
Drug-eluting stents now comprise at least 85% of
stents used in the United States and up to 40%
or more of stents elsewhere. The overwhelming

worldwide use of drug-eluting stents has, however, been
tempered by the cost differential to bare-metal stents, the
lack of data on long-term outcomes in large patient popula-
tions and, more recently, emerging concerns about safety
because of reports of late thrombosis.1–8

The use of stents has been shown to reduce the rates of re-
peat revascularization and restenosis after angioplasty com-
pared with angioplasty alone.9 Despite this, the long-term effi-
cacy of stent use has been limited by the need for repeat
revascularization owing to restenosis.10 Drug-eluting stents
were developed to address this problem. Both clinical tri-
als11–20 and registry data21–25 have shown reduced rates of
restenosis with drug-eluting stents up to 4 years after implan-
tation. This advantage appears to extend to patients with acute
coronary syndromes: a recent 2-year follow-up study involv-
ing 7217 patients with acute coronary syndromes suggested
that rates of death were lower among patients with drug-
eluting stents than among those with bare-metal stents.26

The possibility of late thrombosis associated with drug-elut-
ing stents is, however, a concern. Rates of late thrombosis have
been reported to be 3.6–5.9 events per 1000 patients receiving
drug-eluting stents.27 This adverse event has been the subject of
a review by the US Food and Drug Administration and has
captured the attention of authoritative bodies around the world.

Because of concerns about the long-term safety of drug-
eluting stents, we compared the rates of death and of death or re-
peat revascularization over 3 years among patients who received
either bare-metal or drug-eluting stents during angioplasty.

Methods

Study design and patient population
We assembled a prospective cohort of all patients undergoing
percutaneous coronary intervention with either bare-metal or
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Background: We sought to establish the long-term safety
of drug-eluting stents compared with bare-metal stents in
a usual care setting.

Methods: Using data from a prospective multicentre reg-
istry, we compared rates of death and of death or repeat
revascularization during 3 years of follow-up of 6440 con-
secutive patients who underwent angioplasty with either
drug-eluting or bare-metal stents between Apr. 1, 2003,
and Mar. 31, 2006.

Results: Drug-eluting stents were inserted in 1120 patients
and bare-metal stents in 5320. The drug-eluting stents
were selected for patients who had a greater burden of co-
morbid illness, including diabetes mellitus (32.8% v. 20.8%
in the bare-metal group, p < 0.001) and renal disease (7.4%
v. 5.0%, p = 0.001). At 1-year follow-up, the drug-eluting
stents were associated with a mortality of 3.0%, as com-
pared with 3.7% with the bare-metal stents (adjusted odds
ratio [OR] 0.62, 95% confidence interval [CI] 0.46–0.83). The
rate of the composite outcome of death or repeat revascu-
larization was 12.0% for the drug-eluting stents and 15.8%
for the bare-metal stents (adjusted OR 0.40, 95% CI 0.33–
0.49). In the subgroup of patients who had acute coronary
syndromes, the adjusted OR for this composite outcome
was 0.46 (95% CI 0.35–0.61). During the 3 years of observa-
tion, the relative risks for death and repeat revasculariza-
tion varied over time. In year 1, there was an initial period
of lower risk in the group with drug-eluting stents than in
the group with bare-metal stents; this was followed by a
shift toward outcome rates favouring bare-metal stents in
years 2 and 3.  The adjusted relative risk of the composite
outcome of death or repeat revascularization associated
with drug-eluting stents relative to bare-metal stents was
0.73 early in the first year of follow-up; it then rose gradu-
ally over time, to a peak of 2.24 at 3 years.

Interpretation: Drug-eluting stents are safe and effective
in the first year following insertion. Thereafter, the possi-
bility of longer term adverse events cannot be ruled out.
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drug-eluting stents between Apr. 1, 2003, and Mar. 31, 2006.
Patients were followed up to Mar. 31, 2007. We chose the
date of Apr. 1, 2003, to coincide with the date that drug-
eluting stents were approved for use in Canada.

The Alberta Provincial Project for Outcome Assessment in
Coronary Heart Disease (APPROACH) is an initiative for a
prospective, geographically defined clinical registry that cap-
tures detailed clinical information on all patients undergoing
catheterization in the province of Alberta (population about
3 million). Data collection for the registry began in 1995,
with patients followed longitudinally for assessment of clini-
cal, health-related quality-of-life and economic outcomes.28

Validation and enhancement of data are performed with the
use of a validated methodology.29,30

For our study, we recorded the following clinical variables
at the time of catheterization: patient age and sex, presence of
congestive heart failure, peripheral vascular disease, cere-
brovascular disease, chronic pulmonary disease, renal disease
(as indicated by elevated serum creatinine level), diabetes
mellitus, dialysis status, hyperlipidemia, hypertension, liver or
gastrointestinal disease, malignant disease, smoking status
(categorized as “never,” “former” or “current”), prior myocar-
dial infarction (anytime), prior coronary artery bypass graft
surgery, prior percutaneous coronary intervention and use of
glycoprotein IIb/IIIa inhibitors. In addition, we recorded the
primary indication for catheterization as acute coronary syn-
drome (myocardial infarction within 8 weeks before catheter-
ization or unstable angina), non-acute coronary syndrome
(stable angina) or “other.”

We recorded the extent of coronary disease and derived
the weighted Duke Index and Duke Myocardial Jeopardy
score, an estimate of the percentage of myocardium at risk
given the extent of coronary disease.31 We graded left ventric-
ular ejection fraction into 5 categories: less than 20%, 20%–
34%, 35%–50%, more than 50% and “ventriculogram not
done.” We recorded details of the percutaneous coronary in-
tervention, including use of stent, type of stent (drug-eluting
or bare metal), length of stent and number of stents.

Outcomes
We determined the occurrence of death through a semi-
annual linkage to data from the Alberta Bureau of Vital Sta-
tistics. We obtained information on subsequent revasculariza-
tion (percutaneous coronary intervention or coronary artery
bypass graft surgery) from the APPROACH database. For the
purposes of this paper, we chose all-cause mortality and a
composite outcome of death or repeat revascularization as the
outcomes of interest.

Statistical analysis
We used the χ2 test to compare the clinical and demographic
characteristics of patients who received drug-eluting stents
with those of patients who received bare-metal stents. We
analyzed outcomes at 1 year because we had follow-up data
for all patients to at least 1 year. We used logistic regression
analysis to calculate risk-adjusted odds ratios (ORs) for death
and the composite outcome of death or repeat revasculariza-
tion at 30 days and at 1 year. ORs below 1.0 indicate a de-

creased risk of events among patients who received drug-
eluting stents.

For survival beyond 1 year, we used Kaplan–Meier sur-
vival analyses to compare crude survival and rates of the
composite outcome of death or repeat revascularization over
the 3-year follow-up period. The survival analyses accounted
for censoring of patients when follow-up ended without an
event. Next, we extended our survival analysis to include a
spline analysis — an analytical technique that dynamically
determines the relative risk at moments in time — both in un-
adjusted and risk-adjusted forms for the 3 years of follow-up.
Comprehensive risk adjustment was conducted to account for
all of the baseline clinical risk variables presented in Table 1.
Spline analysis is a graphical technique that plots the relative
risk associated with drug-eluting stents relative to bare-metal
stents against time using Schoenfeld residuals.32,33 The result-
ing curves show the change in relative risk over time, with
95% confidence intervals.

For a sensitivity analysis, we used propensity scores to
compare the outcomes of patients in the 2 stent groups. The
likelihood (or propensity) to receive drug-eluting stents was
modelled, and we then compared outcomes of the 2 groups
across tertiles of likelihood to receive drug-eluting stents. We
extended the propensity analysis to conduct a 1-to-1 match of
each patient with drug-eluting stents to a single patient with
bare-metal stents, matched by their propensity to receive
drug-eluting stents.

Results

A total of 6471 patients underwent percutaneous coronary
intervention with stenting. Of these patients, 1120 (17.3%)
received drug-eluting stents, and 5320 (82.2%) received
bare-metal stents. Another 31 patients had undeployed
stents and were excluded from further analysis. Patients
with drug-eluting stents were more likely than those with
bare-metal stents to be female and to have a higher rate of
renal disease, diabetes mellitus, hyperlipidemia and hyper-
tension (Table 1).

Complete follow-up data for all patients to at least the end
of year 1 allowed us to estimate all event rates precisely at 30
days, 6 months and 1 year (Table 2). The 30-day mortality
was significantly lower among patients who received drug-
eluting stents than among those with bare-metal stents (0.7%
v. 1.8%, risk-adjusted odds ratio [OR] 0.50, 95% confidence
interval [CI] 0.33–0.76). This difference persisted to the end
of year 1 (3.0% v. 3.7%, risk-adjusted OR 0.62, 95% CI
0.46–0.83). The rate of the composite outcome of death or re-
peat revascularization was significantly lower in the drug-
eluting stent group than in the bare-metal stent group at 30
days and at the end of year 1 (4.1% v. 6.3%, adjusted OR
0.42, 95% CI 0.31–0.57 at 30 days; 12.0% v. 15.8%, adjusted
OR 0.40, 95% CI 0.33–0.49 at 1 year). We noted the same
general findings among patients with acute coronary syn-
dromes. Among patients with non-acute coronary syndromes
(i.e., stable angina), we did not detect statistically significant
differences in either mortality or the composite outcome at
any point between the 2 stent groups.
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Table 1: Characteristics of patients who underwent coronary angioplasty, by type of stent received 

 Type of stent; no. (%) of patients*  

Characteristic  
Bare metal 
n = 5320 

Drug-eluting 
n = 1120 p value 

Age, yr, mean (SD) 62.5 (11.9) 62.3 (11.6) 0.6 

Sex, male 4022 (75.6) 799 (71.3) 0.002 

Congestive heart failure 527 (9.9) 91 (8.1) 0.06 

Peripheral vascular disease 319 (6.0) 69 (6.2) 0.81 

Cerebrovascular disease 298 (5.6) 76 (6.8) 0.14 

Chronic pulmonary disease 761 (14.3) 147 (13.1) 0.31 

Renal disease† 266 (5.0) 83 (7.4) 0.001 

Diabetes mellitus 1106 (20.8) 367 (32.8) < 0.001 

Dialysis 48 (0.9) 19 (1.7) 0.02 

Hyperlipidemia 4298 (80.8) 983 (87.8) < 0.001 

Hypertension 3532 (66.4) 791 (70.6) 0.006 

Liver or gastrointestinal disease 404 (7.6) 99 (8.8) 0.19 

Malignant disease 207 (3.9) 41 (3.7) 0.72 

Current smoker 1899 (35.7) 277 (24.7) < 0.001 

Former smoker 1665 (31.3) 416 (37.1) < 0.001 

Prior myocardial infarction 3059 (57.5) 510 (45.5) < 0.001 

Prior coronary artery byass graft surgery 303 (5.7) 132 (11.8) < 0.001 

Prior percutaneous coronary intervention 197 (3.7) 60 (5.4) 0.01 

Use of glycoprotein IIb/IIIa inhibitors 2777 (52.2) 627 (56.0) 0.02 

Primary indication for angioplasty    

Acute coronary syndrome 4460 (83.8) 726 (64.8) < 0.001 

Non-acute coronary syndrome 848 (15.9) 387 (34.6) < 0.001 

Other 12 (0.2) 7 (0.6) < 0.001 

Length of stent, mm, mean (SD) 16.6 (6.1) 17.7 (7.7) < 0.001 

Diameter of stent, mm, mean (SD) 3.6 (1.4) 3.3 (1.3) < 0.001 

Duke Myocardial Jeopardy score,‡ mean (SD) 42.4 (22.6) 50.5 (23.1) < 0.001 

Ejection fraction    

> 50 3155 (59.3) 665 (59.4) 0.03 

35–50 1239 (23.3) 219 (19.6) 0.03 

20–34 197 (3.7) 47 (4.2) 0.03 

< 20 37 (0.7) 9 (0.8) 0.03 

Ventriculogram not done 692 (13.0) 180 (16.1)  

Anatomy§    

Low risk 3400 (63.9) 604 (53.9) 0.01 

High risk 1617 (30.4) 431 (38.5) 0.01 

Left main 117 (2.2) 57 (5.1) 0.01 

Data missing 186 (3.5) 28 (2.5)  

No. of stents, mean (SD) 1.75 (1.02) 1.46 (0.77) < 0.001 

No. of stents   < 0.001 

1 2793 (52.5) 750 (67.0)  

2 1612 (30.3) 263 (23.5)  

3 557 (10.5) 80 (7.1)  

4 248 (4.7) 19 (1.7)  

≥ 5 110 (2.1) 8 (0.7)  

*Unless stated otherwise. 
†As indicated by elevated serum creatinine level. 
‡An estimate of the percentage of myocardium at risk given the extent of coronary artery disease. 
§High risk includes 3-vessel disease, or 2-vessel disease with disease of the proximal left anterior descending artery; low risk includes other 2-vessel 
disease, 1-vessel disease, lesions with < 50% stenosis and normal anatomy. 



Figure 1 presents the Kaplan–Meier survival curves over the
3 years of follow-up. The survival curves for patients with acute
coronary syndromes and for those with non-acute coronary syn-
dromes were similar to the survival curves for the overall study
population. When we examined overall event-free survival for
the combined outcome (i.e., no death or repeat revasculariza-
tion), we observed a similar pattern (Figure 2). There were only
small differences in survival at year 3 (79.4% v. 78.5%, p =
0.15). The subgroup of patients with acute coronary syndromes
had the same general pattern of survival (Figure 2, middle
panel). In the subgroup with non-acute coronary syndromes, the
differences in event-free survival between the 2 stent groups
over time were not significant (Figure 2, bottom panel).

Our stratified analysis of propensity scores revealed that the
1-year mortality was better among patients with drug-eluting

stents than among those with bare-metal stents in the 2 tertiles
of higher propensity to receive drug-eluting stents (Appendix
1, available at www.cmaj.ca/cgi/content/full/180/2/167/DC2).
In the extended propensity analysis in which we conducted a
1-to-1 match of each patient with drug-eluting stents to a sin-
gle patient with bare-metal stents, we found that survival was
again better for patients with drug-eluting stents than for those
with bare-metal stents (2.7% v. 4.3% for death, p = 0.043;
11.7% v. 12.7% for the combined outcome of death or repeat
revascularization, p = 0.46) (Appendix 1).

Time-dependent spline analysis
In our time-dependent spline analysis, we observed an initial
survival benefit with drug-eluting stents (Figure 3, top
panel). Over time the effect diminished, with the relative risk
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Table 2: Outcomes in the first year after stent insertion, by type of stent 

 
Type of stent;  

no. (%) of patients  Odds ratio (95% confidence interval) 

Outcome Bare metal Drug-eluting p value Crude* Adjusted† 

All patients n = 5320 n = 1120      

Death        

30 days   96   (1.8)    8    (0.7) 0.008 0.50 (0.33–0.76) 0.40 (0.25–0.64) 

6 months 151   (2.8)   21   (1.9) 0.07 0.62 (0.45–0.85) 0.53 (0.37–0.75) 

1 year 195   (3.7)   33   (3.0) 0.24 0.74 (0.57–0.96) 0.62 (0.46–0.83) 

Composite outcome‡       

30 days 335   (6.3)   46   (4.1) 0.004 0.44 (0.33–0.58) 0.42 (0.31–0.57) 

6 months 665 (12.5) 100   (8.9) 0.007 0.44 (0.36–0.53) 0.38 (0.30–0.48) 

1 year 841 (15.8) 134 (12.0) 0.001 0.47 (0.40–0.56) 0.40 (0.33–0.49) 

Patients with acute coronary 
syndromes 

n = 4195   n = 669     

Death       

30 days   84   (2.0)     6   (0.9) 0.05 0.60 (0.35–1.03) 0.46 (0.25–0.87) 

6 months 130   (3.1)   16   (2.4) 0.33 0.78 (0.53–1.17) 0.59 (0.36–0.94) 

1 year 168   (4.0)   24   (3.6) 0.61 0.88 (0.63–1.23) 0.68 (0.46–1.01) 

Composite outcome‡       

30 days 298   (7.1)   34   (5.1) 0.05 0.58 (0.41–0.81) 0.55 (0.37–0.80) 

6 months 558 (13.3)   62   (9.3) 0.004 0.54 (0.42,0.70) 0.45 (0.33–0.61) 

1 year 696 (16.6)   79 (11.8) 0.002 0.56 (0.45–0.70) 0.46 (0.35–0.61) 

Patients with non-acute 
coronary syndromes 

n = 1125   n = 451     

Death       

30 days   12   (1.1)     2   (0.4) 0.23 0.61 (0.30–1.28) 0.49 (0.22–1.11) 

6 months   23   (2.0)     5   (1.1) 0.24 0.61 (0.36–1.04) 0.56 (0.31–1.01) 

1 year   27   (2.4)     9   (2.0) 0.63 0.82 (0.53–1.27) 0.69 (0.42–1.13) 

Composite outcome‡       

30 days   39   (3.5)   12   (2.7) 0.41 0.55 (0.32–0.95) 0.52 (0.29–0.93) 

6 months 111   (9.9)   38   (8.4) 0.38 0.47 (0.34–0.66) 0.46 (0.32–0.67) 

1 year 146 (13.0)   55 (12.2) 0.67 0.53 (0.40–0.71) 0.49 (0.35–0.67) 

*Baseline group is drug-eluting stents. 
†Adjusted for age, sex, comorbidities, indication, use of glycoprotein IIb/IIIa inhibitors, mean length and diameter of stent, ejection fraction, coronary anatomy 
and Duke Myocardial Jeopardy score. 
‡Death or repeat revascularization (percutaneous coronary intervention or coronary artery bypass graft surgery). 



crossing 1.0 and indicating better survival with
the bare-metal stents. 

The corresponding analysis for the combined
outcome of death or repeat revascularization
showed a similar pattern (Figure 3, bottom panel).
During the initial period, outcomes were better
with the drug-eluting stents than with the bare-
metal stents. Over time, the effect shifted, with the
relative risk for the combined outcome favouring
bare-metal stents from about 240 days onward.
The descriptive statements presented here for Fig-
ure 3 emphasize the point estimates for the rela-
tive risks at individual moments in time, without
attention to statistical significance at each mo-
ment. The figure does, however, present bands for
the 95% confidence intervals to inform judgments
of statistical significance over time.

After we adjusted the spline analysis for base-
line risk factors, we found that the findings were
similar to those of the unadjusted analysis (Figure
4). Again, there was an initial pattern of de-
creased risk of events with the drug-eluting
stents, followed by a gradual transition over time
toward better outcomes with the bare-metal
stents. The adjusted relative risk of the composite
outcome of death or repeat revascularization as-
sociated with drug-eluting stents relative to bare-
metal stents was 0.73 early in the first year of fol-
low-up; it then rose gradually over time, to a peak
of 2.24 at 3 years.

Interpretation

Our study showed that patients who received
drug-eluting stents during percutaneous coronary
interventions had improved survival and lower
rates of repeat revascularization in the first year of
follow-up compared with patients who received
bare-metal stents. However, our time-dependent
spline analysis extending to 3 years showed an in-
creased risk of death and repeat revascularization
over time associated with the drug-eluting stents
relative to the bare-metal stents.

The early studies of the efficacy of drug-
eluting stents focused on outcomes in the shorter
term, and in some cases restenosis of target ves-
sels as the primary outcome.11,12,34 Our findings
build on the results of more recent studies, some
of which included patients in usual-care settings
or had longer follow-up, or both.5,21,23–26,35

Despite recent concerns about the safety of
drug-eluting stents, we did not detect an over-
whelming increase in the risk of death among pa-
tients who received this type of stent. Also, we did
not observe any notable survival drops or clusters
of deaths, particularly when the survival of pa-
tients with drug-eluting stents was juxtaposed
with that of patients with bare-metal stents.
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Figure 1: Unadjusted time to death among patients with bare-metal stents
and those with drug-eluting stents. Top panel: all patients (n = 6440); middle
panel: patients with acute coronary syndromes (n = 4864); bottom panel: pa-
tients with non-acute coronary syndromes (n = 1576).



Patients who received drug-eluting stents in
our study had different baseline characteristics
than those who received bare-metal stents. Drug-
eluting stents appeared to be used in an appropri-
ate manner, specifically when the risk of resteno-
sis was known to be increased (i.e., in longer
lesions, in smaller vessels, and in patients with di-
abetes). In the early years of our study, there ap-
peared to be a relative aversion to the use of drug-
eluting stents in patients with acute coronary
syndromes. At the time, this clinical situation
lacked the support of data from recently published
randomized controlled trials supporting the use of
drug-eluting stents in patients with ST-segment el-
evation myocardial infarction.36,37

The focus of our study — the long-term sur-
vival of patients with drug-eluting stents — en-
ables inferences on the long-term safety profile of
stents in light of the recent concerns about drug-
eluting stents. Our comparison of the 2 types of
stents was not a randomized controlled trial.
Therefore, because of potential selection bias and
unmeasured risks, we caution readers not to inter-
pret our study as an efficacy analysis.

Despite these limitations, we did perform a
risk-adjusted time-dependent outcome analysis to
assess the relative risk of adverse events associ-
ated with drug-eluting stents relative to bare-
metal stents. Interestingly, our findings suggest
that the pace of occurrence of adverse events
among patients who received drug-eluting stents
was not uniform. In fact, there may have been a
slight acceleration of events at about 1 year after
the percutaneous coronary intervention, in both
the unadjusted and risk-adjusted analyses. The
potential pathophysiologic factors underlying this
observation are not clear. The typical pattern of
stopping thiopyridine therapy between 6 months
and 1 year after stent placement may be a con-
tributing factor.38 Despite the possible accelera-
tion of adverse events at about 1 year, however,
the overall survival of patients with drug-eluting
stents remained favourable relative to that of pa-
tients with bare-metal stents, at least over 3 years
of follow-up.

Strengths and limitations
Our study provides new insights into the long-
term safety profile of drug-eluting stents. Indeed,
data on the long-term follow-up of patients after
stent placement are limited outside of clinical tri-
als. Aside from the studies by Lagerqvist and col-
leagues23 and Marzocchi and colleagues,35 the
principal reports in this area have described popu-
lations with exclusive11 or near exclusive22 use of
drug-eluting stents with comparison to historical
controls. We provide a description of the long-
term safety of drug-eluting stents compared with
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Figure 2: Unadjusted time to composite outcome (death or repeat revascularization)
among patients with bare-metal stents and those with drug-eluting stents. Top
panel: all patients (n = 6440); middle panel: patients with acute coronary syndromes
(n = 4864); bottom panel: patients with non-acute coronary syndromes (n = 1576).



bare-metal stents. Furthermore, our data showed interesting
differences in the outcomes between patients with stable
angina and those with acute coronary syndromes.

Our study has limitations. Because of the lack of data on
long-term medication use, we can only speculate on the poten-
tial role the discontinuation of antiplatelet therapy had on the
later onset of adverse outcomes in patients with drug-eluting
stents. Furthermore, despite a reasonably large sample, our sta-
tistical power was not sufficient to comment on small differ-
ences in adverse events between the stent groups in the longer
term. Also, we confined our analysis of outcomes to death and
clinically driven repeat revascularization. However, many pa-
tients who experience myocardial infarction following stent in-
sertion would undergo subsequent repeat catheterization, and
some may also die. An additional caveat is that, although we
performed a careful risk-adjustment analysis, our findings may
relate to unmeasured confounding clinical factors, rather than
to the type of stent used.39 Finally, because our composite out-
come included repeat revascularization, we probably captured
procedures done because of disease progression rather than

restenosis. However, this limitation probably did not signifi-
cantly affect our analysis of the composite outcome, because
disease progression was likely similar in the 2 stent groups.

Conclusions
Our study findings suggest that the long-term survival (to 3
years) of patients with drug-eluting stents remains favourable
overall. It is not measurably worse than that of patients with
bare-metal stents. Further work, however, is needed to charac-
terize better the possibly dynamic risk profile of drug-eluting
stents over time. Also, data are needed on the potential value
of long-term dual antiplatelet therapy to protect against late
adverse events in patients with drug-eluting stents.
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Figure 3: Unadjusted spline analysis of the relative risk of death
(top panel) and the composite outcome of death or repeat
revascularization (bottom panel) among patients with drug-
eluting stents (v. those with bare-metal stents) over the 3-year
follow-up period. A relative risk below 1.0 indicates a de-
creased risk of events among patients with drug-eluting stents.
The thin lines above and below the thicker line represent 95%
confidence intervals.
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Figure 4: Risk-adjusted spline analysis of the relative risk of
death (top panel) and the composite outcome of death or re-
peat revascularization (bottom panel) among patients with
drug-eluting stents (v. those with bare-metal stents) over the 3-
year follow-up period. A relative risk below 1.0 indicates a de-
creased risk of events among patients with drug-eluting stents.
The thin lines above and below the thicker line represent 95%
confidence intervals.
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