
Commentary

Although large randomized clinical trials remain the
foundation for informing evidence-based prescrib-
ing, vast data sources can provide insight into com-

plex questions that arise in clinical decision-making. Using
tens of thousands to millions of patients, registries and ad-
ministrative databases now serve as the “living textbooks”
envisioned more than 40 years ago.1 Common clinical ques-
tions can now be readily addressed because of the marked
advances in clinical data informatics and the application of
information technology to clinical care. As an example of
this wealth of data, in this issue of CMAJ, Pilote and col-
leagues2 use administrative databases of hospital discharges
and prescription claims to study the comparative effective-
ness of angiotensin-converting-enzyme (ACE) inhibitors in
the treatment of congestive heart failure.

The value of renin–angiotensin–aldosterone inhibition
in reducing mortality and morbidity among patients with
heart failure and left ventricular systolic dysfunction has
been well established in multiple large randomized clin-
ical trials.3,4 With evidence indicating about a 25% de-
crease in mortality and a 35% decrease in mortality or ad-
mission to hospital, ACE inhibitors are used universally in
the treatment of heart failure in a broad range of patients.4

Over the last several decades, our understanding of ACE
inhibition has evolved from a theory based on simple
hemodynamic effects of vasodilatation to beneficial effects
on mechanisms throughout the cardiorenal and cardio-
vascular systems.5

Are all ACE inhibitors the same?

Given the important effects of ACE inhibitors on clinical out-
comes, as shown in clinical trials, we need to know whether
there are differences among the large number of ACE in-
hibitors currently being marketed (11 in the United States and
12 in Canada). ACE inhibitors differ in their molecular struc-
ture, potency, bioavailability, plasma half-life and tissue affin-
ity. The patient populations in which they have been studied in
randomized clinical trials also differ (Table 1). For example,
some researchers have proposed differentiating among ACE
inhibitors based on tissue binding and suggest that blood
pressure correlates better with tissue ACE levels than with cir-
culating ACE, which could relate to improved outcomes.17

ACE inhibitors have not been studied uniformly in patients
with heart failure and left ventricular dysfunction. Indeed

there are no large clinical trials comparing the efficacy of one
ACE inhibitor with another to determine which one best im-
proves survival. Once the early ACE inhibitors were shown to
be beneficial, the later studies compared them mainly with
other vasodilators; comparisons with more specific
angiotensin-receptor blockers occurred later. Unfortunately,
because patents on ACE inhibitors ended, the incentives for
funding head-to-head trials of ACE inhibitors never material-
ized. Instead, manufacturers chose to gain market share by
looking for previously unstudied indications or by focusing on
advertising rather than on comparative studies. In addition,
initial regulatory approval of a new ACE inhibitor required
only that the new agent be shown to be “safe and effective.”

However, there are some lessons to be learned from ACE
inhibitor studies. The results of successful trials, particularly
the Heart Outcomes Prevention Evaluation (HOPE) trial,13 led
many physicians to believe that class effect was so powerful
that any ACE inhibitor would be beneficial in any of the indi-
cations that had been studied with specific individual agents.
The failure of the Prevention of Events with Angiotensin Con-
verting Enzyme Inhibition (PEACE) trial16 challenged this
concept of class effect; however, some argued that differences
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Key points

• Every day, clinicians choose drugs from classes of therapy to
treat many conditions. To determine which drug is best, re-
searchers often perform observational studies comparing
the efficacy of drugs.

• There may be critical differences in outcomes among groups
of ACE inhibitors commonly used to manage heart failure,
but further studies comparing their efficacy are needed to
validate this finding.

• Moving forward, physicians, payers, professional societies
and government agencies should invest in large, practical
trials to answer these important questions.

Une version française de cet article est disponible à l’adresse
www.cmaj.ca/cgi/content/full/178/10/1316/DC1
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in the patient population or other treatments could explain
the lack of benefit.

Earlier work from Pilote and colleagues also suggests that
ACE inhibitors may not have a class effect.18 Similar to the
current analysis, the previous study analyzed data from an ad-
ministrative database, and the results suggested that ramipril
was associated with lower mortality compared with most
other ACE inhibitors. At the time, both the study and the ac-
companying commentary19 noted the limitations of adminis-
trative databases and the potential for unknown confound-
ing. Simply stated, were the observed benefits attributable to
the drug or to some other aspect of care or characteristic that
occurred more often when prescribing ramipril? In follow-
up, Hansen and colleagues20 published an observational
analysis of ACE inhibitors involving more than 16 000 pa-
tients who had myocardial infarction. They found no differ-
ences in mortality between ramipril and other ACE inhibitors,
including captopril and enalapril.

What does the new evidence show us?

The present study by Pilote and colleagues2 uses administra-
tive data from 3 Canadian provinces to examine the relation
between prescription of different ACE inhibitors and long-
term mortality after admission to hospital because of heart
failure. The authors took special steps to minimize bias by re-
stricting the population to patients with a first admission be-
cause of heart failure. They also tried to eliminate potential
confounding by performing careful regression modelling,
and by attempting to account for differences in demograph-
ics, clinical characteristics (based on claims) and more lim-
ited physician and hospital characteristics. Their study in-
volved more than 40 000 patients and looked at the use of 8
different ACE inhibitors over a follow-up period of more than
3 years. Drug-specific sample sizes varied from more than
14 000 patients who received ramipril to 490 patients who re-
ceived cilazapril. After detailed risk adjustment, their results

Table 1: Example characteristics of select angiotensin-converting-enzyme (ACE) inhibitors 

Group; event rate, % 

Drug* Drug characteristics Study 
No. of 

patients 
Length of 
follow-up Treatment Placebo p value 

ISIS-46 58 050 1 mo 7.2 7.7 0.01 

CCS-17 13 634 1 mo 9.1 9.6 0.20 

Captopril Sulfhydryl-binding group; not a 
prodrug; mild lipophilicity; half-life 
2 h; renal route of elimination 

SAVE8 2 231 1 yr 10.3 11.6 0.01 

CONSENSUS II9 6 090 6 mo 11.0 10.2 > 0.26 Enalapril Carboxyl-binding group; prodrug; 
moderate lipophilicity; half-life 
11 h; renal route of elimination 

SOLVD10 2 569 4 yr 35.2 39.7 0.004 

Fosinopril Phosphinyl-binding group; prodrug; 
greatest lipophilicity; half-life 12 h; 
50% renal and 50% hepatic route of 
elimination 

      

Lisinopril Carboxyl-binding group; not a 
prodrug; no lipophilicity; half-life 
13 h; renal route of elimination 

GISSI-311 19 394 6 wk 9.1 9.6 0.01 

Perindopril Carboxyl-binding group; prodrug; 
mild lipophilicity; half-life 9 h; renal 
route of elimination 

EUROPA12 12 218 4 yr 8.0† 9.9† 0.003 

Quinapril Carboxyl-binding group; prodrug; 
moderate lipophilicity; half-life 3 h; 
renal route of elimination 

      

HOPE13‡ 4 892 5 yr 16.3§ 20.9§ < 0.01 Ramipril Carboxyl-binding group; prodrug; 
mild lipophilicity; half-life 12 h; 70% 
renal and 30% hepatic route of 
elimination 

AIRE14 1 986 1 yr 15.0 19.0 0.01 

TRACE15 1 749 24–50 mo 34.7 42.3 0.001 Trandolapril Carboxyl-binding group; prodrug; 
moderate lipophilicity; half-life 6 h; 
hepatic route of elimination; 
primarily metabolized in the liver 

PEACE16 8 290 5 yr 21.9¶ 22.5¶ 0.43 

Note: AIRE = Acute Infarction Ramipril Efficacy study; CCS-1 = Chinese Cardiac Study; CONSENSUS II = Cooperative New Scandinavian Enalapril Survival Study II; EUROPA 
= European Trial on Reduction of Cardiac Events with Perindopril in Patients With Stable Coronary Artery Disease; GISSI-3 = Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto Miocardico; HOPE = Heart Outcomes Prevention Evaluation; ISIS-4 = Fourth International Study of Infarct Survival; PEACE = Prevention of 
Events with Angiotensin Converting Enzyme Inhibition; SAVE = Survival and Ventricular Enlargement trial; SOLVD = Studies of Left Ventricular Dysfunction; TRACE = 
Trandolapril Cardiac Evaluation study. 
*The order of the list is not preferred usage for the treatment of congestive heart failure. 
†Comparative outcome of cardiovascular mortality, myocardial infarction or cardiac arrest. 
‡Only study patients with a history of acute myocardial infarction are included in the data. 
§Comparative outcome of death, myocardial infarction or stroke. 
¶Comparative outcome of cardiovascular mortality, myocardial infarction or coronary revascularization. 
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suggest that ramipril is clinically similar to other ACE in-
hibitors except for enalapril and captopril, which were associ-
ated with higher mortality. The adjusted hazard ratio for
death (and 95% confidence interval) was 1.10 (1.04–1.16) for
enalapril and 1.13 (1.01–1.26) for captopril.

As with any observational study that predominantly uses
administrative data, there are 2 potential interpretations. First,
the results are valid because confounding and bias have been
limited and, based on known data, the hypothesis is biologic-
ally and clinically plausible. The alternative explanation is that
residual confounding and bias remain and can never be ade-
quately adjusted, despite careful analytical technique, because
of limitations inherent to the administrative databases.

Unlike large clinical trials in which randomization bal-
ances both the known (measured) and unknown (unmeas-
ured) differences among groups, in the analysis of treatment
comparisons using nonrandomized data we must rely on ap-
propriate adjustment for known confounders and restriction
of population cohorts to limit bias. Although it is certainly
conceivable that ramipril may be superior to other ACE in-
hibitors based on characteristics of the drug and on prior
analyses, there are some important potential sources of error
that cannot be fully addressed by the methods used by Pilote
and colleagues.

First, prescription patterns may vary significantly between
an ACE inhibitor popularized by the HOPE trial and ACE in-
hibitors traditionally used to treat heart failure. That is,
ramipril may be prescribed more readily to lower-risk pa-
tients who fit HOPE-like criteria, whereas other ACE in-
hibitors may be prescribed more readily to higher-risk pa-
tients similar to those enrolled in the trials that originally
assessed the efficacy of those drugs. Second, physicians’ pre-
scribing habits of ramipril may be related to other care activi-
ties (e.g., cardiovascular procedures, other medications) that
influence beneficial outcomes, not necessarily to the effects
of ramipril.21 Third, additional patient characteristics may dif-
fer among various study populations; however, because data
were unavailable (i.e., not collected) they could not be used in
the adjustment models. 

In the study by Pilote and colleagues, ejection fraction ap-
pears to be the most prominent missing characteristic. Be-
yond being one of the most important risk factors in estab-
lishing prognosis among patients with heart failure, left
ventricular dysfunction also establishes true eligibility for an
ACE inhibitor based on professional guidelines and measures
of quality-of-care performance. Furthermore, ejection frac-
tion would help further limit bias by restricting the popula-
tion to patients with left ventricular dysfunction, among
whom the benefit of ACE inhibition is already known. Thus,
these limitations, especially the potential differential use of
ACE inhibitors based on knowledge of the ejection fraction,
could be the fatal flaw of their analysis.

The way forward

The study by Pilote and colleagues suggests that there may be
critical differences in outcomes among the groups of ACE in-
hibitors commonly used to manage heart failure. However,

because of the limitations of the study, it will be imperative to
validate the findings in another data set that can address
these limitations, especially the knowledge of ejection frac-
tion. As Pilote and colleagues note, it is unlikely that a large
randomized clinical trial would be conducted to test this hy-
pothesis of differential ACE inhibitor effects in an area as im-
portant as heart failure with millions of lives at stake. A large-
scale, practical clinical trial may be appropriate to define the
single best or best combination of renin–angiotensin–
aldosterone inhibitors.22 However, our current system of clin-
ical research is inadequate in permitting the rapid incorpora-
tion of simple questions such as this into mainstream prac-
tice. Thus, the critical issue is how best to organize trials that
address common public health questions and that require
large sample sizes to appropriately and adequately test the hy-
potheses generated from comparative effectiveness studies.22

Reform in this arena is desperately needed.23

Although the number of comparative effectiveness studies
will likely continue to grow — especially when payers make
choices about whether to list therapies on formularies based
on their cost-effectiveness — we hope much more can be
done. At the very least, professional societies and government
agencies should continue to guide improvement in method-
ologies and standards for reporting results in comparative ef-
fectiveness studies. However, the stakes are too large to risk so
many lives without conducting the large, practical clinical
trials that can establish more definitive evidence in support of
the best therapy. All stakeholders, including clinicians, should
demand reinvention of the clinical research enterprise to fund
and conduct large, practical clinical trials. Moving forward,
practical clinical trials will be the best way to know which
agent is the true “ace” and to deliver the best care possible.
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