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Left ventricular function at 24 hours, 14 days and
6 months after acute myocardial infarction
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To determine the natural history of left ventricular function at rest and during exercise and to assess the impact
V of this variable on subsequent mortality, 165 patients were studied with radionuclide angiography within 24

hours of acute myocardial infarction. The ejection fraction of the 19 patients who died during the 6 month
follow-up was lower than that of the 146 survivals: 41 ±16% vs 50 ±13% (P<0001). Before hospital

. » discharge (14±4 days), 83 patients had a rest and submaximal exercise radionuclide study. The ejection
fraction of the 42 patients with anterior infarction was 44 ± 12% and remained unchanged during exercise,
while the 41 patients with posterior infarction had a resting value of 54 ±9% which increased to 57 ± 10%
(P< 0001) during exercise. The ejection fraction during exercise increased slightly but significantly in 37/61
patients with single vessel disease, while it did not change in the 24/61 patients with multivessel disease. At a
mean of 4± 1 months following infarction, 58 patients underwent a symptom-limited exercise radionuclide
study. Mean value of resting ejection fraction for the group or anterior-posterior infarction subgroups did not
change from initial or predischarge values. The 27 patients with anterior infarction showed no change in
ejection fraction during exercise, while the 31 patients with posterior infarction increased their ejection
fraction from 53 ± 11% to 57± 12% (P<0001). Thus, ejection fraction measured by radionuclide angio-
graphy 24 hours follow ing acute myocardial infarction provides useful prognostic information. Moreover, data
collected 14 days and 4 months after infarction indicate that no significant change in ejection fraction occurred

1 at rest or during exercise compared with values at rest for the group as a whole. However, ejection fraction
values of patients with posterior infarction or of patients with single vessel disease increased with exercise,
indicating that after myocardial infarction the capacity for improvement in myocardial function does exist in

•r those patients who manifest the least extensive ischaemic or necrotic damage.

Left ventricular function is an important factor in on subsequent mortality and (2) to determine the
the identification of high-risk and low-risk patients natural history of left ventricular function at rest
following acute myocardial infarction'14'. Radio- and during exercise over a 6 month follow-up
nuclide techniques provide noninvasive means of period,
evaluating ventricular performance in patients
following acute myocardial infarction'515l Some Methods
disparity has been observed between left ventricular STUDY POPULATION
function values in the acute phase and the recovery S t u d i e s w e r e ^rioTmtA o n 165 patients admitted
phase following infarction' <". Moreover, the left t 0 t h e intensive Care Unit of the University
ventricular function determined with the patient at Hospital of Geneva in late 1983 and during 1984
rest, often shows little relationship to the extent w i t h t h e d i a g n o s i s o f a c u t e myocardial infarction,
of ventricular dysfunction determined during There were 34 women and 131 men with mean age
exercise1 ". This report describes a prospective o f 58 years (range 37 to 79). The diagnosis of acute
study of left ventricular performance in patients m y o c a r d i a i infarction was based on the following
with acute myocardial infarction using gated equi- c r i t e r i a : ( | ) a h i s t o r y o f t y p i c a l ) p r o i o n g e d chest
librium radionuclide angiography. The goals were p a i n i ( 2 ) electrocardiographs changes indicative of
two-fold: (1) to assess left ventricular performance myocardial injury including ST-segment depression
during the early phase of an acute myocardial ^ . r j m V , a newly developed QS complex or Q
infarction and to measure the impact of this variable w a v e s o f ^ 0-04 seconds duration, and (3) abnormal
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infarction was determined using standard electro-
cardiographic criteria and patients were classified as
having anterior (antero-septo-apical) or posterior
(infero-postenor) myocardial infarction.

STUDY PROTOCOL
All 165 patients underwent a first radionuclide

angiography as early as technically possible after
the onset of symptoms (29+ 18 [mean + 1 standard
deviation] hours). Eighty-three patients were sub-
mitted to rest and submaximal exercise radionuclide
angiography before hospital discharge, if they
presented with an uncomplicated post infarction
course; recurrent angina, decompensated conges-
tive heart failure and severe arrhythmias being
exclusion criteria.

Selective coronary angiography was performed
in 127 patients, 32 + 48 days after the acute myocar-
dial infarction. Cineangiograms were analyzed by
two cardiologists who were not investigators in this
study. A reduction ^70% of the luminal diameter
of at least one major coronary artery was required
to diagnose significant coronary artery disease.
Fifty-eight patients were submitted to rest and
symptom-limited radionuclide angiography, 4±1
months following the acute event. Of these 58
patients, 35 had a previous rest-exercise radio-
nuclide study at the time of discharge from the
hospital.

Radionuclide angiography was obtained with the
gated equilibrium method utilizing the in vivo-in
vitro red cell labelling technique. With the patient
supine, images were obtained in the anterior and left
anterior oblique projections, the latter generally
done at 35-50° with a caudal tilt of 10-15° in order
to best separate the left from the right ventricle in
the field of view. Trie mobile gamma camera was
coupled with a commercial nuclear medicine
computer and data were collected in 64 x 64 matrix
gated in 16 equal frames by a digitized electro-
cardiogram. Counts were acquired at rest until a
pixel reached a value of 255 and during exercise
until 5 minutes aquisition or when at least 4 million
counts were reached. The images were time-
corrected, space- and time-smoothed, then left ven-
tricular ejection fraction was calculated by at least
two observers with a standard technique using the
background-corrected activity from the regions of
interest manually constructed over the left ventricle
at end-diastole and end-systole.

Graded supine bicycle ergometry performed in
conjunction with radionuclide angiography com-
menced at a work load of 25 or 50 watt and

increased by 25 watt every 3 minutes. The electro-
cardiogram was continuously monitored and blood
pressure was recorded at 3 minutes intervals during
exercise and recovery.

DATA ANALYSIS
All data are expressed as the mean ± 1 standard

deviation. Multiple inter- or intragroup compari-
sons were analyzed by paired or unpaired Student
/-tests.

Results

Of the 165 patients, 19 died of cardiac causes, 14
of them during the initial hospitalization period and
5 within 3 months of discharge from the hospital.
The mean left ventricular ejection fraction of the 19
patients who died during the total follow-up period
was significantly lower (41 + 16%) than the mean
initial ejection fraction for the 146 survivors
(50±13%,/><001).

REST-EXERCISE RADIONUCLIDE STUDIES BEFORE
HOSPITAL DISCHARGE

Two weeks following uncomplicated myocardial
infarction, mean left ventricular ejection fraction
at rest in 83 patients was 49 ±12% practically
unchanged from the initial ejection fraction
(50 ± 13%). Ofthese 83 patients, 42 had an anterior
and 41 a posterior myocardial infarction. The initial
mean ejection fraction of the 42 patients with
anterior myocardial infarction was significantly
lower than that of the patients with posterior infarc-
tion (44+13% vs 56±11%, /><0001). Before
hospital discharge mean ejection fraction of the
patients with anterior infarction did not change
from day 1, while it decreased slightly to 54 ±9%
(/><005) in patients with posterior myocardial
infarction (Table 1). During a submaximal exercise
stress test the mean work load was 55 ± 9 % watts,
the heart rate increased from 71 ±13 to 112±16
beats per minute and systolic blood pressure
increased from 123 ± 16 to 166 ± 22 mmHg.

During exercise mean ejection fraction of the 42
patients with anterior myocardial infarction did not
change, while it increased significantly to 57 ± 10%
(/>< 0-001) in the 41 patients with posterior infarc-
tion (Table 2). Of the 83 patients, 61 underwent
coronary angiography; 37 ofthese had a significant
lesion of one coronary artery and 24 patients had
two or three vessel disease. During exercise the
mean ejection fraction increased from 47 ± 12 to
50± 15 (P<005) in patients with single vessel
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Table I Serial evaluation of resting left ventricular function in 83 patients after
acute infarction. Changes in mean ejection fraction in patients with anterior and
posterior myocardial infarction

Ejection fraction
(%)

Initial

14 days

Initial
4 months

Total
(7. = 83)

50+13

49± 12

(77 = 58 )

5 0 ± l l
49 ±12

Anterior MI
(1 = 42)

45± 13

44±12

(i = 27)

46±1I
45± 13

. .

• •

A
A

Postenor Ml
d = 41)

56±11
A

54±9
( i = 31)

53 ±10
53±11

A = / > <005 and
posterior MI.

= /><0001 for the comparison between anterior and

Table 2 Serial changes in left ventricular ( LV) ejection fraction at rest and during
exercise in patients with anterior and posterior myocardial infarction

Ejection fraction
(%)

14 days

4 months

Anterior MI
Posterior Ml

1 V

2-3 v

Anterior MI
Postenor MI

n = 42
n = 41
n=14
n=15

n = 27
71 = 31

Rest

44±12
54±9
53±6
54± 10

45±13
53±11

• •

Exercise

44±15
57±10
57±6
56±11

46± 15
57± 12

1 v = single vessel disease patients; 2-3 v = multivessel disease patients; ** =
P-c0-001 for the companson between anterior and posterior MI or single and
multivessel disease

disease while it did not change in patients with
multivessel disease. Of the group of patients with
posterior infarction who underwent coronary
angiography, 14 had single vessel disease and 15
multivessel disease; the former increased their ejec-
tion fraction during exercise from 53 ±6 to 57 ±6
(/><0001), while the latter did not (Table 2).

REST-EXERCISE RADIONUCLIDE STUDIES AT 4 MONTHS

The mean left ventricular ejection fraction at rest
of the 58 patients who underwent an exercise radio-
nuclide stress test was 49± 12%, comparable to the
initial ejection fraction (50 ± 11 %). The 27 patients
with anterior myocardial infarction had a mean
resting ejection fraction of 45± 13%, significantly
lower than the mean value for the 31 patients with
posterior infarction (53 ± 11 %, P < 005). However,
for both groups, mean resting ejection fraction at 4
months was similar to the initial values (Table 1).

During the symptom-limited exercise test the mean
work load was 76 ±31 watts, the heart rate
increased from 67 ± 12 to 116 ± 19 beats per minute
and systolic blood pressure increased from 126 ±15
to 175±I2mmHg.

The 27 patients with anterior myocardial infarc-
tion did not change their ejection fraction during
exercise (45± 13% vs 46± 15%), while 31 patients
with posterior infarction increased their ejection
fraction from 53±11% to 57±12% (/><0-001)
(Fig. 2). In the 35 patients who underwent early (14
days) and late (4 months) left ventricular assess-
ment, mean ejection fraction values at rest did not
show any significant change from day 1 values.
During the predischarge exercise test 28 out of the
35 patients (80%) failed to increase their ejection
fraction by 5 points percent (5p%); the ejection
fraction remained unchanged in 24 patients and
decreased in four. At the 4 month evaluation the
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Figure I Changes in left ventricular ejection fraction (EF)
from rest to exercise at 14 days and 4 months in 35 patients
following acute myocardial infarction. Increase (|) or
decrease (|) of ejection fraction by five points percent (5 p%)
or more. EF change inferior to 5 p%( = ). Each line represents
a patient.

ejection fraction response was abnormal in only 19
out of the 35 patients (54%); the ejection fraction
remained unchanged from rest in 13 patients and
decreased in six (Fig. 1). The global improvement in
left ventricular function was particularly evident in
patients with posterior myocardial infarction.

Discussion

Several studies have shown that the ejection frac-
tion calculated by invasive or noninvasive means
during the acute phase of myocardial infarction can
predict survival'2 S1. Our data confirm previous
studies and indicate the usefulness of the ejection
fraction measured by radionuclide angiography
within 24 hours after admission in identifying
patients at high risk of death following acute
myocardial infarction. Other studies showed that
submaximal radionuclide exercise testing was a
highly sensitive means of classifying patients at the
time of hospital discharge after acute myocardial
infarction according to the likelihood of having
cardiac events during the ensuing 6 months'12151.
From our study, however, no such data are available
because only one out of the five patients who died in
the 6 month follow-up underwent exercise radio-
nuclide angiography before discharge.

This study also confirms other reports, showing
that anterior myocardial infarction results in greater
impairment of overall left ventricular function than
does posterior infarction'612181.

Little information is available on the evolution
of left ventricular performance at rest and during
exercise in the recovery phase after myocardial
infarction'5681. We thus felt it was interesting to
determine serially the different behaviour of left
ventricular function at rest and during exercise in
patients following acute myocardial infarction and
to correlate the findings to the location of the
necrosis and the extent of the coronary disease.
Reduto et al. demonstrated little change in left
ventricular function at rest, measured by first pass
radionuclide angiocardiography, between 1 day
and 2 weeks after recent myocardial infarction'61.
We noted, however, a trend indicative of slight
deterioration during the period beginning at a mean
of 28 hours after admission and ending before dis-
charge in the total population as well as in patients
with anterior or posterior myocardial infarction.
The relative high initial ejection fraction could be
explained by concomitant administration of vaso-
dilating drugs such as intravenous nitroglycerine
whereas more patients were on betablockers at the
time of discharge. The results of this study indicate
that before discharge from the hospital after acute
myocardial infarction mean ejection fraction for the
entire group varies little from rest to submaximal
exercise. Only 26 of the 83 patients increased their
ejection fraction by 5p% or more, while the other 57
patients showed a decreased or unchanged ejection
fraction value.

In the subgroup of 41 patients with posterior
myocardial infarction, however, ejection fraction
increased significantly during exercise from the
value at rest, while the average fraction for
the patients with anterior infarction remained
unchanged. These findings differ slightly from those
of Pulido el al., who found a significant reduction
in ejection fraction during exercise in patients with
anterior myocardial infarction but no change in
those with inferior infarction'171. Mean ejection
fraction during exercise increased significantly from
rest value in patients found to have only one vessel
disease, while it did not change in patients with
multivessel disease. This could be explained by the
fact that patients with single vessel disease tended to
have wall motion abnormalities during exercise
confined at the site of infarction while patients
with multivessel disease developed wall motions
abnormalities at different sites. Our findings are in
agreement with those of Nicod et a/.'101.

For the entire group of patients recovering from
myocardial infarction, left ventricular function
showed no significant variation during exercise at 4
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months evaluation; however, marked intragroup
variations were found. Patients with posterior
myocardial infarction demonstrated a significant
improvement in ventricular function during exercise
as they did before hospital discharge, while patients
with anterior myocardial infarction demonstrated
no change in their ejection fraction during exercise.

Conclusions

Our results show that patients who died early
after acute myocardial infarction had low initial
ejection fractions and suggest that ejection fraction
measured by radionuclide angiography 24 hours
following the acute event is useful in predicting
early mortality. Data collected 14 days and 4
months after infarction indicate that no significant
change in ejection fraction occurred at rest or
during exercise compared with values at rest for the
group as a whole. However, ejection fraction value
of patients with posterior myocardial infarction or
that of patients with single vessel disease, increased
with exercise, indicating that the capacity for
improvement in myocardial function does exist in
those patients who manifest the least extensive
ischaemic or necrotic damage. Finally, left ventricu-
lar response to exercise in patients with anterior
infarction can be predicted grossly from predis-
charge submaximal stress test and it seems that the
symptom-limited exercise at 4 months adds little
information.
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