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Summary

Abstract Quinapril is rapidly de-esterified after absorption to quinaprilat (the active diacid

metabolite), a potent angiotensin converting enzyme (ACE) inhibitor. Quinapril
produces favourable haemodynamic changes, and improves ventricular and en-
dothelial function in patients with various cardiovascular disorders; these effects
are mediated through the binding of quinaprilat to both tissue and plasma ACE.

Quinapril 10 to 40 mg/day provided effective blood pressure control in most
patients with essential hypertension in clinical trials, but some patients required
dosages of 80 mg/day and/or concomitant diuretic therapy. In general, quinapril
provided similar blood pressure control to other standard antihypertensive ther-
apies including other ACE inhibitors, calcium antagonists and B-adrenoceptor
antagonists in comparative clinical trials. Combined therapy with quinapril and
hydrochlorothiazide had a significantly greater antihypertensive effect than either
drug as monotherapy in two well designed studies. Quinapril has also been shown
to reduce microalbuminuria in patients with hypertension and/or diabetes mellitus.

In patients with congestive heart failure, quinapril <40 mg/day produced ben-
eficial haemodynamic and echocardiographic changes and improved exercise
tolerance, symptoms and functional class. Effects of quinapril on survival have
not been investigated, but quinapril 10 to 20 mg/day showed comparable efficacy
to captopril 25 to 50mg twice daily in two well designed trials.

In patients with coronary artery disease, quinapril 40 mg/day significantly
reduced the incidence of ischaemic events after coronary artery bypass grafting
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(CABG) in a well controlled study (n = 148). However, a lower dosage of quin-
april (20 mg/day) showed no effect on ischaemic events or atherosclerotic pro-
gression with 3 years of treatment in a similarly designed study involving 1750
patients undergoing coronary angioplasty.

The tolerability of quinapril is similar to that of other ACE inhibitors. In
placebo-controlled trials, cough occurred in 2 and 4.3% and hypotension occurred
in <1 and 2.9% of quinapril recipients with hypertension or congestive heart
failure, respectively. No increase in adverse events was observed when the dosage
was increased from 10 to 40 mg/day.

Conclusion: Quinapril is now firmly established as an effective and well
tolerated ACE inhibitor for the treatment of patients with hypertension and con-
gestive heart failure. Quinapril 40 mg/day also significantly reduced the incidence
of ischaemic events in patients undergoing CABG in one study; however, alower
dosage of quinapril (20 mg/day) had no effect on ischaemic events in patients
undergoing coronary angioplasty in another trial. Additional trials in patients with
coronary artery disease receiving optimal dosages of quinapril (40 mg/day) would

be useful.
Overview of Quinapril is a non-sulthydryl angiotensin converting enzyme (ACE) inhibitor
Pharmacodynamic prodrug which is metabolised to quinaprilat, the active diacid metabolite. As with
Properties all ACE inhibitors, quinaprilat exerts its therapeutic effect by inhibiting the con-

version of angiotensin I to angiotensin II; ACE inhibitors also prevent the degra-
dation of bradykinin, but whether increased levels of bradykinin play a role in
the therapeutic effects of these agents is still uncertain. Quinaprilat binds with a
high affinity to both plasma and tissue ACE. In humans, a single dose of quinapril
20mg provides >50% inhibition of plasma ACE over 24 hours. Quinapril has also
been shown to inhibit angiotensin II formation in human vasculature following
several weeks of administration. In humans, the hypotensive effect of exogenous
bradykinin is potentiated by ACE inhibitor therapy, and the bradykinin antagonist
icatibant reduces the hypotensive effect of ACE inhibitors in humans. Similar
effects have been demonstrated with quinapril in animal studies.

In patients with hypertension, once-daily administration of quinapril 10 to
40mg provided good 24-hour blood pressure control as assessed by ambulatory
blood pressure monitoring in some, but not all studies. Generally, quinapril had
no significant effect on heart rate, cardiac output or left ventricular (LV) ejection
fraction. In patients with moderate to severe congestive heart failure, quinapril
produced a number of favourable haemodynamic effects including improved
cardiac output and reduced systemic vascular resistance and pulmonary capillary
wedge pressure, without an increase in heart rate.

Quinapril <40 mg/day reduced LV hypertrophy in patients with hypertension
or chronic valvular regurgitation, and reduced progressive ventricular remodel-
ling in patients with distant myocardial infarction in one small investigation.

Quinapril 10 to 40mg once daily improved endothelial function (as measured
by improved flow-mediated dilation or reduced vasoconstrictive response to
acetylcholine) in patients with coronary artery disease and hypertension over 2
to 6 months of therapy; improved endothelial function was also observed in
patients with congestive heart failure receiving a single infusion of quinaprilat.
In contrast, the angiotensin II antagonist losartan (50 mg/day), calcium antago-
nists amlodipine (5 mg/day) and nitrendipine (10 mg/day), and the ACE inhibitor
enalapril (10 mg/day) did not improve endothelial function.

© Adis Infernational Limited. All rights reserved. Drugs 2002; 62 (2)
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Quinapril 5 to 10 mg/day increased heart rate variability and reduced sympa-
thetic overactivity after myocardial infarction in patients with coronary artery
disease.

In general, quinapril showed neutral or beneficial effects on lipid profiles,
glycaemia and renal haemodynamics.

Overview of Following oral administration of quinapril in healthy volunteers, approximately
Pharmacokinetic 60% of the dose is absorbed and peak plasma concentration (Cmax) is reached
Properties within 1 hour. Quinapril then undergoes rapid de-esterfication to quinaprilat, the

active diacid metabolite, which reaches Cmax within 2 hours. Both quinapril and
quinaprilat are highly bound to plasma proteins (=97%), and mean elimination
half-lives are =1 and 2 hours, respectively. Quinaprilat has a long terminal half-
life of =25 hours, which may be associated with its slow release from ACE. The
main route of elimination is via the kidney: quinaprilat accounts for 30% of the
oral dose recovered in the urine, quinapril accounts for 3% and two other inactive
metabolites account for 6% each. The remainder of the oral dose is eliminated in
the faeces as unabsorbed quinapril or by biliary excretion of quinapril and its
metabolites.

The pharmacokinetics of quinapril and quinaprilat are affected by renal and
hepatic impairment. In addition, elimination of quinapril may be reduced in pa-
tients with congestive heart failure and/or advanced age; however, this reduction
is typically a result of decreased renal function in these patients. In lactating
mothers receiving a 20mg dose of quinapril, only 1.6% of the maternal dose was
estimated to reach the infant.

Therapeutic Efficacy Hypertension

The antihypertensive efficacy of quinapril is well documented, with dosages
of 10 to 80 mg/day consistently producing significant reductions in blood pressure
in patients with mild to moderate hypertension (patients with DBP 95 to 120mm
Hg and/or SBP >140mm Hg) in placebo-controlled trials.

In comparative, randomised clinical trials, quinapril (10 to 80 mg/day) dis-
played similar antihypertensive efficacy to other ACE inhibitors captopril (25
to 200 mg/day) and enalapril (10 to 80 mg/day), but inconsistent results have
been reported in studies comparing quinapril with lisinopril (2.5 to 20 mg/day).
Quinapril 20 to 40mg once daily showed similar efficacy to 3-adrenoceptor antag-
onist atenolol 50 to 100 once daily; however, lower dosages of quinapril (10 to
20 mg/day) did not appear to be as effective as atenolol 50 to 100 mg/day in
patients with a history of moderate to severe hypertension. Quinapril 10 to 40
mg/day produced similar response rates to metoprolol 50 to 200 mg/day in pa-
tients with hypertension, but quinapril 20 mg/day was slightly less effective than
metoprolol 100 mg/day in reducing diastolic blood pressure in patients with type
2 diabetes mellitus in another study. Quinapril (5 to 40 mg/day) also showed
similar antihypertensive efficacy to twice-daily sustained release nifedipine (20
to 80 mg/day), once-daily amlodipine (5 to 10 mg/day) and once-daily nitren-
dipine (10 to 40 mg/day).

The addition of a diuretic [usually hydrochlorothiazide (HCTZ)] to quinapril
monotherapy increases the response rate from >50% to =70 to 90% in patients
with hypertension. Two large, randomised, double-blind studies showed that
quinapril and HCTZ combination therapy was significantly more effective at
lowering blood pressure than either drug as monotherapy over 8 weeks of treat-
ment in patients with moderate to severe hypertension.

© Adis Infernational Limited. All rights reserved. Drugs 2002; 62 (2)
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Quinapril 10 to 40 mg/day reduced urinary albumin excretion rate (UAE) to
a similar extent as captopril 50 to 150 mg/day and metoprolol 100 mg/day, and
was significantly better than atenolol 50 to 100 mg/day and/or HCTZ 25 to 50
mg/day at reducing UAE in randomised, comparative trials. Quinapril 10 to 40
mg/day also significantly decreased UAE in patients with hypertension with or
without type 2 diabetes mellitus in two noncomparative studies.

Congestive Heart Failure

In patients with congestive heart failure, quinapril <40 mg/day produced fa-
vourable haemodynamic and echocardiographic parameters and improved symp-
toms, exercise tolerance and disease severity. These favourable effects have been
maintained for up to 1 year of nonblind therapy. Although the effect of quinapril
on survival in patients with congestive heart failure has not been determined,
treatment with other ACE inhibitors has resulted in improved mortality rates, and
a recent meta-analysis suggests a class effect for these agents in reducing mor-
bidity and mortality in these patients.

In two recent double-blind, randomised, placebo-controlled investigations
(n =131 and 146), quinapril 10 to 20mg once daily showed comparable efficacy
to captopril 25 to 50mg twice daily in reducing symptoms of heart failure (e.g.
dyspnoea, ventricular gallop or pulmonary congestion), improving echocardio-
graphic parameters (e.g. LV ejection fraction or LV diastolic/systolic diameters)
and improving exercise tolerance in patients with mild to moderate congestive
heart failure [New York Heart Association (NYHA) functional classes I to III]
over 10 or 12 weeks of treatment. In one study, NYHA functional class was also
improved with both therapies but quinapril had a greater effect than captopril in
patients with more severe disease. Similar effects were observed in another study
in elderly patients (aged =65 years) with NYHA functional class II or III with an
aetiology of ischaemic heart disease.

Coronary Artery Disease

The results of two large, double-blind, placebo-controlled, randomised trials
investigating the potential use of quinapril in patients with coronary artery disease
have recently become available: the effects of QUinapril On Vascular Ace and
Determinants of Ischemia (QUO VADIS) study and the QUinapril Ischemic
Event Trial (QUIET).

In the QUO VADIS trial (n = 148), a significant reduction in cardiac events
was observed in patients receiving quinapril 40 mg/day versus placebo for 1 year
following coronary artery bypass surgery. In contrast, in the QUIET trial, treat-
ment with quinapril 20 mg/day over 3 years had no significant effect on reducing
cardiac events or the progression of atherosclerosis in 1750 normolipidaemic,
normotensive patients with normal LV function (LV ejection fraction >40%)
following coronary angioplasty. Flaws in the design of the QUIET investigation,
including insufficient sample size, inadequate quinapril dosage and use of lipid-
lowering therapy, may have contributed to the lack of effect seen with quinapril
in this study. In other investigations in patients undergoing coronary angioplasty
and/or coronary stent implantation, quinapril has shown some efficacy in reduc-
ing restenosis; however, additional trials are necessary to define the role of
quinapril in these patients.

Tolerability Quinapril is generally well tolerated and adverse experiences are usually mild
and transient and seldom require treatment withdrawal. In placebo-controlled
trials in patients with hypertension or congestive heart failure, discontinuation of
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quinapril therapy because of adverse events was required in 4.7 and 6.8% of
patients, respectively. The most commonly occurring adverse events seen in these
studies were dizziness, headache, cough and fatigue, each occurring in <8% of
patients. ACE inhibitor class-specific cough occurred in 2% of patients with
hypertension and 4.3% of patients with congestive heart failure. Hypotension
rarely occurred in patients with hypertension but was reported in 2.9% of patients
with congestive heart failure in placebo-controlled trials. Angioedema was seen
in 0.1% of patients.

Quinapril shows similar tolerability to other ACE inhibitors. In a large meta-
analysis of comparative clinical trials, 12% of 1819 patients receiving quinapril
experienced a treatment-related adverse event compared with 15% of 339 en-
alapril recipients and 16% of 186 captopril recipients. Treatment withdrawal
because of adverse events in these studies was less common in quinapril recipients
(3.7%) than those receiving enalapril (8.0%) or captopril (6.4%). In addition,
quinapril 10 to 40 mg/day showed similar tolerability to metoprolol 50 to 200
mg/day in a large comparative study.

Elderly patients (aged >65 years) tolerated quinapril as well as younger pa-
tients (aged <65 years), and addition of a diuretic to quinapril therapy induced
little change in incidence of adverse events.

Dosage and In patients with hypertension, quinapril therapy is initiated at a once-daily dose
Administration of 10 or 20mg and titrated according to blood pressure response to a maximum
of 80 mg/day. Twice-daily administration may be required in patients whose
blood pressure control diminishes towards the end of a once-daily dosage interval.

Because of the risk of hypotension, caution is advised when quinapril is added
to diuretic therapy. European prescribing information recommends a low initial
dose of quinapril (2.5mg) in patients already receiving diuretic therapy. US pre-
scribing information recommends that patients should discontinue diuretic ther-
apy 2 to 3 days prior to beginning quinapril treatment; if this is not feasible, the
recommended initial dose of quinapril is Smg. Lower starting dosages of quinapril
are also recommended for elderly hypertensive patients (aged >65 years) and
those with renal impairment. The quinapril dosage should then be gradually ti-
trated to blood pressure control.

In patients with congestive heart failure, quinapril is indicated for use as an
adjunctive therapy in combination with diuretics and/or digitalis. The initial dose
of quinapril recommended in the US and Europe is Smg and 2.5mg, respectively.
The quinapril dosage should then be titrated up to a maximum of 40 mg/day to
achieve an effective dose or until the appearance of undesirable adverse events.
In Europe, medical supervision is recommended during initiation of quinapril in
patients with severe/unstable congestive heart failure, patients receiving high
dose loop diuretics (e.g. >80mg furosemide), multiple diuretics or high dose
vasodilator therapy, patients with hypovolaemia, hyponatraemia (serum sodium
<130 mgEq/L), systolic blood pressure <90mm Hg or serum creatinine >150
pmol/L and those aged =70 years. In the US, it is recommended that all patients
with congestive heart failure be supervised for at least 2 hours following the initial
dose of quinapril to monitor for the development of hypotension.

© Adis Infernational Limited. All rights reserved. Drugs 2002; 62 (2)
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1. Introduction

Quinapril is an angiotensin converting enzyme
(ACE) inhibitor which, like other members of its
class, is a well established treatment option for pa-
tients with hypertension and congestive heart fail-
ure. In addition, recent clinical research suggests
that ACE inhibitors may also provide protection
against adverse cardiovascular events in patients
with atherosclerotic disease without high blood
pressure or left ventricular (LV) dysfunction.[!]

This article provides an overview of the use of
quinapril in patients with hypertension and heart
failure (which have previously been extensively
reviewed in Drugs in 1990[2) and 1994[3]), and also
reviews recent experimental and clinical studies
investigating the role of quinapril in patients with
coronary artery disease.

2. Overview of
Pharmacodynamic Properties

Quinapril is a non-sulfhydryl ACE inhibitor
prodrug. The active diacid metabolite, quinaprilat,
is responsible for the pharmacodynamic effects ob-
served following oral administration of quinapril.

Since the pharmacodynamic properties of quin-
april have previously been extensively reviewed,
this section focuses on human data and the most
significant findings published since the previous
review of quinapril in Drugs.13!

2.1 Mechanism of Action

Quinapril exerts its therapeutic effect through
the inhibition of ACE, a key component of the renin-
angiotensin-aldosterone system (RAS) [see figure
11.1451 ACE is present in both tissue and plasma
where it acts as a catalyst in the conversion of an-
giotensin I to angiotensin II. In addition to being a
potent vasoconstrictor, angiotensin II stimulates
aldosterone secretion by the adrenal cortex which
promotes renal conservation of sodium and a sub-
sequent increase in extracellular volume. Angio-
tensin IT also stimulates vasopressin secretion from
the brain (promoting further fluid retention), acti-
vates the sympathetic nervous system/®7] and ex-

© Adis Infernational Limited. All rights reserved.

erts a number of effects in cardiac and vascular
tissuel®! (figure 1) which are thought to contribute
to the pathogenesis of congestive heart failurel®)
and/or coronary artery disease.®]

ACE inhibitors also influence the kallikrein-
kinin-prostaglandin system (see figure 1). Since
ACE is structurally identical to kininase II, one of
the enzymes responsible for the transformation of
bradykinin into inactive peptides, inhibition of
ACE reduces bradykinin degradation.!'®! Brady-
kinin is a potent vasodilator that is thought to exert
its vasodilatory action through the release of endo-
thelium-derived prostacyclin, nitric oxide (NO)
and endothelium-derived hyperpolarising fac-
tor.['"1 Bradykinin also stimulates secretion of
plasminogen activator,['>!3 which may result in
increased fibrinolysis.[!

2.1.1 Effects on ACE

Quinaprilat binds with a high affinity to both
tissue and plasma ACE.!'*! In in vitro analyses of
the binding of various ACE inhibitors, the order of
potency (assessed by radioinhibitor-binding dis-
placement) was quinaprilat = ramiprilat > perindo-
prilat > enalaprilat > captopril > quinapril in human
plasmal'®! and spiraprilat > benazeprilat > quina-
prilat = cilazaprilat > ramiprilat > lisinopril > en-
alaprilat > perindoprilat > captopril in human heart
membrane preparations.!'®! In addition, quinaprilat
has a much slower dissociation from human heart
ACE than lisinopril or enalaprilat in vitro,l'"}
These properties are likely to account for the long
pharmacodynamic/therapeutic effects of quina-
prilat relative to its short half-life (see section 3).

It is generally thought that the therapeutic ef-
fects of ACE inhibitors correlate better with tissue
ACE inhibition than with circulating ACE;[14.18]
however, differences between ACE inhibitor bind-
ing affinities have not been shown to impact on
clinical outcomes.™

In humans, quinapril administration decreases
plasma ACE activity, increases plasma renin activ-
ity, decreases pressor response to angiotensin I, de-
creases plasma angiotensin II levels and decreases
plasma aldosterone levels (reviewed by Plosker &
Sorkin).B! In healthy volunteers, single doses of

Drugs 2002; 62 (2)
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Fig. 1. Role of angiotensin-converting enzyme (ACE) in the renin-angiotensin-aldosterone and kallikrein-kinin-prostaglandin systems
and the effects of angiotensin (Ang) Il and bradykinin.[“# NO = nitric oxide.

quinapril 2.5 to 20mg provided >50% inhibition of
plasma ACE over 24 hours!!°! and reduced angio-
tensin I pressor response by up to 90%.[1%201 Quin-
april has also been shown to inhibit vascular ACE
in humans.?!l In a recent randomised, placebo-
controlled, double-blind study,l?!! 187 patients
with coronary artery disease received placebo,
quinapril 40mg once daily or captopril 50mg three
times daily for =4 weeks before undergoing coro-
nary artery bypass grafting (CABG). Local angio-
tensin II formation assessed in mammary arteries
extracted during CABG was significantly reduced
in patients treated with quinapril versus those re-

© Adis Infernational Limited. All rights reserved.

ceiving placebo. Angiotensin II was also decreased
in captopril recipients but this change was not sta-
tistically different from that in placebo recipi-
ents.[?!]

2.1.2 Effects on Bradykinin

There is a growing body of evidence which sug-
gests that increased levels of bradykinin may con-
tribute to the therapeutic effects of ACE inhibitors;
however, this is still a matter of debate.[! In humans,
ACE inhibitor therapy potentiated the action of ex-
ogenous intravenous bradykinin by =50-fold.[2223]
In addition, coadministration of the bradykinin an-
tagonist icatibant (HOE 140) significantly attenu-
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ated the hypotensive effect of captopril in hu-
mans.[?* Similar effects have been shown with
quinapril in animal studies. In spontaneously hy-
pertensive rats, coadministration of icatibant sig-
nificantly attenuated the hypotensive effect of
quinapril.!?> Furthermore, the reduction in exper-
imentally induced ventricular hypertrophy ob-
served with quinapril treatment was prevented by
icatibant,/?! as were reductions in myocardial in-
jury!?’! and improvements in cardiac performance
and reduced LV weight!?8] seen with quinapril in
experimental models of myocardial infarction.

The potential role of bradykinin in modifying
endothelial function is discussed in more depth in
section 2.4. It is generally accepted that the effects
of ACE inhibitors on bradykinin also contribute to
some of the adverse effects of these agents, such as
cough and angioedema.[?°]

2.2 Effects on Blood Pressure
and Hoemodynamics

In patients with hypertension, quinapril 10 to 80
mg/day in single or divided doses induces signifi-
cant and sustained reductions in mean systolic
(SBP) and diastolic blood pressure (DBP) [see sec-
tion 4.1]. Despite the fact that quinapril and
quinaprilat have such short elimination half-lives
(see section 3), once-daily administration of quina-
pril 10 to 40mg has been shown to provide good
24-hour blood pressure control as assessed using
ambulatory blood pressure monitoring.[3%311 In
one randomised, placebo-controlled study includ-
ing 66 patients with hypertension receiving a sin-
gle daily dose of quinapril 20 to 40mg, 50% of the
peak effect remained at the trough;3!l however,
other studies suggest that the peak to trough ratio
of once-daily quinapril therapy may be slightly
lower (30 to 40%),[32:33) indicating that some pa-
tients may be better maintained with twice-daily
therapy.[?®! In general, doses of 40 to 80mg were
more effective at trough than 10 to 20mg doses,
and twice-daily administration was more effective
than the same dose given once daily.?"]

Quinapril had no significant effect on heart rate,
cardiac output or LV ejection fraction in patients

© Adis Infernational Limited. All rights reserved.

with hypertension in the majority of clinical trials;
however, quinapril 10 mg/day did reduce heart rate
from 77.1 £4.4 to 68.1 = 6.0 beats/min (p < 0.001)
in one study in 23 patients with mild to moderate
hypertension over 8 weeks of therapy.[3*]

In patients with moderate to severe congestive
heart failure, single-dose administration of quina-
pril 2.5 to 10mg consistently produced a number
of favourable effects, including improved cardiac
output and reduced systemic vascular resistance
and pulmonary capillary wedge pressure, without
an increase in heart rate (reviewed in Wadworth &
Brogden!? and Plosker & Sorkin[31).[35-411 A recent
study investigating the neurohormonal and haemo-
dynamic effects of increasing dosages of quinapril
(2.5 to 10mg twice daily) suggested that these pos-
itive effects may be dose-related.[*?]

2.3 Effects on Left Ventricular
Modelling and Function

2.3.1 In Patients with Hypertension

In addition to its antihypertensive effects,
quinapril has also been shown to reduce LV hyper-
trophy, improve diastolic function and reduce left
atrial enlargement in patients with hypertension
and LV hypertrophy;*3-471 however, no random-
ised, comparative studies are available.

In the largest study,[*31 2 years of treatment with
quinapril 10 to 40 mg/day (with or without chlor-
thalidone 25 to 50 mg/day) significantly reduced
LV hypertrophy and improved diastolic function
in 122 patients with mild to moderate hyperten-
sion. As assessed by echocardiography, 58 patients
were considered to have a normal left ventricle at
baseline while the other 64 patients had LV hyper-
trophy (LV mass 2131 or 2100 g/m? for men or
women, respectively) and/or a high ratio of LV
posterior wall thickness to diastolic diameter
(RWT; >0.45). After 2 years of quinapril treat-
ment, LV mass was significantly reduced by a
mean of 12 to 15% in patients with baseline hyper-
trophy (p < 0.001). Significant (p < 0.001) reduc-
tions in LV mass were also observed in patients
who had no evidence of LV hypertrophy at base-
line, and none of these patients progressed towards
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hypertrophy over the course of the study. In addi-
tion, reductions in LV mass were similar in patients
receiving quinapril monotherapy to those observed
in patients receiving quinapril combined with
chlorthalidone. By the end of the trial, the number
of patients with anormal LV geometric pattern had
increased from 58 to 87 (48 to 71%), and the num-
ber of patients with elevated RWT (>0.45) had de-
creased from 40 to 1 (33 to 0.8%). Changes in LV
geometry during the 2-year period of quinapril
treatment were paralleled by significant improve-
ments in Doppler indices of LV diastolic function.

Similar results were found in another study in-
cluding 98 patients with mild to moderate hyper-
tension receiving 4 months of treatment with
quinapril 20 mg/day with or without concomitant
hydrochlorothiazide (HCTZ) 12.5 mg/day.*] At
the end of the treatment, LV mass index was reduced
by a mean of 6.85 g/m? (p = 0.0003). The greatest
reductions in LV mass index were observed in the
59 patients (60%) who had LV hypertrophy at
baseline (-11.27 g/m?; p = 0.0001) whereas the
mean reduction was nonsignificant for those in
whom LV hypertrophy was not detected at baseline
(=0.16 g/m?; p = 0.94). Analysis of the changes in
LV mass between patients receiving combination
treatment with HCTZ (28%) and those receiving
monotherapy showed that treatment with the di-
uretic had no effect on reducing LV mass index.
Although no changes in diastolic or systolic LV
dimensions were observed, both interventricular
and posterior wall thickness was significantly re-
duced by quinapril as measured during diastole and
systole.

In two small studies including patients with hy-
pertension and LV hypertrophy (n = 1514 and
231471y, 4 to 6 months of quinapril 10 to 40 mg/day
reduced mean LV mass index from 174 to 161 g/m?

(p < 0.05)*4 and from 138 to 120 g/m? (p <
0.001),47] respectively.

Quinapril continues to reduce LV hypertrophy
over long-term treatment. In a recent study, 23 pa-
tients with previously untreated hypertension and
LV hypertrophy receiving quinapril 10 or 20 mg/day
(five patients received concomitant therapy with
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HCTZ 25 mg/day) were followed for 3 years.!0!
After a mean treatment period of 7.5 months, a sig-
nificant (p < 0.001) decrease of 17.5% in LV mass
index was observed, and a complete regression of
LV hypertrophy was achieved in 38.1% of patients.
LV mass continued to decrease with ongoing
quinapril treatment and after a mean of 38.3
months LV mass index was 38.6% lower than pre-
treatment values, with 90.5% of patients achieving
complete regression (see figure 2). Indeed, a lower
than normal LV mass index of <95 g/m> was ob-
served in 61.9% of patients by the end of the study.
Significant improvements in diastolic function and
left atrial size were also observed with quinapril
treatment (figure 2).

Where reported,'*#7] no significant relation-
ship between blood pressure and LV mass reduc-
tion was observed in these studies, suggesting that
other factors are likely to play a role in reduction
of LV mass. Diez & Laviades!“8) suggested that the
ability of ACE inhibitors such as quinapril to re-
duce LV mass index in hypertensive patients with
LV hypertrophy may be related to their ability to
reduce insulin-like growth factor-1 (IGF-1), which
is present in high levels in these patients. Indeed,
in their investigation involving 87 patients, regres-
sion of LV hypertrophy occurred only in patients

100 7 — [0 Baseline
90 B Endpoint
80 A
= 70
< 60 -
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Fig. 2. Effects of quinapril in patients with left ventricular hyper-
trophy. The percentage of patients (n = 23) with left ventricular
hypertrophy (left ventricular mass index >125 g/m? for men or
>110 g/m? for women), diastolic dysfunction (ratio of early dias-
tolic and late diastolic Doppler filling velocities <1) and left atrial
enlargement (left atrial dimension >40mm) at baseline and after
a mean of 38.3 months of treatment with quinapril 10 or 20 mg/
day; * p <0.001.18
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whose enhanced baseline IGF-1 levels were nor-
malised after treatment with quinapril, captopril or
lisinopril.[*8! Additional factors are also likely to
be involved.

2.3.2 In Patients with Chronic

Valvular Regurgitation

Quinapril also helps to improve LV function in
patients with chronic valvular regurgitation.[49-50]
Over 1 year of treatment in a noncomparative trial,
quinapril 10 to 20 mg/day decreased the regurgita-
tion fraction in patients with moderate to severe
chronic aortic (n = 12) and mitral (n = 12) regurgi-
tation by 27 and 42%, respectively (p = 0.001 for
both).15% Significant reductions in LV end-systolic
(p <0.0001) and end-diastolic volume (p < 0.005)
were also observed in both groups. Furthermore,
LV mass was reduced by 35% in patients with aor-
tic regurgitation, and LV hypertrophy (present in
all patients at baseline) was completely reversed in
these patients. In patients with mitral regurgitation,
LV mass index was reduced by 15%, and septal
wall thickness (an indication of borderline hyper-
trophy) was normalised following 1 year of quina-
pril treatment. These results suggest that quinapril
treatment may help delay surgical intervention in
these patients.[5%]

2.3.3 Effects on Remodelling
Post-Myocardial Infarction

In patients who survive myocardial infarction,
structural remodelling occurs in both the infarcted
and non-infarcted regions of the myocardium.!!
LV dilation is an important characteristic of re-
modelling and, in the early stages after a myocar-
dial infarction, helps restore depressed cardiac
function.®!] However, in approximately 20% of
patients with healed myocardial infarction, LV di-
lation continues to progress over the years and long-
term survival in these patients is reduced.>!2!

Quinapril appears to prevent progression of LV
dilation and remodelling in patients with healed
myocardial infarction; however, evidence is cur-
rently limited to one study.3! In this double-blind,
randomised, placebo-controlled trial, 25 patients
who had experienced an acute myocardial infarc-
tion >1.5 years previously and who had progres-
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sive asymptomatic LV dilation (end-diastolic vol-
umes >80 ml/m?) were randomised to receive pla-
cebo or quinapril 10 to 40 mg/day for 1 year. Pro-
gressive dilation continued in patients receiving
placebo but not in those receiving quinapril: mean
end-diastolic volume (as assessed by gated single-
photon emission computed tomography) increased
by 24.6 ml/m? (p < 0.05 vs baseline) in placebo
recipients and only 4.1 ml/m? in quinapril recipi-
ents (p < 0.05 vs placebo).

No significant change in ejection fraction or
pulmonary wedge pressure at rest was observed in
either treatment group over 1 year of treatment;
however, mean pulmonary wedge pressure during
bicycle exercise tended to increase in patients re-
ceiving placebo (from 21.3 to 24.3mm Hg) and
decrease in patients receiving quinapril (from 20.2
to 17.4mm Hg), although no significant difference
between groups or versus baseline was found. At
the end of the study, heart rate was significantly
lower during exercise in patients receiving quin-
april than in those receiving placebo (91 £ 2 vs 108
+ 6 beats/min).153

2.4 Effects on Endothelial Dysfunction

ACE inhibitors are thought to modify the endo-
thelium in a number of ways. In addition to reducing
the proliferative and prothrombotic effects of angio-
tensin II (figure 1),!8) ACE inhibition may also in-
crease NO bioavailability by reducing production
of superoxide anions that degrade NO4-3¢1 while
simultaneously promoting bradykinin-dependent
induction of endothelial NO production.

NO is an important endothelium-dependent vaso-
dilator which also exerts potent antiatherogenic
and thromboresistant properties by preventing
platelet aggregation and cell adhesion.81 However,
the endothelium-derived NO system appears to be
impaired in patients with cardiovascular disorders.
Flow-mediated dilation (FMD), an endothelium-
derived NO-dependent phenomenon, is reduced in
patients with coronary artery disease.l>’-8! Further-
more, coronary arteries in patients with atheroscle-
rosis may paradoxically constrict in the presence
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of acetylcholine (ACh), an indication of NO defi-
ciency.[39-62]

Endothelial function is also impaired in patients
with hypertension, congestive heart failure, diabe-
tes mellitus and hyperlipidaemia.[®3! Indeed, endo-
thelial dysfunction is thought to play an important
role in the genesis and development of cardiovas-
cular diseases!®3-63) and is associated with an in-
creased risk of cardiovascular events.[66.67]

The effects of quinapril or quinaprilat on FMD
or ACh-induced vasoconstriction have been inves-
tigated in healthy volunteers (section 2.4.1), as
well as in patients with coronary artery disease
(section 2.4.2), hypertension (section 2.4.3) and
congestive heart failure (section 2.4.4). The effects
of quinapril/quinaprilat on endothelial function
have also been compared with other agents includ-
ing the angiotensin II antagonist losartan,!68.6%]
calcium antagonists amlodipine and!®®) nitrendip-
inel’% and the ACE inhibitor enalapril!®® in ran-
domised, comparative studies.

2.4.1 In Healthy Volunteers

ACE inhibition with quinapril had a greater ef-
fect than the angiotensin II inhibitor losartan in
modulating FMD in a recent randomised, double-
blind, placebo-controlled, crossover study involv-
ing 30 healthy volunteers.[%® In this study, the ef-
fect of 2 weeks of quinapril (40 mg/day), losartan
(50 mg/day) or placebo treatment on pre- and post-
prandial endothelial function was assessed. During
placebo treatment, ingestion of an oral fat load sig-
nificantly decreased preprandial FMD from 6.2 to
4.2% (p < 0.05). In contrast, pre- and postprandial
FMD were not significantly altered during treat-
ment with quinapril (6.4 vs 6.3%) or losartan (7.1
vs 5.4%) therapy; however, the difference between
pre- and post-prandial FMD was significantly
smaller during quinapril therapy than that observed
during losartan therapy (p < 0.05). Measurements
of postprandial triglyceride concentrations showed
that there was an inverse relationship between
triglyceride concentration and FMD during pla-
cebo treatment, but not during quinapril or losartan
therapy. These results suggest a direct effect of an-
giotensin II inhibition (via quinapril or losartan)
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on endothelial function, possibly due to down-
regulation of the expression of membrane oxidases
resulting in decreased production of lipid-induced
superoxides that degrade NO.[%%71 However, since
the effects of quinapril were significantly greater
than those of losartan (p < 0.05), other mechanisms
independent of angiotensin II inhibition (e.g. brady-
kinin) may be involved.

In a nonrandomised study in ten healthy volun-
teers,[7?! an infusion of quinaprilat (1.6 pg/min for
5 minutes) increased radial artery FMD over base-
line by 46%. However, when quinaprilat was co-
infused with the bradykinin antagonist icatibant
(90 pwg/min for 5 minutes) this effect was abolished,
suggesting that bradykinin-dependent mechanisms
are involved. It is likely that these effects are due to
bradykinin-induced NO release, since bradykinin-
induced prostaglandin release was inhibited by ad-
ministration of 250mg of aspirin administered in-
travenously 30 minutes before measurement.

In another nonrandomised study measuring
arterial blood flow in 44 healthy volunteers,[”3! in-
creases in blood flow observed following brady-
kinin administration were potentiated by co-infusion
with quinaprilat (3.9 nmol/min for 10 minutes).
When these agents were infused together, there
was a substantial and significant (p < 0.02) shift of
the bradykinin dose-response curve towards lower
concentrations. The increase in blood flow observed
with quinaprilat was abolished by specific inhibi-
tion of NO synthase by N-monomethyl-L-arginine
(L-NMMA), indicating a direct effect of quina-
prilat on NO. Similar significant effects were not
observed when enalaprilat (13 nmol/min for 10
minutes) was infused with bradykinin.[73!

2.4.2 In Patients with Coronary Artery Disease

In patients with coronary artery disease, quina-
pril has been shown to attenuate ACh-induced
vasoconstriction!’* and improve FMD.[69-75]

In the largest and longest running investigation
[the Trial in Reversing ENdothelial Dysfunction
(TREND)L,’* 6 months of quinapril treatment
(40mg once daily) resulted in a significant reversal
of endothelial dysfunction in normotensive patients
with coronary artery disease, preserved LV func-

Drugs 2002; 62 (2)



Quinapril: An Update

351

tion and minimal dyslipidaemia. In this random-
ised, double-blind, placebo-controlled study, 129
patients received quinapril (n = 64) or placebo (n
= 65) after undergoing clinically indicated coro-
nary revascularisation; 105 patients were available
for evaluation after 6 months of treatment. All pa-
tients had evidence of endothelial dysfunction in at
least one non-intervened coronary artery at base-
line.

At baseline, vasoconstriction in response to the
highest dose of ACh (10* mmol/L) was 9.4 £ 2.3
and 14.3 £2.5% in the placebo and quinapril treat-
ment groups, respectively (nonsignificant differ-
ence between treatment groups). At the end of 6
months of treatment, the response to ACh 10~
mmol/L in the quinapril group had decreased by
12% t0 2.3 £ 2.5% (p < 0.002) [figure 3], whereas
no change was observed in the placebo group.
These responses were sustained even after cessa-
tion of oral therapy for 72 hours, and were ob-
served without any significant effect of quinapril
on systemic blood pressure. The vasodilatory re-
sponse to nitroglycerin (NO agonist) did not
change during the study, indicating that endothe-
lium-independent vasodilation was not affected by
quinapril treatment.

Recently, the effects of smoking status!’”! and
hyperlipidaemial’®! in patients involved in the
TREND study were evaluated. In the quinapril
group, the mean change in ACh (10~* mmol/L)-
induced response after 6 months of treatment was
16.6 and 10.5% in patients who were classified as
smokers (n = 15) and nonsmokers (n = 36), respec-
tively; in quinapril recipients with hyperlipidaemia
[low-density lipoprotein cholesterol (LDL-C)
>130 mg/dl; n = 31], the mean percentage change
in response was 13.2% compared with 10.5% in
patients with LDL-C <130 mg/dl (n = 19)[70]
[figure 3]. These results suggest that smokers or
patients with hyperlipidaemia may derive more
benefit from quinapril therapy.

Quinapril also improved impaired endothe-
lium-dependent FMD in patients with coronary ar-
tery disease in one randomised®! and one non-
randomised investigation.[”!
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Fig. 3. Changes in endothelial function in patients with coronary
artery disease after 6 months of treatment with quinapril 40 mg/
day or placebo in a randomised, double-blind trial.” Endothe-
lial function was assessed according to the mean change in
coronary artery diameter in response to acetylcholine 10~ mmol/L
(segment response); the net change in segment response after
6 months is provided for all patients as well as subgroups of
patients who were smokers, nonsmokers, normolipidaemic
[low-density lipoprotein cholesterol (LDL-C) <130 mg/dl] or
hyperlipidaemic (LDL-C >130 mg/dl).[7476.77]

In the Brachial Artery Normalization of Fore-
arm Function (BANFF) study,[%%1 80 patients with
coronary artery disease (>50% stenosis in at least
one major coronary artery) were randomised to
once-daily therapy with quinapril 20mg, enalapril
10mg, the calcium antagonist amlodipine 5mg or
the angiotensin II antagonist losartan 50mg. In this
nonblind, crossover study, each patient received
three of the four study drugs for 8 weeks each, with
a 2-week washout period between treatments. At
baseline, mean FMD was 7.3 + 0.6% with no sig-
nificant differences between treatment groups. At
the end of the study, FMD was significantly in-
creased by 1.8 = 1.0% (p < 0.02) with quinapril
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treatment whereas no change was observed with
losartan (0.8 = 1.1%; p = 0.57), amlodipine (0.3
0.9%; p=0.97) or enalapril (-0.2+0.8%; p =0.84)
[no significant differences between treatment
groups]. There was no significant effect on nitro-
glycerin-mediated (endothelium-independent) di-
lation in any group.

The improvements in FMD observed in quina-
pril recipients appeared to be related to the pres-
ence of the insertion (I) allele of the ACE genotype.
Improvements in FMD were observed only in pa-
tients with ID and II genotypes (3.3 + 1.2 and 3.2
+1.9%, respectively; p < 0.05 vs baseline for both),
whereas patients with the DD ACE genotype showed
no significant improvement (0.5 + 2.1%).

Similar positive effects of quinapril on FMD
were observed in another study involving ten pa-
tients with coronary artery disease who received
quinapril 20 to 40 mg/day for 8 weeks.[”>! At the
end of the study, FMD had increased from 2.4 +
0.4 to 10.8 = 2.2% (p < 0.001). Interestingly,
quinapril reduced baseline serum nitrate/nitrite
levels by 19+ 17% from 58.2£19.0t0 46.0 £ 13.3
umol/L (p < 0.01 vs baseline). Serum nitrate/nitrite
levels are thought to reflect, in part, luminal release
of NO;!78] therefore, an increase in serum nitrate/
nitrite levels might have been expected if NO syn-
thesis was increased by bradykinin-dependent
mechanisms. The effects of quinapril on endothe-
lial function in this study may be related to a reduc-
tion in NO degradation resulting from reduced in-
tracellular production of superoxide anions.[%°]
With reduced NO degradation, a negative feedback
system may reduce NO synthesis [7”) which would
account for reduced serum nitrate/nitrite levels.

2.4.3 In Patients with Hypertension

Quinapril has also been shown to improve FMD
in patients with hypertension in one small ran-
domised study.[% In this investigation, 26 patients
with mild to moderate hypertension received 3
months of once-daily treatment with quinapril
20mg (n = 15) or nitrendipine 10mg (n = 11). Al-
though treatment was not blinded, the investigators
analysing the ultrasound images were blinded to
the study phase and treatment assignments.
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At baseline, FMD in the brachial artery was
similar for patients in the quinapril treatment group
to that for patients in the nitrendipine treatment
group at baseline (1.7+2.8 and 1.1 £3.3%, respec-
tively), as was nitroglycerin-induced dilation (12.3
+ 4.8 and 11.0 £ 5.2%, respectively). After 3
months of treatment, FMD had increased to 5.8 +
4.7% in patients receiving quinapril (p < 0.005 vs
baseline) but was unchanged in patients receiving
nitrendipine (1.1 £3.9%; p <0.01 vs quinapril). No
changes in brachial artery diameter, flow ratio or
nitroglycerin-induced dilation were observed dur-
ing the course of the study. Plasma bradykinin lev-
els in the quinapril treatment group increased over
3 months (from 9.7 £2.8to 11.7 £ 1.9 pg/ml; p <
0.05) whereas these levels remained stable during
nitrendipine therapy (from 10.3£29t0o 11.4+1.9
pg/ml). Increases in bradykinin did not appear to
correlate with the increase in FMD observed in
these patients (r = 0.14). Likewise, increases in
FMD in the quinapril group did not correlate with
a reduction in blood pressure (r = 0.20); indeed,
both quinapril and nitrendipine decreased blood
pressure to a similar extent.

2.4.4 In Patients with Congestive Heart Failure

The effects of quinaprilat, the active metabolite
of quinapril, on endothelial dysfunction in patients
with congestive heart failure were investigated in
one randomised trial.[’3! In this study, 40 patients
with congestive heart failure [New York Heart
Association (NYHA) functional class II] received
an intra-arterial infusion of quinaprilat (1.6
pg/min; n = 15), enalaprilat (5 pug/min; n = 15) or
placebo (n = 10). These dosages were previously
found to be equipotent in inhibiting the formation
of angiotensin II from angiotensin I in the human
forearm circulation.”3) FMD was assessed both be-
fore and during administration of L-NMMA, an
inhibitor of endothelial synthesis of NO.

Following quinaprilat treatment, FMD increased
from 6.9 + 0.6 to 10.2 £ 0.6% (p < 0.01). In con-
trast, enalaprilat had no effect on FMD, even when
it was infused twice in the same dose (5 [Lg/min) or
increased up to 30 Lg/min; likewise, no change was
observed with placebo. When L-NMMA (7 umol/
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min) was administered alone, FMD was reduced.
The proportion of FMD inhibited by L-NMMA
(the proportion mediated by NO) was significantly
increased with quinaprilat treatment, from 2.5 +
0.5t05.61+0.6% (p <0.01), but not with placebo
or enalaprilat.

2.5 Effects on Autonomic Function

Angiotensin II is known to interact with the
sympathetic nervous system by potentiating the re-
lease and increasing reuptake of norepinephrine by
the sympathetic nerve terminals.””! Therefore, ACE
inhibitors may reduce sympathetic hyperactivity, a
hallmark of progressive heart disease.[®!

Studies in normotensive and hypertensive indi-
viduals showed that sympathetic and parasympa-
thetic mediation of heart rate and blood pressure
were not affected®%8!1 or were only slightly af-
fected®?! by quinapril. However, recent studies suggest
that quinapril may have a role in reducing sympa-
thetic hyperactivity following myocardial infarc-
tion.!83-86] [n these patients, quinapril appears to en-
hance heart rate variability recovery.3+851 This
may help to improve prognosis in these patients
since decreased heart rate variability after myocar-
dial infarction is recognised as a strong predictor
of arrhythmic events, sudden death and total mor-
tality.[871

In one study,¥*1 60 patients with uncomplicated
acute myocardial infarction were randomised to re-
ceive quinapril 5 to 10 mg/day (n = 25), metoprolol
25 to 100 mg/day (n = 25 ) or placebo (n = 10) for
=] month following acute myocardial infarction;
patients with stable coronary artery disease (n =
20) and age-matched healthy volunteers (n = 20)
were included as controls. Using power spectral
analysis, heart rate variability indexes were as-
sessed 5 days after the onset of uncomplicated
myocardial infarction (baseline) and again after 30
days of treatment. As expected, baseline heart rate
variability was significantly decreased in patients
with myocardial infarction compared with the con-
trol groups. By the end of the study, both the time
and frequency domain heart rate variability indices
were significantly improved in patients receiving

© Adis Infernational Limited. All rights reserved.

quinapril or metoprolol versus those receiving pla-
cebo (p < 0.05 vs placebo; no significant differ-
ences were observed between quinapril and metop-
rolol treatment groups). In addition, a significant
reduction in the ratio of low- to high-frequency
power was seen with both treatments, which signi-
fies a restoration in sympathetic-parasympathetic
balance. The effects of quinapril and metoprolol
appeared to peak during the late morning and eve-
ning hours, when autonomic function was most ad-
versely affected. [83]

Similar results were found in another random-
ised study by the same investigators evaluating the
effects of various ACE inhibitors on heart rate vari-
ability.[%) Compared with patients receiving pla-
cebo (n = 15), those receiving quinapril (10 mg/
day; n = 15), captopril (37.5 mg/day; n = 15)
and lisinopril (10 mg/day; n = 15), but not enalapril
(10 mg/day; n = 15) or cilazapril (2.5 mg/day; n =
15) showed significant improvements in post-
myocardial infarction heart rate variability over 30
days of treatment.[83]

In another randomised investigation,# quina-
pril improved cardiopulmonary baroreflex (CPB)
control of sympathetic activity and reduced sym-
pathetic hyperactivity in patients with uncompli-
cated myocardial infarction. CPB provocation was
performed 5 days after the onset of acute myocar-
dial infarction in 30 patients who then received
quinapril 10mg once daily or placebo for 5 days.
At day 10, CPB sensitivity had increased in both
groups, from 14.0 + 6.0 to 34.0 = 12.6% in placebo
recipients and from 17.1 + 7.4 to 58.2 + 36.4% in
patients receiving quinapril (p < 0.05 vs baseline
for both groups). However, CPB sensitivity at the
end of the study was significantly higher in patients
receiving quinapril than that observed in those re-
ceiving placebo (p < 0.05), as was the mean change
in CPB sensitivity (41 * 35% vs20 £ 10%; p <
0.05). In addition, the mean plasma norepinephrine
level was significantly decreased in patients re-
ceiving quinapril (from 416 +200 to 331 + 170 pg/
ml; p < 0.05) but these levels did not change in
patients receiving placebo.80]
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Quinapril has also shown beneficial effects in
improving sympathetic-parasympathetic balance
in patients with diabetic autonomic neuropathy.[88.8]

2.6 Renal Effects

In patients with hypertension, quinapril <40 mg/
day reduced renal vascular resistance with little or
no effect on renal blood flow or glomerular fil-
tration rate (GFR)[?! [reviewed by Plosker & Sor-
kin].’] However, a neutral effect on GFR has not
been demonstrated in all clinical studies. In one
noncomparative study, GFR was significantly in-
creased in 17 patients with mild to moderate hyper-
tension receiving 20 weeks of quinapril 5 to 20 mg/
day.l? In contrast, GFR and filtration fraction sig-
nificantly decreased in 19 patients with hyperten-
sion who received quinapril 10 to 40 mg/day for 1
year in another study; renal plasma flow remained
constant.[°1]

Quinapril has also been shown to reduce albu-
min urinary excretion rate (UAE) in patients with
diabetes mellitus and/or hypertension in clinical
trials (discussed in section 4.1.3 ). The antiprotein-
uric action of ACE inhibitors appears to be unre-
lated to their blood pressure-lowering effects.[%?]
This is possibly a result of reduced glomerular cap-
illary pressure seen with ACE inhibitor treatment,
which improves glomerular membrane selectivity.[*?]

In patients with congestive heart failure, quina-
pril increased renal and hepatic blood flow and re-
duced renal and hepatic vascular resistance without
changing GFR.[2994]

2.7 Metabolic Effects

Unlike other antihypertensive agents such as
diuretics and B-adrenoceptor antagonists,[®>! quina-
pril treatment either has no effect on®®! or improves
the lipid profile in patients with hypertension or
congestive heart failure. In one noncomparative
study investigating the effect of quinapril on blood
lipids, 16 weeks of quinapril 10 to 40 mg/day sig-
nificantly decreased total cholesterol and LDL-C
by 3.3 and 5.1% and increased high-density lipo-
protein cholesterol (HDL-C) by 5.9% in 98 patients
with mild to severe hypertension; a nonsignificant
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reduction in triglyceride levels was also ob-
served.[7] In another study including 15 patients
with hypertension and dyslipidaemia receiving
quinapril 20 mg/day for 6 months in combination
with a low lipid diet, mean total cholesterol, tri-
glycerides and LDL-C levels were reduced by 44,
29 and 39 mg/dl, respectively (p < 0.002 for all).[%8]
Improvements in blood lipids have been observed
in other clinical trials in patients with hyperten-
sion.[34:99-101]

In addition, quinapril <40 mg/day has shown
neutral or positive effects on glycaemic endpoints
in patients with hypertension!!90:102.1031 and/or dia-
betes mellitus.[193:104] In one randomised, double-
blind study in patients with type 2 diabetes mellitus
(n = 60) [also discussed in section 4.1.1],1104
quinapril 20mg once daily had no effect on blood
glucose levels, oral glucose tolerance and C-peptide
and insulin responses, whereas these parameters
significantly worsened in patients receiving meto-
prolol 100mg once daily over 24 weeks of therapy.
A small, but significant increase in glycosylated
haemoglobin (HbA ;) was observed in both treat-
ment groups, although the absolute increase tended
to be lower in the quinapril group (nonsignificant
difference).[104]

Quinapril may actually increase insulin sensi-
tivity in patients with hypertension. Following 3
months of quinapril treatment (10 to 20 mg/day)
vascular insulin sensitivity was significantly in-
creased in 11 patients with hypertension;!'%5! how-
ever, in another study,!'%! 12 weeks of quinapril
treatment (20 mg/day) had no significant effect on
insulin sensitivity, glucose effectiveness or B-cell
function in 17 obese men with mild to moderate
hypertension.

3. Overview of
Pharmacokinetic Propetrties

The pharmacokinetic properties of quinapril
have previously been extensively reviewed, 23! so
this section provides a brief overview. The pharma-
cokinetics of quinapril and quinaprilat in healthy
volunteers are outlined in table I.
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Table I. Pharmacokinetics of quinapril and quinaprilat in 12 healthy male volunteers receiving single oral doses!'%!

Parameter Quinapril dose (mg)

25 10 202 40 80
Crax (1g/L)
Quinapril ND 65 153 207 536
Quinaprilat 41 223 607 923 1760
tmax (h)
Quinapril ND 0.7 0.8 1.4 0.9
Quinaprilat 21 1.6 1.9 2.3 1.5
AUCo- (ug/L * h)
Quinapril ND 93 265 373 677
Quinaprilat 167 803 2423 3386 6212
ti (h)
Quinapril ND 0.78 0.88 0.92 0.83
Quinaprilat 21 1.8 2.2 1.9 1.9
UEo-72h (%)
Quinapril ND 37 3 3.1° 3.4
Quinaprilat 25 29 29 27° 29

a From a separate group of four volunteers.

b Urinary excretion was evaluated up to 24 hours after administration.

AUCy-.. = area under the plasma concentration-time curve from time zero to infinity; Cmax = maximum plasma concentration; ND = not
determined owing to low concentrations; tmax = time to reach Cmay; t1» = elimination half-life; UEe-72n = urinary excretion from time 0 to 72

hours after administration.

After oral administration of quinapril in healthy
volunteers, approximately 60% of the dose is ab-
sorbed and peak plasma concentrations (Cpax) are
observed within 1 hour. Following absorption,
quinapril undergoes rapid de-esterification, pri-
marily in the liver, to its major active diacid meta-
bolite, quinaprilat (=40% of oral dose),**! and two
minor, inactive diketopiperazine metabolites.[107]
Peak plasma concentrations of quinaprilat occur
within approximately 2 hours (table I).1107-109]
Both the parent drug and its metabolite show dose-
related increases in Cp,x after single (table I) or
repeated oral doses of quinapril 2.5 to 80mg;[107]
however, wide interindividual variation in C,x
has been reported.l? No accumulation of quinapril
or quinaprilat was noted in healthy volunteers
receiving quinapril 20 mg/day over 7 days, and
steady state plasma concentrations were achieved
within 3 days.!'7) In contrast to those of other ACE
inhibitors captopril and moexipril,[''% Cy,,, values
of quinapril and quinaprilat are not affected by

© Adis Infernational Limited. All rights reserved.

coadministration of food, although time to reach
Cmax may be increased by =30 minutes.[!07-111]
Quinapril and its metabolites are highly bound to
plasma proteins (=97%).12%:107]

Following oral or intraperitoneal administra-
tion, ['4C]quinapril distributed rapidly and exten-
sively to all tissues except the brain in animal stud-
ies.[29-1121 This extensive tissue distribution is short
lived in all tissues except those rich in ACE such
as the lungs and kidney.[!1?]

The mean elimination half-life of quinapril is 1
hour, whereas the mean elimination half-life of
quinaprilat is =2 hours. As observed with other
ACE inhibitors, the terminal elimination phase of
quinaprilat is prolonged (=25 hours),[?*113] pre-
sumably because of the slow release of quinaprilat
from ACE.!'%7] The primary route of elimination is
via the kidney: quinaprilat accounts for 30% of the
oral dose recovered in the urine, quinapril accounts
for 3% and the two diketopiperazine metabolites
account for 6% each. The remainder of the oral
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dose is eliminated in the faeces as unabsorbed
quinapril or by biliary excretion of quinapril and
its metabolites.[107]

3.1 Special Populations

The pharmacokinetics of quinapril have been
investigated in various populations including pa-
tients with renall!'4!191 or hepaticl'?] insuffi-
ciency, elderly patients,['2!] patients with conges-
tive heart failure!*!-122 and lactating mothers.[20]

Both renal and hepatic impairment have been
shown to affect the pharmacokinetic properties of
quinapril and quinaprilat. Compared with that in
volunteers with normal renal function,l''*! quina-
prilat half-life was prolonged in patients with renal
dysfunction (2.3 vs 11.3 hours), and quinaprilat
Chax and area under the concentration-time curve
(AUC) were increased (481 vs 1616 ug/L and 1856
vs 18700 ng « h/L). Similar changes were observed
for quinapril.[''# In volunteers with varying de-
grees of renal impairment, the half-life of quin-
aprilat increased as creatinine clearance (CLcRr)
decreased.'>-117I Chronic haemodialysis!! 1l or con-
tinuous ambulatory peritoneal dialysis!!!8! had
little effect on the elimination of quinaprilat in
patients with end-stage renal failure, with only a
small amount of quinaprilat being excreted in dia-
lysate (5.4 and 2.6% of the total quinapril dose,
respectively).

In a group of patients with hepatic insufficiency
resulting from cirrhosis,!"2%l mean quinaprilat Cy,x
and AUC values were 70 and 50% lower, respec-
tively, than those observed in patients with normal
hepatic function, presumably because of a reduced
rate and extent of quinapril metabolism to the ac-
tive moiety quinaprilat.l!20]

Elimination of quinapril and quinaprilat may be
reduced in patients with congestive heart failure
411221 and in elderly patients.l''21211 However,
these reductions appear to be related to a reduction
in renal function. In a study involving 12 patients
with congestive heart failure,['?2] CLcg was found
to be the major determinant of quinaprilat clear-
ance and the presence or severity of congestive
heart failure had a minimal effect. Similar results
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were observed in studies in elderly patients.[!12.121]
In a review of two unpublished studies,!' 2! quina-
prilat Cp,ox and AUC were 27 and 50% higher, re-
spectively, in elderly patients with mild hyperten-
sion (mean age 73 years) than those in younger
individuals (mean age 25 years). These results
were consistent with the fact that CLcg was lower
in elderly than in younger subjects (mean of 62 vs
99 ml/min).[''?] In another study involving eight
elderly patients (mean age of 76 years) with hyper-
tension,!'?!] a small increase in quinaprilat AUC
was observed over 8 days of quinapril 10mg ad-
ministration: AUC increased from 1650 ug e h/L
after the first quinapril dose to 1823 g« h/L on
day 8 (p < 0.05); however, the investigators con-
sidered this difference small and of no clinical sig-
nificance.

A recent study in breast-feeding human mothers
showed that the quinapril dose reaching the infant
is very low. In this study (n = 6 lactating mothers),
only 1.6% of the maternal quinapril dose (20mg)
reached the infant. The milk to plasma concentra-
tion ratio for quinapril was 0.12 [95% confidence
interval (CI): 0.009 to 0.14], and no quinapril was
detected in the milk after 4 hours. Furthermore, no
quinaprilat was detected in any of the milk samples.
These results suggest that quinapril may be used
during breast-feeding;'231 however, the effect of
such small doses of quinapril on the developing
infant are not known so caution is advised when
this drug is given to nursing women.[?]

3.2 Drug Interactions

The pharmacokinetics of quinapril are not af-
fected by concomitant administration of HCTZ,
propranolol or cimetidine. In addition, quinapril
did not affect the pharmacokinetics of digoxin or
HCTZ or the anticoagulant effect of warfarin.[?!
However, coadministration of quinapril and tetra-
cycline can result in reduced oral absorption of the
latter, possibly due to binding of tetracycline with
magnesium in the quinapril tablet formulation;?*!
this interaction can be avoided if tetracycline is ad-
ministered 2 to 3 hours before or after quinapril.['?4]
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4. Therapeutic Efficacy

The therapeutic efficacy of quinapril was exten-
sively reviewed in Drugs in 1990 2l and in 1994.53]
Several studies have since been published confirm-
ing the efficacy of quinapril in patients with hyper-
tension (section 4.1) and congestive heart failure
(section 4.2); two large studies have also investi-
gated the role of quinapril in patients with coronary
artery disease (section 4.3).

4.1 Hypertension

In general, clinical studies investigating the anti-
hypertensive effects of quinapril monotherapy
(section 4.1.1) included patients with mild to mod-
erate hypertension (patients with DBP 95 to
120mm Hg and/or SBP >140mm Hg following a
2- to 6-week washout period), whereas patients
with more severe disease received combination
therapy with quinapril plus a diuretic, usually HCTZ
(section 4.1.2). In the majority of trials, dosages
were titrated to response at intervals of 2 to 6
weeks, although dosages were fixed in some stud-
ies. Most trials investigated once-daily dosages
over the range of 10 to 40mg; however, twice-daily
dosing up to 80 mg/day was used in some studies,
and a diuretic was added if blood pressure re-
mained elevated in some investigations. Quinapril
was administered orally in all clinical studies.

Patients responding to treatment were usually
defined as those with a DBP of <90mm Hg and/or
areduction of 210mm Hg from baseline.

4.1.1 Monotherapy

As reported in the previous reviews of quinapril
in Drugs,”>31 quinapril 10 to 80 mg/day consistently
produced statistically and clinically significant re-
ductions in blood pressure in patients with mild to
moderate hypertension in randomised, placebo-
controlled trials. In the largest of these studies (n
= 270),[1251 SBP/DBP was reduced by a mean of
17.1/11.1mm Hg in patients receiving quinapril 20
to 80mg once daily over 12 weeks compared with
0.4/1.2 in those receiving placebo, with 58 vs 11%
of patients showing a response (p < 0.05 vs pla-
cebo).[2:3.125]

© Adis Infernational Limited. All rights reserved.

The efficacy of quinapril in patients with mild
to moderate hypertension has since been further
established in a number of randomised and non-
comparative investigations (see later in this sec-
tion).

Comparative Trials

To date, the antihypertensive efficacy of quina-
pril in patients with mild to moderate hypertension
has been compared with that of other ACE inhibi-
tors (enalapril,[126-128] captoprill'29:139] and lisino-
prill32:34.100.1311') a5 well as other classes of agents
including B-adrenoceptor antagonists (atenolol
and 132133 metoprolol!' 941341 and calcium antag-
onists (nifedipine,'35! amlodipine!!3% and nitren-
dipine!!'37)). Quinapril has also been compared with
captopril and enalapril in patients with moderate
to severe hypertension who were receiving con-
comitant diuretic therapy (discussed in section
4.1.2)_[138-140]

Many of these investigations have been dis-
cussed in depth in the previous reviews of quina-
pril;231 however, a brief synopsis of these older
trials, in addition to the results of recent studies
(shown in table II) are discussed below.

As outlined in the previous reviews, once-daily
treatment with the same dosages of quinapril or
enalapril (10 to 40 mg/day) produced similar re-
ductions in DBP and SBP over 12 to 28 weeks of
treatment in three randomised, double-blind stud-
ies (n = 53 to 258).1126-1281 Similarly, quinapril 10
to 40 mg/day once or twice daily was at least as
effective as captopril 25 to 150 mg/day twice or
three times daily in reducing DBP in two, 12-week
randomised, placebo-controlled trials (n = 40 and
403).0129:1301 Quinapril 10mg once daily was also
shown to produce superior blood glucose lowering
effects to lisinopril 10mg once daily in a 12-week,
randomised, double-blind study in patients with
mild to moderate hypertension (n = 47);34 how-
ever, quinapril (20 to 40mg once daily) was not as
effective as lisinopril (10 to 20mg once daily) in
another 8-week, randomised, nonblind investiga-
tion involving 23 patients with mild to moderate
hypertension.[32! Since the previous review of
quinapril was published in 1994,53! two additional
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Table Il. Recent clinical trials? comparing the antihypertensive efficacy of quinapril (Q) monotherapy with other antihypertensive agents in
patients (pts) with mild to moderate hypertension®

Reference No. of
evaluated (duration of treatment)

(study design)
pts

Dosage regimen

Mean reduction in baseline SBP/DBP
(mm Hg) [type of measure]

Response rate (%)°

Compared with lisinopril (L)

Langan et al.['32d 36 Q 5-40mg od (26 wks)
(r, db, pl, mc) 39 L 2.5-20mg od (26 wks)
Montero Carrasco 25 Q 10-20mg od (8 wks)
et all101e

(r, nb, pl) 25 L 10-20mg od (8 wks)

Compared with $-adrenoceptor antagonists

Ostman et al. [101f 26 Q 20mg od (24 wks)

(r, db, pl, mc) 34 M 100mg od (24 wks)
Rosenthal et al.[3519 5053 Q 10-40mg od (12 wks)
(r, db, pl)

506 M 50-200mg od (12 wks)

Compared with calcium antagonists

Ding et al.[37] 27 Q 10-40mg od (10 wks)
(r, db, co) A 5-10mg od (10 wks)

Schulte et al.[138]] 52 Q 10-40mg od (24 wks)
(r, db, pl, mc) 50 N 10-40mg od (24 wks)

22/14.3*** [sitting] 75

21.1/15.5*** [sitting] 69.2

24.6***/18*** [sitting] NR

10.6*/3.5* [24h ABP]

20***/18.8*** [sitting] NR

30.8***/11.6*** [24h ABP]

15***/10*** [supine] 77

11714 [supine] 85

NR 62.3/62.9
(men/women)”

NR 65.8/62.6
(men/women)"

10***/6*** [24h ABP] NR

15***/9*** [24h ABP] NR

14*/13** [sitting] 70

1511+ [sitting] 63

a Published since the last review of quinapril.[%!

Article in Spanish.

- ® O O T

Classified as DBP 90 to 109;19:1371 95 to 114;[135.138 or 100 to 120mm Hg.[132
Patients whose DBP was reduced to <90mm Hg or by >210mm Hg.
Study in elderly patients (aged 60 to 75 years; mean ~67 years).

Patients with type 2 diabetes mellitus and hypertension (severity of hypertension not stated); this study also evaluated glycaemic

control (discussed in section 2.7) and changes in urinary albumin excretion (section 4.1.3).

Primary endpoint in this study was incidence of adverse events.

Article in German.

g

h Based on the results of 4846 patients (87%) who completed the entire 12 weeks of treatment.
i

A

= amlodipine; ABP = ambulatory blood pressure; co = crossover; db = double-blind; DBP = diastolic blood pressure; M = metoprolol; me
= multicentre; N = nitrendipine; nb = nonblind; NR = not reported; od = once daily; pl = parallel group; r = randomised; SBP = systolic blood
pressure; * p < 0.05, ** p < 0.01, *** p < 0.001 vs baseline; 1 p < 0.05 between treatment-group difference, p < 0.05 vs Q.

studies have compared the antihypertensive effi-
cacy of quinapril (5 to 40mg once daily) with
lisinopril (2.5 to 20mg once daily) in mild to mod-
erate hypertension (table II).1190:131]1 In both these
investigations, reductions in sitting or clinical blood
pressure were similar between treatment groups;
however, lisinopril produced slightly greater re-
ductions in mean 24-hour ambulatory blood pres-
sure than quinapril in one study!% (table II).

In previous double-blind, randomised compari-
sons with the [-adrenoceptor antagonist atenolol
(50 to 100mg once daily), quinapril (20 to 40mg

© Adis Infernational Limited. All rights reserved.

once daily) showed similar efficacy to this agent in
patients with mild to moderate hypertension in one
study (n = 50);[1331 however, lower doses of quina-
pril (10 to 20mg once daily) appeared to be less
effective in controlling 24-hour ambulatory blood
pressure than atenolol (50 to 100mg once daily) in
patients with moderate to severe hypertension in
another trial (n = 44).11321 Quinapril has since been
been compared with another B-adrenoceptor antag-
onist metoprolol in two studies (table II).[104.134] I
the larger of these studies,!'3*1 patients with mild to
moderate hypertension were randomised to receive
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once-daily therapy with quinapril 10 to 40mg (n =
5053) or metoprolol 50 to 200mg (n = 506) in a
double-blind fashion for 12 weeks. Although anti-
hypertensive efficacy was not the primary end-
point in this study (tolerability was), responder
rates were similar for both the quinapril and
metoprolol treatment arms (62.3 and 65.8% for
men and 62.9 and 62.6% for women in an intent-
to-treat analysis). No data on specific changes in
blood pressure values were reported in this trial.

In the other investigation,1%4 72 patients with
type 2 diabetes mellitus and hypertension (mean
baseline SBP/DBP 163 to 171/98mm Hg) were
randomised to receive quinapril 20mg or meto-
prolol 100mg for 6 months. SBP and DBP were
significantly reduced from baseline in both treat-
ment groups, but the reduction in DBP was more
pronounced (p < 0.05) with metoprolol (table II).
In contrast with quinapril, metoprolol was associ-
ated with a worsening of glycaemic control (sec-
tion 2.7).

Quinapril also shows similar antihypertensive
efficacy to various calcium antagonists.[135-1371 Ag
outlined in the previous review,P! once-daily
quinapril (5 to 20 mg/day) produced comparable
reductions in SBP and DBP levels to twice-daily
therapy with sustained-release nifedipine (20 to 80
mg/day) in patients with mild to moderate hyper-
tension over 16 weeks in a large randomised, double-
blind study (n = 339).01351 In addition, recent stud-
ies indicate that once-daily quinapril (10 to 40 mg/
day) has similar antihypertensive efficacy to once-
daily amlodipine (5 to 10 mg/day)'3¢ and ni-
trendipine (10 to 40 mg/day)!'37 in patients with
mild to moderate hypertension (table II).

Noncomparative/Observational Trials

In recent large noncomparative investiga-
tions,l141-1431 quinapril 10 to 80 mg/day produced
pronounced reductions in blood pressure over 2 to
6 months of treatment in patients with mild to
moderate hypertension, and showed similar effi-
cacy in elderly patients and/or those with diabetes
mellitus.

In the largest, fully published investigation
(the EUREKA study),4!1 8 weeks of once-daily
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therapy with quinapril 40mg significantly im-
proved blood pressure control in 6082 patients
with poorly controlled hypertension. Overall,
blood pressure was reduced by a mean of 25/15mm
Hg (p < 0.001vs baseline for SBP and DBP). As
shown in figure 4, significant improvements in
SBP and DBP were observed regardless of previous
treatment. Control of DBP (£90mm Hg) was
achieved in 90% of patients, adequate control of SBP
(<140mm Hg) was achieved in 56% of patients and
54% achieved adequate control of both DBP and
SBP. Significant improvements were also observed
in a subgroup of 1266 hypertensive patients with
diabetes mellitus. At the start of the trial, fewer
than 1% of these patients had blood pressure levels
<135/85mm Hg but after quinapril treatment, 65%
had achieved DBP <85mm Hg, 21% had SBP
<135mm Hg and 19% had achieved both. Overall,
blood pressure was reduced by a mean 25/14mm
Hg in these patients [p < 0.0001 vs baseline].
Similar results were found in another non-
comparative study investigating the antihyperten-
sive efficacy of quinapril 10 to 80 mg/day in
10 782 patients with mild to moderate hyperten-
sion (the ASCEND study).[143-1451 This trial has not
yet been published in full, but results from a mod-
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Fig. 4. Mean reduction from baseline in systolic (SBP) and di-
astolic blood pressure (DBP) after treatment with quinapril 40
mg/day in patients with poorly controlled hypertension pre-
viously treated with captopril (mean dosage 72 mg/day, n =
611), enalapril (mean dosage 23 mg/day, n = 634), quinapril
(mean dosage 23 mg/day, n = 354), calcium antagonists (CA)
[n = 679], diuretics (n = 591), or others (n = 1224) in a non-
comparative trial. All values are significantly different from base-
line (p < 0.0001).0141]
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ified intent-to-treat population (n = 9384) treated
for 12 weeks are available in abstract form. Overall,
blood pressure was reduced by 22/12.5mm Hg and
blood pressure control (SBP/DBP <140/90mm Hg)
was achieved in 54.2% of the intent-to-treat popu-
lation. In the 5367 patients who completed 12 weeks
of therapy, blood pressure control was achieved in
=72%. This study also evaluated the response to
quinapril treatment in various subpopulations. As
illustrated in figure 5, elderly (aged 65 to 74 years)
and very elderly (aged =75 years) patients achieved
comparable control rates to those seen in younger
patients, which is consistent with results observed
in previous studies.[!46-148] In addition, no gender
bias was found, and patients with diabetes mellitus
had similar control rates to that in the total popula-
tion (figure 5). However, control rates in African-
American patients were slightly lower than those
in Caucasians (figure 5). Indeed, a reduced antihy-
pertensive response in African-American versus
Caucasian patients is a common finding with ACE
inhibitor therapy.!'49]

In another study, 752 patients with mild to mod-
erate hypertension received quinapril 10 to 40 mg/
day for 12 weeks.['59 Overall, mean SBP/DBP de-
creased by a mean of 28/19mm Hg (p < 0.0001)
and 67.1% of the 711 patients completing the study

Patients controlled (%)

showed a response (SBP/DBP <140/90mm Hg or
a reduction in SBP of 220mm Hg). By the end of
the trial, 395 patients required 10 mg/day, 260 re-
quired 20 mg/day and only 56 patients (7.9%) re-
quired 40 mg/day.

In another investigation, the antihypertensive
efficacy of once-daily quinapril 10 to 40mg was
maintained over 6 months of treatment in 3742 pa-
tients with mild to moderate hypertension. In this
study,!!*?] patients who received quinapril either as
a monotherapy (78%) or in combination with other
therapy (22%) had their blood pressure reduced
from 161/98mm Hg to 145/88mm Hg at 3 months
and to 144/87mm Hg at 6 months.

Most large-scale clinical trials have been <6
months in duration, but available data in a limited
number of patients show that the blood pressure-
lowering efficacy of quinapril is maintained over
1,91.99.134,1511 21431 or 30461 years of treatment.

Effect of Dose-Titration Interval

The dosage titration interval may influence the
antihypertensive response to quinapril. As pre-
viously reviewed by Wadworth & Brogden,!?! the
response rate to quinapril 10 to 20mg was report-
edly >70% when the titration interval was 4 weeks
and 60 to 70% when the interval was shorter. Sim-
ilar results were found in a recent large, random-

Overall
(100)

<65y
(71.2)

65-74y
(19.7)

>75y
(9.2)

Male

(48.2)

Female Caucasian African-
(51.8) (80.4) American
(12.4)

Diabetic
(9-2)

Hispanic
(4.3)

Patient group (percentage of population)

Fig. 5. Effect of age, sex, ethnicity and diabetic status on blood pressure (BP) control rate in a large, prospective, noncomparative
trial involving 9384 patients receiving quinapril 10 to 80 mg/day for 12 weeks.['43 BP control was defined as systolic/diastolic BP

<140/90mm Hg.
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ised, prospective study comparing fast (every 2
weeks) versus slow (every 6 weeks) titration of
quinapril in 2935 patients with mild to moderate
hypertension.[!52]

In this investigation, therapy with quinapril was
initiated at a dose of 20mg once daily; this dose
was then doubled over two clinic visits until blood
pressure was <140/90mm Hg or a dose of 80mg
was reached. By the third clinic visit (week 6 for
the fast titration group and week 18 for the slow
titration group), the mean reduction in SBP and
DBP and the blood pressure response and control
rates were significantly greater in the slow- versus
fast-titration group (figure 6). However, a greater
proportion of patients randomised to the fast titra-
tion sequence were still on quinapril treatment at
visit three (73.7 vs 64.5%).[152]

4.1.2 Combination Therapy

A large percentage of patients with hyperten-
sion require a combination of antihypertensive
drugs to achieve the recommended targets for
blood pressure control. Indeed, it is estimated that
fewer than half of all patients with hypertension
achieve adequate control with monotherapy and
=33% require three or more drugs.[!153-153]

As with other ACE inhibitors, concomitant
therapy with a thiazide diuretic enhances the anti-
hypertensive efficacy of quinapril. Results of pre-
vious clinical trials show that the addition of a di-
uretic (usually HCTZ) to quinapril monotherapy
increases the response rate from =50% to =70 to
90% in patients with hypertension (reviewed by
Plosker & Sorkin®! and Wadworth & Brogden!?)).

As reported in the previous reviews,?3!
quinapril 10 to 40mg twice daily was at least as
effective as other ACE inhibitors captopril (50 to
200mg twice daily)['3¥and enalapril (10 to 40mg
twice daily)[!38 at reducing DBP when these
agents were added to diuretic therapy (HCTZ or
chlorthalidone 25 mg/day) in patients with moder-
ate to severe hypertension (DBP 2105mm Hg dur-
ing diuretic therapy or 21 15mm Hg during placebo
treatment) in two randomised, double-blind trials
(n=170and 172). Indeed, once-daily quinapril (10
to 40 mg/day) produced similar reductions in DBP
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Fig. 6. Slow versus fast titration of quinapril. Mean reductions
from baseline in systolic (SBP) and diastolic blood pressure
(DBP), and response and control rates in patients undergoing
slow (every 6 weeks) or fast (every 2 weeks) titration of quinapril
(10 to 80mg once daily). A response was defined as a reduction
of <10mm Hg in SBP or SBP/DBP <130/85mm Hg and blood
pressure control was defined as SBP/DBP <140/90mm Hg; final
measures were taken after three visits (week 18 and week 6 for
slow and fast titration, respectively); * p < 0.05 vs fast titra-
tion.[52]

to twice-daily captopril (50 to 200 mg/day) in an-
other randomised, double-blind study in patients (n
= 195) with moderate to severe hypertension re-
ceiving concomitant HCTZ (25 mg/day).[138]

More recently, two randomised, double-blind
trials have compared the antihypertensive efficacy
of quinapril and HCTZ monotherapy with that of
these agents combined.['92.150] [n both these stud-
ies, quinapril and HCTZ combination therapy was
significantly more effective at lowering blood
pressure than either drug as monotherapy over 8
weeks of treatment in patients with moderate to
severe hypertension (DBP =105 and <120mm Hg
at the end of a 2- to 4-week placebo baseline period
during which other antihypertensive medication
was withdrawn) [table III].

4.1.3 Renoprotective Effects

Microalbuminuria (abnormally elevated UAE)
is considered to be a marker of glomerular damage
that strongly predicts the development of overt pro-
teinuria and progressive renal dysfunction.[93:157]
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Table lll. Antihypertensive efficacy of quinapril (Q) combined with hydrochlorothiazide (HCTZ) versus that of either drug as monotherapy in
two randomised, double-blind, placebo-controlled trials in patients (pts) with moderate to severe hypertension?

Reference No. of Dose regimen (duration of treatment) Mean reduction in baseline SBP/DBP  Response
evaluated (mm Hg)® rate (%)°
pts

Lenz et al.[15%d 101 Low-dose: Q 10mg od (4 wks) Low-dose: 13.1*/12.1* 66

High-dose: Q 20mg od (4 wks) High-dose: 19.7*/17*
109 Low-dose: HCTZ 12.5mg od (4 wks) Low-dose: 11.6*/12.5* 70

High-dose: HCTZ 25mg od (4 wks) High-dose: 20.4**/17.2**

108 Low-dose: Q 10mg + HCTZ 12.5mg (4 wks) Low-dose: 17.7/14.6 72

High-dose: Q 20mg + HCTZ 25mg (4 wks) High-dose: 27.1/19.5
Romero et al.['%% 96 Q 20mg od (8 wks) 13.24/12.1* 65
96 HCTZ 12.5mg od (8 wks) 12.4*/11.0* 53*
99 Q 20mg + HCTZ 12.5mg (8 wks) 17.6/14.4 69

a Patients with supine DBP >105mm Hg and <120mm Hg after 2 to 4 weeks of placebo treatment; baseline SBP/DBP for all patients

ranged from 167 to 173/109 to 110mm Hg.
b Supine blood pressure at trough.

¢ Patients whose DBP was reduced by >10mm Hg at last evaluable visit.

All patients received low-dose therapy for the first 4 weeks and then 88% received high-dose therapy (forced titration) for the following
4 weeks (91 patients in Q monotherapy group; 94 in HCTZ monotherapy group and 99 in combination group).

DBP = diastolic blood pressure; od = once daily; SBP = systolic blood pressure; * p < 0.05, ** p < 0.001 vs same-dose combination therapy.

In patients with hypertension and/or diabetes mel-
litus, elevated UAE is also associated with a greater
incidence of cardiovascular events.[157-158]

Lowering blood pressure reduces UAE in pa-
tients with hypertension; however, it is thought that
ACE inhibitors have additional antiproteinuric ef-
fects that go beyond their blood pressure-lowering
action.’>1591 ACE inhibitors have been shown to
reduce UAE and slow the progression of overt ne-
phropathy in patients with diabetic or nondiabetic
nephropathy to a greater extent than other antihy-
pertensive agents, despite a similar blood pressure-
lowering effect.[92:93:159.1601 ACE inhibitors have
also produced greater reductions in UAE than other
commonly used antihypertensive agents in patients
with hypertension,[161-165] but this has not been
demonstrated in all trials.[157:166]

The effects of quinapril on UAE in patients with
hypertension and/or diabetes mellitus are discussed
below.1,167]

Comparative Trials

The effect of quinapril on UAE in patients with
hypertension was similar to that of captoprill!®7]
and metoprolol'% and greater than that of HCTZ
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and/or atenolol!®! in three small randomised com-
parative trials.

In the first of these investigations,!'®”! quinapril
10 to 40mg once daily and captopril 25 to 75mg
twice daily produced significant and comparable
reductions in UAE in patients with mild to moder-
ate hypertension over 12 weeks of treatment. Mean
baseline UAE was reduced from 79.2 to 47.5 mg/
24h (p = 0.031) and from 85 to 59 mg/24h (p =
0.025) in patients receiving quinapril (n = 17) or
captopril (n = 17), respectively.

In another randomised, double-blind study,194!
(also discussed in section 2.7 and section 4) the
effect of 6 months of once-daily quinapril 20mg or
metoprolol 100mg on UAE in patients with type 2
diabetes mellitus was evaluated in a small group of
individuals with baseline microalbuminuria (UAE
30 to 300 mg/24h) or macroalbuminuria (UAE
>300 mg/24h). In these patients, baseline UAE was
reduced from 11 to 7 mg/24h in quinapril recipients
(n =7) and from 14.8 to 8 mg/24h in metoprolol
recipients (n = 11) [nonsignificant difference from
baseline in both treatment groups].

In another study,®] the effects of quinapril on
renal function were compared with those of HCTZ
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and/or atenolol in a group of 40 patients with hy-
pertension. Patients who had already achieved ad-
equate blood pressure control with diuretics and/or
B-adrenoceptor antagonists but had an elevated
UAE (30 to 300 mg/24h) were randomised to con-
tinue with their previous therapy with HCTZ (25
to 50 mg/day) and/or atenolol (50 to 100 mg/day)
or switch to quinapril therapy (10 to 40mg once
daily). After 1 year of treatment, both treatment
groups showed similar and significant improve-
ments in blood pressure control: mean baseline
blood pressure was reduced by a mean of 17/12mm
Hg (p < 0.01) in patients receiving HCTZ and/or
atenolol and by 23/17mm Hg (p < 0.01) in patients
receiving quinapril. However, significant reduc-
tions in UAE were observed only in the quinapril
group. In quinapril recipients, UAE decreased
from 68.5 to 47.2 mg/24h (p = 0.05 vs baseline),
whereas UAE increased in patients receiving
HCTZ and/or atenolol from 59.1 to =78 (endpoint
estimated from graph). GFR and filtration fraction
were also significantly reduced in quinapril recip-
ients (p < 0.05) and renal plasma flow remained
unchanged in both groups.[°!]

Noncomparative Trials

Quinapril also significantly reduced blood pres-
sure and UAE in patients with hypertension, in-
cluding some patients with type 2 diabetes melli-
tus, in two noncomparative investigations.

In the largest of these studies,[!%81 213 patients
with mild to moderate essential hypertension
(without evidence of diabetes mellitus) received
quinapril 10 to 40 mg/day or quinapril 20 mg/day
plus HCTZ 12.5 mg/day. After 12 weeks of treat-
ment, blood pressure was reduced by a mean of
11/10mm Hg (from 155/102 to 144/92mm Hg; p =
0.001). This decrease was accompanied by a sig-
nificant reduction of 6.1 mg/24h in UAE (from
20.6 to 14.5 mg/24h; p = 0.0001) in patients
whose UAE was <300 mg/24h at baseline (n = 165
of 175 evaluable patients). UAE was most consis-
tently decreased in patients who were considered
proteinuric (UAE >300 mg/24h; n = 10) or micro-
albuminuric (UAE 30 to 300 mg/24h; n = 34) at
baseline, although UAE was also reduced in pa-
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tients with normal renal function (UAE <30 mg/
24h; n = 131): reductions in UAE were observed
in 90, 79 and 60% of these patients, respectively.
Mean reductions in UAE for these patient groups
are shown in figure 7. Overall, 19 patients who
were microalbuminuric at baseline experienced a
decrease in UAE to within the normal range; six
patients in the normal range became microalbu-
minuric and one microalbuminuric patient shifted
to the proteinuric range. No significant changes in
plasma creatinine or CLcr were evident in patients
with UAE <300 mg/24h.[168]

Reductions in baseline UAE were seen in all
dosage groups (34.3% reduction in patients receiv-
ing 10 to 20 mg/day, 29.5% in those receiving 40
mg/day and 14.0% in those receiving combination
therapy) and all age groups (11.8% reduction in
patients aged <45 years, 29.8% in those aged 46 to
64 years and 37.5% in those aged >65 years).

750 o [ Baseline
700 4 B Endpoint
650 -
600
550
500
450
400 -
350
300
250
200
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0 Pr——

Normal Microalbuminuric

UAE (mg/24h)

Proteinuric

Fig. 7. Mean change in urinary albumin excretion rate (UAE)
with quinapril in patients with varying renal status. Data are from
175 patients [131 with normal UAE (<30 mg/24h); 34 with
microalbuminuria (30 to 300 mg/24h); 10 with proteinuria (>300
mg/24h] for whom urinary data are available at both baseline
and endpoint; patients received quinapril 10 to 40 mg/day or
quinapril 20 mg/day plus 12.5 mg/day hydrochlorothiazide for
12 weeks.[18]
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In the other investigation,!'9! the effect of once-
daily quinapril 10 to 40mg on blood pressure, UAE
and glucose profiles was investigated in 30 patients
with hypertension and 24 patients with hyperten-
sion and type 2 diabetes mellitus. Following 8
weeks of treatment, the mean reduction in baseline
SBP/DBP was similar for patients with hyperten-
sion and those with hypertension and diabetes mel-
litus (22/20 and 22/18mm Hg, respectively; p =
0.01 vs baseline for both). In addition, mean UAE
was significantly reduced from 39.6 to 16.7 mg/
24h (p < 0.05) in patients with hypertension and
from 46.8 to 21.2 mg/24h (p < 0.05) in patients with
hypertension and diabetes mellitus. At baseline,
63% of patients had normal UAE (<21 mg/24h),
31% were microalbuminuric (UAE >21 to 216
mg/24h) and 6% had proteinuria (UAE >216
mg/24h). The reduction in UAE observed with
quinapril was directly correlated with baseline
UAE (r = 0.706; p < 0.05) and was not correlated
with changes in SBP, DBP or mean arterial blood
pressure in either group of patients. Quinapril had
no effect on insulin sensitivity, as indicated by the
integrated insulin and glucose responses to an oral
glucose load, and by the plasma glucose/plasma
insulin index.

4.2 Congestive Heart Failure

Numerous studies have demonstrated that quina-
pril <40 mg/day, either alone or as an add-on to
existing therapy, produces beneficial haemody-
namic33-3°1 and echocardiographic changes3940]
and improves exercise tolerance,[3%-37:39.40,169,170]
symptoms37-1711 and disease severity17%.1711 in pa-
tients with congestive heart failure, including those
who were resistant to previous digitalis and/or di-
uretic therapy. Beneficial effects of quinapril were
maintained for up to 1 year of continued treatment
(reviewed by Wadworth & Brogden! and Plosker
& SorkinB3). The beneficial effects of quinapril on
exercise tolerance appear to be dose related, and
improvements in exercise duration generally re-
quire dosages of 20 to 40 mg/day.[>]

Although beneficial effects of quinapril on sur-
vival have not been demonstrated, the beneficial
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effects of other ACE inhibitors in reducing morbid-
ity and mortality in patients with congestive heart
failurel!72-1751 or LV dysfunction after myocardial
infarction!!76-180] are well established. Further-
more, available evidence suggests that there are no
differences among available ACE inhibitors in
their effects on symptoms, clinical status, mortality
or disease progression.['31:1821 Tn a meta-analysis of
>30 published and unpublished randomised,
placebo-controlled trials investigating the effects
of ACE inhibitor therapy in >7000 patients (includ-
ing five trials with 875 patients using quinapril),18!]
the rates of mortality and hospitalisations associ-
ated with congestive heart failure were consistent
among the various ACE inhibitors.

Since the previous review, three studies have
compared the effects of quinapril with another
ACE inhibitor, captopril.[183-185]

Two of these studies were randomised, placebo-
controlled, double-blind investigations which in-
cluded 14611831 and 13101841 patients with mild to
moderate congestive heart failure (NYHA func-
tional classes I to III). After a 2-week placebo
washout period during which other antihyperten-
sive therapy (excluding existing diuretic and/or
digitalis therapy) was discontinued, patients were
randomised to receive quinapril 10 to 20mg once
daily or captopril 25 to 50mg twice daily (typical
maintenance dosages for these agents)!'8! for a pe-
riod of 10U84] or 1201831 weeks. In both studies,
captopril and quinapril improved the signs and
symptoms of heart failure and improved exercise
capacity and echocardiographic parameters to a
similar extent (table IV). Furthermore, in one
study, NYHA functional class was improved with
both agents (figure 8);!'841 however, quinapril ap-
peared to be more effective than captopril in reduc-
ing the number of patients with NYHA functional
class IIT heart failure. One study also evaluated the
effects of concomitant therapy with digoxin on LV
function.!'$4 In patients receiving quinapril, an im-
provement in LV ejection fraction was observed
regardless of whether they were receiving digoxin.
However, in patients receiving captopril, signifi-
cant improvements in LV ejection fraction were
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Table IV. Changes in clinical symptoms, echocardiographic parameters and exercise tolerance in patients receiving quinapril 10 to 20mg
once daily or captopril 25 to 50mg twice daily in two randomised, double-blind studies®

Acanfora et al.[187]

Gavazzi et al.[8]

quinapril (n = 65)

captopril (n = 66)

quinapril (n = 68) captopril (n = 62)

baseline endpoint baseline endpoint baseline endpoint baseline endpoint
Number (%) of patients with clinical signs and symptoms®
Dyspnoea at rest 7 (12%) 4 (7%) 10 (16%) 3 (5%)* 10 (13.3%) 2(2.7%) 11 (15.7%) 6 (8.6%)
Dyspnoea at effort 42 (65%) 12 (9%)*** 35 (54%) 15 (24%)** 74 (98.7%) 45 (60%) 66 (94.3%) 39 (55.7%)
PND 21 (34%) 8 (14%)* 28 (45%) 10 (16%)** 3 (4%) 0 2 (2.9%) 1(1.4%)
Orthopnea 12 (19%) 3 (56%)* 14 (23%) 5 (8%)** 8 (10.7%) 4 (5.3%) 6 (8.6%) 2 (2.6%)
Oedema 24 (37%) 3 (5%)**** 29 (44%) 5 (8%) 25 (33.3%) 7 (9.3%) 18 (25.7%) 7 (10%)
Lung congestion 44 (68%) 14 (23%)**** 40 (61%) 14 (23%)**** 22 (29.3%) 3 (4%)t 21 (30%) 9 (12.8%)
Ventricular gallop 51 (79%) 27 (44%)**** 54 (82%) 40 (66%)**** 14 (18.7%) 4 (5.3%) 12 (17.1%) 6 (8.6%)
(Ss)
Atrial gallop (Sa) 15 (23%) 6 (10%) 13 (20%) 10 (16%)* 7 (9.3%) 6 (8%) 7 (10%) 6 (8.6%)
Hepatomegaly 21 (32%) 9 (15%)* 17 (26%) 10 (16%) 19 (25.3%) 16 (21.3%) 16 (22.9%) 14 (20%)
Echocardiographic parameters
LVESD (mm) 49.6+£83 47+7.9* 50.8+9 48.4 £ 9** 452+13 449+1.31 457+13 43.7+1.2
LVEDD (mm) 61.8+74 59.9+6.5* 629+85 61.3+8.8" 61.5+1.1 61.3+1.1 60.6+1.1 59.6+1.0
LVEF (%) 343+6.6 39.3+6.1* 346+51 38+7.2* 51.2+1.6 524+17 485%+16 51.6+1.6
Exercise tolerance
Exercise duration 372 468** 354 426** 4221 497.2* 451.7 519.0*

)

a Following a 2-week placebo washout period, patients were randomised to quinapril (10mg once daily) or captopril (25mg twice daily);
these doses were doubled after 4 weeks (provided there were no major adverse reactions and if blood pressure was not <110/70mm

Hg) and treatment was continued for a further 889! or 6['87] weeks.

b For the study by Gavazzi et al.['® the endpoint was the number (%) of patients whose symptoms were unchanged or worsened;
statistical differences between baseline and endpoint for clinical symptoms were not calculated in this trial.

LVEDD = left ventricular end diastolic diameter; LVEF = left ventricular ejection fraction; LVESD = left ventricular internal systolic diameter;

PND = paroxysmal nocturnal dyspnoea; * p < 0.05, ** p < 0.005, *** p < 0.001, **** p < 0.0001 vs baseline; T p < 0.05 vs captopril.

observed only in patients who were not taking dig-
oxin.

The other study comparing quinapril with cap-
topril was a randomised, parallel-group study in
elderly patients (aged =265 years) with NYHA class
IT or IIT with an aetiology of ischaemic heart dis-
ease receiving diuretic therapy.!!$3] Patients com-
pleting 18 to 24 weeks of treatment with quinapril
2.5 to 10mg once daily (n = 20) or captopril 6.25
to 25mg twice daily (n = 16) were included in the
evaluation. At the end of the treatment, the distance
walked in a 6-minute walking test was increased
by 72.2 and 83.1m in patients receiving quinapril
or captopril (no significant difference between
treatments). However, neither treatment was shown
to improve functional life scores (quantitative data
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not reported). In addition, analysis of the change in
NYHA functional status from study entry to study
end showed a statistically significant difference
between the two groups in favour of quinapril (p =
0.02).[185]

In another recent investigation,['371 the efficacy
of once-daily quinapril was shown to be similar to
that of twice-daily therapy in a group of elderly
patients (aged =60 years) with heart failure (NYHA
class II or III). In this crossover trial, all patients
underwent a 4-week run-in period where they re-
ceived quinapril 5 to 10mg twice daily after which
they were randomised to receive quinapril 20mg
once daily or 10mg twice daily. After 8 weeks of
treatment, patients then crossed over to receive the
alternative regimen for another 8 weeks. Atthe end
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Fig. 8. Quinapril versus captopril in patients with congestive
heart failure. New York Heart Association (NYHA) functional
class at baseline and after 12 weeks of therapy with once-daily
quinapril (10 to 20mg) or twice-daily captopril (25 to 50mg) in
patients with congestive heart failure; * p < 0.05 vs quinapril.[84]

of the trial, mean 6-minute walking test results (378
and 377m), Cardiac Depression Scale scores (70.9
and 71.6) and Symptom Assessment Scale scores
(14.8 and 14.7) were similar during once and twice
daily therapy, respectively. Mean NYHA status, as
assessed by the investigator, was also similar for
both once- and twice-daily treatment (1.94 and
1.91). These results are consistent with those of an
earlier crossover study (reported in the previous
review),l1%1 which showed that once-daily quin-
april (5 to 20mg) and twice-daily quinapril (2.5 to
10mg) each improved exercise time by approxi-
mately 60 seconds compared with placebo (p <
0.01).[161

4.3 Coronary Artery Disease

Angiotensin II exerts a number of direct effects
on the vasculature and the myocardium which may
contribute to the processes of atherosclerosis, inti-
mal hyperplasia and postinfarction remodelling
(figure 1).181 By reducing these effects, ACE inhib-
itors may theoretically reduce the frequency of is-
chaemic events in patients with coronary artery
disease.[®!
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Quinapril binds with high affinity to tissue ACE
(section 2.1.1) and has been shown to significantly
improve endothelial dysfunction in patients with
coronary artery disease [see section 2.4 (TREND!74]
and BANFFI99])],

Since the previous review, the results of two large
randomised, double-blind, placebo-controlled trials
investigating the role of quinapril in patients with
myocardial ischaemia have become available: the
effects of QUinapril On Vascular Ace and Deter-
minants of Ischemia Study (QUO VADIS) [section
4.3.1] and the QUinapril Ischemic Event Trial
(QUIET) [section 4.3.2]. The effect of quinapril on
restenosis in patients undergoing coronary an-
gioplasty and/or coronary stent implantation has
also been investigated (section 4.3.3).

4.3.1 QUO VADIS

The QUO VADIS study was a randomised,
double-blind, placebo-controlled study designed to
evaluate the effect of 1 year of quinapril 40 mg/day
on ischaemia and clinical ischaemic events in pa-
tients undergoing CABG.!'38] Patients without ev-
idence of severe hypertension or symptomatic
heart failure who showed exercise-induced isch-
aemia were randomised to receive quinapril 40 mg/
day (n = 75) or placebo (n = 73) 4 weeks before
CABG and for 1 year thereafter. Concomitant
treatment with diuretics, antiarrhythmics, digitalis,
or tricyclic antidepressants was not permitted;
however, all patients received low-dose aspirin
after CABG.

At the end of the study, intent-to-treat analysis
revealed that the number of patients experiencing
a clinical ischaemic event (death, repeat CABG,
percutaneous revascularisation, myocardial infarc-
tion, recurrence of angina pectoris, ischaemic
stroke, or transient ischaemic attack) was signifi-
cantly lower in patients receiving quinapril than
those receiving placebo (4 vs 15%) [hazard ratio
0.23; 95% C1: 0.06 to 0.87, p = 0.02].['38] In addi-
tion, placebo was found to be an independent pre-
dictor of the occurrence of clinical ischaemic
events in a multivariable regression model (p =
0.03). These effects were not related to differences
in blood pressure, since SBP and/or DBP increased
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equally in both treatment groups from randomisa-
tion up to 1 year after CABG.

The reduction in ischaemic events observed in
the quinapril treatment group was not accompa-
nied by improvements in exercise-induced isch-
aemia (the primary endpoint of this study). Total
exercise time, as assessed during a bicycle test, was
increased by a mean of 79 and 72 seconds in the
placebo and quinapril treatment groups by the end
of the study (nonsignificant difference between
treatment groups); however, this test was per-
formed 24 hours after the last dose of study medi-
cation was administered, which may explain the
lack of effect. In addition, the number of patients
experiencing at least one ischaemic episode during
48-hour Holter monitoring was similar between
treatment groups at the end of the study.['88]

4.3.2 QUIET

The QUIET study was a randomised, double-
blind, multicentre, placebo-controlled study de-
signed to assess the effects of 3 years of quinapril
20 mg/day on the incidence of cardiac ischaemic
events and/or the progression of coronary artery
atherosclerosis in patients undergoing coronary
angioplasty.!'891 A total of 1750 normolipidaemic,
normotensive patients with normal LV function
(LV ejection fraction >40%) were randomised to
receive quinapril 20mg (n = 878) or placebo (n =
872) within 12 to 72 hours after undergoing suc-
cessful coronary angioplasty or atherectomy; all
patients had at least one coronary artery not pre-
viously subjected to mechanical revascularisation
at baseline. The primary endpoints in this study
were occurrence of first cardiac event (cardiac
death, resuscitated cardiac arrest, nonfatal myocar-
dial infarction, revascularisation or hospitalisation
for angina pectoris) and time to first cardiac event,
based on an intent-to-treat analysis. In addition, an
angiographic study evaluating atherosclerotic
changes in nonintervened vessels was conducted in
a randomly selected subgroup of 453 patients.[1%]

A summary of cardiac events occurring during
the trial and the results of the angiographic study
are outlined in table V. No significant reductions
in the frequency of major cardiac events were ob-
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served between patients receiving quinapril or pla-
cebo; however, the number of patients requiring
coronary angioplasty of nonintervened vessels was
significantly lower in the quinapril group (table V).
In addition, there was no significant difference be-
tween treatment groups in the time to first major
cardiac event. The relative risk for early (within the
first 6 months) and late (during months 7 to 36)
ischaemic events were 1.06 (95% CI: 0.87 to 1.29;
p=0.55)and 0.95 (95% CI:0.78 to 1.16; p=0.58).
Furthermore, no significant differences in an-
giographic changes were observed in patients re-
ceiving quinapril and placebo (table V).

In retrospect, a number of concerns have been
raised as to whether the QUIET study was a suita-
ble test of the effects of quinapril on atherosclero-
sis. Indeed, this study has several limitations which
may have contributed to the lack of observed effect
with quinapril. One of the most significant limita-
tions was the sample size. The study was powered
to detect a 25% reduction with 95% confidence in
the total number of ischaemic events. However, the
incidence of ‘hard’ ischaemic events (death, non-
fatal myocardial infarction and resuscitated car-
diac arrest) was approximately 2% per year, or 6%
over the 3-year study, which meant that a sample
size of 20 000 patients would have been necessary
to detect a 25% reduction in these events with 95%
confidence.[!8%

Another concern is whether the dosage of quin-
april (20 mg/day) was adequate to produce the de-
sired effect. In the TREND study (see section 2.4(741),
a dosage of 40 mg/day was shown to successfully
reduce endothelial dysfunction and was well toler-
ated. In addition, a significant reduction in post-
CABG ischaemic events was shown with quinapril
40 mg/day in the QUO VADIS study after only 1
year of treatment (see section 4.3.1).

The use of lipid-lowering drugs in this study
may have also influenced the results.['% In the an-
giographic study, 75 patients (15.7%) took lipid-
lowering medication for at least 12 months on-
trial. When these individuals were removed from
the angiographic analysis, progression rates de-
creased in the quinapril group and increased in the
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Table V. Results of the QUIET trial: cardiac events and angiographic results

Placebo Quinapril 20mg RR (95% CI)
Cardiac events?
Cardiac death 13 (1.5%) 12 (1.4%) NR
Nonfatal myocardial infarction 40 (4.6%) 36 (4.1%) NR
Resuscitated cardiac arrest 4 (0.5%) 0 NR
All patients with any of the above serious events 54 (6.2%) 48 (5.5%) 0.87 (0.59 to 1.29)
Coronary artery bypass grafting 104 (11.9%) 116 (13.2%) NR
Coronary angioplasty in any vessel 223 (26.7%) 233 (25.4%) NR
Coronary angioplasty in previously 114 (13%) 79 (9%)* NR
nonintervened vessels
Hospitalised with unstable angina 45 (5.6%) 52 (5.9%) NR
All patients with any event 329 (37.7%) 338 (38.5%) 1.04 (0.89 to 1.22)
All patients with any event at months 7 to 36 203 (23.3%) 189 (21.6%) NR

Angiographic changes®

Progression® 119 (49%)

New stenosis development 44 (19%)
Change in lumen diameter index (mm) -0.21 £0.003
Change in percentage diameter stenosis index 51+1.0

111 (47%) 0.93 (0.64 to 1.35)

50 (22%) NR
~0.18 +£0.003 NR
35+1.0 NR

a Assessed in 878 and 872 patients randomised to quinapril and placebo, respectively.

b Assessed in 224 and 229 patients randomised to quinapril and placebo, respectively, for whom suitable baseline and follow-up data
were available. An additional 24 patients (10 receiving quinapril and 14 receiving placebo) who had interim cardiac events (cardiac
death, myocardial infarction or new vessel revascularisation) but no or inadequate follow-up angiogram were included in the analysis

of progressors.

c Patients who had interim cardiac events or who showed angiographic evidence of progression defined as a diminution in minimum
lumen diameter of >0.40mm in at least one nonintervened stenotic segment within the patient.

Cl = confidence interval; NR = not reported; QUIET = QUinapril Ischemic Event Trial; RR = relative risk; * p = 0.018 vs placebo.

placebo group; however, the difference still did not
achieve statistical significance for either minimum
lumen diameter index (-0.23 vs —0.18mm; p =
0.175) or percent diameter stenosis (5.6 vs 3.4%; p
=0.056).11901

It is impossible to determine in retrospect
whether these factors contributed to the lack of ef-
fect of quinapril in this study and more data are
necessary to determine the role of quinapril, and
other ACE inhibitors for that matter, in these pa-
tients.

4.3.3 Restenosis in Patients Undergoing
Angioplasty with or without Coronary

Stent Implantation

It has been estimated that up to 40% of patients

undergoing angioplasty develop clinically signifi-
cant luminal narrowing of coronary arteries within
6 months after the procedure.'®!1 Treatment with
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intravascular stents may reduce this proportion to
20% in coronary arteries; however, this procedure
may lead to an iatrogenic condition, in-stent
restenosis, which is difficult to treat.['!] Although
quinapril did not reduce stenosis in the QUIET
trial, this agent has shown some efficacy in reduc-
ing restenosis in other investigations in patients
undergoing coronary angioplasty and/or coronary
stent implantation.

In the largest of these trials (reported as an ab-
stract),[1921 255 patients undergoing successful cor-
onary angioplasty with or without stent implanta-
tion were randomised to receive quinapril 10 to 20
mg/day or were assigned to a control group. After
a follow-up period of 3 to 6 months, complete
quantitative coronary angiographic results were
available in 108 patients in the quinapril treatment
group and 107 in the control group; approximately
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50% of patients in each group had received stent.
Compared with that in the control group, minimal
lumen diameter at follow-up was significantly
greater in the quinapril group (1.62 £0.72 vs 1.44
+0.7mm; p < 0.05) as was the net gain (1.12+0.77
vs 0.87 £0.81mm; p <0.05). In addition, restenosis
per patient (34.3 vs 44.9%) and per lesion (30.6 vs
43.8%) were significantly lower in quinapril recip-
ients than in the control group (p < 0.05 vs control
for both).[192]

Similar results were shown in another ran-
domised trial in patients undergoing coronary stent
implantation.[1°3] In this study, 100 patients were
assigned to receive quinapril 10 or 20mg once
daily or no quinapril for 6 months after the proce-
dure; all patients also received daily treatment with
200mg ticlopidine and 81mg aspirin for several
days before the procedure and for the study dura-
tion. Quantitative coronary angiographic analysis
showed that the minimal in-stent lumen diameter
was higher and percentage diameter stenosis was
lower in the quinapril group than in the control
group after 6 months; however, these differences
did not reach statistical significance. A significant
reduction in restenosis in patients receiving
quinapril was shown in a quantitative planar intra-
vascular ultrasound analysis (performed in 31 and
36 patients in the quinapril and control group).
Compared with that in the control group, the min-
imal lumen cross-sectional area was higher in
quinapril recipients (4.48 vs 3.73 mm?; p < 0.05)
and the percentage area stenosis was lower (39.1
vs 50.4%; p < 0.01) at the end of the study. Volu-
metric intravascular ultrasound analysis also re-
vealed a lower intimal hyperplasia volume (1.77 vs
2.53 mm>3/mm; p = 0.014) and higher in-stent lu-
men volume (6.04vs 5.29 mm?*/mm; p = 0.045) in
patients receiving quinapril than those in the con-
trol group at the end of the trial.[3]

Quinapril does not appear to improve restenosis
in patients with the ACE DD genotype.['?* In a
randomised, placebo-controlled, double-blind
study, 91 of these patients received quinapril 40
mg/day (n=46) or placebo (n =45). Treatment was
initiated within 48 hours after stent implantation
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and continued for 6 months. At the end of the
study, quantitative coronary angiography revealed
a trend towards increased angiographic restenosis
in patients receiving quinapril, and the primary
endpoint of late loss in minimum lumen diameter
was significantly higher in the quinapril group than
in the placebo group (1.11 vs 0.76mm; p = 0.018).

5. Tolerability

Quinapril is generally well tolerated and ad-
verse events are usually mild and transient and
seldom require treatment withdrawal. In placebo-
controlled trials in patients with hypertension or
congestive heart failure, the most frequently re-
ported adverse events were dizziness, headache,
fatigue and cough (see figure 9). Overall, discon-
tinuation of therapy because of adverse events was
required in 4.7% of 1563 patients with hyperten-
sion and 6.8% of 585 patients with congestive heart
failure.?!

Adverse events that are specific to ACE inhibi-
tors as a class include cough, hypotension, hyper-
kalaemia and, rarely, angioedema. As shown in
figure 9, cough was observed in 2% of patients
with hypertension (n = 1563) and 4.3% of patients
with congestive heart failure (n = 585) receiving
quinapril in placebo-controlled trials;?* similar
rates have been observed in other randomised,
comparative clinical trials.[0-1931 Excessive hypo-
tension occurs rarely in patients with uncompli-
cated hypertension during treatment with quina-
pril. In controlled clinical trials, syncope was
observed in 0.4% of 3203 patients receiving
quinapril; this incidence was slightly lower than
that observed in patients receiving captopril (1%)
or enalapril (0.8%).1?°1 The risk of hypotension is
higher in patients with congestive heart failure and
this event was reported in 2.9% of these patients
in placebo-controlled trials (figure 9).12°1 Angio-
edema of the face, extremities, lips, tongue, glottis
and larynx is another adverse event associated
with ACE inhibition and has been observed in
0.1% of patients receiving quinapril.[*®! The inci-
dence of angioedema appears to be slightly higher
in Black than in non-Black patients. In two
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Fig. 9. Adverse events possibly or probably related to quinapril therapy occurring in >1% of patients with hypertension (a) or congestive

heart failure (b) included in placebo-controlled trials.2%

large US postmarketing trials, angioedema was
reported in 0.3 to 0.55% of Black patients (n
>3000) and 0.17 to 0.39% of non-Black patients
(n >19 000).121

Hyperkalaemia (serum potassium >5.8% mmol/L)
occurred in =2% of patients receiving quinapril in
clinical trials; increases in potassium were transient
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in most cases and <1% of patients discontinued ther-
apy because of this event.[?]

Quinapril has a similar tolerability to that of
other ACE inhibitors. In a large meta-analysis of
comparative clinical trials,['%1 12% of 1819 pa-
tients receiving quinapril experienced a treatment-
related adverse event compared with 15% of 339
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enalapril recipients and 16% of 186 captopril re-
cipients. Treatment withdrawal because of adverse
events in these studies was less common in quinapril
recipients (3.7%) than those receiving enalapril
(8.0%) or captopril (6.4%); quinapril recipients
also showed a lower incidence of first-dose hypo-
tension and orthostatic hypotension (0.4 and 6.1%)
than either enalapril (1.5 and 9.4%) or captopril
recipients (2.2 and 8.6%).

In alarge randomised, double-blind study, quin-
april 10 to 40 mg/day (n = 5053) showed compa-
rable tolerability to metoprolol 50 to 200 mg/day
(n = 506) over 12 weeks of treatment.[!34] In this
study, symptoms such as fatigue, dizziness and dys-
pnoea tended to occur more often in metoprolol
recipients; the incidence of spontaneously reported
cough was higher in quinapril recipients (2.7 vs
1.6%).

Elderly patients (>65 years) tolerated quina-
pril as well as younger patients in clinical tri-
als.[96.146,1951 Fyrthermore, combined therapy with
quinapril and a diuretic produced little change in
the incidence of adverse events compared with
quinapril monotherapy,[19%156.1951 g]though the
incidence of first-dose hypotension appears to be
increased with combined therapy.[?°! The addition
of quinapril to diuretic therapy may actually re-
duce adverse metabolic adverse effects associated
with diuretics. In two double-blind, randomised
trials,[102:156.195] coadministration of quinapril and
HCTZ attenuated the potassium loss and the in-
crease of uric acid levels compared with that in
patients receiving HCTZ monotherapy.

The incidence and severity of adverse events
did not increase with increased dosages of quina-
pril monotherapy over the dosage range of 10 to 40
mg/day in patients with hypertension.[14219¢] How-
ever, the rapidity of dose escalation may influence
the tolerability of quinapril. In a recent study,!!52]
patients with mild to moderate hypertension were
randomised to receive either a slow (once every 6
weeks; n = 1208) or a fast (every 2 weeks; n =
1727) titration schedule (also see section 4.1.1).
Quinapril was initiated at a dose of 20mg once
daily and titrated to a maximum of 80 mg/day in
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both groups. Although the frequency of adverse
events was similar in the fast- versus slow-titration
groups (10.8 vs 10.7%), more patients in the fast-
titration group experienced a severe event (21 vs
12%).1152]

6. Dosage and Administration

Quinapril is indicated for the treatment of hy-
pertension and congestive heart failure. The ap-
proved US and UK indications and dosage recom-
mendations are presented below.

6.1 Hypertension

In patients with hypertension, quinapril is indi-
cated for use both as monotherapy and in combi-
nation with diuretics. The recommended starting
dose for patients initiating monotherapy is 10 or
20mg once daily in the US?! and 10mg once daily
in the UK."%7] Depending on blood pressure re-
sponse, the dosage may need to be increased. Dos-
age titration should be performed at >2-weekly in-
tervals or over a sufficient period to allow adequate
time for evaluation of response. Most patients re-
quire maintenance dosages of 20 to 40 mg/day
given as a single dose or two divided doses, al-
though some patients may require doses of up to
80 mg/day. In some patients, the antihypertensive
effect of quinapril may diminish towards the end
of a once-daily dosage interval such that twice-
daily administration of the same daily dose may be
needed.[?®! Typically, greater efficacy is observed
at the end of the dosing interval in patients receiv-
ing dosages of 40 to 80 mg/day and/or divided
doses.[?]

Quinapril is also indicated for use in combina-
tion with a diuretic if blood pressure cannot be ad-
equately controlled with quinapril or diuretic ther-
apy alone. When quinapril is administered to a
patient already receiving diuretic therapy, symp-
tomatic hypotension can occasionally occur. To re-
duce this risk, a low initial dose of quinapril
(2.5mg) in patients already receiving diuretic ther-
apy is recommended in the UK;'%7] this dose can
then be titrated (as described above) to the optimal
response. In the US,[?! patients are recommended
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to discontinue diuretic therapy 2 to 3 days prior to
beginning quinapril treatment to reduce the risk of
hypotension. A diuretic may then be added if blood
pressure is not adequately controlled with quinapril
alone. If it is not possible to discontinue diuretic
therapy before starting quinapril, the recommend-
ed initial dose of quinapril is Smg and patients
should be carefully monitored for several hours un-
til blood pressure stabilises.2]

In the UK,[197] elderly patients and those with
renal impairment (CLcr <40 ml/min) are recom-
mended to receive an initial quinapril dosage of
2.5mg, followed by titration to optimal response.
Monitoring of renal function in patients with renal
insufficiency should be considered over the course
of quinapril therapy; however, clinical experience
suggests that renal function is unlikely to alter, and
may actually improve, in the majority of pa-
tients.[197] In the US, the recommended initial dos-
age of quinapril in elderly patients (aged 265 years)
is 10mg once daily, followed by titration to optimal
response.[??] In patients with compromised renal
function, the initial quinapril dosage should be ad-
justed based on CL¢R: 10 mg/day for patients with
CLcRr >60 ml/min, 5 mg/day for those with CLcg
ranging from 30 to 60 ml/min and 2.5 mg/day for
those with CL¢R ranging from 10 to 30 ml/min. In
patients with CLcr <10 ml/min there are insuffi-
cient data for dosage recommendations.[?’! De-
pending on blood pressure response, these patients
should then have their dosage titrated (as described
above) to optimal response.[?*]

6.2 Congestive Heart Failure

In patients with congestive heart failure, quina-
pril is indicated for use as an adjunctive therapy in
combination with diuretics and/or digitalis. The
initial dosage of quinapril recommended in the UK
and US is 2.5 and 5 mg/day, respectively.[?%-197]
The quinapril dosage should then be titrated (up to
a maximum of 40 mg/day) to achieve an effect or
until the appearance of undesirable adverse events.
In the UK and US, the usual maintenance dosages
are given as 10 to 20 and 20 to 40 mg/day, respec-
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tively, administered in one or two divided
doses.[29:197]

In the UK,!"®7) medical supervision is recom-
mended for patients with severe/unstable conges-
tive heart failure, patients receiving high-dose loop
diuretics (e.g. >80 mg/day furosemide), multiple
diuretics or high-dose vasodilator therapy, patients
with hypovolaemia, hyponatraemia (serum sodium
<130 mgEq/L), SBP <90mm Hg or serum creatinine
>150 umol/L and those aged =70 years. In these
patients, quinapril therapy should be initiated in
hospital.['®7] In the US,[?*! it is recommended that
all patients with congestive heart failure be super-
vised for at least 2 hours following the initial dose
of quinapril to monitor for the development of hy-
potension.

In patients with congestive heart failure and re-
nal impairment, the initial dose of quinapril recom-
mended in the USI?*! is 5 mg/day in patients with
CLcr >30 ml/min and 2.5 mg/day for patients with
CLcr 10 to 30 ml/min. There are insufficient data
in patients with CLcr <10 ml/min to provide dos-
age recommendations. 2]

7. Place of Quinapril in
the Management of
Cardiovascular Disorders

Quinapril, like other ACE inhibitors, has a well
established efficacy in the treatment of hyperten-
sion (see section 7.1) and congestive heart failure
(see section 7.2). ACE inhibitors also appear to
have anti-ischaemic effects that go beyond their
effects on blood pressure and LV function; the re-
sults of experimental and clinical studies evaluat-
ing the potential role of quinapril and other ACE
inhibitors in coronary artery disease are discussed
in section 7.3.

7.1 Hypertension

Hypertension is a common disorder which, if
not effectively treated, has high mortality and mor-
bidity resulting from a greatly increased prob-
ability of coronary artery disease, congestive heart
failure, stroke and renal failure. It has long been
accepted that lowering blood pressure reduces
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these risks. In a retrospective analysis of ran-
domised trials,!'?8 lowering DBP by 5 to 6mm Hg
and SBP by 10 to 14mm Hg was estimated to re-
duce the risk of coronary heart disease and stroke
by 14 and 42%, respectively. However, the risk of
cardiovascular disease in patients with hyperten-
sion is not only determined by the level of blood
pressure control.['%1 Other factors such as dys-
lipidaemia, diabetes mellitus, smoking and target
organ damage (e.g. nephropathy, congestive heart
failure, LV hypertrophy) also increase the risk of
cardiovascular events, and all these factors should
be taken into account when deciding how best to
treat these patients.[19%!

Current guidelines for the management of pa-
tients with hypertension vary slightly in their rec-
ommended blood pressure goals. The JINC-VI (The
Sixth Report of the Joint National Committee on
the Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure),!'%! BHS (British
Hypertension Society)!'31 and WHO-ISH (World
Health Organization-International Society of Hy-
pertension)?%1 guidelines recommend reducing
blood pressure to 140/90, 140/80 and 130/80mm
Hg, respectively, with further reductions for high
risk groups such as patients with diabetes mellitus
and/or renal dysfunction.

While some patients may reach these targets
with nonpharmacological interventions, the major-
ity require drug therapy to maintain blood pressure
control.['%1 At present, there are six main classes
of antihypertensive agents (ACE inhibitors, [-
adrenoceptor antagonists, 0i-adrenoceptor antago-
nists, angiotensin II antagonists, diuretics and cal-
cium antagonists) which all produce broadly
similar clinically significant reductions in blood
pressure.[199:2001 Both the INC-VII19°1 and BHS!!55]
recommend thiazide diuretics or B-adrenoceptor
antagonists as first-line drug therapy in otherwise
healthy patients with hypertension. This is largely
based on the large amount of evidence showing a
reduction in cardiovascular morbidity and mortal-
ity with these agents. Indeed, recent findings from
the Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial (ALLHAT)
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have now shown that not all antihypertensive
agents produce similar effects on cardiovascular
outcomes. This trial was designed to assess the
relative effects of different hypertensive agents
[diuretics (chlorthalidone), calcium antagonists
(amlodipine), ACE inhibitors (lisinopril) or o-
adrenoceptor antagonists (doxazosin)] on cardio-
vascular events in a cohort of >40 000 patients with
hypertension.[?!1 The a-adrenoceptor antagonists
arm of ALLHAT was discontinued early because
the occurrence of combined cardiovascular events,
a secondary endpoint, was 25% higher than that in
patients receiving diuretic therapy, and these pa-
tients were twice as likely to be hospitalised for
congestive heart failure.[292:203] Importantly, there
was no difference in the risk of myocardial infarc-
tion or all-cause mortality (the primary endpoint in
this study) between the two treatment groups.

In contrast, ACE inhibitors appear to be equally
as effective as other treatments in preventing car-
diovascular outcomes. In two large prospective
randomised trials (the Captopril Prevention Proj-
ectt?04 and the Swedish Trial in Old Patients with
Hypertension-2 study%; both n >6500), ACE in-
hibitors produced similar effects to conventional
treatments (B-adrenoceptor antagonists or diuret-
ics) in reducing cardiovascular mortality and mor-
bidity.[204205] The results of the ongoing arms of
the ALLHAT study will provide more details on
the effects of ACE inhibitors compared with other
antihypertensive agents.

There are several compelling indications for
ACE inhibitors in patients with hypertension. Un-
less otherwise contraindicated, JNC-VI,!I%]
BHSI331 and WHO!?% guidelines strongly recom-
mend the use of ACE inhibitors in patients with
heart failure, LV dysfunction (isolated or follow-
ing MI) and type 1 diabetic nephropathy. Indeed,
ACE inhibitors have shown clear benefits in reduc-
ing morbidity and mortality following myocardial
infarction2%®! and in patients with LV dysfunction
or congestive heart failurel'31 (see section 7.2),
and these drugs reduce the onset and progression
of renal failure in patients with type 1 diabetic ne-
phropathy.[92-207]
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JNC-VI and BHS guidelines also state that ACE
inhibitors may offer particular benefit in patients
with type 2 diabetic nephropathy or nondiabetic
renal disease.[155:199] Renal dysfunction is a recog-
nised cardiovascular risk factor in patients with di-
abetes mellitus and/or hypertension.l'*?1 Lowering
blood pressure can reduce the progression of renal
disease; however, it is thought that ACE inhibitors
confer additional benefits through mechanisms be-
yond their blood pressure-lowering effects.[92:93]
ACE inhibitors have been shown to reduce protein-
uria and prevent the progression of renal decline in
patients with diabetic or nondiabetic nephropathy
to a greater extent than other antihypertensive
agents.[92.15%-1601 Some studies also show that ACE
inhibitors reduce microalbuminuria (a predictor of
end-stage renal disease and cardiovascular out-
come)[137] to a greater extent than other antihyper-
tensive agents in patients with hypertension.!!>7]
Similar results have been observed with quinapril
(section 4.1.3). In one randomised trial,[®'l quina-
pril reduced blood pressure to a similar extent to
conventional treatment (atenolol and/or HCTZ)
over 1 year of therapy, but only quinapril was as-
sociated with significant reduction in micro-
albuminuria. The effects of ACE inhibitors such as
quinapril on UAE may be important, considering
up to 40% of patients with untreated hypertension
have evidence of microalbuminuria.l?%8! However,
whether reductions in UAE translate to a lesser in-
cidence of cardiovascular or renal events remains
to be determined.

ACE inhibitors significantly reduce the macro-
vascular and microvascular complications of dia-
betes mellitus.[1:20%] Unlike other antihypertensive
agents such as B-adrenoceptor antagonists and di-
uretics, 32901 ACE inhibitors, including quinapril
(see section 2.7), have shown limited effects on
glucose homeostasis and lipid balance. In some
prospective clinical trials in patients with diabetes
mellitus, ACE inhibitors were associated with a re-
duced incidence of cardiovascular complications
compared with diuretic or B-adrenoceptor antago-
nist treatment;2042191 however, other studies sug-
gest that these agents produce similar outcomes on
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morbidity and mortality in these patients!20%-211]
and further evidence is required to determine
whether there are true differences between drug
classes in their effects on cardiovascular events in
patients with diabetes mellitus. Results from the
recent Heart Outcomes Prevention Evaluation
(HOPE) study show that ACE inhibitors may also
reduce the onset of diabetes in high-risk individu-
als.?121 In this study, which included 5720 patients
without known diabetes but with vascular disease
(hypertension, coronary artery disease), 3.6% of
patients receiving ramipril treatment developed di-
abetes compared with 5.4% of patients receiving
placebo over a mean follow-up period of 4.5 years
(p < 0.001). These results could have enormous
clinical and public heath implications due to the
huge health and economic impact of diabetes mel-
litus. However, although these data were collected
prospectively, diagnosis of diabetes mellitus was
not a primary or secondary endpoint in this study
and these results require confirmation in a prospec-
tive trial.[212]

ACE inhibitors, including quinapril (see section
2.3.1), have also been shown to reduce LV hyper-
trophy, a strong blood pressure-independent car-
diovascular risk factor in patients with hyperten-
sion.[213.2141 Regression of LV hypertrophy reduces
cardiac events and morbidity. In a recent echo-
cardiographic study in 430 patients with essential
hypertension,?!3] those who experienced signifi-
cant reductions in LV hypertrophy with antihyper-
tensive therapy had a significantly lower risk of
cardiovascular events over an 8-year follow-up pe-
riod than patients who did not have regression of
LV hypertrophy (1.78 vs 3.03 events per 100 person-
years; p = 0.029); these effects were not related to
differences in blood pressure control. ACE inhibi-
tors appear to be better at reducing LV hypertrophy
than other antihypertensive agents. In a recent
meta-analysis,[?'* LV mass decreased by 13%
with ACE inhibitor therapy, 9% with calcium an-
tagonists, 6% with B-adrenoceptor antagonists and
7% with diuretics after a mean treatment duration
of 25 weeks (p < 0.05 for ACE inhibitors vs diuret-
ics and PB-adrenoceptor antagonists).
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Regardless of which antihypertensive drug is
used, most patients are not effectively controlled
with monotherapy, even at high doses, and combi-
nation therapy is typically required in >50% of pa-
tients. (1331551 ACE inhibitors are usually used in
combination with diuretics. In clinical studies, the
combination of quinapril and HCTZ was signifi-
cantly better at lowering blood pressure in patients
with moderate to severe hypertension than either
drug as monotherapy (section 4.1.2). In addition,
combined therapy with quinapril and HCTZ re-
duced the adverse metabolic effects observed dur-
ing HCTZ monotherapy (section 5).

7.2 Congestive Heart Failure

The benefits of ACE inhibitors in patients with
congestive heart failure are well documented.
These agents significantly improve survival, re-
duce the frequency of hospitalisation, relieve
symptoms and slow the progression of the disease
in patients with congestive heart failure.[!73-175.181]
In addition, ACE inhibitor therapy has been shown
to prevent the occurrence or the progression of
congestive heart failure in patients with asymp-
tomatic heart failure!?!°! and those with reduced
ejection fractions following myocardial infarc-
tion,l!77179] resulting in improved survival in these
patients.

Both US821 and UK™!7.2181 guidelines recom-
mend that all patients with heart failure due to LV
systolic dysfunction receive an ACE inhibitor un-
less they are intolerant of or have a contraindica-
tion to their use. These agents are also recom-
mended in patients with asymptomatic LV systolic
dysfunction and in patients with LV dysfunction
following myocardial infarction.[!82.217.218]

ACE inhibitors are usually used together with
diuretics in patients with congestive heart failure.
Diuretics are an important therapy for congestive
heart failure, because they are the only reliable
means of controlling fluid retention in these pa-
tients; however, survival benefits have not been
demonstrated with these agents, so they should al-
ways be used in combination with ACE inhibi-
tors.[182]
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B-Adrenoceptor antagonists/2192221 and spiro-
nolactone!?23! have been shown to provide signifi-
cant reductions in mortality when added to ACE
inhibitor therapy. Furthermore, the angiotensin II
inhibitor valsartan!?22! also significantly improved
the combined endpoint of morbidity and mortality
(but not overall mortality) in patients receiving
baseline ACE inhibitor therapy; however, no ben-
efits were observed in patients already receiving
ACE inhibitors combined with B-adrenoceptor an-
tagonists.[??2] Current US guidelines!!8?! recom-
mend B-adrenoceptor antagonists as adjunctive
therapy to ACE inhibitors in patients with NYHA
class II or III congestive heart failure whereas spi-
ronolactone is indicated for patients with more se-
vere heart failure (NYHA class IV) [provided they
are tolerated and there is no contraindication for
their use].['821 However, recent clinical trial results
suggest that B-adrenoceptor antagonist therapy (in
particular, carvedilol)??2I may also be beneficial in
patients with NYHA class IV heart failure; the role
of angiotensin II antagonists are yet to be defined.

Digoxin is another well established treatment
for patients with heart failure and is often used in
combination with ACE inhibitors.['82] This agent
reduces symptoms of heart failure, but failed to
improve survival in a large prospective trial (n =
6800).12241

Quinapril treatment has been shown to provide
a number of positive effects in patients with con-
gestive heart failure (section 4.2). Although there
is no evidence supporting an effect of quinapril on
survival, available data suggest that there are no
differences among available ACE inhibitors in
their effects on symptoms, clinical status, mortal-
ity or disease progression.l'8! Quinapril has been
compared with captopril (an ACE inhibitor shown
to produce significant survival benefits)[!7”] in
two large, well designed trials.l'83.184] Although
mortality was not assessed, quinapril was at least
as effective as captopril in increasing LV ejection
fraction, an important determinant of survival.[225-226]

Despite the proven benefits of ACE inhibitors,
they remain substantially underprescribed in pa-
tients with congestive heart failure.[?27-230] Indeed,
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it is estimated that fewer than half of patients with
heart failure receive ACE inhibitors, and up to 30%
of patients who are taking these agents are not re-
ceiving dosages proven to reduce mortality in clin-
ical trials.[??8-22] Underutilisation of ACE inhibi-
tor therapy increases the frequency of death and
hospitalisations, 28] and could have important im-
plications for the costs of caring for these pa-
tients.[227]

7.3 Coronary Artery Disease

In the setting of coronary artery disease, the use
of ACE inhibitors has previously been limited to
patients with LV dysfunction or heart failure fol-
lowing myocardial infarction.?31:2321 However,
there is a growing body of evidence that supports
the use of ACE inhibitors in a broader range of
patients with atherosclerotic disease or coronary
risk factors.[!]

The potential anti-ischaemic effects of ACE in-
hibitors was first noted in patients with LV dys-
function, with or without previous myocardial in-
farction.[?33] Analyses from the Survival and
Ventricular Enlargement (SAVE) trial and the
Studies of Left Ventricular Dysfunction (SOLVD)
trials showed that ACE inhibitor therapy reduced
the risk of myocardial infarction by >20% in these
patients.[177:233.2341 More recently, the results from
the HOPE trial show that similar protective effects
can also be achieved in a range of patients with
normal LV function.l'! In this study (n >9000),
ACE inhibition with ramipril significantly reduced
the risk of death, myocardial infarction, stroke and
revascularisation in a high-risk group of patients
with pre-existing vascular disease who had no ev-
idence of LV dysfunction or heart failure.[!! Bene-
ficial effects of ACE inhibition were observed in
all subgroups, including those with or without di-
abetes, pre-existing cardiovascular disease, pre-
vious myocardial infarction or hypertension at
baseline. Benefits were also observed among pa-
tients already taking a number of effective treat-
ments, including aspirin, B-adrenoceptor antago-
nists and lipid-lowering agents, indicating that
ACE inhibition offers an additional approach to the
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prevention of atherothrombotic complications.
The risk reduction appeared to be independent of
the modest lowering of blood pressure (-3/2mm
Hg), suggesting that ACE inhibition exerts addi-
tional effects on the vasculature that are inde-
pendent of their blood pressure-lowering effects.[!!

The results of this trial have prompted changes
to the recommendations of ACE inhibitor use in
patients with coronary artery disease. The 2001
American Heart Association/American College of
Cardiology Guidelines for Preventing Heart Attack
and Death in Patients with Atherosclerotic Cardio-
vascular Disease now recommend that these agents
be used in all patients following myocardial infarc-
tion and should be considered for all other patients
with coronary or other vascular disease unless con-
traindicated.[235!

The precise mechanism through which ACE in-
hibitors might exert vasculoprotective effects is
still uncertain, but potential mechanisms include
regression of hypertrophy and fibrosis, decreased
inflammation and oxidative stress, and increased
fibrinolysis.[*! Modification of the endothelium,
which plays an important role in modulating
smooth muscle function and growth, is also likely
to contribute. Endothelial dysfunction is a charac-
teristic feature of patients with coronary artery dis-
ease, and is also present in high-risk patients such
as those with hypertension, diabetes mellitus or
hyperlipidaemia or smokers.[%3:%%] Two recent stud-
ies have demonstrated that endothelial dysfunction
is associated with an increased risk of adverse car-
diovascular events, which supports the concept that
coronary endothelial dysfunction might play a role
in the progression of coronary atherosclero-
$is.[00-67] Findings from a number of studies have
indicated that ACE inhibitors improve endothelial
dysfunction,!?30] whereas other antihypertensive
agents have shown limited or no effect.?37] Of all
the ACE inhibitors, quinapril has demonstrated the
most convincing evidence of a beneficial effect on
endothelial function. This agent has been shown to
significantly improve endothelial-dependent vaso-
dilation in patients with coronary artery disease in
two large randomised trials (TREND, 74! BANFF©1)
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[section 2.4]. In contrast, the angiotensin II antag-
onist losartan and the calcium antagonist amlodip-
ine showed no effect on endothelial function in the
BANFF study;!! enalapril also failed to show a
significant effect in the BANFF trial, suggesting
that differences may exist between ACE inhibitors
in their ability to improve endothelial function.
Quinapril, by virtue of its high tissue ACE affinity,
may offer particular benefit in this setting.[6%]
Quinapril also improved endothelial function in
patients with hypertension in one analysis;/ 70
these positive effects were not observed with
nitrendipine and were independent of blood pres-
sure reduction. However, whether or not improve-
ments in endothelial function translate to a reduc-
tion in the incidence of ischaemic events remains
to be determined.

The effects of quinapril in reducing ischaemic
events in patients with coronary artery disease
have been investigated in two large, randomised,
double-blind, placebo-controlled trials: the QUO
VADIS (section4.3.1) and QUIET studies (section
4.3.2). Both these investigations included patients
who did not have traditional indications for ACE
inhibitor therapy: their blood pressure was control-
led and they had no evidence of LV dysfunc-
tion!!8%) or symptomatic heart failure.!'88]

In the QUIET study (n = 1750), quinapril 20
mg/day failed to show a significant effect on reduc-
ing ischaemic events or atherosclerotic progres-
sion over 3 years of treatment following coronary
angioplasty. However, the lack of effect observed
with quinapril in this trial is likely to be due to
flaws in trial design such as insufficient sample
size and/or insufficient dosage (discussed in sec-
tion 4.3.2). Compared with the HOPE study, the
dose of quinapril used in the QUIET trial was low.
Whereas the HOPE investigators chose the maxi-
mum antihypertensive dose of ramipril (10 mg/
day), the dosage of quinapril used in the QUIET
study (20 mg/day) was at the lower end of the
quinapril antihypertensive dosage range (10 to 80
mg/day).l'80] Available evidence shows that higher
dosages of quinapril are certainly feasible in pa-
tients with coronary artery disease. In the TRENDI74]

© Adis Infernational Limited. All rights reserved.

and QUO VADIS trials,!!38! quinapril was well tol-
erated at twice the dose used in the QUIET study
(40 mg/day). Importantly, quinapril 40 mg/day
was shown to significantly reduce ischaemic
events in the QUO VADIS trial.l'881 In this study
(n = 148), the incidence of ischaemic events was
reduced by 70% in patients receiving quinapril
compared with those receiving placebo over 1 year
post-CABG. Risk reduction was observed in the
combined event rates of myocardial infarction, re-
currence of angina pectoris, transient ischaemic at-
tack and ischaemic stroke, despite the small num-
ber of patients treated and the relatively short
treatment period. However, quinapril did not re-
duce exercise-induced ischaemia or the incidence
of ischaemia on 48-hour Holter monitoring (the
primary endpoints of this study), 88 which is con-
sistent with the results of other studies showing
variable results with ACE inhibitor therapy on
exercise-induced ischaemia in patients with sta-
ble angina pectoris.238-2401 The QUO VADIS was
the second trial to demonstrate an anti-ischaemic
effect of ACE inhibitor therapy following CABG.
In a previous investigation in 159 patients with
stable chronic angina and asymptomatic heart
failure (the Angiotensin-converting enzyme Post
REvascularisation study),?*!! treatment with
ramipril following CABG was also shown to sig-
nificantly reduce cardiac death, myocardial infarc-
tion and congestive heart failure. The results of
these trials suggest a potential role for ACE inhib-
itors following CABG. A reduction in ischaemic
events in these patients would have important clin-
ical and economic implications since CABG is one
of the most frequently performed operations in the
world;?#2] further data showing the protective ef-
fects of ACE inhibitors in these patients would be
useful.

The results of ongoing studies investigating the
role of ACE inhibitors in patients with coronary
artery disease, such as PEACE, EUROPA and
IMAGINE, are awaited with interest.[14:243.244]
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7.4 Conclusion

Quinapril is now firmly established as an effec-

tive and well tolerated ACE inhibitor for the treat-
ment of patients with hypertension and congestive
heart failure. Quinapril 40 mg/day also signifi-
cantly reduced the incidence of ischaemic events
in patients undergoing CABG in one study; how-
ever, a lower dosage of quinapril (20 mg/day) had
no effect on ischaemic events in patients undergo-
ing coronary angioplasty in another trial. Addi-
tional trials in patients with coronary artery disease
receiving optimal dosages of quinapril (40 mg/day)
would be useful.

—
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