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E D U C AT I O N A L G O A L S

On successful completion of this continuing education activity,
you should have a clear understanding of the following:
• Role of angiotensin II in the development of coronary artery disease
• The rationale for angiotensin-converting enzyme (ACE) inhibition
for improving cardiovascular mortality and morbidity in patients
with coronary artery disease
• Results of recent clinical trials extending the benefit of ACE
inhibition to nearly all patients with stable coronary artery disease
and without heart failure or left ventricular dysfunction
A C C R E D I TAT I O N

The University of Florida College of Medicine is accredited by the
Accreditation Council for Continuing Medical Education (ACCME) to
provide continuing medical education for physicians.
CREDIT

The University of Florida College of Medicine designates this
educational activity for a maximum of 1 category 1 credit toward the
AMA Physician’s Recognition Award. Each physician should claim only
those credits that he/she actually spent in the activity.
This continuing education activity was planned and produced in
accordance with ACCME essentials. As of November 14th, 2005, this
monograph is approved for 24 months (through November 14th, 2007).
DISCLOSURES

The University of Florida Office of Continuing Medical Education has a
conflict of interest policy that requires course faculty to disclose whether
or not they have financial interest or affiliations with organizations with
a direct or substantial interest in the subject matter of their
presentations. It is not assumed that these financial interests or
affiliations will have an adverse impact on the data presented in this
monograph. They simply are noted here to fully inform the readers.
The following information was received.
Dr Pepine has a financial relationship/affiliation for grant support for
research, CME, consultant and/or Speakers Bureau programs with
Abbott Laboratories, AstraZeneca, Aventis Pharmaceuticals Inc, Berlex
Laboratories Inc, Millennium Pharmaceuticals Inc, CV Therapeutics
Inc, King Pharmaceuticals Inc, Pfizer Inc, and Wyeth Pharmaceuticals.
He has no employment, stock ownership, stock options, patents, or
royalties with any pharmaceutical or medical device company.
Dr Remme has a financial relationship/affiliation for grant support for
research, consultant, and/or Speakers Bureau programs with Abbott
Laboratories, Chiesi Pharmaceuticals Inc, CV Therapeutics Inc,
Guidant Corp, Medtronic Inc, Novartis, Pfizer Inc, Roche, and Servier.
He has no employment, stock ownership, stock options, patents, or
royalties with any pharmaceutical or medical device company.
DISCLAIMER

The editorial contents of this monograph express the views of the
individual contributors and do not necessarily reflect the views or
recommendations of the University of Florida College of Medicine,
Carol Davila University, Sticares Cardiovascular Research Institute,
CV Therapeutics Inc, or the publisher. The reader is advised to consult
the full prescribing information for all medications prior to use.
Supported by an educational grant from CV Therapeutics, Inc.
© 2005 Medical Education Consultants, LLCSM (MEDCON).
All rights reserved.

Activation of the renin-angiotensin-aldosterone system
(RAAS) is a major contributor to the development of
coronary artery disease (CAD) and an important
therapeutic target. RAAS inhibition with angiotensinconverting enzyme (ACE) inhibition (ACEI) is a key
component of secondary prevention in current treatment
guidelines (Table 1).1-3
Table 1. ACC/AHA and ACP Recommendations for ACEI
in Secondary Prevention1-3
Patient
population
ST-elevation MI
Unstable angina/
non–ST-elevation MI

Recommendations

All patients at discharge
Patients with chronic heart
failure, LV dysfunction
(EF <40%), hypertension, or
diabetes
Chronic stable angina All symptomatic patients
Asymptomatic patients
CAD with systolic dysfunction
Diabetes with CAD
Diabetes without CAD

Level of
evidence
A
A

A
A
A
B

Clinical trials initially demonstrated the benefit of ACEI
in selected groups of patients with recent myocardial
infarction (MI), left ventricular (LV) dysfunction, or heart
failure.4 More recently, the benefits of ACEI were shown
in stable CAD patients without heart failure or LV
dysfunction in the Heart Outcomes Prevention
Evaluation (HOPE) study in high-risk patients.5 These
benefits were confirmed in the EUropean trial on
Reduction Of cardiac events with Perindopril in stable
coronary Artery disease (EUROPA), which showed that
ACEI can have a vasculoprotective effect in a broad
spectrum of patients at lower risk than those enrolled in
the HOPE study.6 As much has been written about the
HOPE trial since its publication in 2000, this monograph
will discuss the recent EUROPA study and its relevance
for clinical practice.

EUROPA…showed that ACEI can have a
vasculoprotective effect in a broad spectrum
of patients at lower risk than those
enrolled in the HOPE study.

Effects of ACEI: Ang II vs bradykinin
ACE generates angiotensin (Ang) II from its relatively
inactive precursor, Ang I. Ang II promotes atherosclerosis
and related events by increasing oxidative stress,
inflammation, endothelial dysfunction, neurohormonal
and cytokine activation, apoptosis, and fibrinolytic
imbalance.7,8 Ang II interacts with hypercholesterolemia
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to accelerate atherosclerosis. In a hyperlipidemic
environment, Ang II is generated locally and increases
atherosclerotic plaque development through the
AT1A receptor.9

Effect on endothelial function: The PERindoprilThrombosis-Inflammation Endothelial dysfunction and
Neurohormonal activation Trial (PERTINENT), a
substudy of EUROPA, suggests that ACEI improves
endothelial function by increasing bradykinin.12 Endothelial
cell nitric oxide synthase (eNOS) was increased in human
Effects of bradykinin: ACE is identical to kininase II, an
umbilical-vein endothelial cells incubated with serum from
enzyme that degrades bradykinin. In many respects,
patients treated with perindopril for 1 year. Plasma studies
bradykinin has a counteracting effect on the adverse
showed that perindopril increased bradykinin and
reduced Ang II and von Willebrand factor, a
↑ Vasodilation
marker of endothelial dysfunction. The only
Protection against
↑ Prostacyclin
Inactive
the effects of
Bradykinin
significant correlation observed was between
peptides
↑ Nitric oxide
angiotensin II
Oxidative stress
bradykinin and eNOS upregulation, suggesting
that in CAD patients, ACEI increases bradykinin,
which in turn upregulates eNOS activity,
increasing nitric oxide levels and improving
ACE
endothelial dysfunction.
inhibitor

↑

↑ Vasoconstriction
↑ ICAM 1 - VCAM -1
↑ Growth factors
↑ Oxyradical formation
↑ PAI -1
↑ Smooth muscle cell
proliferation
↑ Matrix degradation

Antiatherosclerotic effects: In the Study to
Evaluate Carotid Ultrasound changes in patients
treated with Ramipril and vitamin E (SECURE), a
↑ Endothelial dysfunction,
inflammation,
Angiotensin I
Angiotensin II
HOPE substudy, ACEI lowered the rate of
coagulation,
and atherogenesis
atherosclerotic progression.13 Patients receiving
ramipril 10 mg daily received maximum benefit,
whereas ramipril 2.5 mg showed only a trend
toward benefit despite similar effects on blood
Figure 1. The atherosclerosis-promoting actions of Ang II and
pressure (BP). A high dose was needed for
protective effects of bradykinin.10
antiatherosclerotic effects (eg, perindopril 8 mg). In a study
of diabetic hyperlipidemic mice, perindopril inhibited
actions of Ang II (Figure 1).10 Bradykinin stimulates
atherosclerosis and overexpression of aortic ACE, connective
generation of vasodilators (nitric oxide, endotheliumtissue growth factor, and vascular cell adhesion molecule-1.14
hyperpolarizing factor, and prostacyclin) that improve
endothelial function and promote fibrinolytic balance by
increasing tissue plasminogen activator.11
ACEI, Ang II, and obesity: Ang II is implicated in
obesity-induced cardiac remodeling and ischemia/
reperfusion injury.15 In obese insulin-resistant mice, ACEI
ACEI acts by dual pathways to blunt Ang II production
and prevent bradykinin degradation. The increased
prevented coronary perivascular fibrosis and collagen
availability of endogenous bradykinin probably explains
deposition potentially by impeding Ang II-mediated
much of the cardiovascular benefit of ACEI.
upregulation of plasminogen activator inhibitor-1 (PAI-1)
and transforming growth factor-beta-1.16 Treatment also
The rationale for ACEI is based on extensive
blocked c-Jun NH(2)-terminal kinase (JNK) activation,
cardioprotective effects that influence pathophysiologic
which was upregulated in the left ventricle. JNK may be a
processes at all stages of CAD (Table 2).8
mediator of obesity-related cardiac dysfunction.
Table 2. Vasculoprotective Effects of ACEI:
Potential Mechanisms8
Antiatherosclerotic: ↓ neointima
formation
↑ Endothelial function

Prevent plaque rupture
Enhance fibrinolysis
Modulate cytokine activity

↓ Inflammation

↓ Oxidative stress
eNOS = endothelial cell nitric oxide synthase

↓ Ischemia-induced
neurohormonal activation
Antihypertensive: ↓ BP

↓ LV hypertrophy

Prevent progressive LV dilatation
in LV dysfunction and HF
Bradykinin-induced
vasorelaxation

↑ eNOS

Extending use of
ACEI to lower-risk patients
The HOPE study demonstrated that long-term treatment
with ramipril 10 mg daily reduced major vascular events
by 22% in high-risk patients ≥55 years of age with
vascular disease or diabetes and another major CAD risk
factor. Subsequently, the EUROPA study extended the
observations in HOPE by showing that ACEI can have a
vascular-protective effect in patients irrespective of risk
profile or LV function.
3
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Table 3. EUROPA vs HOPE: A Comparison of Patients’
Baseline Characteristics

Mean age (years)
Female (%)
Coronary artery disease (%)
MI (%)
Peripheral vascular disease (%)
Stroke (%)
Hypertension (%)
Diabetes (%)
Hypercholesterolemia (%)
Baseline medication
Antiplatelet drugs (%)
Beta-blockers (%)
Lipid-lowering drugs (%)

EUROPA6
(N = 12,218)

HOPE5
(N = 9297)

60
15
100
65
7
3
27
12
63

66
27
80
53
43
11
47
39
66

91
63
58

76
39
28

A comparison of baseline characteristics in HOPE and
EUROPA patients, such as age, rates of diabetes and
hypertension, and use of concomitant cardioprotective
drugs, indicates that HOPE patients were a higher-risk
group (Table 3).5,6 Annual rates of major CV events in
the placebo groups were 40% to 80% higher in HOPE
versus EUROPA.
EUROPA enrolled 12,218 patients aged ≥18 years
without clinical heart failure but with CAD documented
by previous MI >3 months before screening, coronary
revascularization >6 months before screening, or
evidence of stenosis (≥70% narrowing of ≥1 coronary
artery), or, for men, a positive stress test with a history of
chest pain. The mean age of patients was 60 years and
>30% were <55 years of age. Use of concomitant therapy
was high: 92% were taking platelet inhibitors, 63% were
taking beta-blockers, and 58% were taking lipidlowering drugs, which increased to 69% at 3 years.
Patients were randomized to treatment with perindopril
8 mg daily (n = 6110) or placebo (n = 6108). Mean
follow-up was 4.2 years.6
ACEI benefits are observed in all patients: Perindopril
significantly reduced the primary outcome of CV
mortality, nonfatal MI, or cardiac arrest by 20%
(P = 0.0003), with event rates of 8% in the perindopril
group vs 9.9% with placebo. Benefits began to appear
at 1 year and gradually increased throughout the trial
(Figure 2). Perindopril was associated with reductions
in all primary and secondary outcomes, although not all
reached statistical significance. Reductions in hospital
admissions for heart failure (39%; P = 0.002) and
MI (24%; P < 0.001) were highly significant.6
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Placebo

20% Risk reduction
P = 0.0003

10
Primary
outcome
(%)

Perindopril
8 mg

8
6

20%
14%

4
11%

2
10%

0
0

1

2
3
Time (years)

4

Figure 2. EUROPA: Primary outcome of CV death, nonfatal MI,
and resuscitated cardiac arrest.6

Outcomes are not dependent on BP reduction: The
reduction in CV events in EUROPA was greater than
expected for the BP reduction achieved with perindopril
(mean 5/2 mm Hg). Further analysis of EUROPA data
shows that prevention of CV events did not depend on
BP and its reduction.18 Major CV events decreased
among patients at all levels of baseline BP. Patients with
substantial BP reduction, as well as those whose BP was
unchanged during the run-in phase when all patients
received perindopril, had similar reductions in the
primary outcome (20% vs 18%, respectively).
Risk reductions in diabetic patients: In the PERindopril
SUbstudy in coronary Artery disease and DiabEtes
(PERSUADE), the diabetic substudy of EUROPA
Number of
patients

Primary events (%)
Perindopril Placebo

Previous MI
No previous MI

7910
4299

8.9
6.4

Previous revascularization

6709

6.6

8.0

No previous revascularization

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

Diabetes mellitus
No diabetes mellitus

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

-blockers

4

Favors
perindopril

Favors
placebo

11.3
7.3

0.5

The beneficial effect of perindopril was consistent across
all predefined subgroups, including all age groups, patients
with or without hypertension, diabetes, or previous MI,
as well as in patients taking other cardioprotective
therapies (Figure 3).
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1.0

2.0

Figure 3. EUROPA reported benefits in a broad range of patients and
on top of other recommended therapies. Primary event = CV death,
nonfatal MI, resuscitated cardiac arrest. Square’s size is proportional
to subgroup population. Dashed line indicates overall relative risk.6

EUROPA
PERSUADE

∆

Perindopril Placebo
n = 6110
n = 6108
n = 721
n = 781 RRR (%)

Favors
perindopril

80

CV mortality, nonfatal MI,
cardiac arrest

488
91

603
121

20
19

Total mortality

375
73

420
93

11
15

CV mortality

215
47

249
60

14
16

Fatal and nonfatal MI

320
56

418
78

24
23

Non–Q-wave infarction

212
37

273
60

23
34

20

Stroke

98
18

102
23

4
15

0

Heart failure

63
13

103
26

39
46

PERSUADE

EUROPA

3 Years

100

Favors
placebo

Patients
(%)

81

74.5

93

68.6

60
40

On study
ACEI
0.5

1.0

EUROPA (perindopril 8 mg)

2.0

Figure 4. PERSUADE showed similar benefits in patients with
diabetes as in the overall EUROPA study.18

(N =1502), perindopril reduced the primary outcome by
19% (P = 0.13), which was similar to the 20% reduction
in the main EUROPA study.18 Results showed a trend
toward benefit in secondary outcomes that was
comparable to EUROPA (Figure 5). Absolute benefits
were greater because of higher event rates in the diabetes
subgroup. PERSUADE results are consistent with positive
effects of ACEI previously reported in MICRO-HOPE,
the diabetic substudy of HOPE, thereby extending the
benefits of ACEI to lower-risk patients with diabetes.19
Consistent benefits of ACEI: EUROPA demonstrates
that, independent of age, sex, or presence/absence of
diabetes or hypertension, ACEI reduces CV morbidity
and mortality in CAD patients with preserved LV
function in addition to other recommended therapies.
Risk reductions were comparable to HOPE even
though EUROPA patients had a higher rate of other
cardioprotective therapy. Both studies demonstrated
benefits after 1 year of treatment and in patients at all
levels of risk.20,21
The challenge of PEACE is answered. In contrast, the
Prevention of Events with Angiotensin Converting
Enzyme inhibition (PEACE) trial reported that treatment
with trandolapril 4 mg did not lower the risk of CV
mortality, MI, or the need for revascularization in lowrisk CAD patients with normal or near-normal LV
function who were already receiving state-of-the art
therapy (N = 8290).22 Although the results of PEACE
raised questions about the benefit of ACEI in wellmanaged patients,23 the totality of clinical trial evidence
clearly indicates that ACE inhibitors have shown
significant benefits in stable CAD patients.24,25
Compliance rates in the ACE inhibitor arm of the
PEACE study suggest that patients were undertreated—at
3 years only 68.6% were taking the study medication at
the target dose vs 93% of EUROPA patients (Figure 5).

At target
ACEI dose
PEACE (trandolapril 4 mg)

Figure 5. EUROPA vs PEACE: Differences in compliance.5,22

Are all ACE inhibitors interchangeable? The clinical
benefits shown with perindopril 8 mg and ramipril 10 mg
do not necessarily indicate a class effect. Although ACE
inhibitors share main actions, agents differ structurally
and pharmacologically, and dose is important.26
Perindopril and ramipril are strongly lipophilic,
potentially an important property in atherosclerotic
plaque penetration. Effectiveness should not be confused
with a mechanism of action, that is, surrogate efficacy,
such as BP reduction.23 Effective dosage for treating
patients with CAD may not be the same as for patients
with hypertension. The 8-mg dose of perindopril used
in EUROPA was chosen to increase the potential for
achieving BP-independent cardioprotective effects.27

CLINICAL

SUMMARY

• Clinical practice guidelines recommend use of
ACEI as secondary-preventive therapy for patients
with CAD with or without LV dysfunction or
heart failure.1-3
• Benefits of ACEI have been shown in stable CAD
patients at all levels of risk and in addition to other
state-of-the-art therapy.5,7,24,25
• All ACE inhibitors may not have comparable effects
for all indications. When making therapeutic
decisions, consider agents at doses proven to be safe
and effective in clinical trials.26
• Both perindopril and ramipril reduce the risk of CV
events in stable CAD patients without heart failure
or LV dysfunction.5,6
– Ramipril has proven efficacy in CAD patients
≥55 years of age
– Perindopril has proven efficacy in CAD patients
≥18 years of age
5
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SELF-ASSESSMENT QUESTIONS
Please check the appropriate answer for each question on the Answer Key.
Instructions for obtaining CME credit are provided on the back of the Answer Key.
1. The increased availability of bradykinin probably
explains much of the cardiovascular benefit of ACE
inhibition.
b. False
a. True
2. In the EUROPA study, major cardiovascular events
decreased among patients at all levels of baseline
blood pressure.
a. True
b. False

4. At what point in the HOPE and EUROPA studies did
the benefit of ACE inhibitor therapy become evident?
b. 2 years
c. 1 year
a. 3 years
5. The 8-mg dose of perindopril used in EUROPA, which
was relatively high, was selected to enhance the potential
for achieving blood pressure–independent
cardioprotective effects.
a. True
b. False

3. The PERSUADE and EUROPA studies had comparable
reductions in the primary outcome. What were the
respective risk reductions?
a. 19% vs 22% b. 21 vs 23% c. 19% vs 20%
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Answer Key
Please check the correct box for each question. There is only 1 correct response for each question.
1.

A

B

2.

A

B

3.

A

B

4.
5.

A

B

A

B

C

C
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5
5
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4
4
4
4
4
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