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ABSTRACT

Background: Optimized management of hypertension and

coronary artery disease (CAD) improves cardiovascular risk

and outcomes, and prevents complications. This article

reviews evidence for the fixed combination of the angio-

tensin-converting enzyme (ACE) inhibitor perindopril and

the calcium channel blocker amlodipine.

Methods: A literature search was performed in PubMed/

MEDLINE to identify articles published in English between

1988 and March 2008 describing clinical trials, particularly

outcome trials, or mechanisms of therapeutic action rele-

vant to the use of combination therapy in patients with

hypertension or stable coronary artery disease with an ACE

inhibitor (perindopril) and a calcium channel blocker

(amlodipine).

Findings: Clinical trials indicate that this combination

may have a positive impact on cardiovascular mortality

and morbidity in hypertensive individuals. The two com-

plementary mechanisms of action appear to work in

synergy, leading to more efficient blood pressure

lowering, improved fibrinolytic function, and reduction of

secondary effects. This also represents a simplified

management strategy for stable CAD. Perindopril has

proven efficacy in the prevention of cardiovascular

events and mortality in CAD patients, while amlodipine

is widely used in the symptomatic management of

CAD. Both aspects of guideline-recommended

management of CAD are therefore addressed in a single

tablet.

Conclusions: The clinical evidence for fixed-combination

perindopril/amlodipine indicates it as a credible option

for the optimization of the management of hypertension

and CAD.

Introduction

Hypertension is an extremely important health-care

burden. More than a quarter of the world’s population

suffers from the condition, with the prevalence rising

well above a third in the developed world1. Despite

this, the management of hypertension remains sub-

optimal. About 30% of hypertensive individuals are

unaware of their condition and receive no treatment

at all. Of the remaining 70% who do, only 34% achieve

the recommended target of systolic blood pressure

(SBP) 5140 mmHg and diastolic blood pressure

(DBP)590 mmHg2. These data are of concern because

of the proven benefits of reducing blood pressure (BP),

which translate into reductions in the incidence of

myocardial infarction (MI) (20–25%), heart failure

(450%), and stroke (35–40%)2. The relationships

between BP and cardiovascular risk are strong and

graded, and individuals with the highest BP are at the

highest risk. Optimized treatment can also reduce the
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risk of new-onset diabetes, which is 2.5 times more

likely in hypertensive individuals2, and help prevent

complications in individuals who already have type 2

diabetes. The shortcomings in management are gener-

ally attributed to insufficient treatment in terms of

choice of agent or dosage, absence of synergy when

more than one agent is administered, and problems

with compliance3.

The administration of fixed combinations can

address all of these factors, and is recommended by

international guidelines to help optimize the manage-

ment of hypertension2,4,5. Indeed, some combinations

have been shown to improve the prognosis of patients

with established hypertension with or without comor-

bidities6. However, because physicians currently have

a plethora of fixed combinations to choose from

(�-blocker/diuretic, �-blocker/calcium channel blocker

[CCB], angiotensin-converting enzyme [ACE] inhibi-

tor/diuretic, angiotensin receptor blocker [ARB]/

diuretic, ARB/CCB, etc.), one of today’s challenges is

becoming the selection of the fixed combination with

the best evidence for the optimal management of

hypertension.

There is already solid proof that the ACE inhibitor

perindopril and the CCB amlodipine are effective as

monotherapy for hypertension7–11, and they have

been available to physicians for many years. They

are frequently prescribed in free combination in

hypertension and stable coronary artery disease

(CAD), particularly since the appearance of two

large clinical trials, the Anglo-Scandinavian Cardiac

Outcomes Trial – Blood Pressure Lowering Arm

(ASCOT-BPLA)6, and the European trial on

Reduction Of cardiac events with Perindopril in

stable coronary Artery disease (EUROPA)12. A new

addition to the antihypertensive therapeutic arma-

mentarium is a fixed combination of the angioten-

sin-converting enzyme (ACE) inhibitor perindopril

arginine10 and the CCB amlodipine besylate

(Coveram; available dosages: 5/5 mg, 5/10 mg,

10/5 mg, and 10/10 mg). This review will examine

the rationale and the evidence for the clinical benefits

of the fixed combination of these two agents in

hypertension and in the protection of the heart.

The fixed combination of perindopril and amlodi-

pine represents a credible option in the management

of stable CAD, which will also be discussed here.

Patients with stable angina pectoris require a dual man-

agement strategy, with one treatment to improve long-

term prognosis and another to manage symptoms13.

By combining two such agents routinely used

in CAD, fixed-combination perindopril/amlodipine

could simplify the management of these patients. In

a single intake, it may fulfil three therapeutic

objectives: antihypertensive efficacy, if needed; a

reduction in angina; and the secondary prevention of

cardiac events.

Relevant studies were identified through a PubMed/

MEDLINE search of English-language articles pub-

lished between 1988 and March 2008. The search strat-

egy included the terms hypertension, coronary artery

disease, coronary heart disease, combination therapy,

perindopril, and amlodipine. Separate subsearches

were also performed using the above terms and a

filter of clinical trials, as well as a cross-search using

the above terms combined. Overall 2368 articles

were considered and 91 of them describing clinical stu-

dies – particularly outcome trials, or mechanisms of

therapeutic action relevant to the combination therapy

of hypertension or stable CAD with an ACE inhibitor

(perindopril) and a CCB (amlodipine) – were selected

by the author for inclusion in this review.

Evidence from large-scale
clinical trials: ASCOT

The rationale for fixed-combination perindopril/amlo-

dipine comes directly from the results of ASCOT6,

which was the first face-to-face trial to demonstrate a

difference in total mortality and cardiovascular mor-

bidity between two antihypertensive regimens.

ASCOT included 19 257 hypertensive patients, who

had at least three other cardiovascular risk factors, but

no cardiac disease. The subjects were randomized to

one of two stepwise management strategies: a ‘newer’

regimen in which patients received amlodipine, plus

perindopril as required; or an ‘older’ regimen in

which they received atenolol, plus bendroflumethia-

zide and potassium as required6. The target BP was

5140/90 mmHg, or 5130/80 mmHg in patients with

diabetes mellitus.

The difference between the two regimens in terms

of cardiovascular and total mortality was in favour of

amlodipine/perindopril, and ASCOT was stopped

early, after a median of 5.5 years. At this point,

there was an 11% difference in all-cause mortality,

in favour of the amlodipine/perindopril group (p¼
0.0247) (Figure 1). For the other secondary end-

points, there was a 24% difference in cardiovascular

mortality (p¼ 0.001), a 13% difference in all coron-

ary events (p¼ 0.007), and a 23% difference in fatal

and non-fatal stroke (p¼ 0.0003). Stable angina was a

criterion for exclusion from ASCOT, hindering

assessment of the effects of the combinations on the

symptoms and prognosis of stable CAD. However,

the 13% reduction in coronary events and the 32%

difference in the tertiary end-point of unstable angina
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(p¼ 0.01) with amlodipine/perindopril indicate a

beneficial effect in CAD populations. There was a

30% difference in the tertiary end-point of new-

onset diabetes (p5 0.0001) and a 16% difference in

the post-hoc combined end-point of cardiovascular

death, MI, and stroke (p¼ 0.0003)6. These values

are both greater than the corresponding significant

risk reductions of 25% and 13% reported with an

ARB/diuretic combination versus �-blocker/diuretic

in the Losartan Intervention For Endpoint

Reduction in Hypertension Study (LIFE), despite

this being a higher-risk population14.

At study end, 78% of the total population were

receiving combination therapy, and only 15% of the

subjects in the amlodipine arm were still on mono-

therapy6. While similar BP reductions were reported

for the two groups, there was an average difference

of 2.7/1.9 mmHg between the regimens over the

duration of the study (p5 0.0001). Multivariate anal-

ysis of the ASCOT data demonstrated that the

advantage of the amlodipine/perindopril regimen in

terms of reduction in coronary and stroke events is

not entirely explained by the difference in BP

between the two groups15. Finally, while both treat-

ment regimens in ASCOT were well tolerated, there

was a significant difference in the proportion of

dropouts due to serious adverse events in favour of

the amlodipine/perindopril group (2% for amlodi-

pine/perindopril versus 3% for �-blocker/diuretic,

p5 0.0001)6.

The results of ASCOT demonstrate that the

perindopril/amlodipine combination provides efficient

BP lowering and better protection against cardiovascular

events and new-onset diabetes than a �-blocker/diuretic

combination. These cardioprotective effects are not

entirely due to the difference in BP between the two

groups, but may be linked to other differences between

the two regimens15,16. There have been many reviews

and much speculation regarding the results of ASCOT

and other head-to-head trials in hypertension17,18. For

example, in the Antihypertensive and Lipid-Lowering

treatment to prevent Heart Attack Trial (ALLHAT)19

and the Valsartan Antihypertensive Long-term Use

Evaluation (VALUE)20, there were no major differences

in cardiovascular outcomes between the monotherapy

treatment arms in either trial, despite a significant differ-

ence in BP lowering. This suggests that the ASCOT

results may be largely due to the combined presence of

a CCB and an ACE inhibitor. Furthermore, the

International Verapamil-Trandolapril Study

(INVEST)21, which compared the verapamil/trandola-

pril combination with atenolol/hydrochlorothiazide in

22 576 hypertensive patients with CAD, failed to find

additional benefits of that particular CCB/ACE inhibitor

combination over �-blocker/diuretic, indicating that the

ASCOT results may not be due to a class effect.

The implications of the results of ASCOT are already

being felt in terms of changes to clinical practice guide-

lines5. The fixed combination of perindopril and amlo-

dipine reproduces the combination that led to the

results of ASCOT. It can therefore be confidently pre-

dicted to combine efficient BP lowering and good toler-

ability with a reduction in total and cardiovascular

mortality and morbidity.

0

2

4

6

8

10

All-cause mortality Cardiovascular
mortality

Fatal and non-fatal
stroke

New-onset diabetes
mellitus

Cardiovascular
death + MI + stroke

∆=24%
(P=0.001)

∆=23%
(P=0.0003)

∆=30%
(P<0.0001)

∆=11% 
(P=0.0247)

∆=16%
(P=0.0003)

P
at

ie
nt

s 
w

ith
 e

nd
 p

oi
nt

 (
%

)

Amlodipine/perindoprilβ-Blocker/diuretic

Figure 1. Results from the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) at the study end (median of 5.5 years’

treatment) with either amlodipine (5–10 mg/day) plus perindopril (4–8 mg/day) (hatched bars) or atenolol (50–100 mg/day)

plus bendroflumethiazide (1.25–2.5 mg/day) (white bars)6. Percentage of patients with the secondary end-points of all-cause

mortality, cardiovascular mortality, and fatal and non-fatal stroke, the tertiary end-point of new-onset diabetes mellitus, and the

post-hoc end-point of cardiovascular death, myocardial infarction (MI), and stroke. �, between-group difference
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Fixed-combination therapy:
synergy of two complemen-
tary mechanisms

Judicious combination of agents from two different

classes provides the advantage of applying two comple-

mentary mechanisms of action, which can work in

synergy. ACE inhibitors and CCBs have complemen-

tary actions in reducing BP (Figure 2)22. CCBs counter-

act excess calcium entry through the voltage- and

receptor-operated calcium channels of the vascular

smooth muscle23. ACE inhibitors reduce the vasocon-

strictive properties of angiotensin II by preventing its

conversion from angiotensin I. These properties are

related to: (1) a reduction in the sodium reabsorption

and water retention promoted by aldosterone, the

synthesis and release of which is stimulated by

angiotensin II; and (2) a direct effect of angiotensin II

on vascular smooth muscle, which is mainly mediated

by the intracellular inositol-triphosphate cycle24. In

addition, perindopril increases nitric oxide (NO) pro-

duction via a bradykinin-mediated increase in endo-

thelial NO synthase (eNOS)25. Thus, in the vascular

smooth muscle, amlodipine causes dilatation by redu-

cing external calcium entry, while perindopril does so

by reducing internal calcium release and improving NO

release (Figure 2, Table 1)22.

The two classes of agents also have synergistic

cardioprotective effects. At the molecular level, CCBs

maintain the viability of the myocytes and delay

the occurrence of irreversible ischaemic damage26.

These effects usually require prophylactic admini-

stration, and rely on the ATP-sparing capacity and

a reduction in cytosolic calcium overload due to

ischaemia26,27.

ACE inhibitors have also been proven to be cardio-

protective in isolated heart preparations. This cardio-

protection is independent of the reduction due to

ATP-sparing activity or calcium overload, and appears

to be related to a reduction in adrenaline release and of

the rate of apoptosis28. This effect does not require

prophylactic administration. Thus, the protective

mechanism of the myocytes at the molecular level is

different from and complementary to that of calcium

antagonists.

Perindopril has also been shown to protect the

endothelium of CAD patients, thus preventing the

onset and progression of endothelial dysfunction and

atherosclerosis. This, in turn, results in a significant

reduction of acute coronary events12. The protective

effects on the endothelium are related to a specific

slowing of the rate of endothelial apoptosis and to an

increase of expression and activity of eNOS29,30. While

the latter effect is common to all ACE inhibitors, the

antiapoptotic effect appears, at least experimentally, to

be unique to perindopril31. It has been shown to be

related to maintenance of the angiotensin (which is

proapoptotic) and bradykinin (which is antiapoptotic)

balance with a relatively strong affinity for bradykinin

enhancement versus angiotensin II reduction32.

CCBs have no effects on the bradykinin/angiotensin II
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Figure 2. Antihypertensive mode of action of angiotensin-converting enzyme (ACE) inhibition and calcium channel blockade.

eNOS, endothelial nitric oxide synthase; NO, nitric oxide; ROC, receptor-operated channel; VOC, voltage-operated channel.

Adapted from Ferrari, 199722
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balance, and exert little action on the endothelium,

which is lacking in calcium channels. However,

a modest effect on endothelial apoptosis has been docu-

mented for some calcium antagonists, possibly via a

reduction of the apoptotic process as a consequence

of a calcium-mediated reduction of the activity of the

various caspases33. It follows that there is a synergy

between ACE inhibitors and CCBs, even in terms of

the protection of the endothelium.

In in vivo preparations, ACE inhibitors appear to

have additional cardioprotective properties due to

their ability to interfere with the central and peripheral

nervous systems, such as the kallikrein–kinin system,

prostaglandin levels, and sympathetic nervous system.

Furthermore, ACE inhibitors, but not CCBs, have been

repeatedly shown to slow the progression of post-

ischaemic ventricular remodelling34,35. Thus, the com-

bination of amlodipine with an ACE inhibitor such as

perindopril may be useful, not only for the treatment of

hypertension, but also for ischaemic heart disease.

Together they will also improve fibrinolytic function,

inflammation, coagulation and atherogenesis, thereby

improving prognosis in CAD11,29. On the other hand,

CCBs cause coronary vasodilatation and relief of exer-

cise-induced vasoconstriction3,36. The mechanisms of

action of ACE inhibitors and CCBs work in synergy

leading to more efficient reduction of BP, improved

fibrinolytic function, and reduction of secondary effects

(Table 1).

Synergy leading to more efficient BP
lowering

The more efficient reduction in BP with an ACE inhi-

bitor/CCB combination is explained by the vasodilatory

action of each agent. CCBs cause a vasodilatation that

stimulates both the renin–angiotensin system (RAS)

and the sympathetic nervous system, which can lead

to reflex vasoconstriction and tachycardia. The vasodi-

latation brought about by ACE inhibition counteracts

this effect, increasing the BP-lowering effect37,38.

The antihypertensive efficacy of fixed-combination

perindopril/amlodipine has been tested in an open-

label, multicentre clinical trial in 500 eligible patients

lasting for 8 weeks39. At baseline, the population had

moderate-to-severe hypertension (mean BP 166/

100 mmHg), and 12% had severe hypertension (SBP

4180 mmHg). BP gradually decreased over 8 weeks

to 132/83 mmHg (p50.0001), and a significant mean

reduction of 34/17 mmHg was observed at the end of

the study39. Target BP (5140/90 mmHg)2 was

achieved in 67% of patients at 4 weeks. The fall in BP

in the subgroup with severe hypertension was even

greater (–58/22 mmHg), and was highly significant

(p5 0.0001). Fixed-combination perindopril/amlodi-

pine was well tolerated. Adverse events were rare

(1%); dry cough was reported in 0.4% of the

population.

Further support for the antihypertensive effect

of fixed-combination perindopril/amlodipine comes

Table 1. Comparison of the effects of the angiotensin-converting enzyme (ACE) inhibitor perindopril and the dihydropyridine

calcium channel blocker amlodipine, and the synergy between the effects in the clinical setting (see text for references). eNOS,

endothelial nitric oxide synthase; NO, nitric oxide; t-PA, tissue plasminogen activator; PAI-1, plasminogen activator inhibitor 1;

SMC, smooth muscle cell

Perindopril Amlodipine Clinical advantage of synergy

Vasodilatation Vasodilatation
Vasoconstriction Reflex vasoconstriction
Antioxidant effect (eNOS
expression, NO)

Antioxidant effect (NO)

Antiremodelling effect 

Enhanced BP lowering

Activation of sympathetic nervous
system 

Endothelial function
Coronary flow 

Increased postcapillary 
vasodilatation 

Increased precapillary
vasodilatation 

t-PA activity t-PA activity
PAI-1 levels 
SMC growth, proliferation and
migration

SMC proliferation

Decreased lower limb
oedema

Improved fibrinolytic
balance 

Matrix degradation 
Adhesion of monocytes 
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from ASCOT, in which it was demonstrated to be an

effective BP-lowering regimen6. However, this effect

may not necessarily extend to all ACE inhibitor/CCB

combinations. For example, in INVEST, the verapamil/

trandolapril combination was not significantly different

in terms of BP lowering from that of atenolol/hydro-

chlorothiazide over 2 years’ treatment21.

Synergy leading to improved
fibrinolytic balance

Hypertensive and CAD patients often have impaired

fibrinolytic function, as evidenced by elevated plasma

plasminogen activator inhibitor type–1 (PAI-1) and

decreased activity of tissue plasminogen activator

(t-PA). This may contribute to the increased risk of

atherosclerosis and cardiovascular disease in these

patients40. ACE inhibitors improve fibrinolytic balance

by increasing t-PA activity and decreasing PAI-1 levels,

while CCBs increase t-PA activity (Table 1)41. When

agents from the two classes are administered simulta-

neously, they act in synergy and improve fibrinolytic

balance more than either agent alone.

This has been investigated in a 6-week study compar-

ing the effect of combining an ACE inhibitor and CCB

(benazepril/amlodipine) with that of each agent admi-

nistered separately in 38 hypertensive diabetic patients,

a population known to have impaired fibinolysis42.

The ACE inhibitor alone significantly reduced PAI-1,

but did not influence t-PA, while the CCB alone sig-

nificantly reduced t-PA, but did not influence PAI-1.

The same significant changes in PAI-1 and t-PA were

observed with the combination and, notably, there was

a more significant reduction in the PAI-1/t-PA ratio42.

This synergetic effect appears to be independent of BP

lowering, since no significant correlation has been

reported between PAI-1 or t-PA and the reduction

in BP41.

Perindopril is already known to have a positive

impact on fibrinolytic balance43,44. While the effect

of amlodipine on fibrinolysis is also established45, its

mechanism is unknown, although it may involve an

action on the vascular endothelium41. Plasma levels of

PAI-1and t-PA were not measured in ASCOT, but the

significant reductions in cardiovascular mortality, cor-

onary events, and fatal and non-fatal stroke with this

combination may be regarded as indirect evidence for

the synergy of the effect of fixed-combination perindo-

pril/amlodipine on fibrinolytic balance6.

Synergy leading to reduced
secondary effects

Dihydropyridine CCBs can cause peripheral oedema

because they increase capillary hydrostatic pressure

due to the occurrence of more pronounced vasodilata-

tion in the precapillary than in the postcapillary resis-

tance vessels46. In the case of amlodipine, this occurs

in about 22% of patients47, with a higher frequency in

women than in men. ACE inhibition is known to

reduce this secondary effect of CCBs, most likely due

to the ACE inhibitor’s ability to dilate venous capaci-

tance vessels, hence normalizing intracapillary pressure

and reducing fluid exudation into the interstitium

(Figure 3). In the trial described above in 500 hyper-

tensive patients treated with fixed-combination peri-

ndopril/amlodipine, there were no reports of ankle

oedema.

This effect has been explored in more depth in an

8-week study in 707 hypertensive patients, in which

10.8% patients reported peripheral oedema with the

CCB felodipine alone compared with 4.1% in those

receiving additional ACE inhibition with enalapril48.

This effect has also been observed using water displace-

ment techniques and tissue pressure measurement for

other ACE inhibitor/CCB combinations49–51. In one

study, ankle oedema was assessed on the basis of

ankle-foot volume and pretibial subcutaneous tissue

pressure in hypertensive patients receiving the ACE

inhibitor delapril or the CCB manidipine or the

equivalent ACE inhibitor/CCB combination50. The

CCB monotherapy was associated with significant

increases in both ankle-foot volume and pretibial

Figure 3. Explanation for the secondary effect of peripheral

oedema with calcium channel blocker (CCB) via precapillary

vasodilatation (A), and its reduction by combination with an

angiotensin-converting enzyme (ACE) inhibitor (B), which

induces postcapillary vasodilatation. Image reproduced with

permission from Servier Medical Art
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subcutaneous tissue pressure, which were significantly

attenuated when the CCB was combined with the ACE

inhibitor.

The vasodilatory properties of ACE inhibitors appear

to make them more effective at reducing CCB-related

oedema than diuretics, which only diminish fluid reten-

tion. It has even been suggested that adding an ACE

inhibitor rather than a diuretic to CCB monotherapy

is the optimal route to further reduce BP, while attenu-

ating lower limb oedema51.

Management of hyperten-
sion with fixed-combination
perindopril/amlodipine

The ASCOT trial has provided evidence for the clinical

advantages of fixed-combination perindopril/amlodi-

pine6. This combination has proven benefits in terms

of BP lowering, reduction in cardiovascular morbidity

and mortality and reduction in new-onset diabetes.

These benefits may not necessarily extend to other

ACE inhibitor or CCB regimens52.

Perindopril/amlodipine is a combination of two

established antihypertensive agents, both of which

have been in use for more than 15 years. The antihy-

pertensive efficacy of perindopril was recently recon-

firmed in a large trial carried out in more than 13 000

patients treated in general practice7. Nearly 50% of the

patients achieved BP control after 12 weeks’ treatment

with perindopril. Subgroup analyses showed that

perindopril was effective in different patient groups,

divided according to sex, ethnicity, and age.

Perindopril has a good tolerability profile, with low

rates of cough, hypotension, and withdrawals7,11,53.

Perindopril also has proven efficacy in cardiovascular

disease11, with additional benefits for coronary

patients12 and in those with stroke54.

Amlodipine is an excellent antihypertensive, provid-

ing BP reductions of similar magnitudes to the other

antihypertensive classes8,9, though it has never been

demonstrated to reduce cardiac events more than

other antihypertensive agents19,20. Its use in hyperten-

sion is associated with good tolerability9. Of its second-

ary effects, the most undesirable is peripheral oedema;

it can also lead to headache, dizziness, and flushes.

Together the two agents act in synergy, leading to

more effective BP reduction and control, and an

improved tolerability profile. Another feature of this

particular combination is 24-h antihypertensive cover-

age, which may have contributed to the morbidity and

mortality results reported in ASCOT6. Current guide-

lines recommend treatment regimens with a proven

ability to lower BP for 24 h, preferably in a single

daily dose4. A single daily dose of perindopril leads to

24-h BP reduction, as demonstrated by its trough-

to-peak ratio of between 75% and 100%, which is the

highest in the ACE inhibitor class11. Amlodipine, on

the other hand, has a long duration of action, with time-

to-peak effect of 6–12 h, an elimination half-life of

30–50 h3, and a trough-to-peak ratio of 80–83%55.

The most rational antihypertensive combinations,

according to the European Society of Hypertension

and the European Society of Cardiology guidelines,

are those joined by solid lines in Figure 4A4. This

places ACE inhibitors, CCBs, ARBs, and thiazide

diuretics or indapamide – and combinations thereof –

as the most appropriate choices for the management

of hypertension4. The guidelines from the National

Institute for Health and Clinical Excellence (NICE)

and British Hypertension Society come to the same

conclusion (Figure 4B)5. Moreover, ACE inhibitors,

CCBs, and thiazide-type diuretics form a triangle of

solid lines in Figure 4A and are all included as

step 3 in Figure 4B. This makes the ACE inhibitor/

CCB combination particularly convenient in terms of

adherence to guidelines, since the next step in patients

requiring triple therapy is logical.

A further advantage of a fixed combination is an

expected positive impact on compliance, which in

turn would improve long-term clinical outcomes.

Compliance can be a problem in hypertension because

it is a chronic asymptomatic disease, usually requiring

more than one agent to achieve BP targets. A recent

meta-analysis found that the use of a fixed combination

in hypertension produced a 24% decrease in the risk of

noncompliance compared with a regimen of the same

two agents separately (p5 0.0001)56. Fixed combina-

tions improve compliance by simplifying the dosing

regimen and improving tolerability.

A pharmacoeconomic analysis has recently been

applied to the results of ASCOT. As might be

expected, the cost of actual treatment with the ‘older’

treatment of �-blocker/diuretic was lower than the

‘newer’ combination of perindopril/amlodipine57.

However, these lower costs were rapidly offset by

increases in other resources with the �-blocker/diure-

tic, in terms of number of hospitalizations and the cost

of procedures, concomitant treatments, and events.

Moreover, this analysis failed to take into account

costs associated with microvascular complications,

excess mortality due to new-onset diabetes, or rehabi-

litation after stroke. These can all reasonably be pre-

dicted to be lower in perindopril/amlodipine-treated

patients. The authors’ conclusion was that the perindo-

pril/amlodipine combination was cost-effective in

patients with moderate hypertension and additional

risk factors57.
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Management of stable CAD
with fixed-combination
perindopril/amlodipine

Fixed-combination perindopril/amlodipine is the first

fixed combination in the field of stable CAD, and is a

credible option for the management of these patients.

Fixed-combination perindopril/amlodipine associates

the two parts of a normal management strategy in

stable CAD into a single tablet, for use in hypertensive

and normotensive individuals alike. The advantages of

the fixed combination outlined above for hypertension,

in terms of better tolerability, improved compliance,

and synergetic effects, such as fibrinolytic function,

will also apply in the CAD population. In addition,

the complementary actions of perindopril and amlodi-

pine provide secondary prevention of cardiac events

and reduction of angina, respectively.

The efficacy of ACE inhibition with perindopril in

the prevention of cardiovascular events in stable CAD

was established in EUROPA12. Perindopril (8 mg/day)

produced a 20% relative risk reduction in the primary

end-point of cardiovascular mortality, non-fatal MI,

and resuscitated cardiac arrest over 4 years versus pla-

cebo (p¼ 0.0003). This effect was independent of BP at

baseline. These results were similar to those found for

ramipril in the Heart Outcomes Prevention Evaluation

(HOPE)58, and led to the recommendation for the use

of these ACE inhibitors as secondary prevention in

patients with stable CAD13. Preliminary, as-yet unpub-

lished data appear to suggest greater risk reductions in

the subgroup of EUROPA receiving perindopril and

CCB compared with patients receiving perindopril

only or CCB only. This constitutes further support of

a synergistic effect of perindopril and CCB in CAD

patients. We should also note that CCBs are widely

used for symptomatic relief in angina13, and the effi-

cacy of amlodipine in CAD is well established59, even

in normotensive individuals60.

The selection of perindopril and amlodipine for a

fixed combination in stable CAD appears particularly

appropriate, since both agents have solid evidence

for efficacy in this population. This is in contrast with

the verapamil/trandolapril combination, for which no

advantage was found versus �-blocker/diuretic in the

INVEST trial21. This result most likely depends

on the agents themselves, and implies the absence

of pure class effects. For example, the Prevention

of Events with Angiotensin-Converting Enzyme

Inhibition (PEACE) trial61 failed to find a significant

effect of trandolapril in a CAD population, which has

been linked to underlying differences in binding affi-

nities of the various ACE inhibitors32. Also, verapamil

is a nondihydropyridine CCB, which may explain the

difference between its impact and that of amlodipine.

In this context, we should also note that the NORDIL

(Nordic Diltiazem) failed to detect a benefit in terms of

cardiovascular outcomes for another nondihydropyri-

dine CCB, diltiazem62. The results with perindopril/

amlodipine also contrast with those of the ACTION

(A Coronary Disease Trial Investigating Outcome

with Nifedipine GITS)63 and the INSIGHT

(International Nifedipine GITS study: Intervention as

a Goal in Hypertension Treatment)64 trials, which

found no advantage on long-term outcome with the

Figure 4. (A) Possible combinations between the six main

classes of antihypertensive drugs, with the preferred combi-

nations in bold, according to the European Society of

Hypertension (ESH) and European Society of Cardiology

(ESC) guidelines4. Angiotensin-converting enzyme (ACE)

inhibitors, calcium channel blockers (CCBs), and thiazide

diuretics or indapamide are the only triple combination to

form a triangle (grey). (B) Algorithm for the treatment of

newly diagnosed hypertension according to the National

Institute for Health and Clinical Excellence (NICE)

and British Hypertension Society (BHS)5. *Consider

angiotensin receptor blocker (ARB) if intolerant to

ACE inhibition. Modified from Mancia et al., 20074 and

NICE and BHS, 20065
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CCB nifedipine. Finally, a preliminary report from the

EUROPA investigators suggested a synergistic effect

between the agents in stable CAD patients receiving

perindopril and CCB at every visit throughout the 4-

year trial, and a significant reduction in total mortality

versus patients receiving placebo and CCB at every visit

(M. E. Bertrand, Oral communication, ESC Congress,

Munich, 2008).

The dual management strategy of fixed-combination

perindopril/amlodipine would also be useful for

hypertensive patients with comorbid stable angina

pectoris, in whom aggressive treatment of hypertension

can reduce cardiovascular risk. This triple effect of

fixed-combination perindopril/amlodipine (BP lower-

ing, secondary prevention, and symptomatic anti-

anginal efficacy) may be advantageous in all CAD

patients.

Fixed-combination
perindopril/amlodipine and
type 2 diabetes

Comorbid diabetes

The relationship between type 2 diabetes mellitus and

hypertension is well known, and the comorbid presence

of the two diseases can profoundly affect prognosis2.

Aggressive management strategies can reduce renal

and other organ damage, and improve cardiovascular

risk2. Combination therapy is frequently required to

achieve the more stringent diabetic BP targets (5130/

80 mmHg), and ACE inhibitors are strongly recom-

mended as part of the management of these patients

since they delay the progression of nephropathy4.

CCBs remain a logical second choice when combina-

tion therapy is required8.

ASCOT included a large subpopulation with type 2

diabetes mellitus (n¼ 5137), in whom there was a 14%

difference in the end-point of major cardiovascular

events (coronary events, stroke, and coronary interven-

tion) (p¼ 0.026) in favour of the amlodipine/perindo-

pril group65. This was accompanied by a 25% lower

incidence of fatal and non-fatal stroke (p¼ 0.017),

48% less peripheral artery disease (p¼ 0.004), and

57% fewer non-coronary revascularization procedures

(p5 0.001)65. These results are in line with other

studies of ACE inhibitor/CCB combinations in hyper-

tensive patients with diabetes. Notably, one study in

214 patients receiving either ACE inhibitor/CCB or

ACE inhibitor monotherapy for 3 months concluded

that the fixed combination was more effective than

the monotherapy in achieving diabetic BP goals66.

Fixed-combination perindopril/amlodipine can

therefore be predicted to reproduce the positive results

of ASCOT in diabetic hypertensives, providing addi-

tional reductions in total and cardiovascular mortality.

New-onset diabetes

Some antihypertensive agents or classes are recognized

as increasing the risk of new-onset diabetes in nondia-

betic individuals, particularly those with impaired glu-

cose tolerance, insulin resistance, or obesity4. A recent

network meta-analysis of 22 clinical trials evaluated the

rate of new-onset diabetes according to antihyperten-

sive class in nearly 150 000 patients67. This meta-ana-

lysis concluded by ranking the anti-hypertensive classes

as follows67:

� ACE inhibitors and ARBs. These agents have the
lowest association with new-onset diabetes, and
even appear to reduce the risk of onset. They
could therefore be described as having a positive
effect on the risk of onset of diabetes. Several
explanations for the protective effect of RAS inhi-
bition have been advanced, including actions on
circulating kinins, pancreatic insulin release, and
the peripheral effect of insulin67,68.

� CCBs. These agents, like placebo, are neutral with
regard to the new-onset of diabetes.

� �-Blockers and thiazide diuretics. Treatment with
one of these classes, particularly thiazide diuretics,
has a negative effect and may actually increase the
risk of new-onset diabetes. Thiazide diuretics
induce hyperglycaemia via reduction in total
body potassium, leading to a reduction in insulin
secretion. The thiazide-like diuretic indapamide
appears to be metabolically neutral69. The effect
of �-blockers is less clear, but may be linked to
reduced pancreatic insulin release70.

These effects have been reported in a number of

clinical trials, including ASCOT, in which the inci-

dence of new-onset diabetes was 30% lower in the

amlodipine/perindopril group than in the �-blocker/

diuretic group (Figure 1)6. This observation is in line

with the above ranking of the agents in terms of the risk

of onset of diabetes67, since ASCOT compares a com-

bination of a ‘positive’ agent (an ACE inhibitor) and

a ‘neutral’ agent (a CCB) with a combination of

two ‘negative’ agents (�-blocker and thiazide diuretic).

It has recently been suggested that the differing effect

of the two ASCOT regimens is due to a composite of

the adverse effects of the �-blocker/diuretic and the

protective effects of perindopril, with amlodipine

most probably playing a neutral role71.

The role of ARBs in new-onset diabetes is sur-

rounded by some controversy. For example, in
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VALUE20, only 13.1% of patients became diabetic in

the valsartan arm versus 16.4% in the amlodipine arm.

Considering that both arms were also receiving diuretic

(hydrochlorothiazide), which increases the risk of dia-

betes, and also that the amlodipine arm had a greater

BP reduction, the difference in new-onset diabetes may

be due to the greater number of patients with high-dose

hydrochlorothiazide in the amlodipine arm or to

a beneficial effect of valsartan on new-onset diabetes.

Moreover, surprisingly, telmisartan failed to reduce

new-onset diabetes in the recent trials PROFESS

(Prevention Regimen for Effectively Avoiding Second

Strokes) and TRANSCEND (Telmisartan Randomized

Assessment Study in ACE Intolerant Subjects with

Cardiovascular Disease)72,73.

This effect has been examined more specifically in

the STAR trial in 240 hypertensive patients with

impaired glucose tolerance74. The STAR participants

were randomly assigned to one of two fixed antihyper-

tensive combinations, ACE inhibitor/CCB or ARB/

diuretic. New-onset diabetes was measured over

1 year by a 2-h oral glucose tolerance test and insulin

levels. An interim analysis after 12 weeks already

showed a significant difference in glycaemic control

and insulin sensitivity in favour of the ACE inhibitor/

CCB group. After 1 year, the incidence of new-onset

diabetes was significantly lower in the ACE inhibitor/

CCB group (11.0 vs. 26.6%; p¼ 0.002)74. This result

can also be rationalized in terms of the above ranking of

antihypertensive classes for the risk of new diabetes67:

STAR compares a ‘positive/neutral’ (an ACE inhibitor

and a CCB) with a ‘positive/negative’ combination (an

ARB and a thiazide diuretic). This indicates that the

diabetes-generating effect of thiazide diuretics cannot

be alleviated simply by use of low doses or combination

with ‘positive’ agents (in this case ARB)2,75. In LIFE,

there was a clear superiority of ARB over �-blocker

toward decreasing new-onset diabetes14, despite treat-

ment with a diuretic. It is well known that �-blockers

might increase rather than reduce new-onset diabetes.

However, it is also possible that ARBs have a specific

antidiabetic effect, even though this has been chal-

lenged in more recent trials72,76.

The preliminary results of an extension of STAR

have recently been reported77, in which study partici-

pants (n¼ 123) were switched to the ACE inhibitor/

CCB fixed combination for a further 6 months, inde-

pendently of their treatment allocation in the first part

of the trial. Fourteen percent of the population had

diabetes after 6 months. The group switching from

ARB/diuretic to ACE inhibitor/CCB had an improved

glucose and insulin response after 6 months. The inves-

tigators conclude that the impairment of glycaemic

control observed with the ARB/diuretic combination

may actually be reversible by switching to an ACE inhi-

bitor/CCB regimen.

While the diabetogenic properties of diuretics are

well documented, even at low doses, the STAR study

has provided strong evidence for the benefits of switch-

ing patients on an antihypertensive combination

including a thiazide diuretic to an ACE inhibitor/

CCB regimen, such as perindopril/amlodipine.

Fixed-combination
perindopril/amlodipine and
renal function

Hypertension plays an important role in kidney disease,

and microalbuminuria is a clear prognostic indicator of

renal and cardiovascular risk2. Antihypertensive treat-

ment with ARBs has been shown to reduce microalbu-

minuria and improve renal function, but this has never

been correlated with a reduction in mortality or cardi-

ovascular outcomes78–81. On the other hand, antihy-

pertensive treatment with ACE inhibitors and other

agents can improve both renal function and long-term

prognosis4. Meta-analytic techniques have been used to

show that the use of ACE inhibitors in hypertensive

patients with diabetes and evidence of nephropathy

reduces all-cause mortality by 21% (95% confidence

interval [CI], 0.63–0.99) compared with placebo82.

This has been demonstrated for perindopril in a clinical

study in patients with type 1 diabetes and microalbu-

minuria, which demonstrated reversion to normoalbu-

minuria in half of the perindopril-treated patients,

compared with none in the placebo group83. In the

same study, perindopril also normalized the albumin

excretion rate.

The addition of a dihydropyridine CCB to an ACE

inhibitor appears to confer a greater antialbuminuric

advantage than monotherapy with either agent

alone36,84, which strengthens the recommendation

for ACE inhibitor/CCB combinations in diabetic

hypertensives. These effects have now been investi-

gated on a large scale, in the ASCOT population, for

which there was a significant 15% reduction in renal

impairment (p¼ 0.019) in the amlodipine/perindopril

group versus �-blocker/diuretic6. There is much evi-

dence for renoprotection with perindopril/amlodipine.

Fixed-combination
perindopril/amlodipine and
cardiovascular risk

One explanation for the difference between the treat-

ment groups in ASCOT is a differential impact of the
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two regimens on central aortic BP. This was analysed

in a substudy of ASCOT, Conduit Artery Function

Evaluation (CAFE), the results of which were reported

in 200616.

In the clinical setting, brachial artery BP is considered

to accurately reflect central aortic BP. However, bra-

chial BP is principally determined by peripheral vascu-

lar resistance and cardiac output. On the other hand,

central aortic BP is also affected by the stiffness of the

conduit arteries85. Stiffer arteries transmit the pulse

wave more rapidly, which means that it returns to

the heart during contraction, increasing central aortic

SBP86. Raised central aortic SBP and pulse pressure

have the effect of increasing cerebral blood flow and

LV load, increasing the risks of stroke and LV hyper-

trophy, respectively. In addition, because of the

decrease in diastolic perfusion pressure, there is an

increased risk of coronary events.

In the CAFE study, brachial and central aortic pres-

sures were measured in 2199 patients for up to 4 years

(1042 in the amlodipine/perindopril group and 1031 in

the �-blocker/diuretic group)16. The CAFE population

had the same baseline characteristics as the overall

ASCOT population, and there were no significant dif-

ferences between the two groups. Over the duration of

the study, there was no significant difference between

the two groups in terms of brachial SBP (difference

0.7 mmHg; 95% CI, –0.4–1.7; p¼ 0.2). However, cen-

tral aortic SBP was significantly lower in the amlodi-

pine/perindopril group (difference 4.3 mmHg; 95% CI,

3.3–5.4; p50.0001) (Figure 5).

There are known differences in the effect of the var-

ious antihypertensive classes on central aortic BP.

Brachial BP measurements appear to underestimate

the effects of ACE inhibitors and CCBs, but overesti-

mate the effect of �-blockers86. Moreover, because

central aortic BP is believed to be linked to risk of

stroke, LV hypertrophy, and coronary events, then

this result can be considered as a potential explanation

for the mortality and morbidity results of ASCOT16.

Further support for the role of perindopril comes from

the Regression of Arterial Stiffness in a Controlled

Double-Blind study (REASON), which found a

greater difference in reductions in central aortic SBP

values with a perindopril/indapamide regimen than

with the �-blocker atenolol87.

Type 2 diabetes is also associated with stiffening of

the conduit arteries, and should therefore be expected

to have an effect on central aortic BP85. This hypothesis

has been tested for the first time in a substudy of CAFE

in 501 diabetic patients and the preliminary results

have been presented. In this cohort, brachial BP mea-

surements did not differ substantially between the

groups, whereas there were significant differences in

the central aortic SBP in favour of the amlodipine/peri-

ndopril arm (difference 4.9 mmHg, p5 0.0001)88.

Analysis of variance showed that the difference

between the brachial and central aortic pressures was

further increased by the presence of diabetes. This sug-

gests that the benefits of fixed-combination perinodo-

pril/amlodipine would be accentuated in diabetic

hypertensives.

The results of CAFE provide an explanation for the

reduction in cardiovascular risk in hypertensive patients

with the perindopril/amlodipine combination6.

Further support comes from the meta-analyses of the

Blood Pressure Lowering Treatment Trialists’

Collaboration, which found that regimens based on

ACE inhibitors and CCBs significantly reduce major

cardiovascular events by 22% and 18% versus placebo,

respectively89,90. Larger reductions in BP lead to larger

reductions in risk; a 10-mmHg reduction in BP led to a

Figure 5. Differences in brachial and central aortic systolic blood pressure for patients receiving amlodipine/perindopril

(triangles) or �-blocker/diuretic (circles) in the Conduit Artery Function Evaluation (CAFE) study. Modified from

Williams et al., 200616
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15% reduction in the risk of stroke or CHD91. There

are also differences between classes, for ACE inhibitors

are superior to CCBs in the prevention of CHD and

heart failure, whereas CCBs are superior to ACE inhi-

bitors in the prevention of stroke90,91. ACE inhibition

is known to have a positive impact on CHD, but the

mechanisms responsible for stroke protection with

CCBs remain less clear, though their hypotensive

effects may play a role91. ACE inhibition may also

have a positive impact on stroke risk, considering the

results of the Perindopril Protection Against Recurrent

Stroke Study (PROGRESS)54, in which perindopril/

indapamide prevented secondary stroke in patients

with a history of stroke or transient ischaemic attack.

These observations are in line with the broad range of

risk reduction observed in ASCOT (Figure 1)6, and

provide further support for protection against cardio-

vascular risk with fixed-combination perindopril/

amlodipine.

Conclusion

Optimized management of hypertension improves car-

diovascular prognosis (incidence of MI, heart failure,

and stroke) and can help prevent new-onset diabetes

in at-risk individuals. Although most hypertensive

patients will need at least two agents to achieve the

BP targets set by international guidelines2,4,5, physi-

cians currently have a bewildering array of

combinations to choose from, and one of the difficulties

is becoming the selection of the most appropriate

regimen.

The clinical benefits of fixed-combination perindo-

pril/amlodipine as discussed in this review are summar-

ized in Table 2. Fixed-combination perindopril/

amlodipine constitutes a guideline-recommended2,4,5

combination of two well-known agents with proven

efficacy in BP lowering over 24 h. Moreover, this repro-

duces the ASCOT combination6, which provides

the physician with the opportunity to reproduce the

ASCOT results in clinical practice. This can be

expected to translate into reduced cardiovascular mor-

tality and morbidity, and improved risk for the incidence

of new-onset diabetes6. The perindopril/amlodipine

combination reduces hypertension via two comple-

mentary mechanisms of action working in synergy.

This should lead to more efficient BP lowering and

better tolerability. Patients with stable CAD could

also benefit from fixed-combination perindopril/

amlodipine, which combines the symptomatic and

prognostic management of stable angina into a single

tablet. The reduction in cardiovascular risk is accom-

panied by reduction in the risks of CHD and heart

failure, due to the presence of perindopril11,12, and in

the risk of stroke, due to that of amlodipine91.

Finally, the efficient BP-lowering effect expected for

fixed-combination perindopril/amlodipine should also

be of advantage in diabetic hypertensive patients, who

require aggressive management of their condition.

Table 2. Summary of the clinical benefits of fixed-combination perindopril/amlodipine in hypertension

and coronary artery disease (CAD) (see text for references). ASCOT, Anglo-Scandinavian Cardiac

Outcomes Trial; BP, blood pressure; CHD, coronary heart disease

Hypertension Efficient BP reduction

Two well-known agents with proven

antihypertensive efficacy

Combination used in ASCOT

Synergy of two complementary mechanisms of

action

24-h BP control

Coronary artery disease Prognostic management of stable CAD (perindopril)

Symptomatic management of stable angina crises (amlodipine)

Aggressive BP reduction in stable angina pectoris

Type 2 diabetes Reduction in the risk of new-onset diabetes

Aggressive BP reduction in hypertensive diabetics

Reduction in secondary effects Improved tolerability

Reduction in peripheral oedema due to amlodipine

Cardiovascular risk reduction Reduction of cardiovascular morbidity and mortality

Reduction in risk of CHD and heart failure (perindopril)

Reduction in risk of stroke (amlodipine)

Pharmacoeconomics Cost-effective in hypertension
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The clinical evidence for fixed-combination perindo-

pril/amlodipine indicates it as a viable choice to opti-

mize the management of hypertension and stable CAD.

The combination is available as perindopril/amlodipine

5/5 mg, 5/10 mg, 10/5 mg, and 10/10 mg, which allows

for flexible dosing. Its addition to the therapeutic arma-

mentarium will facilitate the selection of an effective

regimen for these patients.
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