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Specific Properties and Effect of Perindopril in
Controlling the Renin–Angiotensin System
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Perindopril is a long-acting, once-daily lipophilic angio-
tensin-converting enzyme inhibitor with high tissue angio-
tensin-converting enzyme affinity, lowering angiotensin II
and potentiating bradykinin. Its efficacy, safety, and toler-
ability are well established in the treatment of hyperten-
sion and heart failure. Moreover, large morbidity–
mortality trials, such as the EUropean trial on Reduction
Of cardiac events with Perindopril in stable coronary Ar-
tery disease (EUROPA) and Perindopril pROtection
aGainst REcurrent Stroke Study (PROGRESS), have
shown that antihypertensive treatment with perindopril
reduces and prevents cardiovascular disease in a large
range of patients with vascular diseases, whether or not
they are hypertensive. Thus, the outcomes of these and

other trials support the concept of cardiovascular protec-
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tive properties of angiotensin-converting enzyme inhibi-
tion with perindopril in addition to the obvious blood-
pressure–lowering effect. Considering its properties and
the clinical evidence on efficacy and tolerability that has
been gathered, perindopril fulfils the criteria of the latest
guidelines for hypertension and cardiovascular disease
management and should therefore be considered as a first-
line antihypertensive agent, forming a consistent part of
the comprehensive strategy against hypertension and re-
lated cardiovascular complications. Am J Hypertens
2005;18:142S–154S © 2005 American Journal of Hyper-
tension, Ltd.

Key Words: Angiotensin II, angiotensin-converting
enzyme inhibition, bradykinin, cardiovascular disease,

perindopril.
I n the 1970s, based on a series of observations, it was
reported that angiotensin II had deleterious effects
on the heart, vessels, and kidney. Then came the

discovery and development of drugs blocking the renin–
angiotensin system (RAS), which clarified the role of this
system in several pathologic conditions and led to the
widespread use of angiotensin-converting enzyme (ACE)
inhibitors in the treatment of cardiovascular and renal
disease. Originally, these drugs were developed as thera-
peutic agents targeted to treat hypertension, but several
clinical conditions were subsequently identified. The ACE
inhibitors exert their pharmaceutical benefits primarily by
blocking angiotensin II formation. However, in addition to
inhibiting angiotensin II formation, ACE inhibitors also
increase the levels of bradykinin, primarily at tissue level.
Both inhibition of angiotensin II formation and increase in
bradykinin are believed to contribute to the beneficial
effects of ACE inhibitors1 (Fig. 1). The ACE inhibitors
may be less specific in their blockade of angiotensin II
than angiotensin II type 1 receptor blockers (ARB), but
they confer valuable cardiovascular protection by increas-
ing the availability of bradykinin. If anything, the brady-
kinin effect compensates for the incomplete blockade of
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angiotensin II. Currently, ACE inhibitors are not only
recognized as having the broadest impact of any drug in
cardiovascular medicine—reducing mortality and morbid-
ity from myocardial infarction (MI), heart failure, coro-
nary artery disease (CAD), stroke, diabetes mellitus, and
diabetic and nondiabetic nephropathy,2,3 but they also
benefit from very solid data regarding their safety and
tolerability profiles.

The ACE inhibitors thus remain the gold standard RAS
blocker. However, it should be remembered that among
the available ACE inhibitors, important differences exist in
chemical structure, potency, bioavailability, plasma half-
life, distribution, elimination, and, more importantly, in
affinity for tissue-bound ACE.4

Pharmacologic Effects of ACE
Inhibitors
The ACE inhibitors can be classified into three groups
according to their chemical structure. Some contain a
sulfhydryl group, captopril being the prototype. In vitro
data suggest that the presence of the sulfhydryl group may
confer additional properties on ACE inhibition such as
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free radical scavenging and effects on prostaglandins.5

However, the clinical relevance of these actions has never
been demonstrated. Fosinopril is the prototype of ACE
inhibitors that contain a phosphinyl group as their reactive
moiety. Other ACE inhibitors contain a carboxyl moiety.

This review will focus on the benefits of perindopril
and its cardiovascular protective properties beyond blood
pressure (BP) reduction in the treatment and prevention of
hypertension and cardiovascular disease.

Perindopril
Perindopril, discovered in 1982 by Les Laboratoires Ser-
vier,6 is a prodrug ester (Fig. 2) converted, in the liver and
plasma, to perindoprilat, a potent, long-lasting lipophilic
inhibitor of ACE.

An overview of the pharmacokinetic effects of perin-
doprilat7 is given in Table 1.

Perindoprilat has a strong affinity for ACE. In patients
with CAD, perindopril has been shown to reduce both
plasma and vascular levels of ACE, such as endothelial
and adventitial ACE, and to increase the expression of
endothelial nitric oxide synthase (eNOS) in the endothe-
lium and in vascular smooth muscle cells.8 In healthy
volunteers, it inhibits 50% of ACE activity at a lower
concentration than enalaprilat (3.6 v 117 nmol/L).9 The

FIG. 1 Atherosclerosis-promoting actions of angiotensin II and p
inhibition blocks the production of angiotensin II and the breakdow
plasminogen activator inhibitor–1; tPA � tissue plasminogen activa
FIG. 2 Chemical structure of perindopril.
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relative tissue affinity of perindoprilat compares favorably
with other ACE inhibitors.10 The onset of activity is
slower than that of many other ACE inhibitors: maximal
inhibition occurs approximately 8 h after a single oral

tive effects of bradykinin. Angiotensin-converting enzyme (ACE)
bradykinin. ICAM-1 � intracellular adhesion molecule–1; PAI-1 �
CAM-1 � vascular cell adhesion molecule–1. Adapted from Ref. 1.

Table 1. Overview of the pharmacodynamic ef-
fects of perindoprilat

Inhibits ACE in plasma and tissue, including blood
vessels

Reduces plasma aldosterone levels
2SBP and DBP in patients with hypertension
2Aortic carotid-femoral PWV in patients with

hypertension
2Systemic vascular resistance in patients with

hypertension
1Arterial diameter, compliance, and blood flow

in patients with hypertension
Normalizes arterial media-lumen ratio in patients

with hypertension
2LVMI, diastolic wall and intraventricular septal

thickness in patients with hypertension
Does not affect heart rate or cardiac output
2Albuminuria in patients with hypertension and

nephropathy, diabetes mellitus, or post–renal
transplant
2Uric acid levels in plasma in patients with

hypertension
Normalizes hypofibrinolysis in patients with

hypertension
2Kallikrein activity in plasma in patients with

hypertension
Does not adversely affect plasma glucose,

fructosamine, and glycosylated hemoglobin
levels in patients with diabetes mellitus

Does not adversely affect plasma lipid profiles

ACE � angiotensin-converting enzyme; DBP � diastolic blood pres-
sure; LVMI � left ventricular mass index; PWV � pulse wave veloc-
ity; SBP � systolic blood pressure.
2 and 1 Represent significant (P � .05) decreases and in-
rotec
creases, respectively, versus baseline or placebo.
Adapted from Ref. 7.
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8 mg dose and is still greater than 70% at 24 h; further-
more, these parameters are not affected by age or sex.11

According to data from animal studies, renal ACE is
inhibited more rapidly and to a greater extent than endo-
thelial or aortic ACE.12,13 In the rat stroke model, perin-
dopril appeared to exert a greater effect on brain ACE than
other ACE inhibitors.14–17

As an ACE inhibitor, the main pharmacologic effect of
perindopril is a reduction in systemic vascular resistance
with little or no change in heart rate. No reflex tachycardia
is observed, in contrast to other vasodilator classes.

Perindopril exerts very limited hemodynamic effects in
salt-replete healthy normotensive volunteers.18–21

In normotensive subjects, administration of oral perindopril
(2.5, 5, or 10 mg) led to a significant attenuation (30% to 90%)
of the pressor response to angiotensin I at 4 to 6 h.22

Administration of oral perindopril therapy for 8 days
did not have any significant effects on resting heart rate or
hemodynamic response to exercise in normotensive or
hypertensive individuals.23–26

Effects Beyond Lowering of BP
Clinical studies have demonstrated the therapeutic efficacy
of ACE inhibition in many cardiovascular disorders. It has
repeatedly been shown that these benefits extend beyond
BP–lowering effects. Understanding these effects is a ma-
jor objective of research efforts. The current state of
knowledge is summarized in this section.

The use of ACE inhibitors plays an essential role in the
restoration of the balance between angiotensin II and brady-
kinin (Fig. 1). Bradykinin, which counteracts the harmful
effects of angiotensin II, contributes to the hemodynamic and
other therapeutic effects, such as vasodilation and vascular
protective effects, and the longer-term anti-ischemic effect of
ACE inhibitors. It is known that ACE regulates the break-
down of circulating bradykinin into an inactive peptide.27

From a pharmacologic viewpoint, it is interesting that the
Michaelis-Menten constants for bradykinin inactivation and
angiotensin II formation are such that blocking ACE invari-
ably leads to lower angiotensin II and higher bradykinin;
among the ACE inhibitors, this bradykinin potentiation is
particularly pronounced for perindopril.28 Use of the brady-
kinin antagonist icatibant has demonstrated that the BP-low-
ering effect of perindopril involves bradykinin, suggesting an
endogenous role of bradykinin in homeostasis.29 A recent
controlled study showed that dobutamine-induced myocar-
dial ischemia was significantly ameliorated by long-term
treatment with perindopril at a dose of 8 mg once daily in
patients with CAD. These results were closely correlated
with the inhibition of serum ACE activities (P � .01) and
increase in plasma bradykinin concentrations (P � .05).30

The recent EUropean trial on Reduction Of cardiac events
with Perindopril in stable coronary Artery disease (EU-
ROPA) showed that treatment with perindopril reduced the
primary end point (combined risk of cardiovascular death,

MI, and cardiac arrest) by 20% (P � .0003).31 However, it
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was suggested that BP lowering alone could not be com-
pletely responsible for the observed benefits of perindopril, as
a similar result was observed in subjects with stable CAD
who had low or high BP at entry into the study, or whose BP
did not fall during the study. Therefore, the PERindopril
Thrombosis, INflammation, Endothelial dysfunction and
Neurohormonal activation Trial (PERTINENT), a substudy
of EUROPA, set out to establish whether the benefits
achieved by perindopril were due to the effect of the drug on
endothelial function and markers of inflammation and throm-
bosis.32 The preliminary results demonstrated that perindopril
treatment for 1 year resulted in an improvement in endothe-
lial dysfunction. This was achieved by increasing bradykinin
levels and decreasing angiotensin II levels, which resulted in
the restoration of the angiotensin II/bradykinin balance.
There was also a significant correlation between the in-
creased bradykinin levels and the upregulation of endothelial
cell nitric oxide (via ecNOS). Tumor necrosis factor–� and
endothelial cell apoptosis were both reduced. Furthermore,
perindopril reduced the levels of von Willebrand factor, a
marker of endothelial cell damage and a predictor of cardio-
vascular outcomes. Taken together, these results confirm the
vascular and antiatherosclerotic effects of the ACE inhibitor
perindopril and partly explain the results of EUROPA.

Vascular remodeling of the arteries in hypertension,
even at early stages, may affect one or several end organs
such as the brain, heart, and kidney. Vascular remodeling
has been established as a major contributor to cardiovas-
cular morbidity and mortality in hypertension.

Therefore, modern treatment strategies should target BP
reduction, but should also have vascular effects leading to
normalization of the vascular structure. Despite similar ef-
fects on BP, evidence from pharmacologic trials has shown
that antihypertensive treatments have unequal efficacies in
vascular remodeling. Among antihypertensive drugs, ACE
inhibitors have been shown to effectively reduce BP in hy-
pertensive patients and to reverse vascular remodeling.

The remodeling effects of ACE inhibitors, responsible
for the long-term effects of this class, take place at the
level of the small-resistance and large arteries, and the
heart. A recent report demonstrated that, among antihy-
pertensive drugs, only ACE inhibitors had an effect on
aortic stiffness that was significant and independent of BP
lowering.33 From both short- and long-term trials in pa-
tients with essential hypertension, a large body of evidence
has been collected for the ACE inhibitor perindopril. Per-
indopril administered for 3 months significantly improved
the diameter and compliance of the brachial artery in
patients with sustained essential hypertension, an effect
that was treatment related and independent of BP reduc-
tion (P � .01).34

When comparing perindopril with a �-blocker (atenolol),
both drugs significantly reduced BP, although only perindo-
pril led to normalization of small artery morphology, but also
significantly reduced left ventricular (LV) mass and im-
proved impaired coronary reserve to normal levels compared

with the effects in healthy control subjects.35,36 Similarly, in
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another trial, both perindopril and a diuretic combination
(amiloride plus hydrochlorothiazide) significantly reduced
BP in hypertensive patients, but only perindopril induced an
increase in distensibility of the common carotid artery.37

Perindopril has also been shown to repair the coronary arte-
rioles by inducing regression of periarteriolar and interstitial
collagen of coronary arterioles, thereby leading to a 54%
increase in coronary blood flow (P � .001), a 67% increase
in coronary reserve (P � .001), and a 33% reduction in
coronary vascular resistance (P � .001).38

In addition, the effect of perindopril on reversing vas-
cular remodeling has recently been shown in patients with
end-stage renal disease. In this population, perindopril
significantly decreased pulse-wave velocity (PWV) inde-
pendently of BP changes, resulting in a highly significant
relative risk reduction (RRR) in all-cause mortality by
81% and cardiovascular mortality by 82%.39

With regard to the reversal of cardiac remodeling,
perindopril significantly reduces the left ventricular mass
index in hypertensive patients.23–26,36,39 This occurs
within a few months and to a greater extent than with
either calcium channel blockers40 or �-blockers.23

The link between CAD and ACE activity has been
under intense study, which was given added impetus after
the demonstration of increased expression of ACE and
angiotensinogen in proliferating tissue of balloon-injured
vessels of mice41 and human beings.42 Around the same
time it was shown that ACE accumulates in regions of
inflammatory cells in the human atherosclerotic plaque.43

Currently it is generally believed that ACE activity in
the heart and the vessels contributes both to the develop-
ment and the progression of CAD. In animal models and
later in clinical studies, ACE inhibitors were shown to
delay the development and progression of atherosclerosis.

The ability of ACE inhibitors to reduce ischemic events is
a result of their effects on BP and hemodynamics and, in the
longer term, on the prevention of progression of coronary
atherosclerosis or stabilization of the atherosclerotic plaque.

The endothelium maintains normal vascular tone and
structure, local homeostasis, and vascular wall prolifera-
tion via the reactive release of vasoactive substances,
among which nitric oxide (NO) has a predominant role.
The effects of NO are well characterized: relaxation of
vascular smooth muscle, inhibition of platelet aggregation
and of expression of adhesion molecules on monocytes
and neutrophils, and inhibition of growth and migration of
smooth muscle cells. Oxidative stress mediated by angio-
tensin II impairs the activity of NO, thus constituting the
primary theoretic basis for the improvement of endothelial
function by ACE inhibitors.

The ACE inhibitors reduce endothelial dysfunction in
normotensive patients with CAD, hypertension, type 2
diabetes, and congestive heart failure (CHF). Coronary
flow reserve, measured by normal flow-dependent and
cold pressor test–induced dilations, was improved in a
group of 10 patients with hypertension and left ventricular

hypertrophy (LVH) and angiographically normal coronary
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arteries—an improvement likely to be mediated by an
improvement in endothelial function.44

Experimental data are yielding valuable insights into
the antiatherogenic effects of ACE inhibitors.45 In one
model, perindopril was shown to reduce the progression of
atherosclerosis and to prevent the accelerated development
of atherosclerotic lesions.46 The underlying mechanisms
are wide ranging, including protection of the endothelium,
antimitogenetic, antithrombotic, and plaque-stabilizing ac-
tions, and possibly antioxidant action; they are largely
mediated by angiotensin II and bradykinin. Lowering an-
giotensin II reduces vascular smooth muscle cell growth,
which, in turn, restores endothelial function and reduces
the propensity for plaque rupture. The bradykinin-medi-
ated increases in NO and prostacyclin maintain endothelial
function and integrity and could help to prevent the de-
velopment of proliferative atherosclerotic lesions. The
critical role of endothelial NO in preventing the develop-
ment of atherosclerotic lesions is supported by findings
from knockout experiments in mice.41

Perindopril, being lipophilic, compares very favor-
ably among ACE inhibitors in terms of the tissue pen-
etration of its active metabolite—a factor consistently
shown to correlate with antiatherosclerotic effects5

(Fig. 3). Lipophilicity also confers a distinct advantage
when the atherosclerotic plaque is the target.

Another effect of ACE inhibitors is to shift the fibrino-
lytic balance, by reducing plasminogen activator inhibi-
tor–l and increasing tissue plasminogen activator via
action on angiotensin II and bradykinin, respectively.47

Impaired fibrinolysis may be associated with chronic hy-
pertension.48

The contribution of sympathetic modulation to the clin-
ical effects of ACE inhibitors, especially in patients with-
out CHF, remains unclear. However, inhibition of
sympathetic nervous system activity was shown to con-
tribute to the BP-lowering effect of perindopril in hyper-
tensive diabetic individuals with nephropathy.49

FIG. 3 Relative tissue affinity of various angiotensin-converting
enzyme inhibitors. Adapted from Ref. 5.
At some stage during the development of CHF, the com-
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pensatory response of the RAS becomes harmful. The ben-
eficial effects of ACE inhibitors in CHF are attributable to
their RAS blockade, which leads to vasodilation and im-
proved myocardial function and hemodynamics.50 The im-
proved prognosis of CHF patients is mainly caused by a
reduction in the progression of CHF. Studies with specific
ARB indicate that bradykinin is also involved in this process.

In the acute setting, a short-term anti-ischemic ef-
fect and a reduction in stress-induced myocardial ische-
mia via neurohormonal modulation have also been
shown.29,51 Cerebral vasodilation by perindopril is also
likely to be caused by improvements in endothelial func-
tion, as in other vascular beds, and reduction in cerebral
arteriolar remodeling,52 which may be independent of BP.

Clinical Use
Hypertension

With more than 15 years of clinical experience, the central
role of perindopril in the therapeutic armamentarium
against hypertension is well established. Efficacy has been
shown through numerous surrogate end-point studies.

In most European countries, the initial dose of perin-
dopril for hypertension is 4 mg once daily, titrated upward
if necessary to a maximum of 8 mg daily. If response to
monotherapy is inadequate, the usual addition is a diuretic.

Clinical trials have shown that perindopril reduces BP
in patients with mild-to-moderate hypertension in a dose-
dependent manner at doses of 8 mg or less. Postmarketing
data have shown that mean BP fell from 173/100 to 145/82
mm Hg (mean absolute reduction: 28/18 mm Hg) in the
43,245 patients who completed l year of treatment with
perindopril (2 to 8 mg/day).53

A community-based, open-label trial involving more
than 10,000 patients from the United States with essential
hypertension provided valuable real-life data that rein-
forced the findings from clinical trials. The study included
newly diagnosed patients with hypertension, inability to
tolerate other antihypertensive medications including ACE
inhibitors, ARB, diuretics, and calcium channel antago-
nists, and a lack of BP control with any prior antihyper-
tensive monotherapy. The mean BP was reduced from
157/95 to 139/84 mm Hg (mean absolute reduction: 18/1l
mm Hg) over 12 weeks of monotherapy with perindopril 4
mg once daily (titrated to 8 mg midway, at the physician’s
discretion). Adequate control (140/�90 mm Hg) was
achieved by almost half of the patients; and notably,
monotherapy was effective in both men and women across
all ethnicities and in high-risk subgroups.54 One analysis
suggested that perindopril is an effective option in patients
nonresponsive to previous antihypertensive therapy with
ACE inhibitors.55

The ACE inhibitors seem to have lower efficacy in Afri-
can-American patients with hypertension, probably because
of lower levels of renin in this patient group.4 Yet the effect
remains significant, as shown by a study with perindopril

monotherapy.56 Furthermore, ACE inhibition is associated
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with advantages in terms of target-organ protection and ar-
resting disease progression in this patient group.57

Most studies comparing perindopril with other ACE in-
hibitors have involved captopril and enalapril. Data from
three large 3-month, randomized, double-blind trials showed
that perindopril has better efficacy than captopril, as mea-
sured by response rate (67% to 80% v 44% to 57% of patients
achieving diastolic BP of 90 mm Hg).24,25,58 Five trials found
a similar effect of perindopril and enalapril in terms of sys-
tolic and diastolic BP reductions (7% to 15% reduction from
baseline), although response rates varied.59–62 Studies have
also compared perindopril with other drug classes. Several
trials comparing perindopril against calcium channel blockers
(dihydropyridine and nondihydropyridine) show no signifi-
cant difference in BP-lowering efficacy.26,40,63,64 Data from
comparisons with �-blockers are conflicting; however it is
worth highlighting that one study demonstrated that perindo-
pril was better than metoprolol in patients with LVH.23,65–67

In another comparative study, perindopril and atenolol both
significantly reduced BP in hypertensive patients; however
only perindopril caused normalization of small artery mor-
phology.35

Combining different classes of antihypertensive drugs
with the aim of maximizing efficacy and minimizing ad-
verse events is now standard clinical practice, as reflected
in numerous guideline recommendations. Increasingly, the
protocols of clinical studies in hypertension allow the
addition of other classes to ACE inhibition therapy. In
such studies, there was no difference between perindopril
and other antihypertensive therapies in the proportion of
patients who received adjunctive therapy (15% to
50%).24,25,65,66 Combinations of perindopril and a diuretic
have been extensively studied, and the additive effect is
well established.

Guidelines recommend the use of long-acting formula-
tions to provide 24-h antihypertensive cover.3,68 The 2004
British Hypertension Society guidelines (BHS-IV) empha-
size that any drug taken as a single daily dose should
ideally be effective for 24 hours.69 A measure of sustained
BP control is provided by the trough:peak ratio (TPR).
Among tested ACE inhibitors, perindopril has been listed
as having the highest TPR (75% to 100%),70 making it
suitable for once-daily dosing59,62,64,71 and furthermore
reducing the adverse consequences of a missed dose.72

This has also been reinforced by studies comparing the
TPR of perindopril with that of other ACE inhibitors such
as enalapril or captopril.60,62,73

Congestive Heart Failure

In the management of CHF, the two aims are to improve
quality of life and, in the longer term, to reduce morbidity
and mortality. Therapy with ACE inhibitors has beneficial
effects on both counts.

Currently, ACE inhibition, either with or without di-
uretics, is the cornerstone of CHF treatment and, notably,

in all grades of symptomatic heart failure and in asymp-
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tomatic left ventricular dysfunction (level of evidence
A).74,75 The effects of perindopril on symptoms were
shown in a long-term study; however this study was pri-
marily designed to assess tolerability.

The 320 patients with CHF (New York Heart Associ-
ation class III or IV) were treated for 6 months (208
patients), 12 months (105 patients), or 30 months (30
patients) with 2 mg perindopril, which was increased, in
the majority of cases, to 4 mg at 2 weeks. Improvements
were seen in exercise tolerance, New York Heart Associ-
ation class, and overall symptom severity score.76 Direct
evidence comes from two short-term blind trials that
showed benefits of perindopril on symptom severity score
and exercise capacity.77,78

It is well known that first-dose hypotension may occur
with initiation of ACE-inhibitor therapy in patients with
cardiac failure. However, there are clinically relevant dif-
ferences among the various ACE inhibitors in this regard,
with perindopril comparing favorably with other members
in moderate-to-severe heart failure.79,80 Thus, the mean
maximal BP fall induced by 2 mg perindopril (�5.2 mm
Hg) after initiation of therapy was not significantly differ-
ent from baseline BP and was smaller than that seen with
6.25 mg captopril (�16.8 mm Hg), 2.5 mg enalapril
(�13.3 mm Hg), or 2.5 mg lisinopril (�15.0 mm Hg).81

The incidence rate with perindopril was also lower than
that of either enalapril or captopril (15% v 50% and 42%,
respectively).82,83

In the longer term, perindopril has a minimal effect, or
no effect, on BP (8 and 12 weeks)77,78 and renal func-
tion.76,77,84 A sustained improvement is seen in indices of
cardiac function. Perindopril may also improve peripheral
vascular function.85

In terms of dose, European prescribing information
recommends a starting dose of 2 mg for patients with
mild-to-moderate CHF, and up to 4 mg for the mainte-
nance dose. Guidelines emphasize the need for the dose to
take into account long-term morbidity and mortality data
rather than symptomatic improvement.75

Little is known about the effect of ACE inhibitors in
elderly patients with CHF or in patients with CHF caused
by diastolic dysfunction. A meta-analysis of trials with
several antihypertensive drugs suggests that ACE inhibi-
tors are the most effective agents in reducing LVH, one of
the causes of diastolic dysfunction.86 The Perindopril and
Remodeling in the Elderly with Acute Myocardial Infarc-
tion (PREAMI) trial is exploring the effects of perindopril
in elderly patients with acute MI and moderate or no LV
dysfunction.87 A series of trials have provided information
on the role of ACE inhibition after acute myocardial
infarction (AMI). There is a consensus that ACE inhibitors
should be used early after AMI in all patients, particularly
those at high risk.75,88 For instance, in patients with AMI,
perindopril showed better short-term tolerance than treat-
ment with captopril, with significantly fewer acute hemo-
dynamic changes and withdrawals.89
However, two key questions remained: 1) for how long
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should treatment be administered? and 2) what should the
criteria be for withdrawal or maintenance of ACE inhibitor
treatment?

These questions were resolved by the Heart Outcomes
Prevention Evaluation (HOPE) and particularly in the
EUROPA studies, showing that ACE inhibition is indi-
cated for secondary prevention of CAD and that the longer
the treatment, the better the results.31,90

Cerebrovascular Disease

There is a continuous and direct association between BP
and risk of first stroke event in hypertensive and normo-
tensive individuals.91 Persons with cerebrovascular dis-
ease have a very high risk of stroke and also a high risk of
cardiac events and left ventricular dysfunction.92–94

The structural and functional changes that occur in the
cerebral vasculature in response to high BP, effectively shift-
ing the autoregulatory curve to the right, play a large part in
predisposing patients to stroke. Reducing BP reverses these
changes, at least to some extent.52 Hypertension is the single
most important modifiable risk factor for stroke.

Although the value of BP lowering in primary preven-
tion is unequivocal, the benefits in terms of secondary
prevention were less obvious. With this in mind, a study
was designed to resolve what was, and remains, an issue of
high clinical relevance. The randomized, placebo-con-
trolled Perindopril pROtection aGainst REcurrent Stroke
Study (PROGRESS) assessed the effects of routine BP-
lowering therapy based on perindopril in persons who had
experienced a stroke or a transient ischemic attack.95

There was no BP entry criterion and patients continued
with their existing antihypertensive therapy. After a run-in
period of 4 weeks, patients were assigned to receive active
therapy or placebo. The active therapy consisted of 4 mg
perindopril alone or in combination with indapamide (2.0
or 2.5 mg daily); the choice of monotherapy or combina-
tion therapy was at the investigators’ discretion. The pri-
mary end point was fatal or nonfatal stroke.

A total of 6105 individuals were randomized, 3051 in
the active treatment total stroke group (58% combination
and 42% perindopril alone) and 3054 in the placebo group.
At a mean follow-up period of 3.9 years, BP was reduced
by an average of 9.0/4.0 mm Hg in the active treatment
group, compared with placebo: an effect that, as expected,
was substantially greater in the combination group than in
the perindopril group (12.3/5.0 v 4.9/2.8 mm Hg).

Compared with placebo, the active treatment signifi-
cantly reduced the risk of stroke by 28% (RRR,
P � .0001). Active treatment also reduced the risk of a
major coronary event (nonfatal MI or death caused by
coronary heart disease) by 26%, the risk of nonfatal MI by
38%, and the risk of CHF by 26%.96 The effects were
maintained regardless of the presence of hypertension or
history of coronary heart disease. The effect of the therapy
on different coronary outcomes is shown in Fig. 4.
The PROGRESS data were also subjected to several
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predefined analyses that helped to answer other clinically
pertinent questions and that will also enrich possible future
meta-analyses in this field.97 Thus it was shown that the
therapy was protective against all stroke subtypes, includ-
ing fatal or disabling stroke (RRR, 33%), ischemic stroke
(RRR, 24%), and hemorrhagic stroke (RRR, 50%), and
that this benefit was independent of medical history.98 A
separate analysis found that active treatment reduced the
relative risk of recurrent stroke by 38% in diabetic patients
and by 28% in nondiabetic patients.99 The beneficial effect
on the incidence of stroke and major vascular events was
maintained across subgroups defined by age, sex, and
geographic area.100 Patient outcome in terms of dementia
and cognitive decline was also improved by 34% and 45%,
respectively, and this was shown to be a corollary of
reduced incidence of recurrent stroke.101 Similarly, active
therapy had a beneficial effect on the risk of long-term
disability and dependency, which were reduced by 24%
and 16%, respectively, and also primarily mediated
through the reduction in recurrent strokes.102

The primary findings may be reformulated: active treat-
ment was associated with one less stroke, coronary event,
or heart failure case per 17 patients treated for 5 years. Use
of the combination treatment would improve this outcome
further, to 10 patients. These findings are the strongest
argument yet for the routine use of a perindopril-based
treatment regimen in the secondary prevention of stroke,
as advocated by the investigators.95

The issue of administration of BP-lowering agents in
the acute stage after a stroke has yet to be satisfactorily
resolved. Evidence obtained with ACE inhibitors is en-
couraging, suggesting that they do not lead to clinically
relevant changes in cerebral perfusion.

Administration of perindopril to stroke patients has
been studied in normotensive and hypertensive patients.
Thus in 24 hypertensive patients who received perindopril
at days 2 to 7 after a stroke, BP fell by 19/11 mm Hg, but

FIG. 4 Impact of perindopril-based treatment regimen on the risk
of stroke recurrence and incidence of cardiovascular disease events
in 6105 patients with a history of stroke or transient ischemic at-
tack. CHD � coronary heart disease; CI � confidence interval; HF �
heart failure; MI � myocardial infarction.
cerebral perfusion was unchanged (although local changes
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could not be assessed).103 A similar study in 25 normo-
tensive patients showed no change in either local or gen-
eral blood flow.104

The presence of carotid stenosis in stroke patients could
theoretically make them more vulnerable to BP-lowering
agents. Early data with perindopril in this high-risk group
are encouraging: BP in nonacute patients was lowered,
whereas global and regional cerebral perfusion remained
unchanged.105 Further studies are warranted.

Stable Coronary Artery Disease

The ACE inhibitors have proven effects in reducing mor-
bidity and mortality in high-risk CAD patients—namely,
those with heart failure, LV dysfunction, or previous
MI.106–110

The HOPE study90 was the first to demonstrate the
positive effects of ACE inhibitors in patients at high risk of
developing cardiovascular events (�55 years of age with
a history of CAD, stroke, obstructive peripheral vascular
disease, or diabetes mellitus with at least one other car-
diovascular risk factor). The trial was terminated early
after an analysis showed a reduction in the primary com-
bined end point of cardiovascular mortality, MI, and
stroke, as well as all-cause mortality, in patients receiving
ACE-inhibitor therapy.

Subsequently, another study was designed to assess
whether these positive effects of ACE inhibition would be
seen in the general population with stable coronary dis-
ease, comprising all risk levels. The resulting EUROPA
study was a randomized, double-blind, placebo-controlled
study that involved 424 centers in 24 countries.31 Inclu-
sion criteria were stable CAD with no heart failure or LV
systolic dysfunction. After a run-in period, a total of
12,218 patients were randomized to perindopril 8 mg once
daily or placebo for 3 years. The reasons that led to the
selection of perindopril for the EUROPA study are pre-
sented in Table 2.

Table 2. Properties of the angiotensin-converting
enzyme (ACE) inhibitor perindopril that led to its
selection in the EUropean trial on Reduction Of car-
diac events with Perindopril in stable coronary Artery
disease (EUROPA)

Once-daily dosing and long-acting 24-h blood
pressure control

High affinity for tissue ACE
Anti-ischemic effects in coronary artery disease
Reduces serum ACE and increases plasma

bradykinin concentrations
Reduces neointimal proliferation in coronary

arteries
Prevents progression of atherosclerosis
Enhances expression of nitric oxide synthase in

coronary arteries
Improves endothelial function
Improves fibrinolytic balance
Adapted from Ref. 1.
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Existing treatments for secondary prevention were con-
tinued (at baseline, 92% of patients were receiving a
platelet inhibitor, 62% a �-blocker, and 58% a lipid-
lowering drug). After a mean follow-up period of 4.2
years, perindopril use resulted in a 20% RRR (P � .0003)
in the primary end point, a composite of cardiovascular
death, nonfatal MI, and cardiac arrest with successful
resuscitation. Notably, a specific analysis showed no in-
teraction between perindopril and lipid-lowering drugs,
�-blockers, and calcium antagonists, confirming that the
effect of perindopril was independent.

Reductions were also seen in the secondary end points,
although they did not always reach statistical significance
(Fig. 5).

The effect of perindopril was consistent among all of
the subgroups studied. Outcome was improved in sub-
groups of all ages and in patients with and without hyper-
tension, diabetes, or previous MI.

It was estimated that one major cardiovascular event
would be prevented by treating 50 patients for 4 years. The
weight of this evidence is enormous and the potential
clinical impact huge. The latest American College Cardi-
ology (ACC)/American Heart Association (AHA) guide-
lines on the management of chronic stable angina
suggested that ACE inhibitors should be used as routine
secondary prevention far patients with known CAD.111

More recently, ACC/AHA guidelines on the management
of patients with ST-elevation MI suggest that, unless con-
traindicated, an ACE inhibitor should be prescribed at
discharge for all these patients (class 1, level of evidence
A). With this evidence for perindopril, there is a strong
case for adding CAD to the list of compelling indications

FIG. 5 Beneficial effect of treatment with perindopril on the primary
end point and selected end points. Size of squares is proportional to
the number of patients in that group. Dotted line indicates overall
relative risk. MI � myocardial infarction; UA � unstable angina.
Adapted from Ref. 5.
for ACE inhibitors in the European guidelines.112 The
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guidelines set forth in the seventh report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (JNC 7) recom-
mend that hypertensive patients with a compelling cardio-
vascular risk factor such as CAD should start initial
therapy with an antihypertensive drug with proven efficacy
in reducing that risk factor, for example, perindopril.3

Diabetes

The American Diabetes Association underlines that anti-
hypertensive drugs, such as ACE inhibitors, are preferred
as initial therapy in hypertensive diabetes patients because
of their proven efficacy in reducing cardiovascular disease
events.113 In the prevention of microvascular and macro-
vascular complications of diabetes, control of BP is as
important as glycemic control.114 As a result of their
nephroprotective properties, ACE inhibitors may be par-
ticularly useful for preventing the development and pro-
gression of the renal complications of diabetes.

A recent meta-analysis comparing the effects of ACE
inhibitors and ARB demonstrated that ACE inhibitors, but
not ARB, prevent early death in patients with diabetic
nephropathy, which advocates the use of ACE inhibitors
as first-line treatment.115

Perindopril effectively lowers BP in hypertensive diabetic
patients, as shown in a survey of 23,460 patients in which the
BP control target was reached in a similar proportion of
diabetic and nondiabetic patients; however, significantly
more diabetic patients required adjunctive therapy.116

The protection afforded by perindopril in normotensive
normoalbuminuric patients was shown in a randomized,
double-blind, placebo-controlled study involving 89 pa-
tients treated for 36 months. Both BP and glomerular
filtration rate were the same in both groups; however, a
durable improvement in albumin-creatinine ratio was ob-
served in the perindopril group.117

The nephroprotective effect of ACE inhibition appears
to prevent the progression of microalbuminuria to ne-
phropathy in patients with type l or 2 diabetes. Long-term
treatment with perindopril has been shown to be more
effective than nifedipine or placebo in delaying the pro-
gression of diabetic nephropathy and reducing albumin
excretion rate to normal levels of albumin (�20 �g/min)
in normotensive type 1 diabetic patients with microalbu-
minuria.118

In terms of preventing the progression of diabetic ne-
phropathy, RAS blockade is a well-established strategy.113

Beneficial effects of perindopril on glomerular structure
have been observed after 3 years in patients with estab-
lished nephropathy with either type 1 or 2 diabetes.119

A continuous monitoring study demonstrated the 24-h
BP-lowering effect of perindopril in hypertensive patients
with diabetic nephropathy; the study also highlighted the
activity of perindopril against raised nocturnal BP, a risk
factor in this patient group.49
The benefits of perindopril extend to end-stage renal dis-
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ease. Research efforts have focused on reducing LVH and
arterial stiffness, the main cardiovascular complications as-
sociated with poor outcomes.120–122 Sensitivity of PWV to
BP lowering was shown to be a prognostic factor for survival
in a trial examining the survival outcomes of different com-
binations of perindopril, nitrendipine, and a �-blocker. Use of
perindopril was associated with improved survival (risk ratio
0.19 for all-cause mortality and 0.18 for cardiovascular mor-
tality) compared with the other drugs or even with a number
of drugs. Furthermore, the beneficial effect was independent
of BP lowering or PWV.39

The diabetic substudy of PROGRESS showed that,
independently of other risk factors, diabetic subjects had a
significant 35% additional risk of stroke compared with
nondiabetic subjects at baseline.99 The perindopril-based
treatment regimen significantly reduced the relative risk of
recurrent stroke by 38% and 28% in patients with and
without diabetes mellitus, respectively. Similarly, active
treatment reduced the risk of major vascular events by
21% and 28%, respectively.

Finally, preliminary data of the PERindopril SUbstudy
in coronary Artery disease and DiabEtes (PERSUADE)
study, the diabetic substudy of EUROPA, have shown that
the beneficial effects of perindopril in diabetics were of the
relative magnitude similar to the effects observed in the
overall EUROPA population; but because the event rate
was higher in this population, the absolute treatment ben-
efit was greater.

Tolerability

Over 15 years of clinical experience with perindopril,
especially for hypertension and chronic heart failure, attest
that perindopril is well tolerated.

As with other ACE inhibitors, the most commonly
encountered adverse events are dry cough (believed to be
mediated by bradykinin) and gastrointestinal symptoms.
These are generally mild and reversible on discontinuation
of treatment.

In a postmarketing surveillance study of 47,351 hyper-
tensive patients who had received 2 to 8 mg perindopril
once daily for 1 year, an adverse event was reported by
14.3% of patients. The most common adverse events were
cough, gastrointestinal upset/dyspepsia, and asthenia.
There were 14 serious adverse events (ie, serious allergic
reactions including three cases of angioneurotic edema).
The patient withdrawal rate was 8.5%; this withdrawal
was mainly because of cough in 3.2% of cases.54

A large study with data on the safety of perindopril in
CHF was an open study involving 208 patients treated
with perindopril 4 mg once daily for at least 6 months and
another 105 treated for at least 12 months. Overall, 30.3%
of patients reported at least one adverse event; the most
common was dry cough.76

More data for CHF are available from two double-
blind, placebo-controlled studies in which patients re-

ceived perindopril 4 mg daily for 3 months. In one of these
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studies, which involved 125 patients, the most common
spontaneously reported adverse events were gastrointesti-
nal problems (6%), fatigue (6%), and cough (3%). There
were two withdrawals from the perindopril group com-
pared with five from the placebo group.77 In the other
study, which involved 103 patients, the most common
spontaneously reported adverse events were gastrointesti-
nal problems (14%), asthenia (7%), and cough (2%).
There were no withdrawals in the perindopril group be-
cause of adverse events.77

In EUROPA, perindopril at a dose of 8 mg once daily
was well tolerated in more than 12,000 CAD patients. At
3 years, 81% of patients were still receiving blinded per-
indopril treatment, a percentage similar to that in the
placebo group (84%). Cough was a reason for stopping
treatment in only 2.7% of patients and hypotension in
1.0% (0.5 and 0.3%, respectively, in placebo patients).
Kidney failure occurred in 0.3% of patients, a percentage
identical to that in patients given placebo. More patients
given placebo stopped treatment because of hypertension.
Moreover, 93% of patients taking the target dose of 8 mg
of perindopril were still at this dose at 3 years, whereas
only 7% had dropped to 4 mg.31 This contrasts with the
HOPE trial, in which 62% of subjects were still receiving
the target dose of 10 mg ramipril at 3 years.90

In patients with acute stroke, perindopril lowers BP, a
favorable effect in this patient population, but not at the
cost of a diminished cerebral perfusion.103 In comparison
with other ACE inhibitors, there is evidence favoring the
tolerability profile of perindopril. Thus, advantages of
perindopril over captopril have been reported in hyperten-
sive patients.24 One study found a lower rate of cough than
with enalapril, whereas another found a lower withdrawal
rate in comparison with enalapril.59,61 In heart failure,
first-dose hypotensive effects are not appreciably higher
than placebo and are significantly fewer than those ob-
served with captopril, enalapril, and lisinopril, even in
elderly patients with heart failure.81

Together with the excellent tolerance in EUROPA,
these data further support the assertion that perindopril is
a safe and well-tolerated therapy in different disease states.

Conclusion
Because increased ACE is induced in virtually every
model of cardiac injury—including volume overload, ath-
erosclerotic plaque, infarction, postinfarction remodeling,
heart failure, and aging—RAS blockade has become the
universal first-line strategy for both cardiologists and,
more importantly, their patients. The ACE inhibitors may
be less specific in their blockade of angiotensin II than
AT1 receptor blockers, but they confer valuable cardio-
vascular protection by increasing the availability of bra-
dykinin. If anything, the bradykinin effect compensates for
the incomplete blockade of angiotensin II. Not only have
their safety and efficacy been extensively documented, but

they confer biological, structural, and neuroendocrine ben-
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efits across disease conditions as clinically diverse as
hypertension, CHF, ischemic heart and coronary artery
disease, MI, secondary stroke prevention, and diabetic or
nondiabetic nephropathy. Therefore, ACE inhibitors are
currently recognized as having the broadest impact of any
drug in cardiovascular medicine and thus remain the gold-
standard RAS blocker. The outcomes from large morbid-
ity-mortality trials, such as EUROPA and PROGRESS,
found a similar treatment effect among patients with and
without hypertension. Moreover the reduction in cardio-
vascular events was higher than could have been expected
from the observed reduction in BP achieved with perin-
dopril. These findings suggest specific antiatherosclerotic
and anti-inflammatory effects, as well as effects on endo-
thelial dysfunction. These specific properties of the long-
acting ACE inhibitor perindopril beyond BP reduction will
probably soon be elucidated by ongoing studies and fur-
ther reinforce its use as first-line treatment and prevention
in patients with hypertension and cardiovascular disease.

Key Points

1. Angiotensin-converting enzyme (ACE) inhibitors
have had the broadest impact of any drug in cardio-
vascular medicine, reducing mortality and morbidity
from hypertension, myocardial infarction, coronary ar-
tery disease, heart failure, stroke, diabetes mellitus,
and renal impairment.

2. Perindopril is an ACE inhibitor that is characterized by
the unique combination of several properties, including a
high tissue ACE affinity and long duration of action,
which has a wide range of effects: vasodilatory, hemo-
dynamic, cardiovascular remodeling, anti-ischemic, anti-
atherogenic, and antithrombotic actions; and
improvement in endothelial function and fibrinolytic bal-
ance.

3. Perindopril is widely used in hypertension manage-
ment, and its duration of action affords full 24-h cov-
erage with once-daily administration.

4. The seminal study PROGRESS showed the therapeu-
tic value of perindopril in the secondary prevention of
stroke.

5. In chronic heart failure, perindopril is associated with
clinical improvement and a lower incidence of, and
less severe, first-dose hypotension than other ACE
inhibitors.

6. Perindopril reduces morbidity and mortality in coro-
nary artery disease patients.

7. The results of the EUROPA study provide strong
support for the routine use of perindopril in patients
with stable coronary artery disease in addition to other
preventive treatments and irrespective of cardiac func-
tion or risk factors.

8. Perindopril has beneficial effects in preventing the
occurrence and progression of vascular complications

of diabetes mellitus.
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9. Perindopril is well tolerated, and is supported by more
than 15 years of clinical experience.
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