associated with
an increased risk of death. The mean (SD) radionuclide
ejection fraction in the patients who died was 29 (16)%
compared with 43 (11)% in the patients who survived
(p < 0 001).
ST changes on exercise testing after myocardial

infarction appear to be less predictive of later complica-
tions than haemodynamic signs, which may indicate left
ventricular damage rather than ischaemia.

Introduction

The high mortality among patients in the months after
myocardial infarction and the existence of treatments that may
prove beneficial to some survivors but harmful to others make
it necessary to identify the variables that characterise patients
likely to benefit from specific forms of treatment. It has been
suggested that exercise testing early after infarction may
identify such variables; one study showed that ST depression
in lead CM5 induced by exercise early after infarction predicted
death in the following year.' Akhras et al suggested that this
ST change might be an indication for early coronary surgery
because it represents hazardous but reversible ischaemia.2 If such
findings were confirmed exercise testing after infarction might
prove valuable in identifying patients who would benefit from
early revascularisation. To evaluate the exercise test in this
context we reviewed a consecutive population of patients who
were able to undertake a limited exercise protocol early after
infarction.
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Patients and methods

STUDY POPULATION

Over a period of 12 months 1253 patients were admitted to the
coronary care unit at this hospital. Subsequently, 503 were found to
have sustained myocardial infarction. Altogether 289 of the 503 patients
were aged less than 66 and had at least two of the following three
criteria for myocardial infarction: ischaemic pain lasting for at least
30 minutes; new Q waves or evolutionary ST-T wave changes;
and a rise in creatine kinase activity to at least twice the upper
limit of normal. Fifty one (180,,) of the 289 patients died in hos-
pital and 86 (36°o) of the survivors were excluded from exercise
testing because of continuing ischaemic pain, cardiac failure, left
bundle branch block, complex arrhythmias, severe non-cardiac
disease, or unwillingness to perform an exercise test. A further 49
patients were not exercised at this time because the test could not be
arranged before their discharge. Thus we studied 103 patients with
definite myocardial infarction who could be exercised before discharge.
Their mean age was 54 (range 35-65), and 13 were women. Fifty three
patients had had anterior infarction, 46 inferior infarction, and four
true posterior infarction. Every survivor was followed up for at least
one year.
Of the 103 patients, six were taking part in a randomised study of

medical and surgical treatment and were randomly selected for
surgery; all six were alive and well at least one year later. Because
surgery was likely to have interfered with the natural course of their
disease, however, we excluded them from one year analysis. We
therefore present the results of follow up in 97 patients.

TREADMILL EXERCISE TEST

The table shows the exercise protocol. It required patients to
exercise to a low degree of work up to a maximum of 5 mets (multiples
of resting energy expenditure), which is roughly the magnitude of
work we expect patients after infarction to be able to undertake at
home soon after discharge from hospital. These exercise tests were

performed on a motorised treadmill five to 30 (mean 12) days after
infarction. The exercise was stopped if the patient developed severe
symptoms that prevented continuation, a sustained heart rate of
> 130 beats/min, a fall in systolic blood pressure, or more than three
consecutive ventricular extrasystoles.

Exercise protocolfor early after myocardial infarction

Cumulative
Speed Incline Workload time
(mph) (%,') (mets*) (minutes)

2 0 2 2
2 35 3 4
2 7-0 4 6
2 105 5 8

*Mets = Multiples of resting energy expenditure.

DEFINITIONS

An ischaemic response was defined as exercise induced ST
depression > 1 mm 0 08s from the J point of the QRS complex,
with or without angina. Exertional hypotension was defined as a fall
in systolic pressure of > 10 mm Hg from the resting pressure or
>20 mm Hg from a pressure previously recorded during exercise
after a rise from the resting pressure.

Patients who developed more than five ventricular extrasystoles/
minute, multiform extrasystoles, or ventricular tachycardia were
said to have complex ventricular arrhythmias. Patients with a heart
rate of > 130 beats/min were said to have an inappropriate heart rate
response.3 Ten patients were receiving propranolol and four digoxin
at the time of exercise testing.

RADIONUCLIDE VENTRICULOGRAPHY

To assess left ventricular function noninvasively, in vivo labelling
of the blood pool was performed with pyrophosphate and 550 MBq
(15mCi) 99mTc. Studies were performed within one month after
infarction. Patients were imaged with a gammacamera (Technicare
Sigma 410) with a large field of view, and data processing was carried

BRITISH MEDICAL JOURNAL VOLUME 288 21 JANUARY 1984

out with a link system (Dyanne) computer. Studies of 10 minutes'
duration were performed routinely in the optimal left anterior
oblique projection. Each study consisted of 20 to 22 frames of data
with typically 120 000 counts/image. The ejection fraction was
calculated using manually defined regions of interest at end diastole
and end systole with a fixed background region of interest selected
on the end diastolic frame. The ejection fraction was determined from
the background corrected end diastolic and end systolic counts.

CLINICAL VARIABLES

The Norris index was calculated for every patient to determine
whether clinical indices of prognosis could identify patients with
poor prognosis more successfully than exercise variables.4 This index
relates risk after myocardial infarction to four variables-namely,
age, previous infarction, cardiac size, and pulmonary congestion-
with a system of weighted scores. Mortality over the three years after
infarction was reported as 12`o in patients with an index of less than
three, increasing to 85°" for those with an index of 12 or more.

STATISTICS

We used the X2 and Student's t tests when appropriate for statistical
analysis.

Results

Follow up was available to one year in all surviving patients.
Fourteen patients sustained serious late complications within one
year of infarction: nine died, three had non-fatal reinfarction, and
two developed pulmonary oedema after discharge. Thus one year
mortality in this group of patients was 8-70'. Mortality in the 49
patients for whom exercise could not be arranged before discharge
was similar at 8 2%, implying that there was no difference between
the two groups. Mortality in the 86 patients excluded from exercise
because of complications of infarction was higher (20-90 ), as might
be expected.

EXERCISE TESTING

Twenty nine patients developed exercise induced ST depression
of > 1 mm in lead V5 and 68 did not. Three patients (10%) with
ST depression in lead V5 died in the year after acute infarction
compared with six (90O) of the 68 patients without. This was not a

significant difference. We also looked at the ability of ST depression
in lead V5 to predict pulmonary oedema and non-fatal reinfarc-
tion in addition to death. One (3 o) of the 29 patients with ST
depression in lead V5 had these complications compared with
four (6%) of the 68 patients without. These proportions were not
significantly different. Twenty patients had .2 mm ST depression
in lead V5, but this magnitude of ST shift did not identify patients
with increased risk of early death. Furthermore, a total of 47 patients
had >1 mm ST depression in any lead, including V5. This also
did not predict increased mortality.

Nineteen patients developed exertional hypotension. Six (32 °',)
of these 19 patients died compared with only three (40/,) of the 78
patients with normal blood pressure on exercise (p<0 001). In
addition, one (5/O) of the 19 patients whose blood pressure fell had
serious late complications compared with four (5O^) of those with
normal blood pressure responses. Thirty one patients developed a

heart rate of >130 beats/min during exercise. Six of these patients
(I9V/) died compared with only three (5,O ) of the 66 patients with a

normal rate response to exercise (p<0 05). These nine deaths all
occurred in the 44 patients with abnormal exercising haemodynamic
responses-that is, a fall in systolic pressure or an inappropriate
heart rate (p<001). Two (50) of the 44 patients with abnormal
haemodynamic responses developed serious late complications
compared with three (6o°) of the 53 patients who had a normal blood
pressure and heart rate on exercise. Of these 53 patients, none died.

Fifteen patients showed exercise induced ventricular arrhythmias
and 82 patients did not. Two (13°,,) of the patients with arrhythmias
died compared with seven (90",,) of the 82 patients without. This was
not a significant difference.

Fifty patients were unable to complete the limited exercise protocol
for one or more reasons. Eight (160i,,) of these patients died compared
with only one (200) of the 47 patients who completed the protocol
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(p <0 05). Two (4',,) of the 50 patients unable to complete the test
developed serious late complications, as did three (6° ) of the 47
patients who completed the test.

Exercise testing induced angina in 19 patients. Fourteen (74)/0
of these 19 patients developed angina at follow up compared with
25 (32%,,) of the 78 patients who did not have angina on exercise
testing soon after infarction (p < 0-01). Exercise testing elicited normal
responses in only 15 patients (four of whom developed test angina);
none of these 15 sustained a serious complication during follow up.
The four patients with angina on exercise testing developed severe
limiting angina at follow up.

Forty two patients took beta blockers at some time during the
year of follow up; 19 of these had had ST depression in lead V5
induced by exercise. This was elective treatment for the control of
symptoms as it was not our policy to treat these patients routinely
with beta blockade. Ten patients were exercised while taking beta
blockers; three of them developed exertional hypotension. Four
patients were exercised while taking digoxin, of whom three developed
hypotension induced by exercise. (One of these patients was taking
both digoxin and beta blockers.)

RADIONUCLIDE VENTRICULOGRAPHY

Ninety one of the 97 patients underwent gated blood pool scanning
within a month of infarction. The mean (SD) ejection fraction in the
six patients who underwent scanning and subsequently died was
29 (16)O. This compared with a mean ejection fraction of 43 (1 1)o%
in the 85 patients who survived (p<0 001). Five of the six patients
who died had ejection fractions of less than 40%, compared with only
29 of the 85 survivors.

NORRIS CORONARY PROGNOSTIC INDEX

The mean (SD) index in the group of patients who died was
5 1 (3-3) compared with 3-6 (2-5) in the survivors. This difference
was not significant. Only two of the nine patients who died had
coronary prognostic indexes of more than five (seven and 13). The
patients at increased risk after infarction in this series would not
therefore have been correctly identified with this prognostic index.

Discussion

Exercise testing early after infarction appears to identify a
group of patients who will experience serious complications in
the following year. We found that patients who were unable
to achieve a normal blood pressure response or who developed
an inappropriately increased heart rate to a low degree of
exercise were at increased risk. These abnormal haemodynamic
responses to exercise suggest extensive myocardial damage in
this group of patients. It has been suggested that an inappropriate
tachycardia3 or exertional hypotension5 at reduced workloads
reflects reduced left ventricular function and a greater infarct
size., In addition, we found that patients unable to complete
the limited protocol had an increased risk of death, and this
variable has been shown to be strongly associated with left
ventricular failure.7 8 Support for this was provided in our
study by the results of radionuclide ventriculography, the
ejection fraction being significantly depressed in those patients
who died compared with those who survived.
Not all patients who died, however, had a low ejection

fraction, and possibly in these patients death was associated
with severe coronary disease and ischaemia rather than pump
failure or possibly these responses were associated with
autonomic deconditioning. Patients with abnormal exercising
haemodynamic responses should therefore undergo radionuclide
ventriculography to establish the severity of any ventricular
dysfunction.
We did not find that ST depression in lead V5 induced by

exercise was significantly associated with death. This is in
contrast to some reports9 10 but not to others.6 11-13 The most
likely explanation for this disparity is the difference in patient
selection between the studies in terms of age, extent of left
ventricular dysfunction, and exercise protocols used.

As expected, we found that angina during the early exercise
test is strongly associated with angina after discharge. Like
Weld et at7 we found that angina induced by exercise did not
independently predict high mortality, although this association
has been reported.'0 We found that a normal response to
exercise testing soon after infarction, or a normal response
apart from symptoms of angina, identified a group of patients
who would have an uncomplicated follow up, or follow up
complicated only by angina.
The patients exercised in this study might have been expected

to have a good prognosis as we had excluded patients with
angina, cardiac failure, or complex arrhythmias continuing
after infarction. These exclusions may explain why the coronary
prognostic index was unhelpful in identifying increased risk.
None of these patients experienced any serious or lasting
complications of exercise testing, but deaths either during or
soon after exercise testing after infarction have been reported
by others, albeit rarely (D A Chamberlain, personal com-
munication).'4 These patients are at increased risk of sudden
death whether they are exercising or not, and it is not clear
whether these deaths were directly attributable to the exercise
test. The risk associated with exercise testing after infarction
appears to be small, particularly in relation to the valuable
prognostic information it provides and the psychotherapeutic
effects on most patients, who are encouraged by their exercise
tolerance soon after myocardial infarction.

In our experience ST changes on exercise testing after
infarction are less predictive of later complications than
haemodynamic observations, which may indicate left ventricular
damage rather than ischaemia. Our findings suggest, however,
that patients with reduced exercise tolerance or poor haemo-
dynamic responses are at particularly high risk of further
ischaemic damage from infarction, which coronary artery
surgery might prevent.
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