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Is Ramipril Really Better Than Other Angiotensin-Converting Enzyme
Inhibitors After Acute Myocardial Infarction?

Karen Tu, MD, MSca,b,c,*, Nadia Gunraj, BSc, MPHa,
and Muhammad Mamdani, PharmD, MA, MPHa,d,e

Whether angiotensin-converting enzyme (ACE) inhibitors are interchangeable and equally
efficacious after acute myocardial infarction (AMI) is controversial. We assessed whether
ramipril was superior to other ACE inhibitors after AMI as suggested by a previously
published study. We performed a retrospective cohort study using linked administrative
databases on >1.4 million elderly residents in the province of Ontario who were admitted
to the hospital for AMI, survived >30 days after discharge, and were initiated on an ACE
inhibitor after AMI and remained on the same ACE inhibitor from April 1, 1997 to March
31, 2000. We followed patients for 2 years and measured readmission for AMI or mortality,
together or alone. Our cohort included 5,408 elderly patients. Compared with patients on
enalapril, there was no significant difference for the combined end points of readmission for
AMI or mortality across users of ramipril (adjusted hazard ratio 0.95, 95% confidence
interval 0.79 to 1.15), lisinopril (adjusted hazard ratio 1.02, 95% confidence interval 0.84 to
1.25), or other ACE inhibitors (adjusted hazard ratio 1.08, 95% confidence interval 0.88,
1.32). In conclusion, the findings of this study support a class effect among ACE inhibitors
in treatment after AMI. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol 2006;98:

6–9)
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study done in Quebec1 that compared the benefits of
arious angiotensin-converting enzyme (ACE) inhibitors af-
er acute myocardial infarction (AMI) concluded that
amipril was associated with lower mortality than were
ther ACE inhibitors. This study used administrative data in
he province of Quebec to compare the efficacy of the
arious ACE inhibitors. We set out to verify the findings of
his study supporting the superiority of ramipril over other
CE inhibitors after AMI.

• • •
e performed a retrospective cohort study in �1.4 million

lderly residents in Ontario by using administrative data-
ases that were linked anonymously through encrypted
nique patient identifiers. We included all patients who
ere �66 years of age with a discharge diagnosis of AMI

ecorded in the Canadian Institute for Health Information
ospital discharge database from April 1, 1997 to March 31,
000 using International Classification of Diseases, Ninth
evision code 410 as the most responsible diagnosis or as an

n-hospital complication. Previous studies have shown the
se of administrative data are highly accurate for AMI
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oding.2–4. Patients were excluded if their total length of
tay was �3 days (to include only patients with true AMI
ather than unstable angina), they were transferred from
nother hospital, they died in the hospital or within 30 days
fter discharge (to avoid survival treatment selection bias),5

r they had an admission for AMI 3 years previously.
atients were also excluded if they were not prescribed an
CE inhibitor within 30 days after discharge or they were
rescribed an ACE inhibitor or angiotensin II receptor
locker in the year before hospital admission according to
he Ontario Drug Benefit database, which records prescrip-
ions filled by residents in Ontario who are �65 years of
ge. Patients were categorized as initiated on enalapril,
amipril, lisinopril, or other ACE inhibitors (benazepril,
aptopril, cilazapril, fosinopril, perindopril, quinapril, and
randolapril).

Patients were followed for 2 years after their discharge
ate. Patients were censored if they had the event of interest
i.e., death or readmission for AMI); they were switched to
n ACE inhibitor different from what was initially dis-
ensed, they discontinued the ACE inhibitor they were
nitially prescribed, or they reached the end of the observa-
ion period (March 31, 2002). As in other studies,6 we used
he “days supplied” variable of the Ontario Drug Benefit
atabase to estimate the intended duration of each prescrip-
ion. If patients were dispensed the particular ACE inhibitor
efore the end of this period, the excess drug supply was
arried over to the next prescription’s day’s supply estima-
ion. Patients were allowed a 20% grace period on the
revious days supplied to refill the next prescription. If they

id not refill their prescription within these successive pe-

www.AJConline.org
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7Coronary Artery Disease/Class Effect of ACE Inhibitors After MI
iods, they were deemed to have discontinued the ACE
nhibitor.

The primary outcome of interest was the combined end
oint of readmission for AMI as a primary diagnosis or
ortality. The secondary outcomes were AMI readmission

lone and mortality alone. Time-to-event analyses were
onducted for AMI hospitalization by using Cox’s propor-
ional hazards models, with enalapril users as the reference
roup, after controlling for all covariates listed in Table 1
nd the fiscal quarter of the index date to account for
emporal effects. As an overall measurement of co-morbid-
ty, we controlled for the number of distinct drugs dispensed
n the year before the index date,7 Charlson’s co-morbidity
ndex,8 and the presence of diabetes.9 The proportional
azards assumption for each exposure variable was assessed
n each analysis. All analyses were performed with SAS 8.2
or UNIX (SAS Institute, Cary, North Carolina). All statis-
ical tests were performed at the 5% level of significance
nd were 2-sided.

able 1
aseline characteristics, hospitalization, procedure, and drug utilization hi

haracteristic

Enalapril
(n � 1,745)

ge (yrs), mean � SD 75.6 � 6.4
omen 37.2%

ong-term care 0.9%
ospitalizations (3 yrs before index event)
Congestive heart failure 2.2%
Ischemic heart disease 10.4%
Renal failure 4.0%
Stroke 0.1%
rocedures (3 yrs before index event)
Angiography 1.8%
Coronary bypass 0.7%
Echocardiography 15.7%
Coronary angioplasty 8.6%
Valve surgery 0.0%
rug utilization (1 yr before index event)
� Blockers 4.6%
Antiarrhythmics 2.0%
Anticoagulants 4.0%
Antidiabetics 18.3%
Antiplatelets 1.4%
Antirheumatics 1.3%
Aspirin 23.3%
� Blockers 24.0%
Calcium channel blockers 31.5%
Digoxin 6.9%
Diuretics 13.8%
Hydralazine 0.3%
Inhalers 3.3%
Lipid-lowering drugs 13.2%
Loop diuretics 9.5%
Nitrates 26.3%
Nonsteroidal anti-inflammatory drugs 23.3%
Other antihypertensives 1.2%
Spironolactone 1.4%
In total, 5,408 patients with AMI who were initiated on v
n ACE inhibitor met our inclusion/exclusion criteria, with
2% on enalapril, 27% on ramipril, 20% on lisinopril, and
0% on another ACE inhibitor. Fewer than 1% of patients
welled in long-term care facilities and �60% were men,
verall and in each drug group. Baseline characteristics,
ospitalizations for other conditions, procedures, and drug
tilization were generally well balanced across groups
Table 1).

Seven hundred sixty patients (14%) were readmitted for
n AMI or died within 2 years of entry into the cohort. In
ll, there were 223 deaths (4%) and 595 readmissions (11%)
or an AMI. Death or readmission values per 100 person-
ears were 14.0 for enalapril, 11.7 for ramipril, 12.8 for
isinopril, and 15.5 for other ACE inhibitors.

Compared with patients on enalapril, we found no sig-
ificant difference for the combined end points of readmis-
ion for AMI or mortality across users of ramipril (adjusted
azard ratio 0.95, 95% confidence interval 0.79 to 1.15),
isinopril (adjusted hazard ratio 1.02, 95% confidence inter-

Drug Group

Ramipril
(n � 1,479)

Lisinopril
(n � 1,085)

Other ACE Inhibitors
(n � 1,099)

74.9 � 6.3 74.8 � 6.0 75.3 � 6.4
39.1% 34.7% 39.5%

0.3% 0.6% 0.7%

2.1% 1.8% 3.3%
10.1% 10.1% 10.7%
5.1% 3.5% 4.8%
0.1% 0.0% 0.3%

2.0% 1.5% 1.5%
0.5% 1.0% 0.9%

19.8% 15.5% 15.5%
17.0% 10.1% 8.1%

0.1% 0.1% 0.0%

3.9% 4.1% 4.4%
2.2% 1.9% 1.4%
5.0% 5.3% 3.9%

16.6% 18.0% 17.4%
1.3% 1.2% 1.5%
0.8% 0.8% 1.1%

22.1% 21.1% 22.9%
24.1% 22.0% 21.2%
30.3% 28.5% 31.9%
5.4% 6.2% 6.0%

14.3% 15.1% 14.0%
0.1% 0.2% 0.0%

14.0% 13.3% 13.6%
18.1% 15.9% 14.6%
8.2% 8.1% 9.7%

25.6% 20.7% 27.2%
23.7% 24.2% 24.9%
0.7% 1.0% 1.3%
1.6% 0.9% 1.6%
story
al 0.84 to 1.25), or other ACE inhibitors (adjusted hazard
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atio 1.08, 95% confidence interval 0.88, 1.32). We also
ound no significant difference in readmissions for AMI
lone or mortality alone (Table 2).

• • •
he findings of our study support a class effect among
atients discharged with a diagnosis of AMI in terms of
eadmission rates for AMI or mortality because we found no
dvantage of any 1 ACE inhibitor over another in this
egard. These results are consistent with a similarly con-
ucted study that compared ACE inhibitor efficacy in pa-
ients with heart failure10 and a class effect of ACE inhib-
tors seen in regression of ventricular and vascular
ypertrophies.11 Our results do not show the superiority of
amipril in AMI, in distinct contradiction to the study per-
ormed in Quebec.1 It is likely that these conflicting results
re due to a combination of differences in analytic tech-
iques and differences in patient characteristics. The Que-
ec study reported only 1-year mortality, despite median
ollow-up times �1 year in each group assessed. It is not
lear whether they mandated a maximum observation pe-
iod for each patient in their study. We followed all our
atients for up to 2 years maximum after the index AMI
dmission for the outcomes of interest and censored patients
ho did not remain on the initiated ACE inhibitor. The
uebec study also reported 2 separate methods of examin-

ng adherence indirectly by using a variable indicating the
ntended duration of drug therapy. In our study, this variable
as the primary direct measurement of drug adherence. We

liminated patients who died within 30 days of discharge to
void survivor treatment selection bias. We also excluded
atients who were on an ACE inhibitor or angiotensin II
eceptor blocker 1 year before the index AMI admission to

able 2
eadmissions or mortality, readmissions alone, or mortality alone

haracteristic

Enalapril

eadmissions or mortality
Follow-up time (d), mean � SD 368 � 286
Death or readmission, n (%) 247 (4.6)
Death or readmission per 100 person-yrs 14.0
Crude HR (95% CI) 1
Adjusted HR (95% CI) 1
eadmissions alone
Follow-up time (d), mean � SD 368 � 286
Readmissions, n (%) 190 (3.5)
Readmissions per 100 person-yrs 10.8
Crude HR (95% CI) 1
Adjusted HR (95% CI) 1
ortality alone

Follow-up time (d), mean � SD 395 � 283
Deaths, n (%) 74 (1.4)
Deaths per 100 person-yrs 3.9
Crude HR (95% CI) 1
Adjusted HR (95% CI) 1

CI � confidence interval; HR � hazard ratio.
imit our study cohort to those patients who were prescribed
n ACE inhibitor for treatment after AMI rather than for
reatment of pre-existing congestive heart failure.

There are several limitations that we acknowledge and
re inherent to the use of administrative databases in an-
wering clinical questions. With our data we are only able to
ssume drug adherence when using the days supplied vari-
ble and repeat prescriptions; however, the assumptions
sed for estimating drug adherence were uniform across the
ifferent drugs. Our data do not contain information on
ther important cardiovascular risk factors that may affect
ardiovascular outcomes such as body mass index, alcohol,
nd smoking. There is no reason to suspect that these patient
haracteristics were different for different drugs. Ramipril
sers had higher rates of angioplasty and use of lipid-
owering drugs, which could suggest that they were sicker
ut could also suggest that they were treated more aggres-
ively. Despite these dissimilarities, the crude and adjusted
azard ratios detected no difference and we had �90%
ower to detect a 20% relative risk decrease in the primary
utcome across groups. We did not account for dosing
ariation among the ACE inhibitors but simply examined
he actual usage of drugs as in routine clinical practice.

Although our study was not the first to compare effi-
acy of ACE inhibitors in the treatment of AMI, our
esults conflict with the previously conducted study. Our
esults suggest that a class effect likely exists among
CE inhibitors and therefore possible improved efficacy
f 1 ACE inhibitor over another should not be of concern
hen prescribing an ACE inhibitor in the treatment of
MI.
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(0.75–1.15) 1.13 (0.91–1.42) 1.13 (0.91–1.42)
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