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Prediction of mortality in hospital survivors of
myocardial infarction
Comparison ofpredischarge exercise testing and
radionuclide ventriculography at rest
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SUMMARY The relative merits of resting ejection fraction measured by radionuclide angiography and
predischarge exercise stress testing were compared for predicting prognosis in hospital survivors of
myocardial infarction. Two hundred and fourteen survivors of myocardial infarction out of 338
consecutive patients with acute myocardial infarction were studied over a 14 month period. Hospital
mortality was 13% (45 of 338) whereas 19 additional patients out of 214 died in the subsequent year
(9%). High, intermediate, and low risk groups could be identified by left ventricular ejection
fraction measurement. Mortality was 33% for nine patients with an ejection fraction <20%, 19% for
58 patients with an ejection fraction between 20% and 39%, and 3% for 147 patients with an ejection
fraction >40%. Mortality was high (23%) in 47 patients who were unable to perform the stress test
because of heart failure (19) or other limitations (28). The patients could be stratified further into
intermediate and low risk groups according to the increase in systolic blood pressure during exer-
cise: six deaths occurred in 46 patients with a blood pressure increase of <30mm Hg and two deaths
occurred in 121 patients with an increase >30 mm Hg. Maximum workload, angina, ST changes,
and ventricular arrhythmias were less predictive than blood pressure changes.

It is concluded that the prognostic value of radionuclide angiography at rest and of symptom
limited exercise testing is similar. The latter investigation should be the method of choice since it
provides more specific information for patient management.

The identification of high risk and low risk subjects
among those who have recovered from acute myocar-
dial infarction remains a major aim in clinical prac-
tice. Prognostic stratification can be based on vari-
ables related to left ventricular dysfunction, the extent
of coronary artery disease, residual myocardial
ischaemia, or ventricular arrhythimias.1-3 Adequacy
of left ventricular function can be judged from clinical
signs45 or can be quantified by non-invasive or inva-
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sive methods suich as haemodynamic monitoring,' 6
radionuclide studies,27 echocardiography,8 or cardiac
catheterisation.39 Residual ischaemia can be shown
by exercise stress testing'0-'2 and ventricular
arrhythmias can be detected by ambulatory elec-
trocardiographic monitoring'3 or provocative elec-
trophysiological testing.14 Based in part on these
observations, it has been suggested that an algorithm
may be developed to identify patients at highest risk,
in whom more aggressive management would be
indicated.'5 Such an algorithm should use the most
sensitive and specific tests and eliminate those that are
costly and redundant. Little information is available,
however, on the relative predictive value of various
investigations.
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Risk stratification after myocardial infarction

In this prospective study of hospital survivors of
myocardial infarction we compared the relative power
of predischarge clinical evaluation, symptom limited
exercise testing, and radionuclide angiography at rest
for predicting late mortality.

Patients and methods

The records of 338 consecutive patients admitted to
the coronary care unit of the Thoraxcenter between
1 March 1981 and 30 April 1982 with documented
acute myocardial infarction were reviewed. A diag-
nosis of myocardial infarction was made if at least two
of the following criteria were present: (a) typical pro-
longed chest pain of at least 45 minutes; (b) dynamic
electrocardiographic changes defined, in case of
transmural infarction, as evolving QR complexes or Q
waves :0.04 s with ST and T wave changes or in the
case of non-transmural infarction as T wave inversion
or ST depression persisting for at least 24 hours with-
out loss of R wave voltage or new Q waves (the site
was defined as undetermined in cases of complete left
bundle branch block); and (c) a typical rise and fall in
total creatine kinase with a peak concentration 100
IU/l (twice the upper limit of normal values in our
laboratory). Previous infarction was diagnosed by a
history of documented myocardial infarction or diag-
nostic Q wave abnormalities.

Included in this series were 48 patients with com-
plicated myocardial infarction who were referred from
neighbouring hospitals. During the initial hospital
admission 45 patients died, 22 ofwhom were referred
because of complications. Complete data for the pres-
ent study were available for 214 patients. Twenty one
patients who underwent coronary artery bypass graft
surgery or percutaneous transluminal coronary angio-
plasty before discharge and 59 patients who did not
undergo radionuclide angiography because of early
referral to another hospital or in whom for logistic
reasons complete data could not be obtained were
excluded from this follow up study.
The baseline clinical characteristics of the patients,

both with and without radionucide angiographic data
including sex, prevalence of previous infarction, site
of the index infarction, and Killip class during admis-
sion to the coronary care unit, were comparable. The
median hospital stay was 13 days (range 7-78 days).
Treatment in the acute phase was guided by
haemodynamic monitoring with a Swan-Ganz cathe-
ter in 139 patients according to the guidelines recently
described.16 Thirty eight patients were treated with
intracoronary streptokinase, as part of an ongoing
randomised trial.'7 Metoprolol 50 or 100 mg twice
daily was given when indicated by angina or hyper-
tension and also as a general secondary preventive
agent provided that there were no contraindications or
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side effects.18
Before discharge radionuclide angiography was per-

formed in the 450 left anterior oblique view after in
vivo labelling of the red blood cells with 15 mCi (540
MBq) of technetium-99m. Acquisition was performed
during a six minute period with a Searle Pho-
gamma V camera of a Siemens cardiac camera equip-
ped with a low energy all purpose collimator. The
data were processed through an automated contour
detector with correction for background activity, and
left ventricular ejection fraction was computed from
the end systolic and end diastolic images.'9
A symptom limited exercise test with stepwise

increments of 10 W/min was performed on a bicycle
ergometer before discharge in 167 of the 214 patients.
Three Frank leads were constantly recorded and ana-
lysed by a computer system.20 Cuff blood pressure
was obtained at two minute intervals during exercise
and in the recovery phase. All clinically prescribed
medication was maintained during the test.

After hospital discharge all patients returned to the
outpatient clinic at two weeks, 12 weeks, six months,
and 12 months. One year follow up was complete.

STATISTICAL ANALYSIS
Univariate analysis with unpaired Student's t test for
continuous variables, and the x2 or Fisher's exact test
when appropriate was applied for the discrete vari-
ables. The most advantageous cut off points for con-
tinuous variables were selected from receiver-operator
characteristics curves. In these curves the specificity
vs sensitivity of a test are plotted, where sensitivity is
the fraction of positive classifications for all patients
who in fact satisfy the end point criteria, and
specificity is the fraction of all negative classifications
for all patients who in fact satisfy the non-end point
criteria. These curves, when generated for different
tests, provide a direct comparison of the various test
results over the entire range of measurements. The
major end point of interest in this study was mortality
in the follow up period, although other end points
such as reinfarction and occurrence of angina pectoris
were also studied.

Results

CLINICAL FOLLOW UP
Complete data including radionuclide angiograms
were available in 214 patients. Nineteen of these 214
patients died during follow up (9%). Eight died
within one month of discharge (six suddenly and two
of progressive heart failure), seven between one and
six months (all suddenly), and four between six and
12 months (two suddenly, one of a fatal reinfarction,
one of progressive heart failure). In addition, of those
58 patients who were excluded from the study because
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of incomplete predischarge data, eight patients died.
In the latter group patients were on average four years
older than the 214 patients in the study, but they did
not differ as regards history of previous infarction,
location of infarction, or Killip class as determined in
the coronary care unit. No patient was lost to follow
up.

After discharge 31 (14%) patients had clinical signs
or symptoms of heart failure. In 82 (38%) angina pec-
toris occurred, which in 17 was treated by coronary
artery bypass surgery or coronary angioplasty. Three
(1-4%) patients developed episodes of sustained ven-
tricular tachycardia and 19 (90/%) a non-fatal reinfarc-
tion.

MORTALITY PREDICTION BY PREDISCHARGE
CLINICAL DATA
The specificity and sensitivity for the prediction of
late mortality of clinical variables recorded during
hospital stay after the first 48 hours of admission or at
discharge are shown in Table 1. The variables indicat-
ing left ventricular dysfunction, such as clinical signs
of heart failure, a cardiothoracic ratio >50%, and the
need for digitalis or diuretics at discharge, were all

Table 1 Specificity and sensitivity of clinical data obtained
during hospital admission at least 48 hours after admission or at
discharge for predicting mortality (n =214)

Sensitivity specificity
(%) (%)

Late sustained ventricular
tachycardia or fibrillation 21 98

Angina 31 81
Heart failure 58 82
Cardiothoracic ratio (>5(0o) 58 80
Treatment with:

Digitalis 75 78
Diuretics 68 66

more predictive than angina. In addition, non-

survivors were older (mean (SD) age 62 (11) vs 56 (10)
years; p<O0005) and more often had had a previous
myocardial infarction (p<0.005).

EXERCISE TEST AND LATE MORTALITY
A symptom limited exercise test was performed by
167 out of 214 patients. Forty seven patients were

unable to undergo the exercise test: seven patients
because of general disability (all >70 years), 19
because of persistence of clinical signs of heart failure,
three because of angina, and 18 because of non-
cardiac limitations. These patients were older than
those who could be exercised (mean (SD) age 65(9) vs

54(10) years; p<0-001), more often had a history of
previous myocardial infarction (380/o vs 24%;
p<005), were more symptomatic (19% vs 4% in Kil-
lip class III or IV; p<O.002), and had a lower ejection
fraction at discharge (mean (SD) 40%( 16%) vs 49%
(13%); p<0-0005). Eleven of the 47 (23%) patients
with contraindications for the stress test died. Nine of
these 11 non-survivors had evident heart failure and
two non-cardiac limitations. Eight of the 167 patients
who performed the test did not survive during follow
up (5% mortality). This made inability to perform the
stress test the strongest predictor of late mortality
(p<O-0005). It correctly predicted 58% of non-
survivors with contraindications (sensitivity 58%) and
82% of survivors without contraindications
(specificity 82%). Table 2 summarises the stress test
results, and in Fig. 1 these data are presented as
receiver-operator characteristics curves. From the
various measurements during the stress test the most
sensitive predictor of mortality was an inadequate rise
in systolic blood pressure during exercise (Fig. 1). All
non-survivors had a pressure rise of <45 mmHg.
Although the appearance of ventricular tachycardia
during the stress test was also significantly associated

Table 2 Results of stress test in relation to late mortality. Values are mean (I SD) unless stated otherwise

Suvivors (n=159) Non-suvivors (n=8) P value

Maximum workload (W) 116 (33) 98 (31) NS
% Maximum work capacity 79 (17) 75 (18) NS
Heart rate (beats/min):

Resting 83 (16) 94 (26) NS
Maximum 135 (23) 150 (28) 0-05

Systolic pressure (mm Hg):
Resting 121 (16) 128 (24) NS
Maximum 166 (28) 148 (23) 0 05
Rise 45 (24) 20 (15) 0-005

No (%) of patients with:
Angina 47 (29) 2 (25) NS
ST depression 57 (36) 5 (62) NS
ST elevation 70 (44) 4 (50) NS
Any ST changes* 100 (63) 7 (87) NS
Any ventricular extrasystoles 35 (22) 3 (37) NS
Ventricular couplets 11 ( 7) 2 (25) NS
ventricular tachycardiat 2 ( 1) 1 (14) <0-02

*-- mm.
tAt least three consecutive ventricular beats with heart rate I100 beats/min.
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Risk stratication after myocardial infarction

Peak heart rate (beats/min)
------ Peak workload (W)

Systolic blood pressure rise (mmHg)
................ Maximum ST depression (mm)

I- ~ Maximum ST elevation (mm)

100

80 2
4,~~~~~~~~~~~~1
15~~~ ~ ~ ~ ~~~~~~4

0 20 40 60 80 100
Sensitivity (NIO)

Fig. 1 Specificity vs sensitimtty for late mortality of exercise
testing derived data.

with late mortality, its sensitivity was low at 12%. Fig.
2 shows the distribution of the systolic blood pressure
change during the exercise stress test. By using as cut
off point for risk stratification the contraindication for
stress testing or a systolic blood pressure rise of
<30 mmHg, three groups at high, intermediate, and
low risk were identified with a respective mortality of
23%, 13% and No (Table 3).

RADIONUCLIDE ANGIOGRAPHY AND LATE
MORTALITY
Left ventricular ejection fraction was measured by
radionuclide angiography in all 214 patients. Fig. 3
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Fig. 2 Frequency distribution of systolic blood pressure change
during exercise testing in survivors and non-survivors.
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Fig. 3 Frequency distribution of ejection fraction by
radionuclide ventriculography in survivors and non-survivors.

shows the distribution of ejection fraction and the
respective mortality. Ejection fractions were lower in
non-survivors than in survivors (35%(16%) vs 48%
(14%); p<0-0005). Nevertheless, five patients died
who had had a moderately reduced or normal ejection
fraction at discharge (mean (SD) 40%(16%) vs 49%
<20%), intermediate risk (ejection fraction 20-39%),

Table 3 Characterisation ofhigh, intrmediate, and low risk groups by exercise testing and radionuclide ventriculography in relation
to mortality. Figures are numbers ofpatients unless otherwise stated

Suvivors (n=195) Non-suvivors (n=19) Total Mortality (%)

Exercise testing
Systolic blood pressure:
No test performed 36 11 47 23
Rise <30 mm Hg 40 6 46 13
Rise 230 mm Hg 119 2 121 2

Radionuclide venriculography
Ejection fraction (%):
<20 6 3 9 33
20-39 47 1 1 58 19
¢40 142 5 147 3
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and low risk (ejection fraction ¢40%) groups were
identified with a respective mortality of 33%, 19%,
and 3% (Table 3).

Discussion

The fate of hospital survivors of myocardial infarction
has been related to the extent of left ventricular dys-
function,'13 the extent of coronary artery disease,3 9
signs of residual myocardial ischaemia,I0 or the pres-
ence of ventricular arrhythmias.'3 14 The relative
merits of the different tests have not yet, however,
been fully explored. This study focuses on the value
of predischarge exercise testing and resting radionuc-
lide angiography in predicting one year survival since
both tests are in common use. Our results indicate
that measurement of ventricular function either at rest
or during stress carries the most prognostic informa-
tion. Ventricular tachycardia occurred infrequently,
although those who had such arrhythmias during
inhospital monitoring or exercise have a high risk of
mortality (one out of three patients with ventricular
tachycardia during the stress test died). The predic-
tive value for one year survival or mortality of angina
or ST changes during exercise was low (Table 1, Fig.
1). The best predictors were clinical data relating to
left ventricular function such as heart failure, treat-
ment with digitalis (Table 1), and contraindications
for a predischarge stress test (Table 3) as well as direct
measurement of left ventricular ejection fraction at
rest (Table 3, Fig. 3) and the blood pressure rise dur-
ing exercise, which is a measure of left ventricular
function during stress2' 22 (Fig. 2, Table 3).
The present data on left ventricular ejection frac-

tion agree with other reports.92324 For example,
Schulze et al found a 30% mortality during one year
follow up in 26 patients with an ejection fraction
<40% and no mortality in the 55 patients who had an
eiection fraction >40%h.23 Sanz et al reported a 22%
mortality rate at four years in patients with three ves-
sel coronary artery disease and an ejection fraction
between 21% and 40% but a very low mortality (bet-
ween 0Yo and 4%) in patients with an ejection fraction
>50%.9 The highest mortality occurred in patients
with a resting ejection fraction <20%. Similarly, we
found a 33% mortality when the resting ejection frac-
tion was <20%, a 19% mortality with an ejection frac-
tion between 200/o and 39%, and only a 3% mortality
when the ejection fraction exceeded 40% (Table 3).
A predischarge submaximal or symptom limited

exercise test 10-20 days after recovery from myocar-
dial infarction is safe and is predictive of future car-
diac events,3 1024 even though Pedersen et al reported
four patients out of 1500 who had serious arrhythmias,
one of whom died.2' The occurrence of angina pec-
toris, ST depression, and the lack of an appropriate

blood pressure response reflect diffuse coronary
artery disease3 22 2 26 with a worsening prognosis in
those who have all three signs.

In our experience an inadequate blood pressure
response was the best predictor of late mortality fol-
lowed by a reduction in the maximal workload (Fig. 1
and Table 2). Consistent with these results are those
of Jennings et al, who recently reported that poor
exercise haemodynamics-such as peak heart rate
higher than 130 beats/min or a reduction in systolic
blood pressure-were more often associated with late
mortality than ST changes.27
The low predictive value of exercise induced ST

segment changes, in contrast to the original report of
Theroux et al,28 could be due to the use of a different
lead system, although there is no reason to question
the use of the Frank three lead system for this pur-
pose. Indeed Theroux found a lower incidence of ST
depression (30%) than that in the present study (44%)
despite mortality being greater (14% vs 9%). The use
of beta blockers at the time of the test was similar
(39% vs 43%) in both studies. The percentage of
patients with ST depression during exercise in our
study was similar in those with and without beta
blockade (42% and 47% respectively).

In our study no significant correlation was found
between the extent of rise in blood pressure and the
resting ejection fraction in individual patients. This
apparent negative result is not surprising since left
ventricular dysfunction due to myocardial ischaemia
can often be detected only during increased myocar-
dial oxygen demand.

Coronary arteriography was performed in 66
patients who underwent a predischarge stress test. In
accordance with earlier reports, multivessel disease
was found in 51% of patients (n=26) with a blood
pressure rise >30 mm Hg, whereas 74% (n= 12) of
patients with a lower blood pressure rise had multi-
vessel disease.
We confirm, therefore, that both resting radionuc-

lide angiography and exercise testing are predictive of
mortality. Their relative predictive value can be
derived from receiver-operator characteristics curves
of both methods. For the purpose of this comparison
a contraindication for stress testing should be
included as the worst outcome of that test (Fig. 4).
The large overlap between the curves of the two
methods suggest that the predictive value of the two
tests is similar, even if the results have to be regarded
with some caution owing to the small number of end
points.
The risk classification of the individual patients by

the two methods was best when the extent of blood
pressure rise and subsequent mortality were com-
pared. There were only two deaths in the 121 patients
with a blood pressure rise of >30 mm Hg compared
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Risk strat#ication after myocardial infarction

Rise in systolic blood pressure (mmHg)
during stress test

Ejection fraction (a.)
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No stress test
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Fig. 4 Spec#icity vs sensitivity for late mortoity ofexercise
testing (contraindicaton or change of systolic pressure dunng the
test) and radionclide venttiuiGgraphy.
with six in the 46 with a lower blood pressure rise
(Table 3).

Moreover, in the 85 patients who had a blood pres-
sure rise of ¢45 mm Hg, no late deaths occurred.
Most importantly, in the three patients whose death
had not been predicted by resting radionuclide
angiography, since their ejection fraction was >40%,
the blood pressure rise was <30 mm Hg. Death in
these patients with normal or moderately impaired
left ventricular function could have been due to a
severe proximal multivessel coronary disease, as sug-
gested by the poor blood pressure response during
exercise.

In summary, we find that a simple measurement-

History, physical examination, ECG, radiography.
II II
_ + +Angina
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the extent of blood pressure rise during bicycle exer-
cise testing just before discharge-has a predictive
value for late mortality which is at least comparable to
that of resting radionuclide ventriculography in hospi-
tal survivors of myocardial infarction. Our results
suggest that a poor systolic pressure rise during exer-
cise may indicate severely depressed left ventricular
function as well as extensive coronary artery disease in
the presence of normal or moderately depressed ven-
tricular function at rest. Accordingly, we have con-
structed an algorithm for evaluating patients afte'r
myocardial infarction (Fig. 5). An exercise test should
be performed in all patients without contraindica-
tions. Those patients without angina and with an ade-
quate blood pressure response during exercise can be
discharged without further studies since these have
an excellent prognosis with medical treatment.
Radionuclide angiography could be used to evaluate
left ventricular function at rest in those patients who
cannot be exercised because of heart failure or general
disability and in patients with a poor blood pressure
response during exercise. Coronary angiography
should be limited to patients with postinfarction
angina, to patients with an inadequate blood pressure
response during exercise, or to patients with heart
failure. In the latter group left ventricular function
should not be too severely compromised (left ven-
tricular ejection fraction >20%).

Others have proposed reliance on resting radionuc-
lide angiography in all patients after myocardial
infarction.Is In our opinion the guidelines in Fig. 5
are preferrable in practice because exercise testing is
less expensive and has similar prognostic value to that
of radionucide angiography. In addition, the exercise
test provides information on arrhythmias, myocardial
ischaemia, and exercise tolerance, which can be used
in the management of individual patients after
myocardial infarction.

We thank our many colleagues in the cardiac catheter-
isation laboratory: in particular, Dr M vd Brand and
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Fig. 5 Algorithm for evaluating
patients after myocardial infarction.
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