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Efficacy of perindopril in reduction of cardiovascular events
among patients with stable coronary artery disease: randomised,
double-blind, placebo-controlled, multicentre trial (the EUROPA
study)
The EURopean trial On reduction of cardiac events with Perindopril in stable coronary Artery disease Investigators

Summary
Background Treatment with angiotensin-converting-enzyme
(ACE) inhibitors reduces the rate of cardiovascular events
among patients with left-ventricular dysfunction and those at
high risk of such events. We assessed whether the ACE
inhibitor perindopril reduced cardiovascular risk in a low-risk
population with stable coronary heart disease and no apparent
heart failure.
Methods We recruited patients from October, 1997, to June,
2000. 13 655 patients were registered with previous
myocardial infarction (64%), angiographic evidence of coronary
artery disease (61%), coronary revascularisation (55%), or a
positive stress test only (5%). After a run-in period of 4 weeks,
in which all patients received perindopril, 12 218 patients
were randomly assigned perindopril 8 mg once daily (n=6110),
or matching placebo (n=6108). The mean follow-up was
4·2 years, and the primary endpoint was cardiovascular death,
myocardial infarction, or cardiac arrest. Analysis was by
intention to treat.
Findings Mean age of patients was 60 years (SD 9), 85% were
male, 92% were taking platelet inhibitors, 62%  blockers, and
58% lipid-lowering therapy. 603 (10%) placebo and 488 (8%)
perindopril patients experienced the primary endpoint, which
yields a 20% relative risk reduction (95% CI 9–29, p=0·0003)
with perindopril. These benefits were consistent in all
predefined subgroups and secondary endpoints. Perindopril
was well tolerated.
Interpretation Among patients with stable coronary heart
disease without apparent heart failure, perindopril can
significantly improve outcome. About 50 patients need to be
treated for a period of 4 years to prevent one major
cardiovascular event. Treatment with perindopril, on top of
other preventive medications, should be considered in all
patients with coronary heart disease.
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Introduction
Cardiovascular disease remains the leading cause of
death in most regions of the world, mostly in the form of
coronary heart disease.1 Over the past few decades,
preventive and therapeutic measures have substantially
improved the prognosis of these patients.2,3 Nevertheless,
the risk of cardiovascular complications remains high
and progression can be halted only in a few patients,
despite treatment with aspirin, statins, and  blockers.4
More effective secondary preventive strategies are
needed, and angiotensin-converting-enzyme (ACE)
inhibitors could fill an important gap. ACE inhibitors
effectively reduce mortality and morbidity among
patients with heart failure, left-ventricular dysfunction,
after myocardial infarction, with hypertension, and
among other high-risk patients.5–11 In particular, previous
ACE-inhibitor studies have suggested a reduction in the
rate of myocardial infarction and the need for
revascularisation in patients with heart failure and leftventricular dysfunction.12,13 The Heart Outcomes
Prevention Evaluation (HOPE) study11 confirmed the
benefits of ACE inhibition in patients aged 55 years or
older at high risk of cardiovascular complications,
characterised by a high prevalence of diabetes,
hypertension, stroke, and obstructive peripheral vascular
disease. In addition to lowering blood pressure, ACE
inhibitors possess direct cardiovascular protective effects
through angiotensin II reduction and increased
bradykinin availability.14 Consequently, ACE inhibition
may result in antiatherosclerotic effects, reduced
neointimal formation, and improved endothelial
function, plaque stabilisation, and fibrinolysis.15–17 In
animal models, ACE inhibitors reverse atherosclerosis.18
This multifactorial antiatherosclerotic profile of ACE
inhibition suggests that its application might be
extended to all patients with established coronary heart
disease and should not be restricted to patients with
impaired left-ventricular function, heart failure, or a high
risk of atherosclerotic events.11–13
Therefore, in the EUropean trial on Reduction Of
cardiac events with Perindopril in patients with stable
coronary Artery disease (EUROPA) study, we aimed to
assess the ability of the ACE inhibitor perindopril to
reduce cardiovascular death, myocardial infarction, and
cardiac arrest in a broad population of patients with
stable coronary heart disease and without heart failure or
substantial hypertension. We used perindopril, a longacting ACE inhibitor, because, in addition to its bloodpressure-lowering properties, it has documented antiischaemic and antiatherogenic effects, as well as an effect
on cardiovascular remodelling.19–23

Patients and methods
Correspondence to: Dr K M Fox, Cardiology Department, Royal
Brompton Hospital, Sydney Street, London SW3 6NP, UK
(e-mail: k.fox@rbh.nthames.nhs.uk)

We did a randomised, double-blind, placebo-controlled,
multicentre study. The design of the trial has been
described previously.24
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Patients
Between October, 1997, and June, 2000, we recruited men
and women aged at least 18 years without clinical evidence
of heart failure and with evidence of coronary heart disease,
documented by previous myocardial infarction (>3 months
before screening), percutaneous or surgical coronary
revascularisation (>6 months before screening), or
angiographic evidence of at least 70% narrowing of one or
more major coronary arteries. Men could also be recruited
if they had a history of chest pain and a positive
electrocardiogram, echo, or nuclear stress test. Exclusion
criteria included: clinical evidence of heart failure, planned
revascularisation, hypotension (sitting systolic blood
pressure <110 mm Hg), uncontrolled hypertension
(systolic blood pressure >180 mm Hg, diastolic blood
pressure >100 mm Hg, or both), recent (<1 month) use of
ACE inhibitors or angiotensin-receptor blockers, renal
insufficiency (creatinine >150 mol/L), and serum
potassium higher than 5·5 mmol/L. Informed consent was
obtained from all patients.
Methods
In a run-in period, enrolled patients received 4 mg oral
perindopril once daily, in the morning, for 2 weeks in
addition to their normal medication, followed by 8 mg oral
perindopril once daily, in the morning, for 2 weeks if the
lower dose was well tolerated. Patients aged 70 years or
older were given 2 mg perindopril in the first week of
screening, followed by 4 mg daily in the second week, and
8 mg daily in the last 2 weeks. At the end of the run-in
period, patients were randomly assigned perindopril 8 mg
(two tablets) or placebo once daily for at least 3 years. If this
dose was not tolerated, it could be reduced to 4 mg once
daily or matching placebo (figure 1).
We saw patients at 3, 6, and 12 months, and every
6 months thereafter. Blood pressure, recorded twice with a
standard sphygmomanometer after at least 5 min of rest,
and heart rate were measured at each visit in a sitting
position. We measured sodium, potassium, and creatinine
concentrations in serum during the run-in period and at
randomisation, and once-yearly thereafter.
The primary endpoint was a composite of cardiovascular
death, non-fatal myocardial infarction, and cardiac arrest
with successful resuscitation. Secondary endpoints were:
the composite of total mortality, non-fatal myocardial
infarction, hospital admission for unstable angina, and
cardiac arrest with successful resuscitation; cardiovascular
mortality and non-fatal myocardial infarction, as well as
the individual components of these secondary outcomes
and revascularisation (coronary artery bypass graft or
percutaneous coronary intervention), stroke, and admission
for heart failure. A diagnosis of myocardial infarction was
based on the recommendations of the European Society of
Cardiology and the American College of Cardiology.25
Towards the end of the initial proposed follow-up period,
we changed the definition of the primary endpoint to the
above. The primary endpoint was initially defined as
the composite of total mortality, non-fatal myocardial
infarction, unstable angina, and cardiac arrest with
successful resuscitation. The following reasons prompted
this modification to the protocol. First, new methods were
introduced in clinical practice, which allowed more
sensitive and accurate detection of myocardial infarction
among patients with acute coronary syndromes. According
to the recommendations of the European Society of
Cardiology and the American College of Cardiology, all
patients with raised markers of myocardial necrosis
(creatine kinase-MB mass, cardiac troponin T, or cardiac
troponin I) should be labelled as myocardial infarction and
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13 655 patients
registered
1437 patients
not
randomised
12 218 patients
randomised

6110 received perindopril

6108 received placebo

3 incomplete
follow-up
6107 completed study

6108 completed study

Figure 1: Trial profile

distinguished from unstable angina without myocardial
necrosis.25 Unstable angina without myocardial necrosis
was no longer judged an appropriate endpoint given its
subjective diagnosis and favourable prognosis; accordingly,
we removed it from the primary endpoint. Second, the
contribution of cardiovascular mortality to the overall
mortality in our population proved to be lower, around
60%, than expected. Since ACE inhibition would probably
not affect non-cardiovascular mortality, we included
cardiovascular mortality in the primary endpoint instead of
overall mortality. The original study endpoint was
maintained as the first secondary endpoint. These
modifications were agreed by the EUROPA trial steering
committee in January, 2002, more than 1 year before the
trial was completed, with no knowledge of the trial outcome
findings at that time. For the new primary endpoint, 775
events would be needed to provide at least 90% power in
order to detect a 21% relative reduction in the primary
Perindopril
(n=6110)
Characteristics
Mean (SD) age (years)
Female sex
History of coronary artery disease
MI
PCI
CABG
Documented coronary artery disease
based on
Angiographic evidence (stenosis >70%)
Positive stress test (in men)
Previous stroke or TIA
Peripheral vascular disease
Hypertension*
Diabetes mellitus
Hypercholesterolaemia†
Medication
Platelet inhibitors
Lipid-lowering therapy
 blockers
Calcium-channel blockers
Nitrates
Diuretics
Mean (SD) heart rate (beats/min)
Mean (SD) systolic blood pressure (mm Hg)
Mean (SD) diastolic blood pressure (mm Hg)

60 (9)
884 (14·5%)

Placebo
(n=6108)
60 (9)
895 (14·7%)

3962 (64·9%) 3948 (64·7%)
1773 (29·0%) 1800 (29·5%)
1790 (29·3%) 1797 (29·4%)

3693 (60·4%)
1380 (22·6%)
210 (3·4%)
432 (7·1%)
1650 (27·0%)
721 (11·8%)
3869 (63·3%)

3696 (60·5%)
1422 (23·3%)
199 (3·3%)
451 (7·4%)
1662 (27·2%)
781 (12·8%)
3868 (63·3%)

5613 (91·9%)
3534 (57·8%)
3790 (62·0%)
1935 (31·7%)
2613 (42·8%)
555 (9·1%)
68 (10)
137 (16)
82 (8)

5662 (92·7%)
3499 (57·3%)
3745 (61·3%)
1891 (31·0%)
2629 (43·0%)
573 (9·4%)
68 (10)
137 (15)
82 (8)

Values are n (%) unless marked otherwise. MI=myocardial infarction.
PCI=percutaneous coronary intervention. CABG=coronary bypass surgery.
TIA=transient ischaemic attack. *Blood pressure >160/95 mm Hg or receiving
antihypertensive treatment. †Cholesterol >6·5 mmol/L or receiving lipidlowering treatment.

Table 1: Baseline characteristics
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1391 (22·8%)
162 (2·7%)
60 (1·0%)
20 (0·3%)
144 (2·4%)
376 (6·2%)
22 (0·4%)
261 (4·3%)
347 (5·7%)

1266 (20·7%)
32 (0·5%)
17 (0·3%)
16 (0·3%)
80 (1·3%)
460 (7·5%)
46 (0·8%)
257 (4·2%)
359 (5·9%)

Table 2: Reasons for permanent treatment withdrawal

endpoint. To accrue the required number of events, the
anticipated duration of the trial was extended by 1 year.
Patients were scheduled to have their last study visit or
contact between Oct 1, 2002, and April 30, 2003.
An independent critical event committee adjudicated all
suspected events with source documentation, and an
independent data safety monitoring board reviewed
outcome data on four occasions during the trial.

Proportion who had cardiovascular
death, MI, or cardiac arrest (%)

Perindopril (n=6110) Placebo (n=6108)
Withdrawal from treatment
Total
Cough
Hypotension
Kidney failure
Intolerance
Study endpoint
Hypertension
Refusal to continue
Other reason

Logrank p=0·0003

Placebo

12
10
8

Perindopril

6
4
2
0
0

1

2
3
Time (years)

4

5

Patients at risk
Placebo
6108

5943

5781

5598

4450

71

Perindopril

5957

5812

5653

4515

64

6110

Figure 2: Time to first occurrence of primary endpoint

Statistical analysis
We used the logrank test in an intention-to-treat analysis
for the time to first occurrence of a primary endpoint. The
cumulative distribution of events over time was examined
with the Kaplan-Meier method. Cox’s proportionalhazards model was used to assess risk reduction for the
primary and secondary clinical endpoints. We compared
event rates between treatment groups with 95% CI.
A descriptive analysis of the primary endpoint was also
done in clinically defined subgroups of patients. All
analyses were based on intention to treat. For the primary
endpoint, the significance level was adjusted to 0·041 to
account for four interim analyses.26 For other endpoints,
p<0·05 was deemed significant.
Role of the funding source
Representatives of the sponsor were non-voting members of
the study executive committee and were involved with the
executive committee in the study design, interpretation of
the data, the writing of the report and the decision to
submit the paper for publication. However, the sponsor was
not involved in the data collection and data analysis.

Results
13 655 patients were registered; 8775 (64%) had a history
of myocardial infarction, 8302 (61%) of angiography
with substantial stenoses, 7550 (55%) of previous
revascularisation, and 1670 (12%) of diabetes mellitus.
603 (5%) men were registered with only an abnormal
stress test. After the run-in period, 12 218 patients were
randomised: 10 439 (85%) men and 1779 (15%) women
(figure 1). Reasons for registered patients not proceeding
to randomisation were: hypotension (290), raised
potassium or creatinine concentrations (149), other
intolerance (332), major clinical events (75), poor
adherence to treatment (80), exclusion or non-inclusion
criteria (44), withdrawn consent (nine), unspecified stop
reason (446), and patients never randomised (12). Mean
follow-up was 4·2 years and study endpoints were
ascertained for all but three patients during the predefined
time period. 1588 (13%) of the patients did not take part
in the extension of the trial made necessary by the
redefined primary endpoint (unable, or refused to restart
or continue study medication).
The mean age was 60 years (SD 9), 7910 (65%) had
had a previous myocardial infarction, 5709 (55%; some
patients underwent both procedures) had previously
undergone revascularisation, 1670 (12%) had diabetes

SE are indicated.

mellitus (known history of diabetes or were taking
antidiabetic agents), 3312 (27%) hypertension (blood
pressure >160/95 mm Hg or receiving antihypertensive
treatment), and 7737 (63%) had hypercholesterolaemia
(cholesterol >6·5 mmol/L or on lipid-lowering therapy,
table 1). At randomisation, 81% of patients had no angina,
17% had mild angina (Canadian Cardiovascular Society
class II), and 2% had moderate or severe angina
(Canadian Cardiovascular Society class III–IV). Past
history of congestive heart failure was recorded in 1·3% of
the population, but no patient had clinical signs of heart
failure, with 10% in New York Heart Association class I
and none in class II or higher. At randomisation, 92% of
the patients were taking platelet inhibitors, 62%
 blockers, and 58% lipid-lowering therapy. At 3 years
of follow-up, concomitant medication was recorded in
11 547 (95%) patients: 91% were taking platelet inhibitors,
63%  blockers, and 69% lipid-lowering agents.
During the run-in period, during which all patients
received perindopril, blood pressure was reduced from
137/82 to 128/78 mm Hg. After randomisation, systolic
and diastolic blood pressures among patients treated
with perindopril were maintained and the average
blood pressure during double-blind treatment was
5/2 mm Hg (SD 15/9) higher in the placebo group. After
randomisation, study medication was well tolerated
(table 2). At 3 years, 81% of patients assigned perindopril
and 84% of placebo patients were taking study medication.
Most patients assigned perindopril continued on 8 mg—eg,
only 7% had dropped to 4 mg at 3 years. The average use of
study medication was 3·7 years of 4·2 years follow-up.
Perindopril
(n=6110)

Placebo
(n=6108)

Cardiovascular 488 (8·0%)
603 (9·9%)
mortality, MI,
or cardiac arrest
Cardiovascular 215 (3·5%)
249 (4·1%)
mortality
Non-fatal MI
295 (4·8%)
378 (6·2%)
Cardiac arrest
6 (0·1%)
11 (0·2%)
Total mortality, 904 (14·8%) 1043 (17·1%)
non-fatal MI,
unstable angina,
cardiac arrest
Total mortality 375 (6·1%)
420 (6·9%)

Relative risk
reduction
(95% CI)

p

20% (9 to 29)

0·0003

14% (–3 to 28)

0·107

22% (10 to 33)
46% (–47 to 80)
14% (6 to 21)

0·001
0·22
0·0009

11% (–2 to 23)

0·1

Table 3: Frequency of primary and selected secondary outcomes
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Primary events (%)
Number of
patients
Male
Female
Age (years)
55

Perindopril

Placebo

10 439

8·2

10·1

1779

6·9

8·8
8·9

3948

6·5

56–65

4439

6·9

8·1

65

3831

10·7

12·9

Previous MI
No previous MI

7910
4299

8·9
6·4

11·3
7·3

Previous revascularisation

6709

6·6

8·0

No previous revascularisation

5509

9·6

12·2

Hypertension

3312

9·8

12·0

No hypertension

8906

7·3

9·1

1502
10 716

12·6
7·4

15·5
9·0

Lipid-lowering drug

6831

7·0

8·3

No lipid-lowering drug

5387

9·3

11·9

 blockers

7650

7·6

10·2

No  blockers

4568

8·7

9·4

Calcium-channel blockers

3955

9·9

11·7

No calcium-channel blockers

8263

7·1

9·0

Diabetes mellitus
No diabetes mellitus

0·5

1·0

Favours
perindopril
Figure 3: Beneficial effect of treatment with perindopril on primary endpoint in predefined subgroups

2·0
Favours
placebo

MI=myocardial infarction. Size of squares proportional to number of patients in that group. Dashed line indicates overall relative risk.

Perindopril treatment was associated with a significant
reduction in the primary endpoint (cardiovascular
mortality, non-fatal myocardial infarction, and resuscitated
cardiac arrest, p=0·0003; figure 2). Among patients in this
group, 488 (8%) reached the primary endpoint compared
with 603 (10%) in the placebo group. This finding yields a
20% relative risk reduction (95% CI 9–29, table 3), and
a 1·9% absolute risk reduction. The benefit began to
appear at 1 year (relative risk reduction 10%, p=0·35) and
gradually increased throughout the trial.
The beneficial effect of perindopril on the primary
endpoint was consistent across all predefined subgroups,
although it was not significant for some subgroups
(figure 3). Outcome was improved in all age-groups
among patients with and without hypertension, diabetes
mellitus, or previous myocardial infarction. Importantly,
we noted treatment benefit in patients taking lipidlowering therapy and  blockers. Most of the patients
(>90%) used platelet inhibitors (mainly aspirin).
Compared with placebo treatment with perindopril was
associated with reductions in all secondary endpoints,
although not significantly for some endpoints (figure 4).
In particular, there was a 14% reduction in total mortality,
non-fatal myocardial infarction, unstable angina, and
cardiac arrest (95% CI 6–21, p=0·0009), which was the
initial primary endpoint. Total mortality was 11% lower
with perindopril but this finding was not significant.
Revascularisation, stroke, and heart failure were

4

infrequent, 9·6%, 1·6%, and 1·4% respectively. Hospital
admission for heart failure was significantly reduced with
perindopril, by 39% (17–56, p=0·002).

Discussion
We show a substantial benefit with perindopril in a broad
population of patients with stable coronary artery disease
and no evidence of heart failure or notable hypertension.
Cardiovascular death, myocardial infarction, cardiac arrest,
acute coronary syndromes, and development of heart
failure were all reduced. Our findings confirm the reduction
in myocardial infarction with ACE inhibitors originally
noted in earlier studies of patients with heart failure or
left-ventricular dysfunction.12,13 Furthermore, the study
extends the observations of the HOPE study,11 in which
cardiovascular events were reduced with ACE inhibition in
high-risk patients with coronary heart disease. By contrast
with previous studies, we did not note a significant
reduction in revascularisation, which might be explained by
the low rate of percutaneous coronary intervention or
coronary artery bypass grafting, as is expected in a low-risk
asymptomatic population.
The risk level in our patients was lower than that in
HOPE, which selected patients aged 55 years or older who
had cardiovascular disease or diabetes plus at least one
additional cardiovascular risk factor. In our study, almost
a third were younger than 55 years, fewer had diabetes
and hypertension, and more used aspirin,  blockers,
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Perindopril
(n=6110)

Placebo
(n=6108)

488 (8·0%)

603 (9·9%)

904 (14·8%)

1043 (17·1%)

484 (7·9%)

596 (9·8%)

753 (12·3%)

885 (14·5%)

Total mortality

375 (6·1%)

420 (6·9%)

Cardiovascular mortality

215 (3·5%)

249 (4·1%)

MI, fatal and non-fatal

320 (5·2%)

418 (6·8%)

Unstable angina

342 (5·6%)

367 (6·0%)

6 (0·1%)

11 (0·2%)

98 (1·6%)

102 (1·7%)

577 (9·4%)

601 (9·8%)

63 (1·0%)

103 (1·7%)

Cardiovascular mortality, MI, cardiac arrest

Total mortality, MI, UA, cardiac arrest
Cardiovascular mortality, MI
Cardiovascular mortality, MI, UA

Cardiac arrest

Stroke
Revascularisation

Heart failure requiring hospital admission

0·5

1·0
Favours
perindopril

2·0
Favours
placebo

Figure 4: Beneficial effect of treatment with perindopril on primary endpoint and selected secondary endpoints
MI=myocardial infarction. UA=unstable angina. Size of squares proportional to number of patients in that group. Dashed line indicates overall relative risk.

and lipid-lowering drugs. At a mean follow-up of 4·5 years,
HOPE reported a placebo mortality of 12%, cardiovascular
mortality of 8%, and Q-wave myocardial infarction of
3%, compared with 7%, 4%, and 2%, respectively, in our
study at 4·2 years of follow-up. Thus, the major annual
event rates in HOPE were 40% to 80% higher than those in
EUROPA. The frequency of clinical myocardial infarction
and cardiovascular death was reduced by 21% with
ACE inhibition in HOPE. We saw a similar 20% reduction,
from 10% to 8% at 4·2 years. At 3 years of follow-up,
concomitant medication was recorded in 11 547 (95%)
patients—platelet inhibitors (91%), lipid-lowering agents
(69%), and  blockers (63%). Thus, the benefits of ACE
inhibition were still evident on top of current recommended
secondary preventive measures.
The 8 mg dose of perindopril, once daily, used in our
study was well tolerated. Around 10% of patients did not
continue after the open-label dose-titration phase for
various reasons. Specific adverse effects, such as cough,
hypotension, or abnormal creatinine rise were infrequent.
After randomisation, withdrawals from treatment were
similar to those for placebo; cough was a reason for
withdrawals in 2·7% of perindopril treated patients
compared with 0·5% on placebo.
We recruited patients without heart failure. Although
65% of patients had had previous myocardial infarction,
only 1·4% developed heart failure during the study period.
This proportion contrasts with about 25% of new-onset

heart failure among patients who have pre-existing leftventricular dysfunction in the Studies of Left Ventricular
Dysfunction prevention study,7 and provides some support
that our patients did not have left-ventricular dysfunction.
The effects of perindopril on the primary outcome
seem to begin after 1 year of treatment, after which the
event curves continued to separate throughout the
remaining study period. Differences between the event
curves were significant at 3 years of follow-up and beyond.
The gradual onset of effect and progressive benefit over
time is consistent with the antiatherosclerotic and
antihypertensive properties of ACE inhibition.
In several studies ACE inhibitors have modulated various
components of the atherosclerotic process by inhibiting
angiotensin II formation and by reducing bradykinin
breakdown.14–18,27–29 Angiotensin II increases lipid
peroxidation and oxyradical formation, and stimulates the
expression of proinflammatory genes, such as
chemoattractant protein and leucocyte adhesion molecules,
resulting in endothelial dysfunction. In addition,
angiotensin II improves vascular smooth-muscle
proliferation and stimulates the production of PAI-I.
Conversely, bradykinin counteracts the negative action of
angiotensin II and improves endothelial function by
increasing expression and activity of the constitutive nitricoxide synthase, the enzyme that produces nitric oxide.
Bradykinin also inhibits the expression of monocytes
and adhesion molecules, has an antiproliferative effect,
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and stimulates the synthesis of tissue plasminogen activator.
By favouring the balance between angiotensin II and
bradykinin, ACE inhibitors are likely to maintain
endothelial function and counteract initiation and
progression of atherosclerosis. However, quantitative
differences do exist among ACE inhibitors, and tissue ACE
inhibitors (such as ramipril, perindopril) are highly
lipophilic and have strong enzyme-binding capabilities; such
ACE inhibitors probably provide greater penetration into
the atherosclerotic plaque.
In hypertensive patients, long-term blood-pressure
reduction with different antihypertensive drugs, can reduce
subsequent cardiovascular events.30 However, among
patients with a normal blood pressure, the effect of bloodpressure lowering on improving cardiovascular outcome is
unclear. We noted a similar treatment effect among patients
with treated hypertension and those without hypertension.
Furthermore, the reduction in cardiovascular events was
greater than may be expected for the observed reduction
in blood pressure (mean 5/2 mm Hg) achieved with
perindopril. This finding implies that the specific
antiatherosclerotic effects of ACE inhibition should not be
neglected. This effect will probably be elucidated by
EUROPA substudies that will focus on the development of
atherosclerosis and endothelial function.24
Unusually, the EUROPA steering committee felt
obliged to change the primary endpoint towards the
end of the initial proposed follow-up period, because
of evolving concepts in the recognition and the
understanding of acute coronary syndromes, as well as
appreciation of the continuing reduction in cardiovascular
mortality among our patients. Nevertheless, the results
are similar for the redefined and original primary
endpoints. As a consequence of this decision, the
anticipated follow-up needed to be prolonged.
Unfortunately, 13% of the patients did not take part in the
extension of the trial. The average use of study medication
was 3·7 years during 4·2 years of follow-up. Thus the
reported improved outcome is a conservative estimate of
the benefit of perindopril.
The benefits we report for perindopril were in
addition to other preventive measures, including aspirin,
 blockers, and lipid-lowering drugs, and were consistent
for all patients. We estimate that 50 patients need to
be treated with perindopril for a period of 4 years, to
prevent one major cardiovascular event. These results
provide strong support for considering this ACE inhibitor
perindopril, in addition to other preventive treatments,
irrespective of cardiac function or risk factors for all patients
with coronary heart disease.
EUROPA executive committee
K M Fox (Chairman), UK, M Bertrand, France, R Ferrari, Italy,
W J Remme, Netherlands, M L Simoons, Netherlands.

EUROPA steering committee
W J Remme (Chairman), M Simoons, J P Bassand, Netherlands;
J Aldershvile, P Hildebrandt, Denmark; M Bertrand, France; D Cokkinos,
P Toutouzas, Greece; J Eha, Estonia; L Erhardt, Sweden; J Erikssen,
Norway; P Grybauskas, Lithuania; U Kalnins, Latvia; K Karsch,
U Sechtem, Germany; M Keltai, Hungary; W Klein, Austria; T Lüscher,
Switzerland; D Mulcahy, Ireland; M Nieminen, Finland; A Oto,
O Ozsaruhan, Turkey; W Paulus, Belgium; L Providencia, Portugal;
I Riecansky, Slovakia; W Ruzyllo, Poland; R Ferrari, U Santini,
L Tavazzi, Italy; J Soler-Soler, Spain; P Widimsky, Czech Republic;
K M Fox, UK.

Data safety monitoring board
D Julian (Chairman), H Dargie, G Murray, UK; W Kübler, Germany.

Clinical event committee
K Thygesen (Chairman), Denmark; D Duprez, Belgium; G Steg, France.
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J Moravcova, P Nedbal, K Peterka, J Povolny, H Rosolova, B Semrad,
K Sochor, R Spacek, J Spinar, R Stipal, K Stuchlik, M Sulda, J Ulman,
A Vaclavicek, P Vojtisek.
Denmark—H Bjerregaard-Andersen, P Hildebrandt, K Kristensen,
J K Madsen, J Markenvard, J Meibom, A Norgaard, M Scheibel.
Estonia—J Eha, A Leht, R Teesalu, V Vahula.
Finland—A Itkonen, J Juvonen, J Karmakoski, E Kilkki, E Koskela, J Melin,
M S Nieminen, R Savola, T Terho, L M Voipio-Pulkki.
France—F Apffel, P Attali, C Barjhoux, B Baron, J P Bassand, Y Berthier,
P Dambrine, E Decoulx, P Deshayes, R Fouche, M Genest, S Godard,
J P Guillot, G Hanania, P Khattar, F Leroy, J Mansourati, R Piquemal,
J C Quiret, P Raynaud, D Rondepierre, J L Roynard, S Sudhibhasilp,
E Van Belle.
Germany—A Bilbal, B Lauer, G Rettig-Stürmer, R Riessen, W Rutsch,
U Sechtem, H A Sigel, R Simon, C Von Schacky, B R Winkelmann.
Greece—C Avgeropoulou, S Christakos, S Feggos, S Floros, I Fotiadis,
I Goudevenos, D Kardara, C Karidis, N Koliopoulos, D Kremastinos,
I Lekakis, A Manolis, V Pyrgakis, C Papanikolaou, E Papasteriadis,
P Skoufas, A Stravrati, A Stavridis, S Syribeis, P Vardas, I Vassiliadis,
V Voudris, S Zobolos.
Hungary—I Berenyi, I Edes, A Janosi, E Kalo, P Karpati, S Kornel, I Pap,
G Polak, I Reiber, M Rusznak, J Tarjan, S Timar, K Toth.
Ireland—J Barton, P Crean, K Daly, P Kearney, T B Meany, D Mulcahy,
P Quigley.
Italy—R Antolini, P Azzolini, E Bellone, A Branzi, C Brunelli, E Capponi,
A Capucci, M Casaccia, E Cecchetti, V Ceci, L Celegon, A Colombo,
G Corsini, F Cucchini, S Dalla Volta, R De Caterina, I De Luca,
S De Servi, M Di Donato, U Di Giacomo, G Di Pasquale, C Fiorentini,
O Gaddi, M Giannetto, P Giannuzzi, A Giordano, E Giovannini,
M Guarnierio, A Iacono, G Inama, R Leghissa, R Lorusso, G Marinoni,
M Marzilli, F Mauri, G M Mosele, S Papi, G Pela, G Pettinati,
M R Polimeni, F Portaluppi, C Proto, E Renaldini, S Riva, M Sanguinetti,
M Santini, S Severi, G Sinagra, L Tantalo, L Tavazzi, S F Vajola,
M Volterrani.
Latvia—B Ansmite, E Gailiss, A Gersamija, U Kalnins, M A Ozolina.
Lithuania—A Baubiniene, E Berukstis, L Grigoniene, A Kibarskis,
A Kirkutis, R Marcinkus, I Milvidaite, D Vasiliauskas.
Netherlands—J C A Aalders, W A J Bruggeling, P J De Feyter,
M J De Leeuw, D E P De Waard, G J De Weerd, C De Zwaan,
R Dijkgraaf, H T Droste, M P Freericks, A W Hagoort-Kok, F Hillebrand,
W T J Jap, G M Jochemsen, F Kiemeney, P J P Kuijer, H F J Mannaerts,
J J Piek, J P M Saelman, F D Slob, W C G Smits, M J Suttorp, T B Tan,
G J Van Beek, L F M Van Den Merkhof, R Van Der Heyden,
M W J Van Hessen, R A M Van Langeveld, P R Van Nierop,
F J W Van Rey, M J Van Straalen, J Vos, H A Werner, J J C Westendorp.
Norway—J Erikssen.
Poland—P Achremczyk, J Adamus, J Baska, H Bolinska-Soltysiak,
R Bubinski, L Ceremuzynski, A Cieslinski, D Dariusz, P Drozdowski,
J S Dubiel, M Galewicz, B Halawa, M Janion, K Jaworska, I Kaszewska,
A Kleinrok, Z Kornacewicz-Jach, W Krawczyk, R Krynicki, M Krzciuk,
M Krzeminska-Pakula, J Kuch, J Kuzniar, D Liszewska-Pfejfer,
K Loboz-Grudzien, W Musial, G Opolski, S Pasyk, W Piwowarska,
G Pulkowski, W Ruzyllo, A Rynkiewicz, W Sinkiewicz, M Skura,
S Slowinski, W Smielak-Korombel, R Targonski, W Templin, M Tendera,
W Tracz, M Trusz-Gluza, J Wodniecki, M Zalewski, E Zinka.
Portugal—M Carrageta, J Coelho Gil, R Ferreira, A Leitao Marques,
C M Santos Andrade, R Seabra-Gomes.
Slovakia—V Bada, M Belicova, A Dukat, G Kaliska, G Kamensky,
K Micko, Z Mikes, M Palinsky, D Pella, B Renker, I Riecansky, P Sefara,
G Sojka, P Sulej, M Szakacs.
Spain—J M Aguirre Salcedo, N Alonso Orcajo, P Ancillo Garcia,
J M Auge Sanpera, J Ayuela Azcarate, J L Bardaji Mayor,
V Bertomeu Martinez, J L Blanco Coronado, F Bosa Ojeda,
R Bros Caimari, J Bruguera Cortada, J Caparros Valderrama,
A Del Rio Ligorit, J S Espinosa Caliani, F Fernandez Aviles,
J J Garcia Guerrero, D Garcia Lopez, E Gonzalez Cocina,
C Guallar Urena, L Jodar Lorente, V Lopez Garcia-Aranda,
C Macaya De Miguel, J Maroto Montero, P Martinez Romero,
I Mate Benito, F Navarro Lopez, F Noriega Peiro, J Olague De Ros,
J Orellana Mas, M A Paz Bermejo, L J Placer Peralta, L Rodriguez Padial,
A Salvador Sanz, J Segui Bonnin, E Simarro Martin, F Valles Belsue.
Sweden—S Ekdahl, L Erhardt, L Forslund, H Ohlin.
Switzerland—M Pieper, T Moccetti.
Turkey—E Acartürk, D Guzelsoy, A Oto, O Özsaruhan, C Turkoglu.
UK—A A J Adgey, A Ahsan, M Al-Khafaji, S G Ball, J Birkhead, N Boon,
M Brack, A Bridges, M Buchalter, B Calder, R A Cooke, L Corr, R Cowell,
N P Curzen, C Davidson, J Davies, M A De Belder, L Dhiya, J C Doig,
I N Findlay, K M Fox, C M Francis, J M Glancy, T W Greenwood,

THE LANCET • Published online September 1, 2003 • http://image.thelancet.com/extras/03art7384web.pdf

For personal use. Only reproduce with permission from The Lancet publishing Group.

ARTICLES

P Groves, A S Hall, G Hamilton, I Haq, R Hillman, W Hubbard,
I Hudson, I Hutton, C Ilsley, M Innes, M James, K Jennings, G Johnston,
C J H Jones, M Joy, P Keeling, J Kooner, C Lawson, R D Levy, G Lip,
B Mclachlan, H E Montgomery, C A Morley, D L Murdoch,
R Muthusamy, G D G Oakley, W Penny, R Percival, J Purvis, M P Pye,
D Ramsdale, D H Roberts, A Rozkovec, A M Salmassi, S Saltissi, S Sardar,
L M Shapiro, P M Schofield, J Stephens, C Shakespeare, S Srivastava,
J W Swan, G Tildesley, C Travill, P R Wilkinson.

Study organisation
Interact: Brescia, Italy; London, UK; Rhoon, Netherlands (monitoring);
Cardialysis: Rotterdam, The Netherlands (data management); Servier:
Paris, France (study management and sponsor).

Servier management group
M D Fratacci, G Lerebours.

Data management group (Cardialysis)
J Deckers.

Conflict of interest statement
K M Fox, M Bertrand, R Ferrari, W J Remme, and M L Simoons received
honoraria, research grants, or both from the study sponsor.

Acknowledgments
The study executive committee takes full responsibility for the data analysis
and the content of the manuscript. This study was supported by Servier,
France.

References
1

Murray C, Lopez A. The Global Burden of Disease. Cambridge:
Harvard University Press, 1996.
2 Antiplatelet Trialists’ Collaboration. Collaborative overview of
randomised trials of antiplatelet therapy, I: prevention of death,
myocardial infarction, and stroke by prolonged antiplatelet therapy in
various categories of patients. BMJ 1994; 308: 81–106.
3 The Scandinavian Simvastatin Survival Study Group. Randomised
trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S). Lancet
1994; 344: 1383–89.
4 Lloyd-Jones DM, Larson MG, Beiser A et al. Lifetime risk of
developing coronary heart disease. Lancet 1999; 353: 89–92.
5 Flather MD, Yusuf S, Køber L, et al. Long-term ACE-inhibitor
therapy in patients with heart failure or left-ventricular dysfunction: a
systematic overview of data from individual patients. Lancet 2000; 355:
1575–81.
6 Pfeffer MA, Braunwald E. Moye LA, et al, for the SAVE Investigators.
Effect of captopril on mortality and morbidity in patients with left
ventricular dysfunction and myocardial infarction: results of the
Survival and Ventricular Enlargement Trial. N Engl J Med 1992; 327:
669–77.
7 The SOLVD Investigators. Effects of enalapril on mortality and the
development of heart failure in asymptomatic patients with reduced
left ventricular ejection fractions. N Engl J Med 1992; 327: 685–91.
8 Acute Infarction Ramipril Efficacy (AIRE) Investigators. Effects of
ramipril on mortality and morbidity of survivors of acute myocardial
infarction with clinical evidence of heart failure. Lancet 1993; 342:
821–28.
9 Køber L, Torp-Pedersen C, Carlsen JE, et al, for the Trandolapril
Cardiac Evaluation (TRACE) Study Group. A clinical trial of the
angiotensin-converting enzyme inhibitor trandolapril in patients with
left ventricular dysfunction after myocardial infarction. N Engl J Med
1995; 333: 1670–76.
10 Wing L, Reid C, Ryan P, et al, for the Second Australian National
Blood Pressure Study Group. A comparison of outcomes with
angiotensin-converting-enzyme inhibitors and diuretics for
hypertension in the elderly. N Engl J Med 2003; 348: 583–92.

11 The Heart Outcomes Prevention Evaluation Study Investigators.
Effects of an angiotensin-converting enzyme inhibitor, ramipril, on
cardiovascular events in high-risk patients. N Engl J Med 2000; 342:
145–53.
12 Yusuf S, Pepine CJ, Garces C, et al. Effects of enalapril on myocardial
infarction and unstable angina in patients with low ejection fractions.
Lancet 1992; 340: 1173–78.
13 Rutherford JD, Pfeffer MA, Moyé LA, et al. Effects of captopril on
ischemic events after myocardial infarction: results of the survival and
ventricular enlargement trial. Circulation 1994; 90: 1731-38.
14 Dzau VJ, Bernstein K, Celermajer D, et al. Pathophysiology and
therapeutic importance of tissue ACE: a consensus report.
Cardiovasc Drugs Ther 2002; 16: 149–60.
15 Matsumoto K, Morishita R, Moriguchi A, et al. Inhibition of
neointima by angiotensin-converting enzyme inhibitor in porcine
coronary artery balloon-injury model. Hypertension 2001; 37:
270–74.
16 Hornig B, Kohler C, Drexler H. Role of bradykinin in mediating
vascular effects of angiotensin-converting enzyme inhibitors in
humans. Circulation 1997; 95: 1115–18.
17 Brown NJ, Agirbasli MA, Williams GH, Litchfield WR, Vaughan DE.
Effect of activation and inhibition of the renin-angiotensin system on
plasma PAI-1. Hypertension 1998; 32: 1225–32.
18 Candido RA, Jandeleit-Dahm K, Cao Z, et al. Prevention of
accelerated atherosclerosis by angiotensin-converting enzyme
inhibition in diabetic apoliprotein E-deficient mice. Circulation 2000;
106: 246–53.
19 Dyker AG, Grosset DG, Lees KR. Perindopril reduces blood pressure
but not cerebral blood flow in patients with recent ischemic stroke.
Stroke 1997; 28: 580–83.
20 Bartels GL, Van den Heuvel AFM, Van Veldhuisen DJ,
Van der Ent M, Remme WJ. Acute anti-ischemic effects of
perindoprilat in men with coronary artery disease and their
relation with left ventricular function. Am J Cardiol 1999; 83:
332–36.
21 Myers MG. A dose-response study of perindopril in hypertension:
effects of blood pressure 6 and 24 hours after dosing. Can J Cardiol
1996; 12: 1191–96.
22 Asmar RG, Pannier B, Santoni JP, et al. Reversion of cardiac
hypertrophy and reduced arterial compliance after converting-enzyme
inhibition in essential hypertension. Circulation 1988; 78: 941–50.
23 Thybo NK, Korsgaard N, Eriksen S, et al. Dose-dependent effects of
perindopril on blood pressure and small-artery structure. Hypertension
1994; 23: 659–66.
24 Gomma AH, Fox KM, on behalf of the EUROPA Investigators. The
EUROPA trial: design, baseline demography and status of the
substudies. Cardiovasc Drugs Ther 2001; 15: 169–79.
25 Myocardial infarction redefined: a consensus document of The Joint
European Society of Cardiology/American College of Cardiology
Committee for the redefinition of myocardial infarction. Eur Heart J
2000; 21: 1502–13.
26 O’Brien PC, Fleming TR. A multiple testing procedure for clinical
trials. Biometrics 1979; 35: 549–56.
27 Britten MB, Zeiher AM, Schachinger V. Clinical importance of
coronary endothelial vasodilator dysfunction and therapeutic options.
J Intern Med 1999; 245: 315–27.
28 Marui N, Offermann MK, Swerlick R, et al. Vascular cell adhesion
molecule-1 (VCAM-1) gene transcription and expression are regulated
through an antioxidant-sensitive mechanism in human vascular
endothelial cells. J Clin Invest 1993; 92: 1866–74.
29 Vaughan DE, Lazos SA, Tong K. Angiotensin II regulates the
expression of plasminogen activator inhibitor-1 in cultured endothelial
cells: a potential link between the renin-angiotensin system and
thrombosis. J Clin Invest 1995; 95: 995–1001.
30 The ALLHAT Officers and Coordinators for the ALLHAT
Collaborative Research Group. Major outcomes in high-risk
hypertensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: the Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT). JAMA 2002; 288: 2981–97.

THE LANCET • Published online September 1, 2003 • http://image.thelancet.com/extras/03art7384web.pdf

7

For personal use. Only reproduce with permission from The Lancet publishing Group.

