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Background

Although randomized studies have shown a beneficial effect of drug-eluting stents 
in reducing the risk of repeated revascularization, these trials were underpowered to 
compare rates of death and myocardial infarction. The long-term safety of drug-elut-
ing stents has been questioned recently.

Methods

We performed a pooled analysis of 1748 patients in four randomized trials evaluating 
the safety of sirolimus-eluting stents as compared with bare-metal stents. Patient-
level data were obtained and analyzed at independent statisticians at two academic 
institutions. The primary safety end point was survival at 4 years. We tested for het-
erogeneities in treatment effect in patient subgroups.

Results

The survival rate at 4 years was 93.3% in the sirolimus-stent group, as compared with 
94.6% in the bare-metal–stent group (hazard ratio for death, 1.24; 95% confidence 
interval [CI], 0.84 to 1.83; P = 0.28). In the 428 patients with diabetes, a significant 
difference in the survival rate was observed in favor of the bare-metal–stent group 
over the sirolimus-stent group (95.6% vs. 87.8%; hazard ratio for death in the siro-
limus-stent group, 2.9; 95% CI, 1.38 to 6.10; P = 0.008). The lower survival rate among 
patients with diabetes who were treated with sirolimus-eluting stents was due to in-
creased numbers of deaths from both cardiovascular and noncardiovascular causes. 
No difference in survival rate was detected among the patients without diabetes. Rates 
of myocardial infarction and stent thrombosis were similar in the two groups.

Conclusions

In a pooled analysis of data from four trials comparing sirolimus-eluting stents and 
bare-metal stents, no significant differences were found between the two treatments 
in rates of death, myocardial infarction, or stent thrombosis. (ClinicalTrials.gov num-
bers, NCT00233805, NCT00381420, NCT00232765, and NCT00235144.)
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Since april 2002, randomized trials 
and registries have shown that drug-eluting 
stents, as compared with bare-metal stents, 

reduce the need for subsequent revasculariza-
tion procedures.1-6 As a result, the use of drug-
eluting stents has increased rapidly, with current 
rates up to 80% of all stenting procedures in some 
countries. However, two recent meta-analyses have 
suggested that rates of death and myocardial in-
farction may be increased in patients who have 
received drug-eluting stents.7,8 Impaired reendo-
thelialization, late endothelial dysfunction, hyper-
sensitivity reactions to the stent or its coating, and 
stent thrombosis have been suggested as poten-
tial causes.9-17 The consequences of even a slight 
increase in the rates of death and myocardial in-
farction would be dramatic, considering the cur-
rent high rate of use of drug-eluting stents.

The early and pivotal randomized studies that 
led to approval of stents for marketing were in-
dividually not adequately powered to detect differ-
ences in the rates of death, myocardial infarction, 
or stent thrombosis. However, reliable long-term 
data, including information about these end points, 
are now available and can be pooled to conduct 
analyses with greater power than those in the 
original trials. We therefore performed a safety 
analysis of patient-level data collected, in four ran-
domized trials comparing sirolimus-eluting stents 
and bare-metal stents, during a follow-up period 
of 4 years for 1748 patients.

Me thods

Original Trials

Our analysis is based on pooled patient-level data 
from the Randomized Study with the Sirolimus-
Coated Bx Velocity Balloon Expandable Stent in 
the Treatment of Patients with De Novo Native 
Coronary Artery Lesions (RAVEL), the Sirolimus-
Eluting Balloon-Expandable Stent in the Treatment 
of Patients with De Novo Native Coronary-Artery 
Lesions (SIRIUS) trial, the European SIRIUS (E-
SIRIUS) trial, and the Canadian SIRIUS (C-SIRIUS) 
trial, all of which were performed between August 
2000 and April 2002. Each of these four trials com-
pared a sirolimus-eluting stent (Cypher, Cordis, 
a Johnson & Johnson company) with a bare-metal 
stent of identical design (Bx Velocity, Cordis), but 
without polymer and drug coatings, implanted in 
single, previously untreated lesions in native cor-
onary arteries, using a double-blind study design 
with a 1:1 randomization process.

The designs of these trials, as well as short-
term angiographic and clinical outcomes, have 
been reported previously.1-4 In summary, RAVEL 
included patients in clinically stable condition 
with relatively low-risk lesions, whereas the three 
SIRIUS trials involved patients with higher-risk 
and more complex lesions. Patients with acute 
myocardial infarction were excluded in all four tri-
als. A total of 428 patients with diabetes (treated 
through diet, with an oral hypoglycemic agent, or 
with insulin) were included.

Dual antiplatelet therapy with aspirin and clo
pidogrel or ticlopidine was prescribed per proto-
col for a minimum of 2 months in RAVEL and the 
E-SIRIUS and C-SIRIUS trials and for a minimum 
of 3 months in the SIRIUS trial. Aspirin was pre-
scribed indefinitely; doses ranged from 81 to 
325 mg daily.

The protocols called for complete angiographic 
follow-up at 6 months (in RAVEL) or at 8 months 
(in the SIRIUS, E-SIRIUS, and C-SIRIUS studies) 
and clinical follow-up yearly. The primary end 
points differed among the studies and included 
purely angiographic end points (in-stent late loss 
in RAVEL and in-stent minimal lumen diameter 
at 8 months in the E-SIRIUS and C-SIRIUS trials) 
as well as the clinical end point of target-vessel 
failure (a composite of death, myocardial infarc-
tion, and target-vessel revascularization) in the 
SIRIUS trial. Secondary end points included death, 
myocardial infarction, and repeated revascular-
ization.

The study protocols were approved by the ethics 
committee at each participating institution and 
were conducted according to the principles of the 
Declaration of Helsinki. All patients gave written 
informed consent before enrollment. The studies 
were sponsored and monitored by Cordis.

The design of each trial specified in advance 
that data would be collected for up to 5 years, 
with adjudication of events by the independent 
end-points committee of the original trial. Four-
year follow-up data are currently available from all 
four studies. All clinical follow-up information was 
collected at the investigating centers in a blind 
fashion.

Current Analysis

The databases of the individual studies were ob-
tained from Cordis. Study coordination and data 
management were performed at two independent 
central research organizations (Cardialysis, Rotter-
dam, the Netherlands, for RAVEL, and Harvard 
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Clinical Research Institute, Boston, for the SIRIUS, 
E-SIRIUS and C-SIRIUS studies). The patient-level 
data were pooled and then analyzed by one inde-
pendent statistician at Harvard Clinical Research 
Institute and another at Erasmus University Med-
ical Center, Rotterdam. The authors were given un-
restricted access to the data by Cordis and made 
all decisions about analysis and publication inde-
pendently of the company.

Study End Points

The primary safety end point was death from any 
cause. Information on the circumstances of all 
deaths was obtained from each of the sites, and 
narratives were developed. These narratives were 
reviewed by the clinical events committees for the 
trials and, for the conduct of our analysis, by three 
of the authors.

Secondary safety end points were death from 
cardiovascular causes and noncardiovascular 
causes, death from any cause or Q-wave myocar-
dial infarction, and death from any cause or any 
type of myocardial infarction. The following defi-
nitions of events were used in all four trials.

Death from cardiovascular causes was defined 
either as death due to acute myocardial infarction, 
cardiac perforation or pericardial tamponade, ar-
rhythmia or conduction abnormality, cerebrovas-
cular accident within 30 days or related to the 
procedure, or a complication of the procedure or as 
any death in which a cardiovascular cause could 
not be ruled out. Death from noncardiovascular 
causes was defined as any death not due to a car-
diovascular cause.

Q-wave myocardial infarction was defined as 
the development of new, pathologic Q-waves in 
two or more contiguous leads as assessed by the 
electrocardiography core laboratory, with creatine 
kinase or creatine kinase MB levels elevated above 
the upper limit of the normal range. Non–Q-wave 
myocardial infarction was defined as an elevation 
of the creatine kinase MB level to three times the 
normal value in the absence of new, pathologic 
Q-waves; if no assay for creatine kinase MB was 
performed, elevation of the creatine kinase level 
to a value that was twice the normal value in the 
absence of new Q-waves was also considered a 
non–Q-wave myocardial infarction.

In the study protocols, stent thrombosis was 
defined as acute if it occurred within 24 hours 
after the index procedure, subacute if it occurred 
between 1 and 30 days after the procedure, and 
late if it occurred more than 30 days after the pro-

cedure. Acute and subacute stent thromboses were 
classified on the basis of vessel occlusion on an-
giography, any recurrent Q-wave myocardial in-
farction in an area irrigated by the stented vessel, 
or death from cardiac causes. Late stent thrombo-
sis was diagnosed on the basis of any recurrent 
myocardial infarction with vessel occlusion on 
angiography. In the original trial protocols, sec-
ondary stent thrombosis — stent thrombosis in a 
patient who had previously undergone target-lesion 
revascularization — was not considered to be a 
stent thrombosis.

Stent thrombosis was reclassified in a blind 
fashion by an independent research organization 
(Harvard Clinical Research Institute) according to 
a set of definitions developed during summer 2006 
by an academic research consortium (ARC) of aca-
demic investigators, regulators, and industry rep-
resentatives. These definitions were proposed to 
serve as standard criteria for stent thrombosis for 
the comparison of event rates across different tri-
als and studies. According to the ARC definitions, 
stent thrombosis was classified as acute if it oc-
curred within 24 hours after the index procedure, 
subacute if it occurred between 1 and 30 days af-
ter, late if it occurred between 31 days and 1 year 
after, and very late if it occurred more than 1 year 
after the procedure.

Furthermore, stent thrombosis was considered 
definite if there was angiographic confirmation of 
thrombus, with or without vessel occlusion, asso-
ciated with clinical or electrocardiographic signs 
of acute ischemia or elevation of creatine kinase 
levels to twice the normal value within 48 hours 
of angiography. Stent thrombosis was classified as 
probable if unexplained death occurred within 30 
days after the index procedure or if a myocardial 
infarction, occurring at any time after the index 
procedure, was documented in an area irrigated by 
the stented vessel in the absence of angiographic 
confirmation of stent thrombosis. Stent thrombo-
sis was classified as possible if unexplained death 
occurred more than 30 days after the index proce-
dure. During the readjudication of stent thrombo-
sis according to the ARC definitions, events occur-
ring after repeated target-lesion revascularization 
were included.

Statistical Analysis

The effectiveness analysis and safety evaluation 
were both performed in a modified intention-to-
treat population, including all patients who actu-
ally underwent stent placement (whether the pro-
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Table 1. Baseline Clinical and Angiographic Characteristics.*

Characteristic Sirolimus-Stent Group
Bare-Metal–  
Stent Group P Value

Age — yr

Median 61 62 0.91

IQR 54–70 54–70

Range 24–92 32–89

Male sex — no./total no. (%) 629/878 (71.6) 622/870 (71.5) 0.95

Diabetes mellitus — no./total no. (%) 195/878 (22.2) 233/868 (26.8) 0.02

Insulin-dependent diabetes mellitus — no./total no. (%) 51/195 (26.2) 62/233 (26.6) 0.92

Previous MI — no./total no. (%) 287/865 (33.2) 308/862 (35.7) 0.26

Previous PCI — no./total no. (%) 201/878 (22.9) 184/869 (21.2) 0.39

Previous coronary-artery bypass graft — no./total no. (%) 66/878 (7.5) 64/870 (7.4) 0.90

Hyperlipidemia — no./total no. (%) 613/866 (70.8) 617/859 (71.8) 0.63

Hypertension — no./total no. (%) 557/873 (63.8) 548/866 (63.3) 0.82

Current smoker — no./total no. (%) 183/862 (21.2) 210/858 (24.5) 0.11

Congestive heart failure — no./total no. (%) 36/869 (4.1) 49/861 (5.7) 0.14

CCS angina classification III or IV — no./total no. (%)† 344/831 (41.4) 344/831 (41.4) 1.00

Silent ischemia — no./total no. (%) 152/783 (19.4) 155/793 (19.5) 0.95

Ejection fraction — %

Median 59 60 0.55

IQR 50–64 50–65

Range 25–91 25–89

Coronary artery disease — no./total no. (%)

Single-vessel 538/876 (61.4) 531/868 (61.2) 0.92

Double-vessel 216/876 (24.7) 236/868 (27.2) 0.23

Triple-vessel 122/876 (13.9) 101/868 (11.6) 0.15

Procedure success — no./total no. (%) 858/877 (97.8) 852/868 (98.2) 0.63

Target vessel — no./total no. (%)

LAD 408/878 (46.5) 407/870 (46.8) 0.98

LCx 210/878 (23.9) 207/870 (23.8) 0.90

RCA 254/878 (28.9) 254/870 (29.2) 0.96

LMCA 3/878 (0.3) 3/870 (0.3) 1.00

SVG 0 1/870 (0.1) 0.31

Severe calcification — no./total no. (%) 37/755 (4.9) 26/754 (3.4) 0.16

Total occlusion — no./total no. (%) 25/875 (2.9) 20/870 (2.3) 0.46

Disease of branch vessel — no./total no. (%) 55/755 (7.3) 46/755 (6.1) 0.35

Modified ACC–AHA lesion class — no./total no. (%)‡

A 61/875 (7.0) 61/870 (7.0) 0.98

B1 297/875 (33.9) 317/870 (36.4) 0.28

B2 320/875 (36.6) 332/870 (38.1) 0.50

C 197/875 (22.5) 161/870 (18.5) 0.04

 

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 16, 2009 . For personal use only. No other uses without permission. 



Pooled Analysis of Data comparing Sirolimus-Eluting with Bare-Metal Stents

n engl j med 356;10  www.nejm.org  march 8, 2007 993

cedure was successful or not). Patients who were 
randomly assigned to treatment but who did not 
undergo a procedure were not included in the 
analysis.

Summary statistics for all continuous variables 
are presented as medians and interquartile rang-
es. Categorical data are summarized as frequen-
cies and percentages. Differences in baseline char-
acteristics between the sirolimus-stent group and 
the bare-metal–stent group were analyzed using 
the Wilcoxon–Mann–Whitney test or Fisher’s ex-
act test.

The incidence of events over time was studied 
with the use of the Kaplan–Meier method, where-
as log-rank tests and Cox proportional-hazards 
regression analyses were applied to evaluate dif-
ferences between the two groups. In the main 
analysis, hazard ratios and 95% confidence inter-
vals (CIs) were adjusted for differences in outcome 
between trials. Follow-up at 1, 2, and 3 years was 
completed for 99.1%, 97.8%, and 96.3% of the 
patients, respectively. Because follow-up data for 
the period between 1441 and 1460 days were lack-
ing in 675 patients, we decided to count events 
through 1440 days, which was interpreted as  
4 years of follow-up. This 4-year follow-up was 
completed in 90.7% of patients (90.5% of those 
who received sirolimus-eluting stents and 90.9% of 
those who received bare-metal stents).

Exploratory analyses (not prespecified) were 
performed to evaluate possible heterogeneities in 
treatment effects on mortality according to the 

trial in which the patient was enrolled and the fol-
lowing 10 clinically relevant characteristics: age, 
sex, diabetes, dyslipidemia, hypertension, prior 
myocardial infarction, heart failure, angina clas-
sification by the Canadian Cardiovascular Society, 
number of diseased vessels, and left ventricular 
ejection fraction.5 Since a clinically relevant dif-
ference in treatment effect on mortality was ob-
served in relation to diabetes status, we decided to 
study other end points in patients with and those 
without diabetes. Treatment effects were evaluat-
ed with the use of Cox regressions that included 
a term for the interaction between each character-
istic of interest and the assigned treatment, ad-
justed for differences in outcome between trials. 
More extensive regression models incorporating 
predictive baseline characteristics were applied to 
estimate the adjusted treatment effects.18

All statistical tests were two-sided, without cor-
rection for multiple testing. P values of less than 
0.05 and less than 0.01 were considered to indi-
cate statistical significance for the results of non-
heterogeneity tests and tests for heterogeneity in 
treatment effect, respectively. All statistical anal-
yses were performed with the use of SAS software, 
version 8.2 (SAS Institute).

R esult s

A total of 1748 patients were included in this anal-
ysis (238 in RAVEL, 1058 in the SIRIUS study, 100 
in the C-SIRIUS study, and 352 in the E-SIRIUS 

Table 1. (Continued.)

Characteristic Sirolimus-Stent Group
Bare-Metal– 
Stent Group P Value

Reference-vessel diameter — mm

Median 2.7 2.7 0.98

IQR 2.4–3.0 2.4–3.0

Range 1.5–4.5 1.7–5.4

Lesion length — mm

Median 12.7 13.1 0.96

IQR 10.0–16.6 9.8–16.5

Range 3.2–41.5 3.4–48.9

*	Data for some characteristics were missing for some patients. IQR denotes interquartile range, MI myocardial infarc-
tion, PCI percutaneous coronary intervention, LAD left anterior descending coronary artery, LCx left circumflex coronary 
artery, RCA right coronary artery, LMCA left main coronary artery, and SVG saphenous-vein graft.

†	Canadian Cardiovascular Society (CCS) angina classifications III and IV are defined as angina on mild exertion and an-
gina at any level of physical exertion, respectively.

‡	Modified American College of Cardiology (ACC) and American Heart Association (AHA) lesion classes A, B1, B2, and  
C are defined as a low-risk lesion, a moderate-risk lesion with one or with two or more risk factors, and a high-risk  
lesion, respectively.
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study). In total, 878 patients underwent placement 
of a sirolimus-eluting stent, and 870 patients un-
derwent placement of a bare-metal stent. The clin-
ical and angiographic characteristics of the study 
patients are summarized in Table 1. Complex le-
sions were more frequent in patients with siroli-
mus-eluting stents than in patients with bare-metal 
stents (22.5% vs. 18.5%, P = 0.04), and diabetes was 
more common in the bare-metal–stent group than 
in the sirolimus-stent group (26.8% vs. 22.2%, 
P = 0.02).

Results for all patients are shown in Table 2 
and Figure 1. The 4-year cumulative survival rate 
was slightly, but not significantly, lower in the 

sirolimus-stent group than in the bare-metal–stent 
group (93.3% and 94.6%, respectively; hazard ra-
tio for death in the sirolimus group, 1.24; 95% CI, 
0.84 to 1.83; P = 0.28). Narratives of all patient 
deaths revealed that mortality from both car-
diovascular and noncardiovascular causes was 
slightly, but not significantly, higher in the siroli-
mus-stent group (Table 2 and the Supplementary 
Appendix, available with the full text of this ar-
ticle at www.nejm.org). Rates of myocardial in-
farction overall were similar between the two 
groups. Rates of Q-wave myocardial infarction 
were also slightly, but not significantly, higher in 
the sirolimus-stent group.

Table 2. Incidences of Death, Myocardial Infarction, and Stent Thrombosis after 1440 Days of Follow-up.*

End Point

Sirolimus-  
Stent Group  

(N = 878)

Bare-Metal– 
Stent Group  

(N = 870)
Adjusted Hazard Ratio 

(95% CI) P Value

number (percent)

Death 57 (6.7) 46 (5.4) 1.24 (0.84–1.83) 0.28

Cardiovascular cause 29 (3.5) 23 (2.7) 1.26 (0.73–2.18) 0.40

Noncardiovascular cause 28 (3.3) 23 (2.8) 1.22 (0.70–2.11) 0.49

MI 55 (6.4) 53 (6.2) 1.03 (0.71–1.51) 0.86

Q-wave 18 (2.1) 11 (1.3) 1.64 (0.78–3.47) 0.20

Non–Q-wave 37 (4.3) 43 (5.0) 0.85 (0.55–1.33) 0.48

Death or Q-wave MI 70 (8.2) 55 (6.5) 1.28 (0.90–1.82) 0.17

Death or any MI 100 (11.6) 90 (10.5) 1.11 (0.83–1.47) 0.48

Stent thrombosis as defined in 
protocols†

Acute 0 0 —

Subacute 4 (0.5) 1 (0.1) 4.02 (0.45–35.98) 0.21

Late 6 (0.7) 4 (0.5) 1.50 (0.42–5.30) 0.53

Stent thrombosis as defined by 
the ARC‡

Acute 0 0 —

Subacute 4 (0.5) 3 (0.5) 1.34 (0.30–5.93) 0.70

Late 3 (0.3) 11 (1.3) 0.18 (0.04–0.81) 0.03

Very late 23 (2.8) 14 (1.7) 1.65 (0.85–3.20) 0.14

Definite 10 (1.2) 7 (0.8) 1.43 (0.54–3.76) 0.47

Definite or probable 13 (1.5) 15 (1.8) 0.87 (0.41–1.82) 0.70

Any 30 (3.6) 28 (3.3) 1.07 (0.64–1.79) 0.80

*	All percentages are based on Kaplan–Meier estimates. Numbers of patients for death or Q-wave myocardial infarction 
(MI) and death or any MI do not total the sums for each end point alone because some patients had both end points. 
CI denotes confidence interval.

†	Definitions of stent thrombosis according to the study protocols were as follows: acute, within 24 hours after the proce-
dure; subacute, within 1 to 30 days after; and late, more than 30 days after.

‡	Definitions of stent thrombosis according to the academic research consortium (ARC) were as follows: acute, within 24 
hours after the procedure; subacute, within 1 to 30 days after; late, between 31 days and 1 year after; and very late, more 
than 1 year after. See text for details on stent-thrombosis adjudication per protocol and per ARC definitions.
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According to the protocol definitions, there 
were 10 stent thromboses in the sirolimus-stent 
group and 5 in the bare-metal–stent group (Ta-
ble 2). Five of the thromboses in the sirolimus-
stent group, but none in the bare-metal–stent 
group, occurred after 1 year. In contrast, according 
to the ARC definitions, there were 30 stent throm-
boses in the sirolimus-stent group and 28 in the 
bare-metal–stent group (Fig. 2). Stent thrombosis 
was more frequent in the bare-metal–stent group 
in the first year (14, vs. 6 in the sirolimus-stent 
group), whereas very late stent thrombosis (oc-
curring after the first year) was more frequent in 

the sirolimus-stent group (23, vs. 14 in the bare-
metal–stent group).

Significant heterogeneity in the treatment ef-
fects was not found for any of the prespecified 
subgroups except patients with diabetes (P value 
for interaction = 0.008) (see the Supplementary 
Appendix). The 4-year cumulative survival rates 
among patients without diabetes did not differ 
significantly between the two groups. However, 
the survival rate for patients with diabetes was 
significantly lower in the sirolimus-stent group 
(87.8%, vs. 95.6% in the bare-metal–stent group; 
hazard ratio for death, 2.90; 95% CI, 1.38 to 6.10; 
P = 0.008) (Fig. 3 and the Supplementary Appen-
dix). A large heterogeneity in the causes of death 
of the patients with diabetes precluded the identifi-
cation of a clear pattern of mortality (see the Sup-
plementary Appendix). Among the patients with 
diabetes, there was a small excess of very late stent 
thrombosis as defined by the ARC (occurring more 
than 1 year after the procedure) in the sirolimus-
stent group (11 patients, vs. 3 in the bare-metal– 
stent group) (see the Supplementary Appendix).

Discussion

In this study, we performed a pooled analysis of 
four randomized trials comparing sirolimus-elut-
ing stents and bare-metal stents in 1748 patients 
with 4 years of follow-up. We did not find evidence 
of a significantly higher rate of death, myocardial 
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Figure 1. Kaplan–Meier Survival Curves for Patients 
Who Received a Sirolimus-Eluting Stent and Those 
Who Received a Bare-Metal Stent.

Panel A shows overall survival; Panel B shows freedom 
from death or myocardial infarction (MI). The survival 
rates at 1440 days are shown in parentheses. P values 
were calculated with the use of the log-rank test.
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Figure 2. Kaplan–Meier Curves for the Survival  
of Patients without Stent Thrombosis as Defined  
by the Academic Research Consortium.

All first episodes of stent thrombosis were counted,  
including those that occurred after revascularization  
of the target lesion. The survival rates at 1440 days are 
shown in parentheses. The P value was calculated with 
the use of the log-rank test.
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infarction, or stent thrombosis in the patients 
treated with sirolimus-eluting stents. The diver-
gence of the Kaplan–Meier survival curves over 
time could be interpreted as a growing trend to-
ward a lower survival rate among patients treated 
with sirolimus-eluting stents as compared with 
those treated with bare-metal stents, although a 
larger number of patients, a longer follow-up peri-
od, or both would be necessary to confirm this in-
terpretation.

In our study, we analyzed rates of stent throm-
bosis adjudicated according to the definitions in 
the original protocols and those of the ARC. We 
believe that this provides a more accurate picture 

of the incidence of stent thrombosis with either 
type of stent, for two reasons. First, late events 
such as unexplained death, which were not consid-
ered in the original protocols, were adjudicated as 
possible stent thrombosis. Second, all episodes of 
stent thrombosis, including those occurring after 
target-lesion revascularization, were included in 
the readjudicated event rates.

A significant heterogeneity of the treatment 
effect was found with respect to diabetes. A sig-
nificantly reduced survival rate was found among 
patients with diabetes (but not patients without 
diabetes) treated with sirolimus-eluting stents. 
Deaths from cardiovascular and noncardiovas-
cular causes were more frequent in the sirolimus-
stent group. In the subgroup of patients with dia-
betes, very late stent thrombosis was adjudicated 
more frequently among the patients with siroli-
mus-eluting stents than among those with bare-
metal stents. Owing to the low number of events, 
these findings should be interpreted with caution; 
it does not appear that they adequately explain the 
observed difference in survival among patients 
with diabetes in the two groups.

Previous studies have reached different conclu-
sions regarding the benefit of drug-eluting stents 
in patients with diabetes. The 9-month results of 
a dedicated randomized trial of patients with dia-
betes showed that sirolimus-eluting stents were 
superior to bare-metal stents in reducing rates of 
both restenosis and repeated revascularization.19 
Mortality at 9 months was only 1% in the siro-
limus-stent group, as compared with 2% in the 
bare-metal–stent group. Conversely, the 2-year fol-
low-up of 708 patients with diabetes from a large 
registry on the use of drug-eluting stents revealed 
a mortality of 13.3% among patients treated with 
sirolimus-eluting stents, as compared with 9.8% 
among patients treated with bare-metal stents.20 
Although the difference in mortality was not sig-
nificant, a hazard ratio for death of 1.55 remained 
after a propensity analysis. In addition, the rate of 
angiographically proven stent thrombosis in that 
study was 4.4% in the sirolimus-stent group but 
only 0.8% in the bare-metal–stent group. Finally, 
diabetes has been shown to be a consistent inde-
pendent predictor of stent thrombosis in patients 
treated with drug-eluting stents.21,22

Several limitations of our study should be con-
sidered. The analysis was underpowered to detect 
a clinically significant difference in mortality; 
more than 11,000 patients would have been need-
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Figure 3. Kaplan–Meier Survival Curves for Patients  
with Diabetes (Panel A) and Those without Diabetes 
(Panel B).

The survival rates at 1440 days are shown in parenthe-
ses. P values were calculated with the use of the log-
rank test.
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ed for such an analysis. Patients included in the 
four randomized trials were highly selected and 
are representative of only about 25% of patients 
currently treated with drug-eluting stents. Treat-
ment with clopidogrel was required for at least 
2 or 3 months, according to the original trial pro-
tocols, but no information on actual use by indi-
vidual patients, even by those who had adverse 
events, was available. Thus, we cannot provide any 
specific insight into the question of whether pro-
longing dual antiplatelet therapy further would 
reduce the risk of such events. We performed mul-
tiple subgroup analyses that were not prespecified, 
including one for diabetes. The number of fatal 
events in patients with diabetes was small, so the 
related findings may be due to chance. Finally, 

lower-than-expected mortality was noted among 
the patients with diabetes in the bare-metal–stent 
group, for reasons that remain unclear.

In summary, in our pooled analysis of data 
from four randomized trials, we compared the 
effects of sirolimus-eluting stents with those of 
bare-metal stents on clinical events at 4 years. No 
significant differences in the rates of death, myo-
cardial infarction, or stent thrombosis were found.
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