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THE INCIDENCE OF EARLY VESSEL

closure after coronary stent im-
plantation was markedly re-
duced by the adoption of

thienopyridine antiplatelet therapy.1

The widespread adoption of dual anti-
platelet therapy (aspirin and thienopy-
ridines) has further reduced the risk of
subacute thrombosis after bare-metal
stent implantation to 0.5% to 1.9%.1-3

Instructions for the use of drug-
eluting stents commercially available in
the United States specify treatment with
clopidogrel for at least 3 months (for
sirolimus-coated stents) or 6 months (for
paclitaxel-coated stents) after implanta-
tion. Premature discontinuation of this
minimum antiplatelet therapy has been
associated with stent thrombosis.4,5 How-
ever, studies of late thrombosis events
among patients with a drug-eluting stent
have cast doubt on whether the recom-
mended regimens are sufficient.6,7 An ob-
servational analysis from BASKET-LATE
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Context Recent studies of drug-eluting intracoronary stents suggest that current
antiplatelet regimens may not be sufficient to prevent late stent thrombosis.

Objective To assess the association between clopidogrel use and long-term clinical
outcomes of patients receiving drug-eluting stents (DES) and bare-metal stents (BMS)
for treatment of coronary artery disease.

Design, Setting, and Patients An observational study examining consecutive pa-
tients receiving intracoronary stents at Duke Heart Center, a tertiary care medical cen-
ter in Durham, NC, between January 1, 2000, and July 31, 2005, with follow-up con-
tact at 6, 12, and 24 months through September 7, 2006. Study population included
4666 patients undergoing initial percutaneous coronary intervention with BMS (n=3165)
or DES (n=1501). Landmark analyses were performed among patients who were event-
free (no death, myocardial infarction [MI], or revascularization) at 6- and 12-month
follow-up. At these points, patients were divided into 4 groups based on stent type
and self-reported clopidogrel use: DES with clopidogrel, DES without clopidogrel, BMS
with clopidogrel, and BMS without clopidogrel.

Main Outcome Measures Death, nonfatal MI, and the composite of death or MI
at 24-month follow-up.

Results Among patients with DES who were event-free at 6 months (637 with and
579 without clopidogrel), clopidogrel use was a significant predictor of lower ad-
justed rates of death (2.0% with vs 5.3% without; difference, −3.3%; 95% CI, −6.3%
to −0.3%; P=.03) and death or MI (3.1% vs 7.2%; difference, −4.1%; 95% CI, −7.6%
to −0.6%; P=.02) at 24 months. However, among patients with BMS (417 with and
1976 without clopidogrel), there were no differences in death (3.7% vs 4.5%; differ-
ence, −0.7%; 95% CI, −2.9% to 1.4%; P=.50) and death or MI (5.5% vs 6.0%; dif-
ference, −0.5%; 95% CI, −3.2% to 2.2%; P=.70). Among patients with DES who
were event-free at 12 months (252 with and 276 without clopidogrel), clopidogrel
use continued to predict lower rates of death (0% vs 3.5%; difference, −3.5%; 95%
CI, −5.9% to −1.1%; P=.004) and death or MI (0% vs 4.5%; difference, −4.5%; 95%
CI, −7.1% to −1.9%; P�.001) at 24 months. However, among patients with BMS
(346 with and 1644 without clopidogrel), there continued to be no differences in death
(3.3% vs 2.7%; difference, 0.6%; 95% CI, −1.5% to 2.8%; P=.57) and death or MI
(4.7% vs 3.6%; difference, 1.0%; 95% CI, −1.6% to 3.6%; P=.44).

Conclusions The extended use of clopidogrel in patients with DES may be associ-
ated with a reduced risk for death and death or MI. However, the appropriate dura-
tion for clopidogrel administration can only be determined within the context of a large-
scale randomized clinical trial.
JAMA. 2007;297:159-168 www.jama.com
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(Basel Stent Kosten-Effekivitats Trial-
Late Thrombotic Events) examined the
incidence of clinical events after cessa-
tion of clopidogrel therapy.8 This study
identified 746 patients who were with-
out major adverse events 6 months af-
terdrug-elutingorbare-metal stentplace-
ment. All patients had stopped taking
clopidogrel and were followed up for an
additional 12 months. At 18-month fol-
low-up, there was no difference be-
tween patients with a drug-eluting or
bare-metal stent in cumulative rates of
death or myocardial infarction (MI).
However, after clopidogrel discontinu-
ation patients receiving drug-eluting vs
bare-metal stents experienced higher
rates of death and MI (4.9% vs 1.3%, re-
spectively). These results have created
uncertainty regarding the minimal nec-
essary duration of antiplatelet therapy af-
ter drug-eluting stent implantation.

We assessed the association be-
tween clopidogrel use and long-term
rates of death and death or MI follow-
ing initial percutaneous coronary in-
tervention (PCI) with drug-eluting or
bare-metal stents.

METHODS
Study Population

The study population included con-
secutive patients from the Duke Heart
Center who had an initial PCI with at
least 1 bare-metal stent between Janu-
ary 1, 2000, and July 31, 2005; and with
at least 1 drug-eluting stent between
April 1, 2003, and July 31, 2005. The
follow-up period extended through Sep-
tember 7, 2006, to ensure that all pa-
tients had an opportunity for at least 12
months of follow-up information. Ex-
clusion criteria included congenital
heart disease, moderate to severe val-
vular heart disease, prior coronary ar-
tery bypass graft surgery or PCI proce-
dure, and significant (�75% stenosis)
left main coronary artery disease. Pa-
tients also were excluded if interven-
tions other than stent placement oc-
curred during their PCI procedure, or
if they were not contacted for fol-
low-up medication use for each analy-
sis period. All study information was
stored in the Duke Databank for Car-

diovascular Disease. Duke University
Medical Center Institutional Review
Board approval was obtained on Feb-
ruary 27, 2006, with a waiver of the re-
quirement for written informed con-
sent (Registry No. 8223-06-2R0ER).

Data Collection

Baseline Data. Baseline demographic,
medical history, physical examination,
and initial cardiac catheterization re-
sults information was collected prospec-
tively, as previously described.9-11 Initial
demographic data (including patient
race) were received from Duke Univer-
sity Medical Center’s administrative sys-
tems, clinical data were collected by the
Duke Heart Center, and ZIP code data
were obtained from the 2000 US Cen-
sus report. Patient race was collapsed into
2 categories (black [African American]
and other race) for this analysis.

Follow-up Clinical Event and Medi-
cation Data. As part of the standard
Duke Databank for Cardiovascular Dis-
ease follow-up protocol, all patients were
contacted at 6 and 12 months after their
initial procedure (bare-metal or drug-
eluting stent implantation), and annu-
ally thereafter. We analyzed follow-up in-
formation on occurrence of 2 events
(death and nonfatal MI) and use of
2 medications (clopidogrel and aspi-
rin). An independent mortality commit-
tee reviewed follow-up results to con-
firm deaths. Follow-up MI was based on
clinical diagnoses assigned by the pa-
tient’s physician and was not centrally
adjudicated. Follow-up was consid-
ered complete if the mortality commit-
tee confirmed the patient’s death or if the
patient was successfully contacted at the
scheduled follow-up interval. Fol-
low-up was 98% complete for all sched-
uled contacts as of September 7, 2006.
Patients with incomplete follow-up were
censored at the time of last contact.

During their follow-up contacts at 6,
12, and 24 months, patients were asked
to provide information regarding their
current medications. We considered pa-
tients to be using clopidogrel at the time
of follow-up when this medication was
specifically listed. Patient aspirin use was
determined from the same medication

list and from responses to a question ask-
ing whether patients were regular aspi-
rin users. No attempt was made to verify
patient-reported medication use.

Treatment Group Assignments

Stent Type. Patients who received both
bare-metal and drug-eluting stents dur-
ing the same procedure were assigned
to the drug-eluting stent group, be-
cause subsequent antiplatelet therapy
requirements would be based on the
presence of this device.

Landmark Analyses Based on Clo-
pidogrel Use. Landmark analysis is a
form of survival analysis that classifies
patients based on some intermediate
(nonoutcome) event that occurs dur-
ing follow-up.12 Prognosis is then evalu-
ated from this landmark time point. In
our analyses, we define landmark time
and study outcomes in terms of their
elapsed time from a patient’s index pro-
cedure. Two landmarks were used in
this study: 6-month clopidogrel use (yes
or no) and 12-month clopidogrel use
(yes or no) (FIGURE 1). Patients who
were event-free (no death, MI, or re-
vascularization) at 6 months and com-
pleted the 6-month follow-up contact,
including questions regarding medica-
tion use, were assigned to 1 of 4 groups:
drug-eluting stent with clopidogrel,
drug-eluting stent without clopi-
dogrel, bare-metal stent with clopi-
dogrel, and bare-metal stent without
clopidogrel. Outcomes for these groups
were evaluated up to 24 months after
the initial PCI procedure. Similarly, pa-
tients who were event-free at 12 months
and completed the 12-month fol-
low-up contact, including medication
use, were assigned to a second land-
mark analysis of 4 groups (by stent type
and clopidogrel use), and their 24-
month outcomes were evaluated. When
classifying groups, a window of 90 days
before and after the follow-up points
was allowed because of potential time
lags in the follow-up process. For the
12-month landmark analysis, patients
with PCI procedures occurring after
July 31, 2004, were excluded because
they did not have the opportunity for
follow-up at 24 months.
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Data Analyses
Baseline characteristics and event rates
were summarized for patient groups as
number (percentage) for categorical vari-
ables and as median (interquartile range)
for continuous variables. Tables of base-
line and angiographic characteristics and
follow-up aspirin and clopidogrel use
were categorized by treatment modal-
ity. Binary variables were compared
across interventions using the Pearson
�2 test. Continuous and ordinal categori-
cal variables were compared using the
Wilcoxon rank sum test. Statistical sig-
nificance was determined at the 2-sided
�=.05 level (P�.05).

Unadjusted and adjusted cumula-
tive incidence rates were calculated
using inverse probability weighted
estimators.13-15 The inverse weighted
estimators were based on partitioning
the data into monthly intervals.13

Unadjusted estimates were based on
weights that are a function of Kaplan-
Meier estimates for the treatment-
specific censoring distributions.
Inverse probability weighted adjusted
estimates were based on estimated
propensity scores and Cox propor-
tional hazards regression model esti-
mates of the treatment-drug group
specific censoring distributions.16 SAS
version 8.2 (SAS Institute Inc, Cary,
NC) with robust SEs was used to esti-
mate treatment effects, 95% confi-
dence intervals (CIs), and P values.17

Weighted Cox proportional hazards
regression models and adjusted cumu-
lative incidence curves were con-
structed using inverse probability
weights.18

Four treatment-drug group propen-
sity scores were estimated using logis-
tic regression models. The following

variables were used in our propensity
score and Cox proportional hazard re-
gression models: patient demograph-
ics (race, age, sex), coronary artery dis-
ease risk factors (smoking history,
hypertension, diabetes mellitus), car-
diovascular history and physical ex-
amination (body mass index [calcu-
lated as weight in kilograms divided by
height in meters squared], systolic
blood pressure, carotid bruits, heart
rate, history and severity of conges-
tive heart failure, history of MI, mild
valvular heart disease, third heart
sound, history of cerebrovascular dis-
ease, history of peripheral vascular dis-
ease), diagnostic catheterization find-
ings (left ventricular ejection fraction,
extent of coronary artery disease), co-
morbid conditions (Charlson Index,
history of chronic obstructive pulmo-
nary disease, connective tissue dis-

Figure 1. Diagram of 6-Month and 12-Month Landmark Analysis

6-Month Landmark Analysis

Drug-Eluting Stent

1501 Patients at Baseline

285 Excluded
62 Died
18 Had Nonfatal MI
76 Underwent Revascularization

129 Did Not Report Medications

1216 Event-Free at 6-mo Follow-up

637 Receiving Clopidogrel
at 6-mo Follow-up

579 Not Receiving Clopidogrel
at 6-mo Follow-up

Bare-Metal Stent

3165 Patients at Baseline

772 Excluded
123 Died
94 Had Nonfatal MI

289 Underwent Revascularization
266 Did Not Report Medications

2393 Event-Free at 6-mo Follow-up

417 Receiving Clopidogrel
at 6-mo Follow-up

1976 Not Receiving Clopidogrel
at 6-mo Follow-up

12-Month Landmark Analysis

Drug-Eluting Stent

1501 Patients at Baseline

973 Excluded
89 Died
31 Had Nonfatal MI

102 Underwent Revascularization
418 Did Not Report Medications
333 Had Initial PCI After July 31, 2004

528 Event-Free at 12-mo Follow-up

252 Receiving Clopidogrel
at 12-mo Follow-up

276 Not Receiving Clopidogrel
at 12-mo Follow-up

Bare-Metal Stent

3165 Patients at Baseline

1175 Excluded
179 Died
104 Had Nonfatal MI
400 Underwent Revascularization
475 Did Not Report Medications
17 Had Initial PCI After July 31, 2004

1990 Event-Free at 12-mo Follow-up

346 Receiving Clopidogrel
at 12-mo Follow-up

1644 Not Receiving Clopidogrel
at 12-mo Follow-up

MI indicates myocardial infarction; PCI, percutaneous coronary intervention.
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ease, renal disease, liver disease, meta-
static cancer, solid tumor), stent
characteristics (average stent diam-
eter and total length of stents), socio-
economic status (ZIP code level me-
dian income per household and average
house value), and patient-reported as-
pirin use.

RESULTS
Study Population

Between January 1, 2000, and July 31,
2005, 4927 patients received an initial
PCI procedure at the Duke Heart Cen-
ter. We excluded 261 patients, 156 with
balloon angioplasty without a stent de-
vice and 105 receiving a nonstent de-
vice (eg, atherectomy, excimer laser,
brachytherapy). Of the 4666 patients
remaining, 3165 received a bare-
metal stent and 1501 received a drug-
eluting stent.

Landmark Analysis at 6 Months

Baseline Characteristics. Our popu-
lation included 3609 patients who
were without major adverse events 6
months after their initial stent proce-
dure. All 4 groups were similar with
regard to age, race, and sex (TABLE 1).
However, fewer patients in the bare-
metal stent without clopidogrel group
had a history of diabetes, while more
patients in the drug-eluting stent with-
out clopidogrel group had a history of
congestive heart failure. Although
both drug-eluting stent groups had
fewer patients with a history of MI
than the bare-metal stent groups, they
also had more patients with multives-
sel disease, and their patients resided
in ZIP codes with greater household
incomes and house values. There was
also significant variation across the
groups in self-reported regular aspirin

use. By 24 months, clopidogrel use
had diminished among patients
who reported using it at 6 months
(Table 1). In the same period, clopi-
dogrel use increased among patients
who did not report taking it at 6
months. Thus, by 24-month follow-
up, there was a 40.7% difference in
clopidogrel use between the drug-
eluting stent with clopidogrel vs drug-
eluting stent without clopidogrel
groups; and a 54.1% difference
between the bare-metal stent with clo-
pidogrel vs bare-metal stent without
clopidogrel groups.

Unadjusted Results. Among pa-
tients who were without major ad-
verse events at 6 months, unadjusted
2-year differences between the 4 groups
revealed disparities in event rates. At 24
months, the drug-eluting stent with clo-
pidogrel group vs the drug-eluting stent
without clopidogrel group had signifi-
cantly lower rates of death, nonfatal MI,
and death or MI (TABLE 2). However,
there were no statistically significant dif-
ferences between patients in the bare-
metal stent with clopidogrel and bare-
metal stent without clopidogrel groups
with regard to these events. Patients in
the drug-eluting stent with clopi-
dogrel group had significantly lower
rates of death and death or MI than did
patients in the bare-metal stent with clo-
pidogrel or bare-metal stent without
clopidogrel groups, but no difference
was observed in nonfatal MI.

Adjusted Results. Patients in the
drug-eluting stent with clopidogrel
group had significantly lower rates of
death and death or MI than did
patients in the drug-eluting stent
without clopidogrel group, but no dif-
ference was observed in nonfatal MI
(Table 2 and FIGURE 2). In the
weighted Cox proportional hazard
regression model, the adjusted haz-
ard ratio (HR) for death in the drug-
eluting stent without clopidogrel
group compared with the drug-
eluting stent with clopidogrel group
was 2.43 (95% CI, 1.12-5.26; P=.03).
The adjusted HR for death or MI in
the drug-eluting stent without clopi-
dogrel group compared with the

Table 1. Six-Month Landmark View: Baseline Patient Characteristics and Longitudinal
Medication Use

Drug-Eluting Stent, No. (%) Bare-Metal Stent, No. (%)

P
for

Trend

With
Clopidogrel

(n = 637)

Without
Clopidogrel

(n = 579)

With
Clopidogrel

(n = 417)

Without
Clopidogrel
(n = 1976)

Age, median
(IQR), y

61 (53-71) 60 (53-70) 61 (53-70) 61 (52-71) .73

Black race 121 (19.0) 137 (23.7) 82 (19.7) 395 (20.0) .18

Male sex 398 (62.5) 368 (63.6) 266 (63.8) 1233 (62.4) .93

History of diabetes 171 (26.8) 171 (29.5) 121 (29.0) 449 (22.7) .001

History of CHF 60 (9.6) 82 (14.5) 38 (9.3) 208 (11.0) .03

History of MI 247 (38.8) 221 (38.2) 213 (51.1) 913 (46.2) �.001

No. of diseased
vessels

1 370 (58.1) 356 (61.5) 275 (65.9) 1331 (67.4)

2 186 (29.2) 178 (30.7) 109 (26.1) 531 (26.9) �.001

3 81 (12.7) 45 (7.8) 33 (7.9) 114 (5.8)

Income per
household,
$ in thousands,
median (IQR)

36.5 (29.2-41.7) 35.4 (29.3-41.3) 35.1 (29.3-40.6) 33.1 (29.3-39.8) �.001

Average house
value, $ in
thousands,
median (IQR)

82.9 (59.5-120.4) 82.6 (59.5-105.7) 80.4 (61.5-108.5) 75.7 (62.2-96.0) .006

Aspirin use at
6 months 600 (94.2) 430 (74.3) 360 (86.3) 1583 (80.1) �.001

12 months 478 (91.2) 371 (86.3) 335 (84.0) 1569 (85.0) .003

24 months 179 (93.2) 148 (85.6) 304 (82.2) 1541 (87.1) .003

Clopidogrel use at
6 months 637 (100) 0 417 (100) 0 �.001

12 months 382 (72.9) 64 (14.9) 309 (77.4) 93 (5.0) �.001

24 months 106 (55.2) 25 (14.5) 230 (62.2) 143 (8.1) �.001
Abbreviations: CHF, congestive heart failure; IQR, interquartile range; MI, myocardial infarction.
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drug-eluting stent with clopidogrel
group was 1.93 (95% CI, 1.05-3.56;
P = .04). There were no differences
between the bare-metal stent with
clopidogrel and bare-metal stent
without clopidogrel groups with
regard to death, nonfatal MI, and
death or MI. In this analysis, differ-
ences between the drug-eluting stent
with clopidogrel and bare-metal stent
with clopidogrel groups were not sta-
tistically significant; however, differ-
ences between the drug-eluting stent
with clopidogrel and bare-metal stent
without clopidogrel groups were sta-
tistically significant for death and
death or MI.

Landmark Analysis at 12 Months

Baseline Characteristics. Our popula-
tion included 2518 patients who were
without major adverse events at 12

months. Patients in all 4 groups were
similar with regard to age, race, sex, his-
tory of congestive heart failure, and so-
cioeconomic status (TABLE 3); how-
ever, fewer patients in the bare-metal
stent without clopidogrel group had a
history of diabetes. Both drug-eluting
stent groups had fewer patients with a
history of MI than the bare-metal stent
groups, and the drug-eluting stent with
clopidogrel group had the highest per-
centage of patients with multivessel dis-
ease. Most patients in all 4 groups were
receiving aspirin at 6, 12, and 24
months; however, there appeared to be
some crossover in patient-reported clo-
pidogrel use between 6 and 12 months.
By the 24-month follow-up, there was
a 61.7% difference in clopidogrel use be-
tween the drug-eluting stent with clo-
pidogrel group vs the drug-eluting
stent without clopidogrel group, and a

64.2% difference between the bare-
metal stent with clopidogrel group and
the bare-metal stent without clopi-
dogrel group.

Unadjusted Results. Patients in the
drug-eluting stent with clopidogrel
group vs the drug-eluting stent with-
out clopidogrel group had significantly
lower rates of death, nonfatal MI, and
death or MI; whereas, there were no sig-
nificant differences in the bare-metal
stent with clopidogrel vs bare-metal stent
without clopidogrel groups for these
events (TABLE 4). Compared with pa-
tients in the bare-metal stent group
(bare-metal stent with and without clo-
pidogrel), patients in the drug-eluting
stent with clopidogrel group had sig-
nificant reductions in the outcomes of
death, nonfatal MI, and death or MI.

Adjusted Results. Patients in the
drug-eluting stent with clopidogrel

Table 2. Unadjusted and Adjusted 24-Month Outcomes Based on 6-Month Patient-Reported Clopidogrel Use

No.
at Risk

at 6
Months

No. of Events
in Interval

No. at
Risk for
Mortality

at 24
Months

Unadjusted Outcomes, % Adjusted Outcomes, %

Death
Nonfatal

MI
Death
or MI Death

Nonfatal
MI

Death
or MI Death

Nonfatal
MI

Death
or MI

DES with
clopidogrel

637 7 5 11 290 1.6 0.8 2.1 2.0 1.3 3.1

DES without
clopidogrel

579 21 13 31 245 5.8 3.3 8.4 5.3 2.6 7.2

BMS with
clopidogrel

417 16 5 21 387 3.9 1.2 5.1 3.7 1.7 5.5

BMS without
clopidogrel

1976 88 28 115 1852 4.5 1.4 5.9 4.5 1.6 6.0

P value (3 df ) .002 .09 �.001 .054 .63 .07

Interaction P
value (1 df )*

.04 .054 .007 .18 .31 .12

Difference (95% CI)
DES with clopidogrel

and DES without
clopidogrel

−4.2
(−7.1 to −1.4)

−2.5
(−4.5 to −0.5)

−6.3
(−9.6 to −3.1)

−3.3
(−6.3 to −0.3)

−1.3
(−3.4 to 0.8)

−4.1
(−7.6 to −0.6)

P value (1 df ) .004 .02 �.001 .03 .24 .02

BMS with clopidogrel
and BMS without
clopidogrel

−0.6
(−2.7 to 1.5)

−0.2
(−1.4 to 1.0)

−0.7
(−3.1 to 1.7)

−0.7
(−2.9 to 1.4)

0.2
(−1.6 to 1.9)

−0.5
(−3.2 to 2.2)

P value (1 df ) .60 .74 .55 .50 .86 .70

DES with clopidogrel
and BMS with
clopidogrel

−2.3
(−4.6 to −0.1)

−0.4
(−1.7 to 0.9)

−3.1
(−5.6 to −0.6)

−1.7
(−4.2 to 0.8)

−0.4
(−2.6 to 1.8)

−2.4
(−5.6 to 0.9)

P value (1 df ) .04 .52 .02 .18 .72 .16

DES without
clopidogrel and
BMS without
clopidogrel

1.3
(−1.4 to 4.0)

1.9
(−0.1 to 3.8)

2.5
(−0.7 to 5.7)

0.8
(−1.8 to 3.5)

1.0
(−0.6 to 2.7)

1.2
(−1.8 to 4.2)

P value (1 df ) .34 .06 .12 .55 .22 .44

DES with clopidogrel
and BMS without
clopidogrel

−2.9
(−4.4 to −1.4)

−0.6
(−1.5 to 0.2)

−3.8
(−5.4 to −2.1)

−2.5
(−4.4 to −0.6)

−0.3
(−1.8 to 1.3)

−2.9
(−5.3 to −0.5)

P value (1 df ) �.001 .16 �.001 .01 .76 .02

Abbreviations: BMS, bare-metal stent; CI, confidence interval; DES, drug-eluting stent; MI, myocardial infarction.
*Interaction between stent type and clopidogrel use.
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group vs without clopidogrel group had
lower rates of death, nonfatal MI, and
death or MI (Table 4 and FIGURE 3).
Hazard ratios were not reported as there
were no events for patients in the drug-
eluting stent with clopidogrel group.
Again, there were no differences be-
tween patients in the bare-metal stent
with clopidogrel group vs the bare-
metal stent without clopidogrel group
for these events. With regard to drug-
eluting stent with clopidogrel vs bare-
metal stent with clopidogrel, the drug-
eluting stent with clopidogrel group had
significantly lower rates of death and
death or MI, but no statistically signifi-
cant difference was observed in nonfatal
MI. Patients receiving a drug-eluting
stent with clopidogrel vs a bare-metal
stent without clopidogrel had signifi-
cantly lower rates of death, nonfatal MI,
and death or MI.

Aspirin Subgroup Analysis

To assess whether aspirin use con-
founded the clopidogrel results, we ana-
lyzed the subset of patients who re-
ported aspirin use at 6 months
(FIGURE 4). The adjusted cumulative
mortality and death or MI data in the
aspirin cohort mimicked the results
for adjusted outcomes in the 6- and

Figure 2. Adjusted Cumulative Mortality Rates and Cumulative Rates of Composite of Death or Myocardial Infarction Using the 6-Month
Landmark Analysis
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Table 3. Twelve-Month Landmark View: Baseline Patient Characteristics and Longitudinal
Medication Use

Drug-Eluting Stent, No. (%) Bare-Metal Stent, No. (%)

P
for

Trend

With
Clopidogrel

(n = 252)

Without
Clopidogrel

(n = 276)

With
Clopidogrel

(n = 346)

Without
Clopidogrel
(n = 1644)

Age, median
(IQR), y

61 (53-70) 61 (53-70) 62 (53-72) 62 (53-72) .76

Black race 36 (14.3) 62 (22.5) 69 (19.9) 310 (18.9) .12

Male sex 164 (65.1) 170 (61.6) 204 (59.0) 1031 (62.7) .45

History of
diabetes

69 (27.4) 79 (28.6) 109 (31.5) 364 (22.1) �.001

History of CHF 25 (10.0) 27 (10.0) 29 (8.5) 163 (10.0) .87

History of MI 95 (37.7) 94 (34.1) 170 (49.1) 745 (45.3) �.001

No. of diseased
vessels

1 144 (57.1) 173 (62.7) 223 (64.5) 1130 (68.7)

2 78 (31.0) 83 (30.1) 98 (28.3) 427 (26.0) �.001

3 30 (11.9) 20 (7.3) 25 (7.2) 87 (5.3)

Income per
household, $
in thousands,
median (IQR)

35.4 (29.3-41.2) 36.0 (29.3-41.2) 33.1 (29.3-40.6) 33.1 (29.3-39.8) .13

Average house
value, $ in
thousands,
median (IQR)

80.9 (59.5-103.9) 82.9 (60.7-105.9) 78.1 (60.6-102.9) 75.7 (62.8-95.5) .30

Aspirin use at
6 months 223 (88.5) 235 (85.1) 277 (80.1) 1373 (83.5) .045

12 months 234 (92.9) 236 (85.5) 295 (85.3) 1398 (85.0) .01

24 months 140 (94.0) 151 (86.8) 257 (81.1) 1360 (88.1) �.001

Clopidogrel use at
6 months 218 (86.5) 68 (24.6) 271 (78.3) 74 (4.5) �.001

12 months 252 (100) 0 346 (100) 0 �.001

24 months 104 (69.8) 14 (8.1) 221 (69.7) 85 (5.5) �.001
Abbreviations: CHF, congestive heart failure; IQR, interquartile range; MI, myocardial infarction.
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Table 4. Unadjusted and Adjusted 24-Month Outcomes Based on 12-Month Patient-Reported Clopidogrel Use

No. at
Risk at

12
Months

No. of Events
in Interval

No. at
Risk for
Mortality

at 24
Months

Unadjusted Outcomes, % Adjusted Outcomes, %

Death
Nonfatal

MI
Death
or MI Death

Nonfatal
MI

Death
or MI Death

Nonfatal
MI

Death
or MI

DES with clopidogrel 252 0 0 0 230 0.0 0.0 0.0 0.0 0.0 0.0

DES without clopidogrel 276 10 4 14 244 3.8 1.6 5.4 3.5 1.0 4.5

BMS with clopidogrel 346 12 4 16 331 3.5 1.2 4.7 3.3 1.4 4.7

BMS without clopidogrel 1644 42 14 56 1596 2.6 0.9 3.4 2.7 0.9 3.6

P value (3 df ) �.001 �.001 �.001 �.001 �.001 �.001

Interaction P value
(1 df )*

.003 .06 �.001 .01 .13 .003

Difference (95% CI)
DES with clopidogrel

and DES without
clopidogrel

−3.8
(−6.1 to −1.5)

−1.6
(−3.1 to −0.0)

−5.4
(−8.1 to −2.6)

−3.5
(−5.9 to −1.1)

−1.0
(−1.9 to −0.1)

−4.5
(−7.1 to −1.9)

P value (1 df ) .002 .04 �.001 .004 .047 �.001

BMS with clopidogrel
and BMS without
clopidogrel

0.9
(−1.2 to 3.0)

0.3
(−0.9 to 1.5)

1.2
(−1.2 to 3.6)

0.6
(−1.5 to 2.8)

0.4
(−1.1 to 1.9)

1.0
(−1.6 to 3.6)

P value (1 df ) .39 .63 .32 .57 .60 .44

DES with clopidogrel
and BMS with
clopidogrel

−3.5
(−5.4 to −1.6)

−1.2
(−2.3 to −0.0)

−4.7
(−6.9 to −2.4)

−3.3
(−5.3 to −1.3)

−1.4
(−2.8 to 0.0)

−4.7
(−7.1 to −2.3)

P value (1 df ) �.001 .045 �.001 .002 .06 �.001

DES without
clopidogrel and
BMS without
clopidogrel

1.3
(−1.2 to 3.7)

0.7
(−0.9 to 2.3)

2.0
(−0.9 to 4.9)

0.9
(−1.7 to 3.4)

0.0
(−1.1 to 1.1)

0.9
(−1.9 to 3.6)

P value (1 df ) .32 .39 .18 .51 .99 .54

DES with clopidogrel
and BMS without
clopidogrel

−2.6
(−3.3 to −1.8)

−0.9
(−1.3 to −0.4)

−3.4
(−4.3 to −2.5)

−2.7
(−3.5 to −1.9)

−1.0
(−1.5 to −0.5)

−3.6
(−4.6 to −2.7)

P value (1 df ) �.001 �.001 �.001 �.001 �.001 �.001

Abbreviations: BMS, bare-metal stent; CI, confidence interval; DES, drug-eluting stent; MI, myocardial infarction.
*Interaction between stent-type and clopidogrel use.

Figure 3. Adjusted Cumulative Mortality Rates and Cumulative Rates of Composite of Death or Myocardial Infarction Using the 12-Month
Landmark Analysis
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12-month landmark analyses, except
that the event rates were lower. Com-
pared with patients in the drug-
eluting stent without clopidogrel group,
patients in the drug-eluting stent with
clopidogrel group tended to have lower
mortality and lower rates of death or MI.
Thus, these results reinforce the re-
sults observed in our overall analyses.

COMMENT
Ourobservationalresultssuggest thatpa-
tientswhoreceivedlong-termclopidogrel
therapy following a PCI using at least 1
drug-elutingstenthadasignificantly im-
provedprognosiscomparedwithsimilar
patients not receiving this therapy. Cur-
rentUSFoodandDrugAdministration–
approved indications forclopidogreluse
followingdrug-elutingstentimplantation
call for 3 to 6 months of therapy,19-21 de-
pendingonthespecificdeviceused.Such
regimens were shown to be safe and ef-
fective intheclinical trials for theCypher
andTAXUSstentswhenjudgedby1year
outcomes.22-24 Recently, several lines of
evidence, including unpublished long-
term follow-up from these same trials,25

havesuggestedthatdrug-elutingstentuse
is associated with a late increased risk of

catastrophicstentthrombosisataratesig-
nificantly higher than with bare-metal
stents.Thesedatahave ledtospeculation
thatdrug-elutingstentsmayrequirepro-
tractedandpossiblyindefiniteclopidogrel
therapy. There are, however, no clinical
trials toourknowledgethatcurrentlyad-
dress the effectiveness of such a strategy
or its required duration.

Therefore, our study provides new
evidence that continued clopidogrel
therapy conveys an important prog-
nostic benefit after drug-eluting stent
implantation. The absence of a similar
benefit for patients with a bare-metal
stent and taking clopidogrel provides
important reassurance that the differ-
ences observed in our study were not
simply the effect of clopidogrel regi-
mens extended in response to some un-
measured prognostic factors unre-
lated to type of stent. With 600 000 US
patients hospitalized and receiving stent
devices each year,26 the need for defini-
tive evidence on this issue has major
public health importance.

Our study results foster interesting hy-
potheses for future investigations. By si-
multaneously comparing patients in 4
treatment groups defined by stent type

and clopidogrel use, we found that pa-
tients with a drug-eluting stent receiv-
ing clopidogrel 6 and 12 months after
their initial procedure have signifi-
cantly lower rates of death and death or
MI compared with patients with a drug-
eluting stent not receiving this medica-
tion. These results complement those
from the PREMIER Registry5 and to-
gether with the Clopidogrel for the Re-
duction of Events During Observation
(CREDO) trial27 suggest that all pa-
tients with drug-eluting stents should
continue to take clopidogrel for at least
12 months after PCI, and possibly in-
definitely, while the bare-metal stent may
be a more appropriate stent choice for
patients unable to take clopidogrel for an
extended length of time. These possible
benefits of clopidogrel appear to be main-
tained for at least 24 months; however,
further research is required to deter-
mine the optimal duration of clopi-
dogrel use in patients who are more clini-
cally and angiographically complex than
were enrolled in the pivotal drug-
eluting stent clinical trials.

There are 2 important caveats to our
analysis.First,clopidogrelusewasnotran-
domlyassigned.Thus,thedecisiontocon-

Figure 4. Adjusted Cumulative Mortality Rates and Cumulative Rates of Composite of Death or Myocardial Infarction Using the 6-Month
Landmark Analysis in the Aspirin Subgroup
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For mortality, the drug-eluting stent with clopidogrel vs drug-eluting stent without clopidogrel comparison was P=.10; and for composite of death or myocardial in-
farction, the drug-eluting stent with clopidogrel vs drug-eluting stent without clopidogrel comparison was P=.02.
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tinuethedrugbeyondtheperiodsrecom-
mendedbytherelevantclinical trialsmay
have been correlated with unmeasured
prognosticfactors.However,forsuchcon-
foundingtocreate theappearanceofbet-
terprognosis for thepatients in thedrug-
elutingstentwithclopidogrelgroup, the
bias in treatmentselectionwouldhave to
betowarduseinlower-riskpatients,which
iscounterintuitive.Obviousbiases, such
astreatmentofyoungerpatientswithless
severecoronaryarterydiseaseor lessma-
jorcomorbiditywerecontrolledforinthis
analysis.

Thesecondimportantcaveatisthatclo-
pidogrel use in our analysis was identi-
fied by patient report at 2 discrete points
(6-and12-monthfollow-up).Therefore,
these data are subject to recall bias. Fur-
thermore, the indications and rationale
for long-term clopidogrel regimens and
foritsdiscontinuationwerenotcollected.
Because follow-up contacts did not nec-
essarilyoccuratexactly6and12months,
weuseda90-daywindowaroundthean-
niversarydatetodeterminefollow-upcon-
tact and medication use. Narrowing this
window to 30 days produced outcomes
with similar results.

The 24-month event rates of 0% for
death, nonfatal MI, and death or MI for
the drug-eluting stent with clopidogrel
group in the 12-month landmark analy-
sis underestimate the true event rates.
However, 14 patients receiving drug-
eluting stents died or had a nonfatal MI,
and none of these 14 patients was in the
drug-eluting stent with clopidogrel
group. We believe that our results along
with those from BASKET-LATE serve to
identify key parameters for subsequent
research in this area.28 Extended clopi-
dogrel therapy has its own risks and our
analysis does not evaluate the long-
term nonfatal implications of its use.
Other studies are required to assess re-
lationships between long-term clopi-
dogrel use and the risk for major bleed-
ing events, the role for devices used to
facilitate stent deployment in patients
with drug-eluting stents receiving long-
term clopidogrel therapy, as well as re-
lationships between target-vessel and
nontarget-vessel stenosis in patients with
drug-eluting and bare-metal stents. If the

use of drug-eluting stents is, “commit-
ting millions of patients to lifelong po-
tent antithrombotic therapy,”28 our so-
ciety must consider how this therapy will
be delivered to patients without ad-
equate financial resources.

CONCLUSIONS
In a large consecutive cohort of contem-
porary patients receiving PCI, the long-
term risk for death and major cardiac
events was significantly increased among
patients in the drug-eluting stent group
who had discontinued clopidogrel
therapy at 6 or 12 months. Extended-
duration clopidogrel therapy following
drug-eluting stent implantation was as-
sociated with a lower incidence of death
or MI, a finding that has immediate im-
plications for clinical practice. We pro-
pose a 3-group clinical trial to further in-
vestigate these results. Patients in 2
groups would be randomized to discon-
tinue clopidogrel therapy at 12 and 24
months after drug-eluting stent implan-
tation; whereas, patients in the third
group would continue clopidogrel
through 3 years of follow-up. We esti-
mate that a sample size of approxi-
mately 10 000 patients would be re-
quired to detect a 25% reduction in death
or MI at 3 years.
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