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Abstract Both aspirin (acetylsalicylic acid) and ACE inhibitors are often used concom-

itantly, especially in patients with both heart failure and ischaemic heart disease,
which is the most common underlying cause of heart failure.

The safety of the association has been questioned because both drugs affect a
related prostaglandin-mediated pathway. Thanksto their vasodilating properties,
prostaglandins play an important role in heart failure where peripheral vasocon-
striction occurs. Some of the beneficial effects of ACE inhibitors might berelated
to reduced degradation of bradykinin that enhances the synthesis of prostaglan-
dins, while aspirin, through inhibiting the enzyme cyclo-oxygenase, inhibits the
production of prostaglandins.

To date no prospective study has been conducted to investigate the effect of
long term aspirin treatment in the postinfarction period alowing the possible
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impact of the interaction between aspirin and ACE inhibitors upon survival to be
confirmed or negated. However, the practitioner needs to know how to optimise
the treatment of his or her patients.

In order to stimulate arguments for and against the use of aspirin in patients
with heart failure receiving ACE inhibitors, we searched MEDLINE from 1960
to 2000 using the key words heart failure, aspirin, and ACE inhibitorsfor English
language articles and conducted areview of the available data.

We report on the potential mechanisms of the interaction and the results of
experimental studies on haemodynamic parameters. Results of retrospectiveclin-
ical studies, subgroup analysisthat were undertaken to evaluate the overall action
upon haemodynamic parameters and survival of the association are summarised.
Conflicting conclusions have been reported in the literature. Many explanations
can be advanced to try to understand these conflicting conclusions: differences
in study design (results of retrospectivetrialshaveto beinterpreted with caution);
differences in the choice of the evaluation parameter (problem of the clinical
relevance of haemodynamic parameters); differencesin the characteristics of the
patient (different underlying cardiopathy, e.g. heart failure, hypertension or isch-
aemic cardiopathy); and differencesin the type and the dosage of each treatment
(especially ACE inhibitorsand aspirin sincean interaction might occur moreoften

with dosage of aspirin greater than 250mg).

The prevalence of heart failure isincreasing in
industrialised countries, especialy in the elderly
population. It is the single most frequent cause for
hospitalisation in individuals aged 65 years or older.
Itismostly attributable to aging populations and to
improved survival and management of coronary
heart disease.[%4 |schaemic heart disease is the most
common cause of heart failure with decreased sys-
tolic function.[33 Many authors have questioned the
safety of the use of aspirin (acetylsalicylic acid) in
patients with heart failure especially those patients
who are being treated with ACE inhibitors.[6-12]

In order to stimulate arguments for and against
the use of aspirinin patientswith heart failurereceiv-
ing ACE inhibitors, we searched MEDLINE from
1960 to 2000 using the key words heart failure, aspi-
rin, and ACE inhibitors for English language arti-
cles and conducted areview of the available data.

1. Rationale for a Concomitant Use of
Aspirin and ACE Inhibitors

Heart failure and ischaemic heart disease are fre-
guently associated conditions. They often require
treatment with both A CE inhibitors and aspirin,but
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these drugs have only been evaluated separately.
Clinical trials have demonstrated that ACE inhibi-
tors can reduce morbidity, mortality and improve
quality of life and exercise performancein al stages
of heart failure[e.g. moderate heart failure[Studies
of Left Ventricular Dysfunction (SOLVD),!13! Va-
sodilator Heart Failure Trial (V Heft 11)[24]] to se-
vereheart failure [ Cooperative North Scandinavian
Enalapril Survival Study (CONSENSUS) 11%3]] and
after myocardial infarctionl1¢l with decreased sys-
tolicfunction or clinical heart failure [Survival and
Ventricular Enlargement Study (SAVE),[*7 Acute
Infarction Ramipril Efficacy Study (AIRE),[]
Trandolapril Cardiac Evaluation (TRACE)[19]. A
meta-analysis of trialswith ACE inhibitorsin heart
failure demonstrated a 23% decrease in total mor-
tality and a 35% decrease in the combined end-point
of mortality or hospitalisation for congestive heart
failure.l2%1 ACE inhibitors are recommended as
first line treatment in systolic heart failure.[22] Fur-
thermore, an overview of 7 trials demonstrated an
improvement of overall survival with ACE inhibi-
tor therapy started during acute myocardial infarc-
tion.[22l No significant difference of proportional

Drug Safety 2001; 24 (3)
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mortality reduction was noticed between patients
with heart failure or Killip >1 at entry [ 11%; stand-
ard deviation (SD) 4%)] and patientsin Killip class
1(5%; SD 3%). The absol ute benefit of ACE inhib-
itor treatment was particularly large in patients with
heart failure after myocardia infarction because
they are at increased risk of death [14.1 (SD 5.4) vs
2.9 (SD 1.6) lives saved per 1000in days0to 30].22

Aspirin isthe reference treatment in acute isch-
aemic heart disease (unstable angina and myocar-
dial infarction) and in the primary and secondary
prevention of ischaemic eventsi?3l. The Second In-
ternationa Study of Infarct Surviva (1S1S-2) showed
the mortality benefit of aspirin started early after my-
ocardial infarction and followed for 6 weeks.[242%]
Whether aspirin needsto be given long term remains
uncertain because of the lack of benefit demon-
strated in long term studies with aspirinin patients
with heart failure. The Antiplatelet Trialists re-
ported from 11 trialswith more than 20 000 patient
yearsof follow-up on theeffect of aspirin usein post-
infarction patients. The first meta-analysis did not
report a reduction in overall mortality in the long
term postinfarction trials although a second analy-
sisdid.[2627 |t is possible that aspirin benefits only
some subgroups of patients in the long term post-
infarction trialsand causesharmin others. Two post-
infarction trials suggest that patients with heart
failure do not benefit with aspirin.[28:29]

Aspirin and ACE inhibitors given alone both
benefit patients in the weeks following a myocar-
dial infarction but little is known about the concom-
itant use of these medications.[3% The safety of the
combination was questioned because both drugs af -
fect a related prostaglandin (PG)-mediated path-
way (see section 2).18 The effect of the association
may theoretically be synergistic, neutral or nega-
tive but experimenta data and retrospective studies
suggested that there might beanegativeinteraction
between aspirin and ACE inhibitors. To date no
prospective clinical study has been conducted that
investigatesthe overall impact of this combination
of drugs upon survival.
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2. Theoretical Background for Aspirin
and ACE Inhibitor Interaction

A negativeinteraction between aspirin and ACE
inhibitors is suspected because the both drugs af -
fect arelated PG-mediated pathway.[6]

ACE inhibitors have beneficial effects on the
regulation of vascular tone, myocardial contractil-
ity and ventricular remodelling and modulation of
neuroendocrine activation.[31:32 They act through
2 mechanisms. Thefirst oneistheinhibition of the
conversion of angiotensin | to angiotensin 1, apo-
tent vasoconstrictor which stimulates release of
aldosterone and norepinephrine (noradrenaline)
and causing water retention and further vasocon-
striction.[33:34 The second one is the inhibition of
the breakdown of kinins,[32 leading to increased
concentration of bradykinin (adirect smooth mus-
cle relaxant),[3% and the formation of vasodilator
PGs (such as prostacyclin and PGE2).36] Kinins
may dilate vessels by endothelial stimulation of
nitric oxide (NO) synthesisand release viaspecific
bradykinin B2 receptors,[3237 promoting the vaso-
dilation and afterload reduction in patients with
congestive heart disease and coronary artery dis-
ease.[7:38-401 A CE inhibitors potentiate the action of
exogenous intravenously administered bradykinin
by approximately 50-fold but can also potentiate
the action of endogenous released Kinins.[3241]
Moreover, a stimulation of PGE2 and prostacyclin
synthesis by activating phospholipase and arachid-
onic acid release has been described with cap-
topril .[42 But the contribution of PG to the haemo-
dynamic effects of ACE inhibitorsin heart failure
remainsuncertain. In astudy involving 12 patients
with heart failure randomised to double-blind
cross-over treatment with enalapril 10mg twice
daily followed by losartan potassium 25mg twice
daily, or thereverse, each for 5 weeks, Davieet a.[4?!
observed that exogenous bradykinin did cause va-
sodilatation (forearm blood flow) and that this re-
sponsewas markedly enhanced by pretreatment with
an ACE inhibitor compared with an angiotensin-1
antagonist. However, there was no evidence of an
effect of endogenous bradykinin antagonism with
a selective long acting bradykinin antagonist, irre-

Drug Safety 2001; 24 (3)
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spective of pretreatment with an ACE inhibitor or
an angiotensin antagonist.[43]

Aspirin may antagonise these beneficial effects
through the bl ockade of the enzyme cyclo-oxygenase
(COX) and thus inhibiting the production of pros-
taglandins, resulting in vasoconstriction, reduction
in cardiac output and aggravation of heart failure
(fig. 1). Thus, Dzekaet al.[*4 showed recently that
a single dose of aspirin 325mg significantly in-
creased venoconstriction to both exogenous and en-
dogenous norepinephrine released following sym-
pathetic activation during a cold pressor test.

The point is that the interaction between ACE
inhibitors and aspirin may be particularly relevant
and negative in congestive heart failure where PG
synthesisis activated to limit vasoconstriction and
maintain local blood flow.[38 This mechanism is
hard to assess because of the difficultiesin measur-
ing plasma and urinary PG levels and because of its
short half-life. Studies assessing a potential inter-
action between aspirin and ACE inhibitors have
shownvery variableresults. Some demonstrated no
significant changes in either PGE2 or prostacyclin
metabolite level 3945461 while others stated a de-
crease in PGE2 levels when aspirin was added to
an ACE inhibitor.[4"]

Results obtained with other antiplatelet agents
that inhibit COX such asindomethacin are an indi-
rect argument for arole of PG in the interaction.
Inhibitors of PG synthesis are expected to be dele-
teriousin patientswith heart failure. Indomethacin
intake induced a decreasein renal plasmaflow and
glomerular filtration ratel*d and lead to adeteriora-
tion in cardiac index, systemic vascular resistance
and left ventricular filling pressure particularly in
patients who were hyponatraemic.[38!

Clinical reports suggest that other pathways may
be involved in the interaction between salicylates
and ACE inhibitors. During the long term admin-
istration of spironolactone 25mg 4 times daily in
10 healthy men, the addition of 600mg of aspirin
reduced the mean sodium content of overnight urine
by 30%, which could affect the management of a
patient receiving this therapy.[48]

0 Adis International Limited. All rights reserved.
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Fig. 1. Potential mechanism of the interaction between aspirin
(acetylsalicylic acid) and ACE inhibitors. ACE = angiotensin con-
verting enzyme; PG = prostaglandin; PGI, = prostacyclin.

The mechanism of action of both aspirinand ACE
inhibitors may lead to similar or opposite effects.[8]
Salicylates not only block the constitutive COX
enzyme but also inhibit phospholipase A2 (PLA2)
activity and stimulate NO production. Aspirin and
ACE inhibitors may be beneficial by both leading
to inhibition of transcription factor NF-kB that
modulates endothelial cell function and the expres-
sion of inflammatory mediators. But they may be
antagonistic through the capacity of aspirin to ex-
acerbate endothelin-1-induced vasoconstriction.[49]
In a study investigating the role of local vascular
production of NO or prostacyclin in the vasocon-
striction induced by endothelin-1 in vivo in hu-
mans, Haynes and Webb!4®! showed a potentiation
of responsesto endothelin-1 by aspirin, suggesting
that endothelial production prostacyclin attenuates
responses to endothelin-1 in human veinsin vivo.

Drug Safety 2001; 24 (3)
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In contrast, Baur et al.[4¢l suggested that enal-
april exerts an independent antithrombotic effect
by reducing the formation of thromboxane A and
that aspirin consequently does not induce any ad-
ditive significant therapeutic effect in patientswith
heart failure treated with enal april .[46] Thisview is
founded in observing that angiotensin |1—induced
contraction of isolated blood vessels is attenuated
by blockade of thromboxane receptors, suggesting
the existence of a thromboxane-mediated mecha-
nism of amplification. In fact, in the study includ-
ing patientswith coronary disease and heart failure
receiving combined ACE inhibitorsand salicylate,
enalapril reduced angiotensin | 1-induced synthesis
of systemic and renal prostacyclin and thrombox-
ane A2, initially only during the day but later also
at night. Then, it masked suppression of thrombox-
ane A2 synthesis by salicylate. The overall effect
of ACE inhibitorson platel et aggregability remains
controversial but aspirin and ACE inhibitors may
have similar effects on platelet activation.

Another possible mechanism for an adverse hae-
modynamic interaction between aspirin and ACE
is a pharmacokinetic interaction. Captopril may
limit the ability of indomethacin or other renally
secreted nonsteroidal anti-inflammatory drugs
(NSAIDs) to inhibit renal PG synthesis through
competition for access to the renal medulla.[5%

Overall, the exact mechanism of the interaction
between ACE inhibitors and aspirin is not known
and may be synergistic or antagonistic. It isimpor-
tant that this interaction is characterised because
understanding it may induce changesin to the way
in which patients with heart failure and coronary
disease aretreated. Should patientswith ischaemic
heart failure treated with ACE inhibitors be given
aspirin? Are ACE inhibitors effective in patients
with heart failuretreated with aspirin? If effectsare
nonadditive, each drug will be unnecessary in the
presence of the other.

3. Data on the Potential Interaction
between ACE Inhibitors and Aspirin

The interaction between ACE inhibitors and as-
pirin has been investigated in both experimental and
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clinical studies. None of them leads to a clear con-
clusion but they provide some elementsfor discus-
sion.

3.1 Animal Studies

Some animal pharmacological experiments sug-
gest anegativeinteraction between ACE inhibitors
and NSAIDs but the results of such studies are not
unanimous.!'® Some of them are detailed here.

Aspirin has been found to partially block the
endothelium-dependent relaxation induced by cap-
topril in isolated canine femoral artery segments,®
but no significant effect on the haemodynamic and
therenal response to acute administration of enala-
pril was measured after 4 days treatment with as-
pirin 325 mg/day in a canine pacing model of heart
failure.l52

The availability of a specific bradykinin recep-
tor antagonist (icatibant) allowed investigators to
determine the contribution of bradykinin to the ef-
fects of ACE inhibitorsin animals and a potential
way of interaction between ACE inhibitorsand as-
pirin. Concomitant treatment with icatibant abol-
ished the beneficial effects of ACE inhibitor treat-
ment (moexipril) onventricular remodellinginrats
with heart failure caused by coronary artery liga-
tion (i.e. infarct size, theratio of total heart weight
to bodyweight and end-diastolic pressure), while
losartan potassium did not affect any of these car-
diac parameters.[53 The authors concluded that the
cardioprotective effects of the ACE inhibitor ad-
ministered before myocardial infarction were the
result of the reduced breakdown of kinins rather
than of the reduced synthesis of angiotensin 11.15%
In another study with dogs, aspirin in dosages suf-
ficient to inhibit platelet aggregation did not alter
the attenuation of myocardial stunning induced by
ramipril (assessed by measuring systemic haemo-
dynamics, posterior myocardial blood flow and
wall thickening).[>4

3.2 Human Studies

3.2.1 Clinical Trials
ACE inhibitors exert their beneficial effects by
improving haemodynamic parameters, renal func-

Drug Safety 2001; 24 (3)
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tion, pulmonary dynamics and reducing ventricular
remodelling.[3Y Previous studies gave evidence to
support concerns that aspirin may impair the ef-
fects of ACE inhibitors on haemodynamic param-
eters and exercise capacity although findings were
not all unanimous. Therefore, reports about thein-
fluence of NSAIDs on forearm blood flow in re-
sponseto sodium nitroprusside (reflecting vascular
reactivity) in patients treated with ACE inhibitors
are conflicting.

Haemodynamic Studies

Nishimura et al.[%9] observed that a single dose
of indomethacin 50mg inhibited forearm blood
flow vasodilation induced by a single dose of cap-
topril 25mg in patients with heart failure as mea-
sured using plethysmography. Nakamura et al.[5¢l
found that pretreatment with high dose aspirin but
not an inhibitor of nitric oxide synthesis decreased
the endothelium dependent vasodilation induced
by intra-arterial enalapril in 10 patients in New
York Heart Association (NYHA) Il heart failure.
But these findings were not observed by other au-
thors. Katz et a.l1 demonstrated that the vaso-
dilating effects of long term enalapril 20mg in the
skeletal muscle circulation of patients with heart
failure (62 patients with mild to moderate heart
failure) are not altered by aspirin. Nonsignificant
difference was observed between patients receiv-
ing aspirin 325mg, ifetroban 250mg (a specific in-
hibitor of thromboxane A2) or placebo.l1 In 15
patients with NYHA 11 heart failure, Jeserich et
al.[58] observed that 3 months of treatment with as-
pirin 100mg was as effective as perindopril 4mgin
increasing vascular reactivity. But combined ther-
apy did not further increase vascular reactivity. The
authors concluded that the mechanism of action of
ACE inhibitors involves COX factors and that the
action of aspirin and ACE inhibitors is not addi-
tive.l8 In a double-blind, randomised crossover
study with patients with severe congestive heart fail-
ure, Hall et al.I observed that a prior or concom-
itant single dose of aspirin 325mg totally reversed
the systemic haemodynamic effect of enalapril
10mg (decreasein left ventricular filling pressures,
systemic end vascular resistances and increase in
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cardiac output). Similar results were reported with
indomethacin. Townend et al.[6% showed that asin-
gle dose of indomethacin attenuatestheincreasein
cardiac output and renal blood flow in response to
captopril (but not the increase in forearm or calf
blood flow). Some systemic haemodynamic stud-
ies of the coadministration of NSAIDs and ACE
inhibitors are in accordance with these findings.
They demonstrated a significant interaction, sug-
gesting a similar pathway. Spaulding et al.l! in-
vestigated the haemodynamic effect of a single
dose of oral enalapril 10mg in patients randomly
assigned to ticlopidine 500mg or aspirin 350mg for
7 days. Aspirin did not induce any pulmonary ef-
fect but abolished the ACE inhibitor induced vaso-
dilation while ticlopidine did not.[64

In contrast, no significant effect on haemody-
namicswasidentified by Van Wijngaarden et al.[47]
in 13 patients with severe heart failure (mean gjec-
tion fraction of 21%) receiving a single dose of
captopril 25mg with or without short term concom-
itant aspirin 236mg.[4l Baur et al.[6] reached sim-
ilar conclusionsin 20 patientswith NYHA 11 to 111
heart failure and ejection fractions below 40%.
Short term treatment with aspirin 250mg did not
significantly change the blood pressure reduction
induced by ACE inhibitor (enalapril 10 to 15mg)
administration or alter measures of angiotensin or
norepinephrine or renal function. Boger et al.[3%
observed that aspirin 100mg did not interfere with
the haemodynamic effect of captopril. These stud-
iesare summarised in table .

Renal Function Studies

There is also a potential interaction between
ACE inhibitors and aspirin on renal functionin pa-
tients with heart failure.

ACE inhibitors have been shown toimprovethe
renal function of patients with heart failure. Con-
comitant treatment of ACE inhibitors with aspirin
induced areduction in renal PGE2 and a commen-
surate decrease in renal sodium excretion.[62 The
retrospective analysis of Dietz et al.[53 concluded
that aspirin decreased the ACE inhibitor—induced
improvement in glomerular filtration and renal plas-
maflow.[53 By contrast, Van Wijngaarden et al 147 did

Drug Safety 2001; 24 (3)
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Table I. Haemodynamic studies assessing the interaction between ACE inhibitors and antiplatelet agents (APA)

Reference Study population ACE inhibitor APA Duration Findings Interaction
Nishimura et al.[5%] 14 CHF (NYHA class Captopril 25mg Indomethacin 50mg Single dose of each Inhibits ACE inhibitor induced forearm |+
& 1V) bloodflow vasodilation
Katz et al.l57] 62 mild or severe CHF  Enalapril 20mg Aspirin (acetylsalicylic Long term (4 wk ACE, Forearm blood flow not altered by 0
(EF < 40%) acid) 325mg 6 wk aspirin) aspirin in patients receiving ACE
inhibitors
Jeserich et al.[58 15 CHF (NYHA class  Perindopril 4mg Aspirin 100mg 3 mo Improved vascular reactivity with 0
1] aspirin, perindopril or both
Hall et al.[59 8 CHF (EF < 40%) Enalapril 10mg Aspirin 350mg Single dose Systemic haemodynamic effect: 1+
inhibits enalapril induced reduction in
systemic vascular resistance, left
ventricular filling pressure, total
pulmonary resistance and increase in
cardiac output
Townend et al.[6% 12 CHF (NYHAclass Captopril 25mg Indomethacin 50mg Single dose Inhibits captopril-induced increase in 1+
& 1v) cardiac output and renal flow
Spaulding et al.l61] 20 CHF (NYHAcclass Il Enalapril 10mg Ticlopidine 500mg, Single dose of enalapril;  Inhibits the ACE inhibitor—induced 1+
&) aspirin 325mg 7 days AAP vasodilation
Van Wijngaarden et al. 471 13 CHF (NYHA class II- Captopril 25mg Aspirin 236mg Single dose >3 wks of No change in liver or calf blood flow 0
V) either enalapril or or calf vascular resistance
captopril
Baur et al.6] 20 CHF (NYHA Il & lll;  Enalapril 5 to 10 Aspirin 250mg on 2 days Unloading abolished in 3 of the 20 0
EF < 40%) mg/day second day of ACE patients
Inhibitor
12 CHF (NYHAII & lIl;  Enalapril 5 to 10mg Aspirin 250 mg/day 8 wk Unloading abolished in 1 of the 12 0
EF < 40% during last 4 wks of patients
ACE inhibitor
Boger et al.l39 13 healthy women Captopril 25mg Aspirin 100mg 7 days No effect on blood pressure reduction 0

twice daily

induced by captopril

CHF = cardiac heart failure; EF = ejection fraction; I+ = inhibition of ACE inhibitor—induced effects; NYHA = New York Heart Association.
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not find any deleterious effect on renal function
following the co-administration of aspirin 230mg
and captopril. Schwartz et a.[%4 observed in 10 d-
derly patients with heart failure that only 1 patient
had a marked fall in creatinine clearance on receiv-
ing the combination therapy.

Pulmonary Studies

A very important effect of ACE inhibitor treat-
ment is the improvement in pulmonary function and
exercisetolerance that they produce. Theseareim-
paired in patients with chronic heart failureand are
amajor cause of exercisedisability. Thisbeneficial
action seemsto be mediated through prostaglandin
activation which might be attenuated by treatment
with aspirin.[®5]

In arandomised, double-blind, study involving
16 patientswith heart failure and 16 age and gender
matched control individuals, Guazzi et al.[%8 re-
ported that aspirin 325 mg/day counteracted the im-
provement in pulmonary dynamics and function
(improvement in pulmonary carbon monoxide dif-
fusion, peak oxygen consumption, ratio of dead
space to tidal volume, carbon dioxide production)
induced by the ACE inhibitor enalapril given at a
dosage of 10mg twice daily. However, aspirin did
not cause any effect on patients who were not tak-
ing ACE inhibitors.[!

Moreover, while aspirin inhibited the beneficial
effects of enalapril on pulmonary function and dy-
namics, it did not interfere with the effects of lo-
sartan potassium (increase in peak oxygen con-
sumption, decrease in ratio of dead space to tidal
volume and improvement in exercise tolerance).[67]

In another study, aspirin wasgivento 26 patients
with primary dilated cardiomyopathy whose treat-
ment included an ACE inhibitor (n = 18) or not (8)
for 8 weeks.[®9] In the study, aspirin was found to
affect the pulmonary diffusion for carbon monox-
ide (MVO,), and the ventilatory response to exer-
cise in patients receiving ACE inhibitors while it
does not modify ventilation efficiency and peak
MVO, in patients not taking ACE inhibitors.[6%]
More recently, the same group pointed out the mech-
anism responsible for the beneficial action of ACE
inhibitors on pulmonary function.[®® They found
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that the improvement in the diffusing capacity is
caused by gradually evolving increasesin thealve-
olar capillary membrane conductance, independent
of changesin capillary volume.[68]

In aplacebo-controlled study of enalapril, Dick-
stein et al.[%9 corroborate these findings. They did
not observe any decreasein cardiopulmonary exer-
cise performancein menwith mild heart failureand
previous myocardial infarction most of whomwere
receiving aspirin.[69

3.2.2 Survival Trials

The above studies provide information about
the action of both ACE inhibitor and aspirin on the
pathway characteristics of heart failure but the
most crucial question involves the effect of these
agents on mortality rate.

There are disparities between clinical trials eval-
uating a potential interaction between ACE inhibi-
torsand aspirin. The main explanation isthat it has
never been the primary end-point of a prospective,
randomised, clinical study. However, some infor-
mation is provided by post hoc subgroup analysis
of the results of large clinical trials. Yusuf et al.[70
aready pointed out in 1992 that patientswith alow
gjection fraction taking aspirin did not receive full
advantage of the ACE inhibition. Cleland’! re-
ported from postinfarction clinical trial sthe benefit
provided by ACE inhibitors in patients with heart
failure taking or not aspirin. He observed a nega-
tive interaction between both drugs. The mortality
reduction with ACE inhibitors was less important
in the aspirin group, except in the SAVE trial .[17] In
thistrial, patientson aspirin at baseline had abetter
prognosis. In a recent overview of 5 long term
randomised trials assessing ACE inhibitors in pa-
tientswith|eft ventricul ar dysfunction or heart fail-
ure, the proportional benefits of ACE inhibitors
were similar whether or not the patients were tak-
ing aspirin at baseline.[’2 Another overview of the
effect of early ACE inhibitor treatment for acute
myocardial infarction in the presence or absence of
aspirin in 96 712 randomised patients had similar
findings.[”3 Both aspirin and ACE inhibitors were
found to be beneficia in acute myocardial infarc-
tion and the reduction in 30-day mortality associ-

Drug Safety 2001; 24 (3)
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Table 2

0 Adis International Limited. All rights reserved.

ated with ACE inhibitorswas not significantly dif-
ferent among patientstaking aspirin and those who
were not.[73]

Some other trials involving patients with heart
failure were examined to evaluate the effect on
long term mortality of enalapril-aspirin interaction
(tablell).

Retrospective analysis of datafrom CONSEN-
SUS Il showed that the effect of enalapril in pa-
tientswith heart failure after myocardial infarction
using aspirin at randomisation was less favourable
than among patients not taking aspirin at baseline,
indicating a negative interaction between aspirin
and enalapril (relativerisk of mortality of 1.23 ver-
sus 0.86 respectively, p = 0.047).[74 Coatd"]
criticised the methodol ogy of the study and noticed
the limitations of the retrospective study.

Taking into account the use of an antiplatelet
agent at randomisation, the results of the combined
(treatment and prevention) SOLVD trial(*3! |ead to
the same conclusion: enalapril did not improve the
prognosis of patients with heart failure taking as-
pirinwhereasit did in 46.3% of patientsnot receiv-
ing concomitant aspirin. Inaddition, enal april ther-
apy did not improve the prognosis of patients
receiving antiplatel et therapy at randomisation.[78]

It does not mean that aspirin is deleterious in
patients with heart failure, because the use of aspi-
rin at baseline was associated in both these studies
with a reduction in all-cause mortality risk, even
after adjusting for differences in baseline charac-
teristics between the 2 groups.

The Gruppo Italiano per lo Studio della Soprav-
vivenza nell’ Infarto Miocardico 3 (GISSI-3) trial,
whichincluded patientswith diabetesmellituswho
had experienced a myocardial infarction, reported
areduced benefit of lisinopril on 6-week mortality
postmyocardial infarction in patients receiving as-
pirin (7.7 vs 10.1% mortality in the lisinopril and
the placebo group, respectively) compared with
patients who were not (13.5 vs 24.7% mortality in
the lisinopril and the placebo group, respec-
tively).[7

In contrast, no significant interaction was ob-
servedin other trials. The Captopril and Thrombol -

Drug Safety 2001; 24 (3)
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Table Il. Clinical trials assessing the interaction between ACE inhibitors and aspirin (acetylsalicylic acid)

Trial Study population [no. of Follow-up ACE inhibitor Aspirin Mortality ACE inhibitor Mortality placebo
patients] period aspirin placebo aspirin placebo

CONSENSUS I’ Acute MI (<24h) [6090] 1d to 20mo IV enalapril 1mg for 2to  Aspirin (dose RR=0.86 RR=0.64 RR=1232 RR=0.81
NYHA (253) 3h unknown)

SOLVDI13] Heart failure (EF < 35%) 6mo Enalapril 20 mg/day Aspirin (dose 34.8% 35.2% 30.7% 40.3%
[6512] unknown)

GISSI-3[75 MI (<24h) [2790]P 6 wks Lisinopril 2.5, 5and 10  Aspirin (dose 7.7% 13.5% 10.1% 24.7%

mg/day unknown)

BIPI76] Stable coronary patients 5y Enalapril or lisinopril Aspirin (dose 24% 35%
[1247]; 464 patients with CHF (dose unknown) unknown)

SAVE[L] MI (3 to 16 days); EF < 40% 24 to 60mo Captopril 50mg 3 times  Aspirin (dose 16.6% 26% 21.4% 29.2%
[2231] (mean = 42) per day unknown)

TRACE[®! MI & decreased left ventricular 24 to 50mo Trandolapril 4mg Aspirin (dose 33.7% 45.2% 27.7% 60%
function [1749] unknown)

a p=0.047.

b Subgroup of patients with diabetes mellitus.

BIP = Bezafibrate Infarction Prevention; CHF = cardiac heart failure; CONSENSUS Il = Cooperative North Scandinavian Enalapril Survival Study II; EF = ejection fraction; GISSI-3
= Gruppo ltaliano per lo Studio della Sopravvivenza nell'lnfarto Miocardico; IV = intravenous; MI = myocardial infarction; NHYA = New York Heart Association class; RR = relative
risk; SAVE = Survival and Ventricular Enlargement Study; SOLVD = Studies of Left Ventricular Dysfunction; TRACE = Trandolapril Cardiac Evaluation.

sI03IqIUU] DV pue uridsy usamiaq uororIajuy

azL1l



176

Mahé et al.

ysis Study (CATS), evaluating the effect of cap-
topril 75mg, showed that the use of aspirin 80 to
100mg before hospitalisation at the time of ran-
domisation decreased significantly theleft ventric-
ular dilation at 1 year in 298 patients with acute
anterior infarction receiving streptokinase, irre-
spective of captopril treatment (2.2 = 3.0 ml/m2 vs
1.9+ 2.9 ml/m2in patientstaking aspirin and 9.6 +
3.0 ml/m2vs 7.3 + 2.4 ml/m? in patients who were
not). Aspirin did not attenuate the favourabl e effect
of captopril on ventricular dilation (Ieft ventricular
volume at 1 year).[™¥ These results were ques-
tioned by Daviel8% because of the evaluation cri-
teria and the doubt about the use of aspirin during
the 1 year study. In aretrospective study about 755
stable patients with heart failure (mean gjection
fraction: 31.5 + 11.5%) receiving different ACE
inhibitors, aspirin intake did not change the prog-
nosis, whatever the dose of ACE inhibitor and as-
pirin (mean of 180mg).[8!

Retrospective analysis of the Bezafibrate In-
farction Prevention (BIP) trial registry evaluating
the effect of bezafibrate in 11 575 stable patients
with ischaemic cardiopathy (with or without heart
failure)[7® does not confirm the hypothesis that as-
pirin attenuates the benefit of ACE inhibitors. In
the subgroup of patients receiving ACE inhibitors
(11%), the use of aspirin was associated with im-
proved 5 years-survival (19 vs 27%, p < 0.0001),
especially among patients with heart failure (464
patients, 24 vs 37%, p = 0.007).7]

4. Analysis of the Discrepancies in Trials
Investigating the Interaction between
Aspirin and ACE Inhibitors

Studies assessed in the review and discussed in
section 3 arrived at diverging conclusions. Many
factors may beresponsiblefor the differing results
seen.

4.1 Methodology of the Studies

The short term experimental studies used only a
single dosel6:47:5559-611 of either agent and in-
volved only small sample sizes.[39:46:47.55-61,64,6568.82]
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The chronic effects of long term aspirin ACE inhi-
bitor use can not be determined from such studies.

Analysis of clinical survival studies was retro-
spectiveand thislimitsthe applicability of thefind-
ings of such studies.[70-76.78,79.81]

Many explanations might be given for the better
prognosis seen in patients taking aspirin regardless
of whether or not they were receiving ACE inhibi-
tors and the reduced benefit of ACE inhibitorsin
the presence of aspirin. However, it isimpossible
to determine from these studied 70-76.78.79.81] \whether
aspirin was merely a marker of a better prognosis
or induced it.

The mechanism of action of both drugs hasbeen
suggested to explain the reduced benefit seen with
concomitant aspirin and ACE inhibitors. ACE in-
hibitors favour prostaglandin synthesis by inhibit-
ing the degradation of bradykinin while aspirinin-
hibits this process. An alternative explanation is
that the characteristics of patientsat inclusion were
not comparabl e between the studies (severity of heart
failure, aetiology of heart failure, ongoing treat-
ment); it is possible that patients treated with aspi-
rin had alower baseline risk than those not treated
with aspirin, independently of concomitant treat-
ment with ACE inhibitors. In addition, crossover be-
tween groupsmight have occurred during astudy and
underestimated the effect of the drugs. For exam-
ple, inthe survival studies, it was reported what ther-
apy patients werereceiving at thetime of inclusion
into the study and this might not accurately reflect
what the patients were actually receiving during the
majority of the follow-up period.

The reported studies were short and long term.
The effect of the treatment might be different in both
cases, whereasthe benefit appears only after along
time.

4.2 Interindividual Variability

It ispossible that some patients are be more sus-
ceptibleto the coadministration of aspirinand ACE
inhibitor than others. Guazzi et al.[82 showed that
in 26 patients with mild or severe hypertension re-
ceiving enalapril 20mg twice daily for 5 days, the
addition of aspirin 300 mg/day for 5 days can re-
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duce both the decreasein BP produced by enal april
(attenuation of more than 20% of the mean BP de-
crease) and the renin increase induced by enalapril
in approximately 50% of patients.[82] Thissuggests
that the action of an ACE inhibitor may vary from
one individual to another when either prostaglan-
dinactivation (inresponders) or angiotensin || block-
ade (in nonresponders) is predominant.[82]

4.3 Variability in Pathology

Theinteraction between aspirin and ACE inhib-
itors has been investigated in various patients:
healthy volunteers,[39 patients experiencing hyper-
tension,[8284 patients with myocardial infarction
(CONSENSUS 1171, GISSI-3[7]), chronic isch-
aemic heart disease (BIP!7®) and pure heart failure
(SOLVDI3), The physiological substrate is very
different and may explain the contradictory find-
ings. For example, the heart failure model induces
activation of prostaglandin to limit vasoconstriction.
In healthy volunteers, Boger et al.13% found no inter-
action of low dose aspirin (100mg) with the hypo-
tensive and humoral effect of captopril (25mgx 2),
whileit did inhibit thromboxane A2 formation. In
patients with essential hypertension, low dose as-
pirin (100 mg/day for 2 weeks) was not found to
interfere significantly with theantihypertensive ef-
fects of ACE inhibitors (enalapril 20 to 40 mg/day
for 4to 8 weeks).[83 Nawarskaset al.[84 drew sim-
ilar conclusions in a study involving patients with
hypertension receiving 2 daily doses of aspirin (81
or 325 mg) in addition to enalapril or losartan po-
tassium. Mean, systolic and diastolic blood pressures
wereunchanged.[8 Among patientswithmyocardial
infarction without heart failure treated with concom-
itant aspirin and ACE inhibitor, 1-year mortality was
unchanged (Global Utilization of Streptokinase
and t-PA for Occluded Coronary Arteries 1),[8
according to the hypothesis of Baur et .18 that aspi-
rin and ACE inhibitor both reduce the formation of
thromboxane and therefore do not have additive
effects. Inahigh risk population without heart fail-
ure or low gjection fraction, ramipril (10 mg/day)
significantly reduced the rates of death, myocar-
dial infarction and stroke (14 vs 17.8%, p < 0.001),
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irrespective of theintake of aspirin.[88] Conversely,
patients with heart failure seem to be more suscep-
tible to an interaction. Hall et al.l>% demonstrated
that 350mg of aspirin deteriorates the beneficial
effect of 10mg of enalapril.

The aetiology of heart failure also seems im-
portant. In the SOLVD trial ,[*3! aspirin did not in-
fluence the benefit of enalapril in patients with
nonischaemic cardiopathy but in patients with is-
chaemic cardiopathy, the association between as-
pirin and enalapril did not induce any benefit.

4.4 Treatment Variability

The studies discussed in section 3 were con-
ducted using different types of ACE inhibitorsand
different dosages of aspirin. The findings might be
different with structurally different ACE inhibitors
and NSAIDs.

Experimental studies have demonstrated that
different ACE inhibitors have different properties
(e.g. ability to inhibit tissue ACE) and therefore
quite different vasodilating effects. The effect of
enalapril upon PGE2 is patient-dependent,[“¢! and
captopril might have amore important effect upon
PGE2 than enalapril. Hornig et al.[87] reported that
the peripherally-induced vasodilation by quinapril
ismoreimportant than the oneinduced by enal april
in patients receiving aspirin.

Differences between NSAIDsmay also account
for some conflicting data. In fact, 2 distinct COX
isoenzymes have been identified (COX-1 and
COX-2). Both are ableto generate PGs but COX-1
isthought to produce PGsimportant for regulating
physiological processes and COX-2 PGs are pro-
duced mainly at sitesof inflammation. All NSAIDs
inhibit COX-1and COX-2 but to avariable degree:
drugsthat preferentially inhibit COX-1 may there-
foreinteract with ACE inhibitorsto agreater extent
than those that preferentially inhibit COX-2. This
might help explain why indomethacin, which in-
hibits COX-1 morethan 20-fold morethan COX-2,
seems to interact with ACE inhibitors to a greater
extent than aspirin, which inhibits COX-1 and
COX-2to an equal extent.[9
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In addition, in some studies, patients received
single doses of aspirin and an ACE inhibitor while
in others studies patients were receiving a stable
regimen of aspirin with an ACE inhibitor. Results
of acute administration should not be extrapolated
to long term treatment.

The mechanism of action of ACE inhibitorsand
therefore the influence of coadministration of an
antithrombotic dose of aspirin may be different in
short or long term treatment with ACE inhibitors.
Short term ACE inhibition results in inhibition of
bradykinin breakdown and stimulation of prosta-
glandin synthesis. During long term inhibition,
bradykinin levels normalise and inhibition of an-
giotensin |l appears to be the predominant method
of action in long term ACE inhibitors treatment.[47]

Theinteraction between aspirin and ACE inhib-
itor might be dose-dependent. Thisis an important
consideration because small doses of aspirin being
increasingly used in cardiology, athough there is
no long term data from postinfarction trials show-
ing a benefit with aspirin at doses less than 300
mg/day. Even aspirin 75 mg/day appears to be
enough to severely impair the synthesis of vasodi-
lator PG that is not significantly affected by con-
gestive heart failure. An infusion of arachidonic
acid, ametabolic precursor of prostacyclin, into the
forearm of healthy controls and patients with heart
failuretreated with ACE inhibitor resulted in vaso-
dilation. Administration of aspirin 75 mg/day for
14 days inhibited mean vasodilation by 55%.[88l

Guazzi et al.[82 observed that a dose of aspirin
300mg induced a BP increase of 60 to 90% when
it was added to an ACE inhibitor whilea100mg dose
did not induce any significant BP change.[82

The different dosages of aspirin used in the pre-
viously cited studies discussed in section 3 and the
fact that dosages are often not specified (e.g. in the
BIPL78 study the aspirin dose was quoted as |ow
and as 200mg in the discussion) might account for
the discordances in the results. Aspirin has in fact
very different actions at an antithrombotic dosage.
The study by Van Wijngaarden et al.l*l illustrates
the point that aspirin acts selectively through pros-
taglandin synthesis at antithrombotic doses (40 to
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350mg). A 325mg dose of aspirin decreases both
prostacyclin and thromboxane production (vas-
oconstricting) while lower doses (<100 mg) reduce
thromboxane production but does not affect pro-
stacyclin synthesis, and a dosage over 160 mg/day
reduces renal and extrarenal PG synthesis.[74]

This mechanism is in accordance with findings
of Hall et al.I>% (adose of aspirin 350mg given the
day before enalapril 10mg was administered was
found to inhibit enal april-induced vasodil ation), of
Van Wijngaarden et al .[*"1 (a single dose of aspirin
236mg combined with captopril was found to pro-
duce to similar haemodynamic alterations to those
observed with captopril alone) and of Boger et
al.[39 (aspirin 100mg did not change the haemo-
dynamic effects of captopril), Guazzi et al.l%® (as-
pirin 100 mg/day had no effect on blood pressure).

However, high dosages of aspirin may reduce
the benefits of ACE inhibitorsin patients with hy-
pertension or congestive heart failure, whereas|ow
dosages appear to interact less.[]

The evidence suggests that lower dosages of as-
pirin should be used in patients with heart failure
treated with ACE inhibitors because such dosages
are less likely to have a negative effect on haemo-
dynamic parameters.

5. Discussion

5.1 A Probable Interaction?

Overviewing the reports about the potential in-
teraction between ACE inhibitors and aspirin, it
can be presumed that there may be in fact be an in-
teraction. However, thisinteraction might be over-
looked when treatment is monitored with routine
measurements of blood pressure!> or the attenua-
tion is small and observed only at relatively high
dosages of aspirin.[8l

5.2 Clinical Impact

Theinteraction between ACE inhibitors and as-
pirin may be clinically relevant if it influences the
survival of patients receiving both drugs. For this
reason, retrospective studies can not be used to as-
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sessthe clinical relevance of this potential interac-
tion.

Further studies will clarify some aspects of this
interaction but will not answer all the questions
that require answers. The Warfarin/Aspirin Study
of Heart Failure (WASH) randomised trial, a pilot
study to Warfarin Antiplatelet Trial in Congestive
Heart Failure (WATCH) was aimed at comparing
the effect of no antithrombotic treatment, aspirin
(300 mg/day) or warfarin [target International
Normalised Ratio (INR) = 2.5] on outcome (acom-
posite of myocardial infarction, stroke, death) in
patientswith heart failure (g ection fraction < 0.35)
receiving diuretics.[89 279 patients aged 63 years
were included and followed 27 months; 60% had
coronary artery disease, 90% were receiving ACE
inhibitors, 90% werein sinusrhythm. The outcome
was not significantly different in the control group
(21, 7, 2% for myocardial infarction, stroke and
death, respectively), in the aspirin group (30, 9,
2%, respectively) and the warfarin group ( 25, 3,
0%, respectively). Thissmall open study could not
assess the interaction between aspirin and ACE in-
hibitors because of the size of the study, the ab-
sence of double-blind and the high percentage of
patients who left the study prematurely (approxi-
mately 30% per group).

The double-blind randomised WATCH study
comparing the effect of warfarin (target INR = 2.5
to 3), aspirin (162.5 mg/day) and clopidogrel (75
mg/day) in 4500 patients with heart failure will
look especialy at interactions between aspirin and
ACE inhibitors with a mean follow-up of 3 years.
Results are expected in 2004.

The double-blind randomised Heart Failure
Long Term Antithrombotic Study (HELAS) will
compare for 2 years the effect of warfarin (target
INR = 2 to 3) with aspirin (325 mg/day) in patients
with postinfarction heart failure, and the effect of
warfarin (target INR = 2 to 3) with placebo in pa-
tientswith heart failure and idiopathic or hyperten-
sive dilated cardiomyopathy.[%!
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5.3 Practical Issues

After considering the available data, the co-
administration of aspirin and ACE inhibitors can-
not be rejected. The findings of studies conducted
to date are conflicting: some authors recommend
stopping aspirin when starting an ACE inhibitor in
patients with heart failure while others are in fa-
vour of the co-prescription of both drugs in some
cased?. Recently, Pfefferl®l indicated that the
available data should not deny any patient with
acute myocardial infarction from treatment with
aspirin and ACE inhibitors when the patient pres-
ents with pulmonary congestion or left ventricular
dysfunction.[®Y] The dosage of aspirin might ac-
count for the clinical significance of the association
with ACE inhibitors but most of postinfarction tri-
als administered dosages of at least 300 mg/day,
leaving the efficacy of lower dosages unproved for
this use.[9

Insummary, further prospective studiesare nec-
essary. At first, experimental studies using arange
of aspirin dosages in patients with heart failure
treated with ACE inhibitors should be conducted.
These should be followed by long term survival
studies that focus on the effects of different doses
of aspirin given concomitantly with ACE inhibi-
tors in patients with heart failure.[*y] The WATCH
and HELAS studies will clarify the effect of co-
administration of aspirin and ACE inhibitorsin
patients with heart failure and ischaemic heart dis-
ease and precise the place of clopidogrel inischae-
mic cardiac disease and heart failure.

While waiting for the results of such studies, it
would seem reasonabl e to give low dose aspirin to
patients who have heart failure and concomitant
ischaemic heart disease and who are receiving ACE
inhibitors with appropriate blood pressure and
haemodynamic monitoring. For patientswith heart
failure of another aetiology, there is no strong
enough argument to recommend prescribing si-
multaneous administration of ACE inhibitors and
aspirin.
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