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Angiotensin-converting enzyme inhibitors in
patients with coronary atherosclerosis

Activation of the renin-angiotensin-aldosterone system has been shown to be an independent
risk factor for myocardial infarction (MI). The importance of this risk factor has been confirmed
by the finding that patients with a DD genotype for the angiotensin-converting enzyme (ACE)
gene, which is associated with increased serum ACE levels, have a higher incidence of Ml than
do patients without this genotype. ACE inhibitors have been shown to significantly reduce the
incidence of recurrent MI in patients with left ventricular dysfunction. The mechanism by which
activation of the renin-angiotensin-aldosterone system leads to Ml has not been ascertained, but
it may be related to the effect of angiotensin Il or aldosterone on the development of
atherosclerosis, endothelial dysfunction, plaque rupture, or thrombosis after plaque rupture.
Experimental data suggest that each of these mechanisms may be of importance. Several
prospective randomized studies are under way to determine the effect of ACE inhibitors on
recurrent ischemic events and the progression of atherosclerosis in patients without left
ventricular dysfunction. If these studies yield positive results, ACE inhibitors might assume an
important role in the secondary and possibly primary prevention of ischemic heart disease. (AM

HearT J 1994;128:1328-32.)

Bertram Pitt, MD Ann Arbor, Mich.

The angiotensin-converting enzyme (ACE) inhibi-
tors have been shown to be effective in reducing
morbidity and mortality in patients with symptom-
atic and asymptomatic left ventricular (LV) dysfunc-
tion both in chronic heart failure and after myocar-
dial infarction (MI). The results of several important
trials—the Cooperative North Scandinavian Enala-
pril Survival Study (CONSENSUS I),! the treatment
and prevention arms of the Studies of Left Ventric-
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ular Dysfunction (SOLVD),%3 Survival After Left
Ventricular Enlargement (SAVE),* Acute Infarction
Ramipril Efficacy (AIRE),> CONSENSUS I1,% Inter-
national Study of Infarct Survival (ISIS)-IV,” and
Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico (GISSI)-III8—all suggest
that patients with chronic LV dysfunction (ejection
fraction =<35% to 40%), whether as a result of
ischemic or nonischemic cardiomyopathy, and
post-MI patients who have LV dysfunction, whether
symptomatic or asymptomatic, can safely be treated
with an ACE inhibitor unless contraindicated or not
tolerated.

Results of several trials, in conjunction with recent
experimental data, suggest that ACE inhibitors might
have a role in the secondary and possibly primary
prevention of coronary artery atherosclerosis and is-
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chemic heart disease. In both the SOLVD® and
SAVE! trials, patients randomized to an ACE in-
hibitor—either enalapril (SOLVD) or captopril
(SAVE)—had a significant reduction in the incidence
of fatal or nonfatal MI on follow-up that averaged 40
and 42 months for SOLVD and SAVE, respectively.
A relatively long lag time elapsed before the effect of
ACE inhibitors on MI was noted, which is compati-
ble with the hypothesis that the effect of ACE inhib-
itors on the occurrence of MI may be through an ef-
fect on atherosclerosis. By contrast, a reduction in MI
incidence was not observed in the AIRE,® ISIS-IV,7
and GISSI-III® trials in patients with acute ML
However, these trials had relatively short follow-up
periods. An effect of ACE inhibitors on the develop-
ment of coronary atherosclerosis, plaque rupture, or
thrombosis after plaque rupture might require sev-
eral years. The question of whether ACE inhibitors
are effective in preventing coronary atherosclerosis
and ischemic events in patients without LV dysfunc-
tion is being investigated in several prospective, ran-
domized trials. Such patients were chosen for these
trials to reduce the possibility that ACE inhibitors
might demonstrate effectiveness in reducing the in-
cidence of MI through their effects on preventing
ventricular dilatation and to focus on the question of
whether the renin-angiotensin-aldosterone system
(RAAS) plays a significant role in the development of
atherosclerosis and its manifestations. This article
will briefly review the evidence for a role of the RAAS
in atherogenesis and, consequently, whether ACE
inhibition therapy has a role in the secondary pre-
vention of ischemic heart disease.

RAAS AND MI

Support for a role of the RAAS in the pathogene-
sis of M1 is derived from observational studies by Al-
derman et al.l” and genetic studies by Cambien et
al.'l In an 8-year follow-up of patients with hyper-
tension, Alderman et al.19 noted that an elevated se-
rum renin level at baseline was an independent risk
factor for MI, even after adjusting for smoking, hy-
perlipidemia, and diabetes mellitus. Although the
results of this study demonstrated the importance of
activation of the RAAS in the pathogenesis of MI,
many clinicians remained skeptical, because activa-
tion of the RAAS may be due to diuretic usage and
sodium intake, either of which might have been
affected in a population with hypertension. However,
the recent finding by Cambien et al.l! that patients
with the DD form of the ACE genotype have a signif-
icantly increased incidence of MI has reemphasized
the importance of the observations by Alderman et
al.l® Patients with the DD ACE genotype have
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significantly higher plasma levels of ACE than do
patients without this genotype.!” Because genotype
is not affected by medication or sodium intake, these
observations suggest that activation of the RAAS
plays a fundamental role in the pathogenesis of MI.
The initial observations of Cambien et al.!! have been
supported by more recent reports that offspring of
patients with the DD ACE genotype have a relatively
high incidence of MI'2 and a relatively increased in-
cidence of heart transplantation.'

POTENTIAL MECHANISMS BY WHICH ACE
INHIBITORS MAY PREVENT MI

Blood pressure lowering. The studies suggesting
that activation of the RAAS is a new and indepen-
dent risk factor for MI raise questions as to the
effectiveness of ACE inhibitors in preventing M1 and,
if so, the mechanism of this effect. One potential
mechanism by which ACE inhibitors might prevent
MI is through their effects on blood pressure.

Angiotensin II is a coronary and peripheral vaso-
constrictor.!4 ACE inhibitors have been shown to be
effective in the therapy of hypertension, and one
could postulate that the proposed beneficial effects of
ACE inhibitors in preventing MI could result from
their effect in preventing coronary and peripheral
vasoconstriction. However, in patients with coronary
atherosclerosis and angina pectoris, ACE inhibitors
have had a variable effect. In a study by Cleland et
al.,> ACE inhibitor therapy resulted in increased in-
cidence of angina pectoris, decreased exercise toler-
ance, and increased use of nitroglycerin. These ad-
verse effects have been attributed to possible “coro-
nary steal”; that is, the systemic and coronary
vasodilatation induced by ACE inhibitors might di-
vert coronary flow from collateral-dependent is-
chemic areas or the endocardium to nonischemic
areas that supply collaterals to the myocardium or
the epicardium, which has a greater coronary artery
flow reserve than does the endocardium. The lack of
short-term benefit in patients with angina pectoris
demonstrated in the study by Cleland et al. does not
eliminate the possibility that a long-term reduction
in blood pressure by ACE inhibitors might be bene-
ficial, because hypertension has been associated with
an increased incidence of MI and endothelial dys-
function. However, a long-term reduction in blood
pressure by other agents, such as 3-adrenergic recep-
tor blocking agents, has not proved as effective in
preventing MI as might be predicted from their
effects on blood pressure reduction.!® Therefore,
whether the proposed effectiveness of ACE inhibitors
in reducing M1 is attributable at all or in part to their
effects on blood pressure remains uncertain,.
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Antiatherogenic effects. Independently of their ef-
fects on blood pressure, ACE inhibitors might have
an important role in preventing atherosclerotic
plaque formation, plaque rupture, or thrombosis af-
ter plaque rupture. Angiotensin II has been shown to
stimulate various growth factors that might be im-
portant in the development of atherosclerosis, in-
cluding platelet-derived growth factor.!? Angiotensin
IT has also been shown to stimulate the migration of
neutrophils and macrophages into the vascular wall.18
Recently it was suggested that angiotensin II has
an oxidant effect and increases the oxidation of
LDL cholesterol’® and hence lipid uptake into the
endothelium.

Patients with coronary artery narrowing as a result
of atherosclerosis have evidence of endothelial dys-
function in the vessel with angiographic narrowing?®
and in angiographically normal adjacent coronary
arteries.?! Patients with multiple risk factors and
angiographically normal coronary arteries have also
been demonstrated to have endothelial dysfunc-
tion.?? Studies suggest that angiotensin II may be
important in the development of endothelial dys-
function, which is believed to be a significant precur-
sor to atherosclerosis. Animals fed an atherosclerotic
diet develop endothelial dysfunction, as measured by
loss of vasoconstrictor responses to acetylcholine and
other endothelium-dependent vasodilators, whereas
animals fed an identical diet plus an ACE inhibitor
maintained normal endothelial function, with pre-
served vasodilator response to acetylcholine.?

ACE inhibitors may have an effect on the develop-
ment of atherosclerosis per se by blocking the effects
of angiotensin II. Experimental studies by Choba-
nian et al.?* show that animals fed an atherosclerotic
diet develop pathologic evidence of atherosclerosis,
whereas animals fed an identical diet plus an ACE
inhibitor had significantly less evidence of vascular
atherosclerosis.

Aldosterone and high-density lipoprotein cholesterol.
Aldosterone has also been implicated in the develop-
ment of atherosclerosis. There appears to be an
inverse correlation between aldosterone levels and

serum high-density lipoprotein (HDL) cholesterol

levels.?> A reduction in serum HDL cholesterol levels
would be expected to promote atherosclerosis. It has
also been suggested that aldosterone is of importance
in the development of endothelial dysfunction, in
that patients with primary hyperaldosteronism have
evidence of endothelial dysfunction that is reversed
by removal of the aldosterone-producing tumor.?¢ It
has been suggested that the occurrence of endothelial
dysfunction in patients with primary hyperaldoster-
onism is independent of the effect of aldosterone on
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blood pressure.? Thus by blocking the production of
aldosterone and the conversion of angiotensin I to
angiotensin II, ACE inhibitors might be effective in
blocking the development of atherosclerosis through
a reduction in HDL cholesterol, oxidation of LDL,
prevention of endothelial dysfunction and athero-
sclerotic plaque formation.

Atherosclerotic plaque rupture. Angiotensin IT might
also contribute to the tendency for atherosclerotic
plagques to rupture. Angiotensin II has been shown to
cause the release of endothelin, an important mito-
gen and a potent coronary vasoconstrictor under cer-
tain circumstances, from the endothelium.?” 28 The
local release of endothelin could increase coronary
vasoconstrictor tone in vascular areas with lipid-rich
early atherosclerotic plaques and thereby cause
plaque fissuring and rupture. Angiotensin II and al-
dosterone also cause the release of norepineph-
rine.?® 30 L ocal release of norepinephrine might in-
crease vasomotor tone and hence plaque rupture.
ACE inhibitors, by preventing local endothelin or
norepinephrine release, could help to prevent plaque
rupture. Davies and Thomas®! and other investiga-
tors32 have described the factors responsible for
plaque rupture. ACE inhibitors might prevent plaque
rupture by preventing the accumulation of lipid
within the endothelium or by preventing a local in-
crease in vasomotor tone.

Thrombosis after plaque rupture. In both experimen-
tal and clinical studies,® 3¢ angiotensin II has been
shown to stimulate the release of plasminogen acti-
vator inhibitor. By preventing the release of plasmin-
ogen activator inhibitor, ACE inhibitors would in-
crease the likelihood for spontaneous thrombolysis
and prevention of thrombus formation. Evidence
suggests that plaque rupture is relatively frequent
but that complete thrombus formation after plaque
rupture is relatively uncommon.3? In most episodes
of plaque rupture, platelet deposition and thrombo-
sis formation are minimal or incomplete and lead to
progression of the atherosclerotic lesion. In some in-
stances, however, thrombus formation is more com-
plete and leads to the clinical syndrome of unstable
angina pectoris or, when complete without collateral
development, to MI. ACE inhibitors could also pre-
vent thrombus formation through their effect on
preventing endothelial dysfunction and therefore
platelet adhesion. Prevention of norepinephrine re-
lease by ACE inhibitors might also contribute to
prevention of thrombus formation. Patients with
heart failure, especially those treated with a loop di-
uretic, tend to have depletion of intracellular mag-
nesium.3® ACE inhibitors and aldosterone tend to
increase intracellular magnesium. Hypomagnesemia
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would tend to cause increased platelet aggregation
and therefore thrombosis. Hypomagnesemia has also
been suggested to be of importance in increasing cor-
onary vasomotor tone and cytokine release.3

CLINICAL TRIALS

The observations regarding the RAAS by Alder-
man et al.l® and Cambien et al.,!! the results of
the SOLVD? and SAVE! studies, and the experi-
mental evidence linking angiotensin I and aldoster-
one to endothelial function,?®26 atherosclerosis,3
and release of vasoactive substances?” 3% have led to
several prospective randomized trials evaluating the
effect of ACE inhibitors in slowing or preventing
atherosclerosis.

The Quinapril Ischemic Event Trial (QUIET)3
enrolled more than 1700 patients with normal LV
function (LV ejection fraction >40%) who had un-
dergone percutaneous transluminal coronary angio-
plasty (PTCA) and who had at least one vessel out-
side the PTCA zone with minimal coronary artery
disease. After a qualifying quantitative coronary an-
giogram, the patients were randomized to either pla-
cebo or ACE inhibitor (quinapril) therapy and will be
followed up on for 3 years. The effect of quinapril on
combined ischemic events, including cardiovascular
death, MI, hospitalization for unstable angina pecto-
ris, and the need for subsequent PTCA or coronary
artery bypass graft will be determined. In a subset of
500 patients, the quantitative coronary angiogram
will be repeated at the end of the 3-year period and
the effect of quinapril on new coronary lesion forma-
tion and progression of coronary atherosclerosis will
be determined. Randomization for the trial has been
completed, and the final follow-up angiograms and
patient follow-up will be completed by December
1996.

The Heart Outcomes Prevention Evaluation
(HOPE) study (S. Yusuf, personal communication)
uses a factorial design to examine the role of ACE in-
hibitor therapy (ramipril} and an antioxidant (vita-
min E) on total mortality in 6000 patients with
known coronary artery disease without heart failure.
Patients with known coronary artery disease, includ-
ing patients with diabetes mellitus, are being ran-
domized to the ACE inhibitor or placebo and will be
followed up on for 3 years. Several smaller ongoing
trials with enalapril are also investigating the effect
of ACE inhibition on the progression of coronary
atherosclerosis.

Should these studies yield positive results and
support the hypothesis that activation of the RAAS
is an independent risk factor for MI, ACE inhi-
bitors might assume an important role in the sec-
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ondary and, possibly, primary prevention of ische-
mic heart disease, especially in patients without
hyperlipidemia.
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