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A bs tr ac t

Background

Recent reports have indicated that there may be an increased risk of late stent throm-
bosis with the use of drug-eluting stents, as compared with bare-metal stents.

Methods

We evaluated 6033 patients treated with drug-eluting stents and 13,738 patients treat-
ed with bare-metal stents in 2003 and 2004, using data from the Swedish Coronary 
Angiography and Angioplasty Registry. The outcome analysis covering a period of 
up to 3 years was based on 1424 deaths and 2463 myocardial infarctions and was 
adjusted for differences in baseline characteristics.

Results

The two study groups did not differ significantly in the composite of death and 
myocardial infarction during 3 years of follow-up. At 6 months, there was a trend to-
ward a lower unadjusted event rate in patients with drug-eluting stents than in 
those with bare-metal stents, with 13.4 fewer such events per 1000 patients. How-
ever, after 6 months, patients with drug-eluting stents had a significantly higher 
event rate, with 12.7 more events per 1000 patients per year (adjusted relative risk, 
1.20; 95% confidence interval [CI], 1.05 to 1.37). At 3 years, mortality was signifi-
cantly higher in patients with drug-eluting stents (adjusted relative risk, 1.18; 95% 
CI, 1.04 to 1.35), and from 6 months to 3 years, the adjusted relative risk for death 
in this group was 1.32 (95% CI, 1.11 to 1.57).

Conclusions

Drug-eluting stents were associated with an increased rate of death, as compared 
with bare-metal stents. This trend appeared after 6 months, when the risk of death 
was 0.5 percentage point higher and a composite of death or myocardial infarction 
was 0.5 to 1.0 percentage point higher per year. The long-term safety of drug-elut-
ing stents needs to be ascertained in large, randomized trials.

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

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

1010

Prospective, randomized clinical tri-
als have shown that in-stent restenosis is 
reduced by the use of drug-eluting stents, 

as compared with bare-metal stents.1,2 On the ba-
sis of prospective trials involving approximately 
4500 patients, the U.S. Food and Drug Adminis-
tration approved the use of drug-eluting stents 
for patients with previously untreated coronary 
lesions of less than 30 mm in length and a refer-
ence-vessel diameter of 2.50 to 3.75 mm. In these 
trials, the use of drug-eluting stents appeared to 
be safe, with no significant increase in cardio-
vascular events, as compared with bare-metal 
stents.3-6 However, the use of drug-eluting stents 
has rapidly been expanded to all types of patients, 
including those with more complicated coronary 
lesions and in acute settings.

Recently, pathoanatomical studies7,8 and meta-
analyses of randomized trials9,10 and registries11 
have raised concern about incomplete neointimal 
coverage with a subsequent increase in late stent 
thromboses in patients with drug-eluting stents.12,13 
One randomized trial indicated that the implan-
tation of drug-eluting stents was associated with 
an early reduction in death and myocardial infarc-
tion — an improvement that was lost during the 
subsequent 6 to 18 months by a late increase in 
the same events.14 Since there have been no pro-
spective, randomized clinical trials involving long-
term follow-up of the “off-label” use of drug-elut-
ing stents,15 we determined that the evaluation 
of large clinical registries might provide useful 
information concerning the long-term efficacy 
and safety of drug-eluting stents. Therefore, we 
evaluated the long-term outcome in all patients 
who underwent stent implantation in Sweden 
in 2003 and 2004, as recorded in the Swedish 
Coronary Angiography and Angioplasty Regis-
try (SCAAR), and conducted a follow-up analy-
sis of death and myocardial infarction, using 
other national registries.

Me thods

Study Population

Our study included all patients in Sweden who 
had received coronary stents from January 1, 
2003, to December 31, 2004, for whom complete 
follow-up data were available from other national 
registries. The analyses were based on the type of 
stent implanted at the first recorded procedure, 

in which patients who received at least one drug-
eluting stent were assigned to the drug-eluting–
stent group, regardless of whether they had re-
ceived another type of stent at any time; otherwise, 
patients were assigned to the bare-metal–stent 
group. In a sensitivity analysis, we separately eval-
uated the cohort of patients who had received only 
one stent (the one-stent subgroup) at the initial 
percutaneous coronary intervention (PCI).

SCAAR Data 

SCAAR holds data on consecutive patients from 
all 26 centers that perform coronary angiography 
and PCI in Sweden. The registry is sponsored by 
the Swedish Health Authorities and is indepen-
dent of commercial funding. The technology is 
developed and administered by the Uppsala Clini-
cal Research Center. Since 2001, SCAAR has been 
Internet-based, with recording of data online 
through a Web interface in the catheterization 
laboratory; data are transferred in an encrypted 
format to a central server at the Uppsala Clinical 
Research Center. All consecutive patients under-
going coronary angiography or PCI are included. 
We compiled a list of the most important record-
ed variables in accordance with international rec-
ommendations (Table 1).16 Information with re-
spect to restenosis has been registered for patients 
undergoing subsequent coronary angiography for 
clinical reasons since the beginning of 2004. The 
Internet-based system provides each center with 
immediate and continuous feedback on process-
es and quality-of-care measures. Monitoring and 
verification of registry data have been performed 
in all hospitals since 2001 by comparing 50 en-
tered variables in 20 randomly selected interven-
tions per hospital and year with the patients’ hos-
pital records. The overall correspondence in data 
during the study period was 95.2%. By December 
31, 2005, information on approximately 255,000 
procedures had been collected in SCAAR.

The long-term follow-up was based on merg-
ing the SCAAR database with other national reg-
istries on the basis of the unique 10-digit per-
sonal identification number of each Swedish 
citizen. Data on vital status and date of death were 
obtained from the national population registry 
through June 30, 2006. We obtained data regard-
ing hospital admissions for myocardial infarc-
tion (as defined in the International Classification of 
Diseases, 10th revision, disease codes, I21 and I22) 
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from the Swedish Hospital Discharge Registry 
through December 31, 2005, except for one small 
county (with 417 patients) in which myocardial 
infarction could be evaluated only through De-
cember 31, 2004. The merging of the registries 
was performed by the Epidemiologic Center of the 
Swedish National Board of Health and Welfare 
and was approved by the local ethics committee 
at Uppsala University.

Statistical Analysis

We summarized baseline characteristics of the 
patients with medians and interquartile ranges 
for continuous variables and percentages for dis-
crete variables. Cumulative event rates were esti-
mated by the Kaplan–Meier method. The primary 
objective was to evaluate late-occurring events 
after the implantation of drug-eluting stents. The 
primary end point was the composite of death 
or myocardial infarction. Secondary end points 
were death, myocardial infarction, revasculariza-
tion, and restenosis. To compensate for the non-
randomized design of our observational study, we 
used propensity-score methods.17 The individual 
propensity scores, defined as the conditional prob-
ability of obtaining a drug-eluting stent based on 
available covariables, were estimated with a mul-
tiple logistic-regression model. All prespecified 
covariates were included in the respective models 
for the two study populations as well as several 
interaction terms (Table 1). The predictive ability 
of each propensity-score model was evaluated by 
means of the C statistic.

To provide separate descriptions of the early 
and late relative risks of events, we performed a 
“landmark analysis”18 with a prespecified land-
mark set at 6 months. Adjusted relative risks were 
estimated from models in which the propensity 
score and the stent group were entered as covari-
ates. For plotting purposes, the models were then 
refitted with the stent group as a stratification 
variable, and adjusted cumulative event rates were 
estimated at the overall average propensity score. 
Further addition of any of the variables that had 
already been incorporated through the propensity 
score did not materially alter the results. Death 
was regarded as a censoring event in the analysis 
of myocardial infarction. This analysis led to re-
sults that were similar to those obtained when 
the cumulative incidence of myocardial infarction 
was estimated in a competing-risks framework 

(data not shown). All reported P values are two-
sided. All analyses were performed with the use 
of the statistical program R, version 2.4.0.19

R esult s

Characteristics of the Patients

During 2003 and 2004, a total of 19,771 patients 
were treated with 37,750 stents in 24,215 PCI pro-
cedures in Sweden and were entered into the da-
tabase. Table 1 shows the characteristics of the 
6033 patients with drug-eluting stents and 13,738 
patients with bare-metal stents. The factor with 
the largest influence on the choice of stent was the 
geographic region. The use of drug-eluting stents 
ranged from 0.4 to 62.5% among centers and from 
0.6 to 40.8% among geographic regions. On av-
erage, as compared with patients who received 
bare-metal stents, patients with drug-eluting stents 
were slightly younger and were more likely to be 
women; they also had a higher prevalence of dia-
betes mellitus, hypertension, heart failure, and re-
nal dysfunction, and stable angina was more likely 
to be the indication for the procedure. Among pa-
tients with drug-eluting stents, pretreatment with 
clopidogrel was more common, but the peripro-
cedural use of glycoprotein IIb/IIIa inhibitors was 
less common. In the group with drug-eluting 
stents, more patients had undergone PCIs and cor-
onary-artery bypass grafting (CABG), had multi-
vessel and left main coronary artery disease, and 
had a higher number of implanted stents. Patients 
with bare-metal stents were older, were more likely 
to be men, and more often had primary PCIs for 
myocardial infarction with ST-segment elevation 
as the indication for receiving a stent. In the one-
stent subgroup, the drug-eluting stents were gen-
erally longer and had smaller diameters than the 
bare-metal stents. Among the 3638 patients with 
drug-eluting stents in the one-stent subgroup, pacli
taxel-eluting stents (Taxus Express, Boston Scientif
ic) were used in 2608 patients (72%) and sirolimus-
eluting stents (Cypher and Cypher Select, Cordis, 
Johnson & Johnson) in 1030 patients (28%).

Death and Myocardial Infarction

During the entire study period, 3887 events oc-
curred, including 2463 myocardial infarctions 
(1713 in the group with bare-metal stents and 750 
in the group with drug-eluting stents) and 1424 
deaths (999 in the group with bare-metal stents 
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Table 1. Characteristics of All Patients and the One-Stent Subgroup.*

Variable All Patients with Stents One-Stent Subgroup

Total†

Bare-Metal  
Stent 

(N = 13,738)

Drug-Eluting 
Stent  

(N = 6033) Total†

Bare-Metal  
Stent 

(N = 10,319)

Drug-Eluting 
Stent 

(N = 3638)

no. no.

Age 19,771 13,957

Median — yr 66 65 65 64

Interquartile range — yr 58–74 57–73 57–74 56–72

Female sex — no. (%) 19,771 3,774 (27.5) 1753 (29.1) 13,957 2,873 (27.8) 1106 (30.4)

Hospital region — no. (%) 19,771 13,957

North 1,704 (12.4) 148 (2.5) 1,281 (12.4) 78 (2.1)

Stockholm 2,539 (18.5) 1010 (16.7) 1,941 (18.8) 589 (16.2)

Southeast 1,396 (10.2) 792 (13.1) 1,206 (11.7) 573 (15.8)

South 2,427 (17.7) 1686 (27.9) 1,685 (16.3) 953 (26.2)

Middle 3,636 (26.5) 2386 (39.5) 2,788 (27.0) 1439 (39.6)

West 2,036 (14.8) 11 (0.2) 1,418 (13.7) 6 (0.2)

Indication — no. (%) 19,420 13,682

Stable coronary artery disease 3,029 (22.5) 1805 (30.3) 2,210 (21.9) 1081 (30.2)

Unstable coronary artery disease 6,919 (51.4) 3122 (52.5) 5,205 (51.5) 1827 (51.0)

STEMI 3,423 (25.4) 955 (16.1) 2,610 (25.8) 633 (17.7)

Other 100 (0.7) 67 (1.1) 77 (0.8) 39 (1.1)

Smoking staus — no. (%) 19,657 13,863

Current smoker 2,875 (21.0) 1129 (18.8) 2,188 (21.3) 693 (19.2)

Former smoker 4,240 (31.0) 1858 (31.0) 3,118 (30.4) 1111 (30.8) 

Never smoked 4,854 (35.5) 2465 (41.1) 3,666 (35.7) 1469 (40.7)

Unknown 1,694 (12.4) 542 (9.0) 1,283 (12.5) 335 (9.3)

Diabetes — no. (%) 19,771 2,140 (15.6) 1421 (23.6) 13,957 1,618 (15.7) 855 (23.5)

Hypertension — no. (%) 19,656 5,961 (43.6) 2780 (46.4) 13,861 4,368 (42.6) 1614 (44.7)

Previous PCI — no. (%) 19,343 1,393 (10.4) 929 (15.6) 13,631 1,068 (10.6) 606 (16.9)

Previous CABG — no. (%) 19,216 1,296 (9.8) 664 (11.2) 13,532 948 (9.5) 384 (10.7)

Previous myocardial infarction — no. (%) 19,771 5,046 (36.7) 2302 (38.2) 13,957 3,693 (35.8) 1338 (36.8)

Aspirin before procedure — no. (%) 19,763 11,521 (83.9) 5354 (88.8) 13,953 8,542 (82.8) 3161 (86.9)

Clopidogrel — no. (%) 19,729 7,117 (51.9) 3614 (60.1) 13,929 5,248 (51.0) 2085 (57.4)

Cancer <3 yr before procedure — no. (%) 19,656 389 (2.8) 160 (2.7) 13,878 275 (2.7) 89 (2.5)

Previous heart failure — no. (%) 19,771 963 (7.0) 489 (8.1) 13,957 681 (6.6) 271 (7.4)

Previous stroke — no. (%) 19,771 801 (5.8) 374 (6.2) 13,957 586 (5.7) 214 (5.9)

Previous renal failure — no. (%) 19,771 124 (0.9) 79 (1.3) 13,957 80 (0.8) 51 (1.4)

Previous dialysis — no. (%) 19,771 46 (0.3) 40 (0.7) 13,957 28 (0.3) 30 (0.8)

Previous COPD — no. (%) 19,771 628 (4.6) 257 (4.3) 13,957 466 (4.5) 152 (4.2)

Previous dementia — no. (%) 19,771 13 (0.1) 2 (<0.1) 13,957 10 (0.1) 2 (<0.1)

Glycoprotein IIb/IIIa inhibitors — no. (%) 19,724 4,978 (36.3) 1900 (31.6) 13,927 3,646 (35.4) 1101 (30.4)
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Table 1. (Continued.)

Variable All Patients with Stents One-Stent Subgroup

Total†

Bare-Metal  
Stent 

(N = 13,738)

Drug-Eluting 
Stent  

(N = 6033) Total†

Bare-Metal  
Stent 

(N = 10,319)

Drug-Eluting 
Stent 

(N = 3638)

no. no.

No. of stents — no. (%) 19,757 13,957

1 10,319 (75.2) 3638 (60.3) 10,319 (100) 3638 (100)

2 2,574 (18.8) 1680 (27.9) 0 0

≥3 833 (6.1) 713 (11.8) 0 0

Findings on angiography — no. (%) 19,271 13,577

Not significant 35 (0.3) 16 (0.3) 31 (0.3) 11 (0.3)

1-vessel disease 6,816 (51.2) 2813 (47.2) 5,706 (57.2) 2150 (59.8)

2-vessel disease 3,765 (28.3) 1778 (29.8) 2,459 (24.6) 788 (21.9)

3-vessel disease 2,199 (16.5) 1069 (17.9) 1,439 (14.4) 505 (14.1)

Left main coronary artery disease (with  
or without other coronary disease)

491 (3.7) 289 (4.8) 349 (3.5) 139 (3.9)

Stent diameter — no. (%) 13,890

<2.5 mm 337 (3.3) 328 (9.1)

2.5 to <3.0 mm 2,314 (22.5) 1203 (33.3)

3.0 to <3.5 mm 3,897 (37.9) 1311 (36.2)

3.5 to <4 mm 2,663 (25.9) 744 (20.6)

≥4 mm 1,061 (10.3) 32 (0.9)

Stent length — no. (%) 13,910

<10 mm 864 (8.4) 182 (5.0)

10–14 mm 3,074 (29.9) 792 (21.8)

15–16 mm 2,767 (26.9) 796 (21.9)

17–19 mm 1,313 (12.8) 341 (9.4)

20–23 mm 1,092 (10.6) 675 (18.6)

24–25 mm 716 (7.0) 382 (10.5)

26–30 mm 304 (3.0) 187 (5.2)

≥31 mm 153 (1.5) 272 (7.5)

Restenotic lesion — no. (%) 13,877 121 (1.2) 243 (6.7)

Treated vessel — no. (%) 13,951

Right coronary artery 3,463 (33.6) 557 (15.3)

Left main coronary artery 99 (1.0) 82 (2.3)

Left anterior descending artery 3,969 (38.5) 2260 (62.1)

Left circumflex artery 2,386 (23.1) 619 (17.0)

CABG graft 397 (3.8) 119 (3.3)

*	PCI denotes percutaneous coronary intervention, CABG coronary-artery bypass grafting, STEMI myocardial infarction with ST-segment ele-
vation, and COPD chronic obstructive pulmonary disease. Percentages may not total 100 because of rounding.

†	Values indicate the number of patients for whom data were available for each variable.
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and 425 in the group with drug-eluting stents). 
There was no significant difference between the 
two groups in the composite risk of death and 
myocardial infarction during the 3-year follow-
up period (Fig. 1A and 1B). At 6 months, there 
was an indication of a lower unadjusted event 
rate in the group with drug-eluting stents than in 
the group with bare-metal stents, with 13.4 fewer 
events per 1000 patients. However, during contin-
ued follow-up, there was a higher unadjusted event 
rate in the group with drug-eluting stents, with 
12.7 more events per 1000 patients per year.

Accordingly, in the landmark analysis, the ad-

justed event rate tended to be lower in the group 
with drug-eluting stents during the initial 6 months 
(Fig. 2A). Thereafter, there was a continuous sepa-
ration of the curves, with a significantly higher 
rate of events in patients with drug-eluting stents 
(relative risk, 1.20; 95% confidence interval [CI], 
1.05 to 1.37). In the one-stent subgroup, allowing 
for adjustment for characteristics of both stents 
and lesions, the outcome was similar, with a lower 
risk of death or myocardial infarction in the group 
with drug-eluting stents during the first 6 months 
(relative risk, 0.82; 95% CI, 0.69 to 0.98) and a 
higher risk after the first 6 months (relative risk, 
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Figure 1. Estimated Cumulative Event Rates.

Panel A shows unadjusted composite event data for 3 years of follow-up. In Panels B, C, and D, the curves represent estimations from 
the Cox regression model at the mean level of the propensity score. Numbers of patients at risk are shown below each graph.
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1.23; 95% CI, 1.02 to 1.48) (Fig. 3A). There were 
no significant differences in early outcome (P =  
0.40) or late outcome (P = 0.30) between patients 
with paclitaxel-eluting stents and those with si-
rolimus-eluting stents.

Risk of Death

Propensity-score–adjusted Cox regression analy-
sis showed a significantly higher risk of death in 
the group with drug-eluting stents than in the 
group with bare-metal stents (relative risk, 1.18; 
95% CI, 1.04 to 1.35) (Fig. 1C). At 6 months, the 
risk of death was similar in the two groups (Fig. 
2B). However, after 6 months, the risk of death 
was significantly higher in the group with drug-
eluting stents, with a continuous separation of 
the events curves (relative risk, 1.32; 95% CI, 1.11 
to 1.57).

Myocardial Infarction

At 6 months, the adjusted cumulative risk of myo-
cardial infarction was lower in the group with 
drug-eluting stents (Fig. 1D, 2C, and 3C). How-
ever, between 6 and 12 months, the risk of myo-
cardial infarction was higher in the group with 
drug-eluting stents. Accordingly, in the land-
mark analysis, the event curves diverged over time, 
and after 6 months, there was a nonsignificant 
trend toward an increased risk of myocardial 
infarction both in the overall population (rela-
tive risk, 1.12; 95% CI, 0.95 to 1.32) and in the 
one-stent subgroup (relative risk, 1.18; 95% CI, 
0.93 to 1.49).

New Revascularization and Restenosis

During follow-up, in the group with drug-eluting 
stents, 888 patients (14.7%) had new PCIs, 92 pa-
tients (1.5%) had coronary surgery, and 917 pa-
tients (15.2%) had new revascularization; in the 
group with bare-metal stents, 1989 patients (14.5%) 
had new PCIs, 403 patients (2.9%) had coronary 
surgery, and 2260 patients (16.5%) had new revas-
cularization. Among the 2285 patients receiving 
a second stent, the median time to a repeated PCI 
was 138 days for both groups, but 558 of 710 pa-
tients (78.6%) in the group with drug-eluting stents 
received new drug-eluting stents, as compared 
with 869 of 1575 patients (55.2%) in the group 
with bare-metal stents. In a Cox regression anal-
ysis, as compared with the group with bare-met-
al stents, the group with drug-eluting stents had 
a lower adjusted risk of undergoing a new PCI (rel-
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Figure 2. Landmark Analysis of All Study Patients.

Panels A, B, and C show propensity-score–adjusted cumulative event rates 
at the mean level of the propensity score during the first 6 months after 
stent placement and after the first 6 months, for all patients. Risk ratios 
(with 95% CIs) are for the occurrence of an event among patients with 
drug-eluting stents, as compared with those with bare-metal stents.
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ative risk, 0.90; 95% CI, 0.82 to 0.98), CABG (rel-
ative risk, 0.54; 95% CI, 0.42 to 0.70), or any new 
revascularization (relative risk, 0.84; 95% CI, 0.77 
to 0.92). Among 4587 patients with drug-eluting 
stents implanted in 2004, restenosis was registered 
in 165 (3.6%), as compared with 447 of 7564 pa-
tients (5.9%) with bare-metal stents. In a Cox re-
gression analysis, the adjusted risk of restenosis 
was significantly lower in patients with drug-elut-
ing stents than in those with bare-metal stents 
(relative risk, 0.40; 95% CI, 0.31 to 0.51).

Discussion

Our study compared the long-term outcome of 
drug-eluting stents versus bare-metal stents in a 
large cohort of unselected consecutive patients 
treated with coronary stents at all intervention-
al centers in Sweden. The data are entered into 
SCAAR to be used as tools for the treatment of 
patients, which improves the reliability of such 
information. The validity was also supported by 
source-data verification, which had a 95% corre-
spondence with patients’ hospital records. The 
long-term follow-up was complete, since it was 
based on merging the SCAAR database with the 
national registries of vital statistics and of hospi-
tal admissions. Although the nonrandomized com-
parison between the study groups was adjusted 
for all available confounders, there is always a pos-
sibility of selection bias because of unknown con-
founders. However, in our study, the major reason 
for the selection of drug-eluting stents or bare-met-
al stents was the large variation in acceptance of 
the indications for these devices among the hos-
pitals and geographic regions. Therefore, the se-
lection of either type of device was often at ran-
dom in relation to patient-related factors, which 
led to the opportunity to compare the group with 
drug-eluting stents with a contemporary, at least 
partly nonselected control group of patients with 
bare-metal stents.

Comparisons between nonrandomized groups 
usually are based on Cox regression analyses with 
adjustment for differences in all available back-
ground factors between the groups. However, 
these analyses require proportional hazards over 
time in order to make formal statistical compari-
sons between the groups appropriate. Therefore, 
the time course of events over the entire follow-
up period was illustrated with unadjusted and 
propensity-score–adjusted cumulative event rates. 
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Figure 3. Landmark Analysis of the One-Stent Subgroup.

Panels A, B, and C show propensity-score–adjusted cumulative event rates 
at the mean level of the propensity score during the first 6 months after stent 
placement and after the first 6 months, for patients with only one stent. 
Risk ratios (with 95% CIs) are for the occurrence of an event among patients 
with drug-eluting stents, as compared with those with bare-metal stents.
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For the matter of statistical inference, the groups 
were compared in landmark analyses with an off-
set at 6 months. We had two reasons for choos-
ing a 6-month cutoff. First, the recommendation 
for the duration of clopidogrel treatment after 
stent placement is up to 6 months in most cen-
ters in Sweden. Second, despite initial differences 
in event rates between the main indications (myo-
cardial infarction with ST-segment elevation, the 
acute coronary syndrome, and stable coronary 
artery disease), after 6 months the event rates be-
came similar for all three main-indication groups. 
By this division in early and late risk, we also over-
came the problem with nonproportional hazards, 
which allowed for the estimation of relative risks 
and confidence intervals. A similar approach was 
used by Eisenstein at al.20

Our study showed an increased long-term risk 
of death among patients with drug-eluting stents, 
as compared with patients with bare-metal stents, 
stemming from an increased risk of death after 
6 months. When evaluating the event rates in the 
landmark analysis starting at 6 months, we found 
an approximate 30% increase in the risk of death, 
and it remained consistent over time. Concern-
ing the composite of death and myocardial in-
farction, there was a trend toward a lower event 
rate during the initial 6 months and a consis-
tently higher event rate thereafter. These findings 
were best demonstrated by the results in the one-
stent subgroup, in which adjustment could be 
made for differences in lesion-related character-
istics. Among patients with drug-eluting stents, 
this subgroup had a relatively lower composite 
event rate (18%) during the first 6 months but 
thereafter had a relatively higher rate (23%). This 
early gain and late loss in the composite event 
rate might have been related to the risk of stent-
related thrombosis with drug-eluting stents that 
was initially lower and later higher than that with 
bare-metal stents. This finding corresponds to the 
results of a recent randomized trial.14

According to criteria recently proposed by the 
Academic Research Consortium, the late events 
in our study would correspond to “possible stent 
thrombosis.” The time course of these events also 
corresponds to the recent reports from the meta-
analyses of randomized trials9,10,14 and registries.14 
The likelihood that these events were caused by 
stent thrombosis is strengthened by the demon-
stration of incomplete neointimal coverage as a 
probable reason for late stent thromboses in pa-

tients with drug-eluting stents.12,13 Although stent 
thromboses seem to occur only in approximate-
ly 0.5% of patients treated with drug-eluting stents 
per year, this factor may still have an effect on 
the risk of death, since a fatal outcome has been 
reported in up to 45% of these patients.21 Our 
findings are a cause for worry, since they indicate 
a continuous increase of approximately 0.5% per 
year in the risk of death and an increase of 0.5 
to 1.0% per year in the incidence of death or myo-
cardial infarction after 6 months. If this increased 
risk is maintained during even longer periods than 
the 3 years of follow-up in our study, any initial 
gains in event rates will be superseded by the con-
tinuous loss in late events.

The increase in event rate was observed only 
after the first 6 months. Although no details on 
long-term use of clopidogrel are available, most 
patients were prescribed dual antiplatelet treat-
ment for 6 months after implantation of drug-
eluting stents but for only 1 to 3 months after im-
plantation of bare-metal stents. Therefore, the 
early gain and late loss of clinical events in the 
group with drug-eluting stents might have been 
related to better protection with clopidogrel in 
the early phase and a prolonged need for such 
protection after 6 months. It has been proposed 
that the occurrence of late stent thrombosis may 
be due to delayed healing7,22 that may necessitate 
lifelong dual antiplatelet therapy. Such an inter-
pretation is in accordance with the recently report-
ed high rates of death and myocardial infarction 
in patients with drug-eluting stents after cessation 
of clopidogrel, from the Duke database.20

The average rate of use of drug-eluting stents 
increased substantially during the study period, 
but there remained a large variation among the 
centers and indications. Although geographic dif-
ferences accounted for most of the differences in 
the use of drug-eluting stents, patient selection 
was also based on risk criteria for restenosis, as 
suggested by the higher percentage of clinical and 
angiographic high-risk features in patients with 
drug-eluting stents.23 The clinical restenosis rate 
was approximately 60% lower among patients 
with drug-eluting stents than among patients with 
bare-metal stents. However, the restenosis rate 
after the implantation of bare-metal stents (5.9%) 
and the absolute differences in the rates of re-
stenosis (3%) and reintervention (1%) between 
the two groups were lower in our study than in 
randomized clinical trials and in other registry 
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data.24-26 The low incidence of restenosis and re-
intervention after the implantation of bare-metal 
stents and the small difference after the implan-
tation of drug-eluting stents do not support the 
need for drug-eluting stents in patients at low or 
intermediate risk for restenosis.

Despite our use of appropriate statistical ad-
justments, differences in baseline characteristics 
or selection criteria that might not have been re-
corded could remain. Potential alternative expla-
nations exist for the crossing of event curves — 
for example, multiple selection biases, such as 
higher early-event rates in patients with bare-metal 
stents because of a higher proportion of patients 
with myocardial infarction with ST-segment el-
evation and higher late-event rates in patients with 
drug-eluting stents because of a higher propor-
tion of high-risk patients. Also, changes in event 
rates over time might have been influenced by 
the smaller number of patients with drug-eluting 
stents early in the study period. Another limita-
tion is the lack of information about the duration 
of clopidogrel treatment in individual patients.

In conclusion, we showed that patients with 
drug-eluting stents had an 18% increase in the 
relative long-term risk of death, as compared with 

patients with bare-metal stents — an increase 
that corresponded to an absolute increase of 
0.5% in the risk of death per year after the initial 
6 months. The analysis of the composite of death 
and myocardial infarction indicated a lower event 
rate during the first 6 months but thereafter an 
increase of approximately 20%, which correspond-
ed to an absolute increase of 0.5 to 1.0% per year. 
Although the rate of clinically observed resteno-
sis was 60% lower among patients with drug-
eluting stents, the absolute difference did not 
amount to more than 3%. Therefore, a general-
ized, unselective use of drug-eluting stents should 
be avoided until randomized studies with an ade-
quate number of patients and long-term follow-
up have ruled out any increased long-term risk. 
Such studies should also provide clear evidence 
about the duration of dual antiplatelet therapy 
and the risk–benefit ratio in subgroups of pa-
tients based on clinical and angiographic risk 
criteria.
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