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Abstract
Objectives-To assess whether the reduction in left ventricular dilatation after
acute myocardial infarction obtained by
early administration of angiotensin converting enzyme inhibitors depends on
continuous treatment.
Design-Prospective observational and
cross sectional study of withdrawal of
randomised treatment with enalapril or
placebo.
Patients-106 patients on 6 months trial
treatment after an acute myocardial
infarction.
Main outcome measures-Left ventricular volumes and ejection fraction as
assessed by echocardiography and circulating proatrial natriuretic factor (1-98)
before and 4-6 weeks after withdrawal of
treatment.

Results-There were no significant
changes (mean (SD)) in left ventricular
systolic (0.7 (4.7) ml/m2) and diastolic
(0 4 (6.6) mium2) volume indices, ejection
fraction (- 0.9 (6)%), and proatrial natriuretic factor (172 (992) pmolIl) after
withdrawal of enalapril. The significantly
lower left ventricular volumes observed
with 6 months of enalapril therapy after
acute myocardial infarction, as compared with placebo, were maintained
6 weeks after drug withdrawal.
Conclusion-The results show that the
benefit of 6 months of enalapril treatment
initiated early after myocardial infarction is maintained for at least 6 weeks
after drug withdrawal, suggesting that
the treatment effect on left ventricular
structure is not reversed by changes in
loading conditions caused by subsequent
drug withdrawal.
(Br HeartJ 1995;73:506-5 10)

ventricular volumes and higher ejection
fractions. Previous studies have shown that in
patients with Q wave infarction, anteroapical
location and infarct size are major determinants of infarct expansion.4 It has also been
reported that expansion occurs predominantly
when the infarct is situated in the region of
the left ventricle with greatest curvature,5
suggesting that wall stress is directly related to
the degree of left ventricular dilatation after
myocardial infarction. The reduction in
afterload achieved with angiotensin converting enzyme inhibition started soon after
acute myocardial infarction reduces left ventricular wall stress; this may reduce infarct
expansion, remodelling, and subsequent
left ventricular dilatation. The effect of
angiotensin converting enzyme inhibitors on
left ventricular size and function may also
partly be the result of inhibition of the local
myocardial tissue renin angiotensin system6 7;
this may modify the adaptive process occurring in the myocardium after ischaemic injury.
Whether continued long-term treatment
with angiotensin converting enzyme inhibitors
is necessary to maintain reduced volumes
resulting from treatment early after myocardial infarction has not been fully examined.
However, it has previously been reported that
left ventricular volumes do not change during
the first 48 hours after withdrawal of 3
months of captopril treatment initiated early
after myocardial infarction.' A withdrawal
period of 48 hours may be enough to reveal
reversible haemodynamic changes, but may
not be sufficient to demonstrate a reversible
effect on structural changes, especially those
caused by altered tissue angiotensin II
activity. This study was designed to determine whether the lower left ventricular
volumes obtained by converting enzyme inhibition, initiated early after myocardial infarction, were maintained over an extended
period of time independently of continuous
treatment.

Keywords: left ventricular dilatation; acute myocardial
infarction; enalapril withdrawal; proatrial natriuretic
factor (1-98)

The increase in left ventricular volume after
acute myocardial infarction was reduced by
treatment with angiotensin converting enzyme
inhibitors. 1-3 Because these drugs lower
cardiac filling pressures and systemic blood
pressure they may result in decreased left

Serial echocardiography was performed
before and 4-6 weeks after withdrawal of
enalapril in a substudy of the Cooperative
New Scandinavian Enalapril Survival Study
(CONSENSUS II).8 Plasma proatrial natriuretic factor (1-98), which has been shown to
be a sensitive marker of cardiac filling
pressures9 and a marker of symptomless left
ventricular dysfunction,'0 was also investigated serially in this study.
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Left ventricular volumes, ejection fraction, and
plasma proatrial natriuretic factor (1-98) after
withdrawal of enalapril treatment initiated early
after myocardial infarction
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Patients and methods
STUDY DESIGN

STUDY POPULATION

Patients with chest pain lasting more than 20
minutes within the past 24 hours, presenting
with new electrocardiographic changes compatible with acute myocardial infarction and/
or enzymatic evidence of myocardial necrosis
were included in the CONSENSUS II study
after informed consent. Patients with
hypotension (blood pressure <105/65 mm
Hg); significant valvar disease; severe hepatic,
renal, or haematological disorders; severe
heart failure; and those using converting
enzyme inhibitors were not included. The
study was approved by the regional ethics
committees. Patients taking trial medication
according to protocol at the final examination
were eligible for follow up after drug withdrawal.
METHODS OF ASSESSMENT

Echocardiography
Cross sectional echocardiography was performed by experienced physicians or technicians before and after withdrawal of the trial
drug. Apical two and four chamber views
Table 1 Baseline characteristics before randomised treatment
Placebo (n

Mean (SD) age (y)
Males (%)
Anterior wall infarction (%)
Q wave infarction (%)
Mean (SD) heart rate
Systolic blood pressure (mm Hg) (mean (SD))
Diastolic blood pressure (mm Hg) (mean (SD))
Treatment:
Thrombolytic (%)
fi Blocker (%)
Intravenous GTN (%)
Intravenous diuretics (%)
Aspirin (%)
Calcium channel blockers (%)
Heparin (%)
Warfarin (%)

=

64-7 (10-4)
78
58
72
76 (13)
129-5 (18-6)
80-0 (11-4)
58
64
59
33
91
19
55
15

No significant differences were found between treatment groups.
GTN, glyceryl trinitrate.

78)

Enalaprd (n
64-8 (10-4)
74
52
69
75 (14)
129-3 (16-8)
78-1 (10-8)
69
64
62
35
93
12
67
21

=

58)

were recorded according to the recommendations of the American Society of
Echocardiographyl" and stored on video tape
for later analysis. The second examination
was performed 4-6 weeks after withdrawal of
trial medication by the same observer using
the same equipment. Patients were examined
in the left lateral supine position by commercially available ultrasound equipment
(Acuson 128 (Mountain View, CA, USA),
Aloka SSD 870 (Aloka Co, Tokyo, Japan)
and Vingmed CFM 750 (Vingmed Sound,
Horten, Norway). Complete cardiac cycles
were digitised from the video recordings for
computer assisted analysis. Analyses of all
recordings were performed at a core laboratory by one observer, unaware of trial medication or clinical data. Biplane left ventricular
volumes were calculated from planimetric
area tracings of two and four chamber end
diastolic and end systolic frames using the
disc summation method (modified Simpson's
rule). The methods and data on reproducibility have been reported elsewhere.3

Plasma proatrial natriuretic factor (1-98)
Blood samples for analysis of plasma proatrial natriuretic factor were drawn by direct
venepuncture into chilled tubes containing
ethylenediaminetetraacetic acid and aprotinin
(500 kallikrein inactivator units/ml blood)
after at least 30 minutes of supine rest at the
time of echocardiography. The test tubes were
centrifuged and plasma samples were stored
at -70°C pending analysis. Proatrial natriuretic factor concentrations were determined
as described previously by a specific radioimmunoassay method without prior extraction.'2
All results are a mean of two parallel assays of
each sample.
STATISTICAL ANALYSIS

Echocardiographic measurements of volumes,
ejection fractions, and proatrial natriuretic
factor in the enalapril group were compared
with those of the placebo group before and
4-6 weeks after withdrawal of trial treatment.
Changes over time were analysed in both
groups and compared. Longitudinal data were
compared as paired observations. Data at
each time point from patients in different
cohorts were compared by an unpaired test.
Statistical significance for within group
changes were assessed by the signed rank test,
and for between group differences by the
Wilcoxon rank sum test. Results are presented
as means (SD). All P values are two sided.
Results
One hundred and thirty six patients, 78 in the
placebo and 58 in the enalapril group, on trial
drug at the end of the treatment period were
re-examined by echocardiography between 4
and 6 weeks after drug withdrawal. At the
time of withdrawal the enalapril group were
taking a mean of 16-7 mg of trial drug. The
target dose of 20 mg day was being used by
74% of the patients. Table 1 presents the
baseline characteristics of these patients. As
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The CONSENSUS II trial was a multicentre,
double blind, randomised, placebo controlled
study evaluating the effect of early enalapril
treatment on 6 month mortality after acute
myocardial infarction. Patients received 1 mg
of enalaprilat or placebo within 24 hours after
a confirmed myocardial infarction, followed
by oral treatment for 6 months. Seven centres
recruited patients to an echocardiographic
substudy using a common protocol, the
results of which have been reported.3 Patients
on trial medication at the final examination
were examined with cross sectional echocardiography before and 4-6 weeks after withdrawal of the trial drug in four of these centres
(see list of centres). Trial medication was discontinued in all patients. The treatment code,
however, was not revealed after withdrawal
and all examinations and measurements were
done double blinded. Concurrent treatment
was kept unchanged during the withdrawal
period and open converting enzyme inhibitor
therapy was not initiated in any patient during
this period.
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Table 2 Characteristics before withdrawal
Enalapril (n = 58)

Placebo (n = 78)

65 (10)

65 (12)

134-6 (22-5)
80-8 (11-8)

139-0 (20-9)
81-7 (9-6)

64
12
93
24

64
19
91
26

No significant differences were found between treatment groups.

shown, there were no significant differences at
baseline in clinical characteristics and medication between the treatment groups. The withdrawal study was initially designed to include
only patients with Q wave infarction. After the
premature termination of the main CONSENSUS II study was known, all patients on
trial drug at their final examination were
included in order to increase the sample size.
Consequently, the percentage of patients with
Q wave infarction is higher than in the main
CONSENSUS II population. Table 2 gives
the patient characteristics and concomitant
treatment before withdrawal.
In the intervention study before drug withdrawal we showed a reduction in volume
expansion and significantly lower volumes 1
and 6 months after myocardial infarction with
enalapril treatment as compared with
placebo.' Similarly, in the present patient
population, diastolic and systolic volume
indices were significantly lower in patients
receiving enalapril rather than placebo at the
end of the intervention period before withdrawal and remained significantly lower in
enalapril treated patients 4-6 weeks after
withdrawal (figure). In the placebo group systolic volume index increased significantly (09
(5 1) mlm,'2 P < 0O05) and diastolic volume
index increased too, but not significantly (1 3
(6 3) ml/m2; P = 0 07) 4-6 weeks after drug
withdrawal. Changes in systolic and diastolic
volume indices were not significant in the
group of patients withdrawn from enalapril
(07 (4 7) mum2 and 04 (6 6) mum,'2 respectively). However, differences in volume
changes between the enalapril group and the
placebo group of patients were not significant
during this period.
Changes in diastolic and systolic volume
indices were also evaluated in a subgroup of
patients with Q wave infarction. In the
placebo group the diastolic and systolic volume indices increased by 2 1 (7-2) mum2 (P =
003) and 0O8 (6 5) ml/m2 (P = 0057) respectively. A significant change in systolic volume

E
E
x
0.

*0
C

0)

E

Placebo Enalapril
Systolic volume
index

Left ventricular volume
indices (mean (1 SD) at
the end of treatment period
and 4-6 weeks after drug
withdrawal in 78 placebo
and 58 enalapril treated
patients. *Enalapril v
placebo; P < 0.05.
Differences in volume
changes between the two
groups were not significant
during this period.

Table 3 Plasma proatrial natriuretic factor (1-98)
Enalapril

PIacebo

Mean

Mean
Before withdrawal
4-6 weeks after withdrawal
Change after withdrawal
P

<

0-05.

n

(pmolll)

SD

n

(pmol/l)

SD

78
66
62

1289*

960
1064
1266

57
52
49

1040*

926
1052
992

1145
-97

1105
172

Discussion
This trial was designed to evaluate the effect
of drug withdrawal after 6 months of enalapril
treatment started early after acute myocardial
infarction in an unselected group of patients.
We found significantly lower left ventricular
volumes after 6 months of enalapril treatment
than after placebo. This accorded with previously reported results from the treatment
period.' The results of the present withdrawal study show that this between group
difference in left ventricular volumes was
maintained for 4-6 weeks after enalapril treatment ended.
Nearly 46% of patients with myocardial
infarction experience left ventricular dilatation
during the first 4 weeks after infarction."3 In
most patients this process is halted, but in
some dilatation progresses. Studies evaluating
the effect of early angiotensin converting
enzyme inhibition after acute myocardial
infarction showed that treatment significantly
reduces left ventricular dilatation during the
first months."3These drugs have systemic and
local actions and the mechanism by which
they act is complicated and not fully determined. The effect on left ventricular remodelling may be predominantly structural.
However, optimised loading conditions may
be necessary to maintain this effect. We
found that the effect of 6 months of enalapril
treatment, initiated early after myocardial
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Heart rate (mean (SD))
Blood pressure (mm Hg)(mean (SD))
Systolic
Diastolic
Treatment (%):
fi Blocker
Calcium channel blockers
Aspirin
Oral diuretics

index (1 9 (5 5) ml/M2; P = 0O01) but not in
diastolic volume index (0 7 (7 3), P = NS) was
observed in patients with Q wave infarction
withdrawn from enalapril. The differences in
changes between placebo and enalapril
treated patients with Q wave infarction were
not significant.
At the end of the intervention period and
before the trial drug was stopped, the ejection
fraction was 46 (9)% in the placebo and 49
(8)% in the enalapril treated patients (P =
009). During the withdrawal period, the
ejection fraction did not change significantly
in either treatment group (placebo -0-8
(6)% v enalapril -09 (6)%) and between
group differences remained essentially
unchanged at the end of the withdrawal
period (placebo 45 (9)% v enalapril 48 (8)%, P
= 008). However, in patients with Q wave
infarction, the ejection fraction was significantly reduced in the group of patients withdrawn from enalapril treatment (- 31
(7-2)%, P = 0005), but not in the placebo
group. This difference between enalapril and
placebo treated patients was of borderline
significance (P = 0054).
Before the study medication was stopped,
the enalapril group of patients showed significantly lower concentrations of plasma
proatrial natriuretic factor than the placebo
group. Although inter and intra group
changes were not statistically significant after
withdrawal, significant between group differences in proatrial natriuretic factor were no
longer apparent at the end of the withdrawal
period (table 3).

Left ventricular volumes, ejection fraction, and plasma proatrial natriuretic factor (1-98) after withdrawal of enalapril treatment

natriuretic factor may also be less liable to
rapid fluctuations in plasma concentrations
than atrial natriuretic factor (99-126).
Consequently, measurements of proatrial
natriuretic factor may provide valuable information related to cardiac loading conditions
that are complementary to data obtained from
echocardiography alone.
The results demonstrate significantly lower
plasma proatrial natriuretic factor (1-98) concentrations in the enalapril group than in the
placebo group at the end of the trial period
that were compatible with decreased cardiac
filling pressures among enalapril treated
patients. After withdrawal of the study drug
neither group demonstrated significant
changes in plasma proatrial natriuretic factor
(1-98). However, the significantly lower concentration in the enalapril group, seen before
drug withdrawal, was no longer evident 4-6
weeks after the end of treatment, mainly
because there was a large increase in proatrial
natriuretic factor concentration in a few
patients. These findings indicate that some
patients may experience adverse haemodynamic changes after withdrawal of converting
enzyme inhibition that are not reflected by a
rapid structural remodelling and subsequent
volume expansion.
STUDY LIMITATIONS

This study was not designed to compare the
effect of drug withdrawal with that of continued treatment, and does not preclude additional benefit of long-term angiotensin
converting enzyme inhibition. The limited
sample size did not allow subgroup analysis in
patients with heart failure or detailed subgroup analysis of changes in pro4atrial natriuretic factor. Observers were unaware of the
treatment code even after drug withdrawal.
However, the time of examination was
known. This may have exaggerated the within
group changes during the withdrawal period
but does not compromise the between treatment group comparisons.
CLINICAL IMPLICATIONS

In conclusion, the results of the present study
indicate that cessation of 6 months of
enalapril treatment initiated early after
myocardial infarction does not lead to a rapid
loss of treatment effect on left ventricular volumes, suggesting that treatment has an effect
on structural changes that is independent of
beneficial loading conditions. Prolonged
treatment is therefore not needed to conserve
the early benefit of early angiotensin converting
enzyme inhibition after acute myocardial
infarction. However, selected groups of
patients may need continued treatment. An
additional benefit of long-term enalapril
treatment on left ventricular volumes as
well as mortality may be expected in such

patients.
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infarction, on left ventricular volumes was not
rapidly reversed after drug withdrawal, suggesting that early treatment has an effect on
left ventricular structure that is not reversed
by changes in loading conditions caused by
subsequent drug withdrawal.
Results from two large clinical trials,
GISSI-3 and ISIS-4'4 1 document that early
angiotensin converting enzyme inhibition
reduces 6 week mortality in an unselected
group of patients after acute myocardial
infarction. These results, together with previously reported data,' 3 indicate that treatment
with converting enzyme inhibition may be
used in an unselected patient population soon
after myocardial infarction to reduce shortterm mortality and prevent left ventricular
dilatation. The present study indicates that
converting enzyme inhibitors may be withdrawn after an initial treatment period in an
unselected patient population without the risk
of rapid left ventricular remodelling.
Previous reports showed a benefit of
enalapril treatment on left ventricular volumes
in patients with chronic symptomatic'6 and
asymptomatic'7 heart failure. Improved
mortality was also shown with long-term
angiotensin converting enzyme inhibition in
patients with chronic heart failure'820 as well
as in patients with symptomatic2' and asymptomatic22 heart failure after myocardial infarction. Moreover, withdrawal of angiotensin
converting enzyme inhibition in patients with
symptomatic heart failure leads to clinical
deterioration.2' In the present study we found a
significant increase in systolic volume and a
trend towards diastolic volume expansion in
patients in the placebo group during the withdrawal period. Changes were also significant
in a subgroup of patients with Q wave infarction, and in this subgroup a significant
increase in systolic volume was also seen in
patients in the enalapril group. We also
showed a significant deterioration in ejection
fraction after withdrawal of enalapril in
patients with Q wave infarction. These findings accord with studies that showed a continued left ventricular expansion in some
patients after myocardial infarction. 13
Continued converting enzyme inhibition may
therefore have additional benefit in selected
patients such as those with Q wave infarction
or in patients with clinical heart failure.
In addition to left ventricular volumes, we
evaluated the effect of enalapril withdrawal on
plasma concentrations of proatrial natriuretic
factor. It is well established that plasma concentrations of atrial natriuretic factor
(99-126) are closely related to cardiac filling
pressures.24 Recent reports suggest that the
N-terminal fragment of the atrial natriuretic
factor pro-hormone-termed proatrial natriuretic factor (1-98)-is an even more sensitive marker of left ventricular function and
prognosis in cardiac disease than atrial natriuretic factor (99-126).1o2526 In addition,
because of enhanced in vivo stability and subsequent higher plasma concentrations, the
analytic procedure is simplified.'2 As a result
of higher circulating concentrations, proatrial
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