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ABSTRACT

PURPOSE:  Drug-eluting stents are commonly used for percutaneous coronary intervention. Despite
excellent clinical efficacy, the association between drug-eluting stents and the risk for late thrombosis
remains imprecisely defined.

METHODS:  We performed a meta-analysis on 14 contemporary clinical trials that randomized 6675
patients to drug-eluting stents (paclitaxel or sirolimus) compared with bare metal stents. Eight of these
trials have reported more than a year of clinical follow-up.

RESULTS:  The incidence of very late thrombosis (>1 year after the index procedure) was 5.0 events per
1000 drug-eluting stent patients, with no events in bare metal stent patients (risk ratio [RR] =5.02, 95%
confidence interval [CI], 1.29 to 19.52, P =.02). Among sirolimus trials, the incidence of very late
thrombosis was 3.6 events per 1000 sirolimus stent patients, with no events in bare metal stent patients
(RR =3.99, 95% ClI, .45 to 35.62, P = .22). The median time of late sirolimus stent thrombosis was 15.5
months, whereas with bare metal stents it was 4 months. Among paclitaxel trials, the incidence of very late
thrombosis was 5.9 events per 1000 paclitaxel stent patients, with no events in bare metal stent patients
(RR =5.72,95% CI, 1.08 to 32.45, P = .049). The median time of late paclitaxel stent thrombosis was 18
months, whereas it was 3.5 months in bare metal stent patients.

CONCLUSIONS:  Although the incidence of very late stent thrombosis more than 1 year after coronary
revascularization is low, drug-eluting stents appear to increase the risk for late thrombosis. Although more
of this risk was seen with paclitaxel stents, it remains possible that sirolimus stents similarly increase the
risk for late thrombosis compared with bare metal stents. © 2006 Elsevier Inc. All rights reserved.
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Initial anecdotal experience suggested that early stent
thrombosis occurred more frequently with drug-eluting
stents compared with bare metal stents."> However, several
reports on stent thrombosis have since been published that
examined the early clinical trial experience with drug-elut-
ing stents compared with bare metal stents.*”” These reports
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systematically showed that the risk of stent thrombosis for
paclitaxel stents (Taxus, Boston Scientific, Natick, Mass) or
sirolimus stents (Cypher, Cordis, Miami Lakes, Fla) is sim-
ilar to bare metal stents during clinical follow-up that does
not exceed 1 year.

Even though these studies demonstrated a degree of
safety with the use of drug-eluting stents up to 1 year after
coronary revascularization, the report by McFadden cau-
tioned that drug-eluting stents may disproportionately be at
risk for late thrombosis (around 1 year) when antiplatelet
therapy is terminated.® Using randomized clinical trial data,
we sought to quantitate the risk for drug-eluting stent throm-
bosis late after successful coronary intervention when clo-
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pidogrel is no longer protocol mandated and its use may be
infrequent.

METHODS

Literature Review
We searched the MEDLINE and

resolved through a fourth reviewer (AAB). Reviewers also
tabulated the duration of protocol mandated dual antiplatelet
therapy and the extent of clinical follow-up in each trial.
Thrombotic events were classified as early if they occurred
within 30 days or late if they occurred more than 30 days

after percutaneous coronary inter-

vention. Late events were further

Cochrane databases for randomized
clinical trials in English language
from 2000 to 2005 using the Med-
ical Subject Heading terms “Angio-
plasty, Transluminal, Percutaneous
Coronary”, “Stents”, “Paclitaxel”,
“Sirolimus” and “Thrombosis.” We
also hand-searched relevant jour-
nals, obtained recently presented
data at cardiology conferences
(scientificsessions.americanheart.
org, www.acc.org, and www.tctmd.

fatal event.

versial.

CLINICAL SIGNIFICANCE

e The association between drug-eluting
stents and thrombosis remains contro-

e Compared with bare metal stents, drug-
eluting stents appear to increase slightly
the risk for late thrombosis.

classified as >30 days, >6
months, and >1 year.

e Stent thrombosis is a serious and often

Statistical Analysis

We calculated the risk of throm-
bosis for each type of stent as the
number of thrombotic events that
occurred during clinical follow-up
divided by the number of individ-
uals at risk for thrombosis. Risk
ratios (RR) were defined as the
risk of thrombosis for drug-eluting

com), corresponded with authors

and experts in the field, and used the

Science Citation Index to cross-reference any articles that met
our selection criteria.

Selection Criteria

The main inclusion criteria were randomized clinical trials
that assigned patients to paclitaxel stents versus bare metal
stents or sirolimus stents versus bare metal stents. We ad-
ditionally required that patients were treated with dual an-
tiplatelet therapy, defined as aspirin and clopidogrel (or
ticlopidine in lieu of clopidogrel) after percutaneous coro-
nary intervention. Studies that used cilostazol instead of a
thienopyridine were excluded. We also excluded studies
that used a nonpolymeric stent platform, experimental an-
tiproliferative agents such as everolimus (Novartis Pharma
AG, Basel, Switzerland; Guidant, Indianapolis, Ind), or
when paclitaxel stents were directly compared with siroli-
mus stents.

Endpoints/Data Abstraction

The primary endpoint was angiographic stent thrombosis. A
stent thrombosis was defined as a filling defect in proximity
to a previously placed stent on repeat coronary angiogram.
A repeat coronary angiogram was performed either accord-
ing to study protocol or due to a clinical event such as an
acute coronary syndrome. A suspected stent thrombosis that
resulted in complete or partial coronary occlusion was in-
cluded for analysis. A clinically silent occluded index vessel
discovered at the time of protocol-driven angiography was
not adjudicated as a stent thrombosis. Clinical events that
did not undergo angiographic evaluation, although the study
investigators presumed that a stent thrombosis occurred,
were adjudicated as thrombotic events. For each thrombo-
sis, 3 independent reviewers (TJH, PPB and GRM) recorded
the type of stent used and the number of days after revas-
cularization that the event occurred. Discrepancies were

stents compared with bare metal

stents. A Mantel-Haenszel model
that included automatic zero-cell correction was used to
calculate each summary statistic. All P values were 2-tailed,
with statistical significance set at .05, and confidence inter-
vals (CI) calculated at the 95% level. All analyses were
performed using STATA software v8.2. (STATA Corpora-
tion, College Station, Tex).

RESULTS

Duration of Dual AntiPlatelet Therapy and
Duration of Clinical Follow-Up

In all, there were 14 studies with 6675 total patients in-
cluded for analysis. There were 9 sirolimus trials, largely
represented by the SIRIUS and RAVEL Trials (Table 1),%2?
and 5 paclitaxel trials represented by the TAXUS Trials
(Table 2).2333 Most of the sirolimus trials mandated aspirin
and clopidogrel for 2 to 3 months, except for the Pache et al
Trial®! and the DIABETES Trial,>® which required 6 and 12
months of dual antiplatelet therapy, respectively (Table 1).
With the exception of the C-SIRIUS Trial, which reported
outcomes to 9 months, the SIRIUS and RAVEL Trials have
reported 2 to 4 years of follow-up (93% to 100% complete
follow-up). In contrast, the remaining sirolimus trials have
not reported beyond 1 year (97% to 100% complete follow-
up). All of the TAXUS Trials mandated dual antiplatelet
therapy for 6 months (Table 2). With the exception of the
TAXUS-V Trial, which reported outcomes to 9 months, the
remaining TAXUS Trials have each reported 2 years of
follow-up (94% to 99% complete follow-up).

Overall Risk of Thrombotic Events

No thrombotic events were reported in either arm of the
RAVEL, DIABETES, or TAXUS-I Trials, in the bare metal
stent arms of the E-SIRIUS and TAXUS-II Trials, or in the
drug-eluting stent arm of the STRATEGY Trial. Each of the
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Table 1  Event Data for Sirolimus versus Bare Metal Stent Studies

SES BMS Duration of Clinical Late Events
Trial Name n = 1587 n=1575 Clopidogrel Follow-up Early Events (>30 Days)
SIRIUS®? 533 525 3 36 1/1 3/3
E-SIRIUS**2:13 175 177 2 24 2/0 1/0
C-SIRIUS™ 50 50 2 9 1/0 0/1
RAVEL**5-17 120 118 2 48 0/0 0/0
SES-SMART*® 129 128 2 8 1/1 0/3
SCANDSTENT*® 163 159 NA 8 1/5% 0/0
DIABETES?® 80 80 12 9t 0/0 0/0
Pache et al** 250 250 6 12 1/1 1/0
STRATEGY?? 87 88 3 8 0/2 0/0
Incidence (per 1000) 4.2/3.5 3.5/4.9

SES = sirolimus eluting stent; BMS = bare metal stent.

Duration of clopidogrel and clinical follow-up are given in months. Events are given as SES/BMS.

*Some patients received ticlopidine in lieu of clopidogrel.

tProtocol required 12 months of clopidogrel, although the interim analysis has only been reported to 9 months of follow-up.
tThese events were not included in the final analysis because it was unclear if they occurred early or late.

remaining trials reported at least 1 thrombotic event in each
of their arms. The overall incidence of thrombosis from all
analyzed studies was 9.3 events per 1000 drug-eluting stent
patients compared with 9.0 events per 1000 bare metal stent
patients (RR=1.03, 95% CI, .63 to 1.68, P=.91). The
chi-squared value for heterogeneity (10 degrees of freedom)
was 10.63 (P =.39) with no evidence for publication bias
P = 45. The overall incidence of thrombosis from 9 siroli-
mus trials was 7.6 events per 1000 sirolimus stent patients
compared with 10.8 events per 1000 bare metal stent pa-
tients (RR =.72, 95% CI, .35 to 1.46, P = .36), whereas the
overall incidence of thrombosis from 5 polymeric paclitaxel
trials was 10.8 events per 1000 paclitaxel stent patients
compared with 7.4 events per 1000 bare metal stent patients
(RR=1.45,95% CI, .73 to 2.90, P = .29).

Risk of Early Thrombotic Events

The incidence of early thrombosis within 30 days from all
analyzed studies was 4.4 events per 1000 drug-eluting stent
patients compared with 5.0 events per 1000 bare metal stent
patients (RR=.89, 95% CI, .46 to 1.75, P =.74). The
chi-squared value for heterogeneity (9 degrees of freedom)
was 4.51 (P = .88) with no evidence for publication bias,

P = .66. The incidence of early thrombosis from 8 sirolimus
trials was 4.2 events per 1000 sirolimus stent patients com-
pared with 3.5 events per 1000 bare metal stent patients
(RR=1.16, 95% CI, .41 to 3.29, P=.79), whereas the
incidence of early thrombosis from 5 paclitaxel trials was
4.6 events per 1000 paclitaxel stent patients compared with
6.3 events per 1000 bare metal stent patients (RR =.74,
95% CI, .31 to 1.80, P=.51).

Risk of Late Thrombotic Events

The incidence of late thrombosis more than 30 days after the
procedure was 5.0 events per 1000 drug-eluting stent pa-
tients compared with 2.8 events per 1000 bare metal stent
patients (RR = 1.56, 95% CI, .77 to 3.16, P =.22). Addi-
tionally, the incidence of thrombosis based on the type of
stent was 3.5 events per 1000 sirolimus stent patients com-
pared with 4.9 events per 1000 bare metal stent patients
(RR=.77,95% CI, .29 to 2.07, P = .61) and 6.3 events per
1000 paclitaxel stent patients compared with 1.1 events per
1000 bare metal stent patients (RR =3.59, 95% CI, 1.10 to
11.72, P =.034) (Figure 1). The median time of late siroli-
mus stent thrombosis was 15.5 months (mean 14.8 + 8.1
months) with a range of 173 to 773 days, whereas the

Table 2  Event Data for Paclitaxel versus Bare Metal Stent Trials

PES BMS Duration of Clinical Late Events
Trial Name n = 1755 n = 1758 Clopidogrel Follow-up Early Events (=30 Days)
TAXUS-123-24 31 30 6 24 0/0 0/0
TAXUS-I125-26 266 270 6 24 1/0 5/0
TAXUS-TV?7-2° 662 652 6 24 2/4 5/1
TAXUS-V3° 577 579 6 9 4/4 0/1
TAXUS-VI*'-33 219 227 6 24 1/3 1/0
Incidence (per 1000 patients) 4.6/6.3 6.3/1.1

PES = paclitaxel eluting stent, BMS = bare metal stent.

Duration of clopidogrel and clinical follow-up are given in months. Events are given as PES/BMS.
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Incidence of Late Stent Thrombosis:
> 30 Days
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Figure 1 Incidence of late stent thrombosis: >30 days.
BMS = bare metal stent; DES = drug-eluting stent; PES = paclitaxel-
eluting stent; SES = sirolimus eluting stent.

median time of late bare metal stent thrombosis was 4
months (mean 4.8 = 1.6 months) with a range of 40 to 181
days. The median time of late paclitaxel stent thrombosis
was 18 months (mean 12.7 = 6.9 months) with a range of 40
to 548 days, whereas the median time of late bare metal
stent thrombosis was 3.5 months (mean 3.5 = .08 months)
with a range of 105 to 109 days (Figure 2).

The incidence of late thrombosis more than 6 months
after the index procedure was 4.4 events per 1000 drug-
eluting stent patients compared with .6 events per 1000 bare
metal stent patients (RR =3.67, 95% CI, 1.30 to 10.38,
P =.014). Additionally, the incidence of late thrombosis
based on the type of stent was 3.5 events per 1000 sirolimus
stent patients compared with 1.4 events per 1000 bare metal

Median Time of Late Stent

Thrombosis

Months

20 p = 0.0003 p = 0.0052 p=0.04

16 -

12 -

8

4

0

DES/BMS SES/BMS PES/BMS

Figure 2 Median time of late stent thrombosis. BMS = bare

metal stent; DES = drug-eluting stent; PES = paclitaxel-eluting
stent; SES = sirolimus eluting stent.

Incidence of Late Stent Thrombosis:
> 6 Months
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Figure 3 Incidence of late stent thrombosis: >6 months.
BMS = bare metal stent; DES = drug-eluting stent; PES = paclitaxel-
eluting stent; SES = sirolimus eluting stent.

stent patients (RR =1.99, 95% CI, .50 to 7.91, P = .33), and
5.1 events per 1000 paclitaxel stent patients with zero events
in bare metal stent patients (RR =7.07, 95% CI, 1.28 to
39.09, P =.025) (Figure 3).

The incidence of very late thrombosis more than 1 year
after the index procedure was 5.0 events per 1000 drug-
eluting stent patients, with zero events in bare metal stent
patients (RR =5.02, 95% CI, 1.29 to 19.52, P =.02). Ad-
ditionally, the incidence of very late thrombosis based on
the type of stent was 3.6 events per 1000 sirolimus stent
patients, with zero events in bare metal stent patients
(RR=3.99, 95% CI, .45 to 35.62, P =.22) and 5.9 events
per 1000 paclitaxel stent patients with zero events in bare
metal stent patients (RR =5.72, 95% CI, 1.08 to 32.45,
P =.049) (Figure 4).

DISCUSSION

In this analysis of 14 studies in over 6000 patients, the
incidence of early thrombosis was similar between drug-
eluting stents and bare metal stents. Increased risk with
drug-eluting stents was suggested as early as 1 month after
revascularization; however, more than 6 to 12 months after
the procedure there was a 4- to 5-fold excess of drug-eluting
stent thrombosis compared with bare metal stents. The time
until late thrombosis was equally protracted for both siroli-
mus and paclitaxel stents, with a median thrombosis time of
15.5 to 18 months after coronary intervention, respectively,
which was 11 to 14 months longer than late bare metal stent
thrombosis.

Although analysis of sirolimus trials separately did not
show an increased risk of late stent thrombosis, it was still
concerning that the incidence of thrombotic events with this
stent remained constant up to 4 years after coronary revas-
cularization, while no thrombotic events were seen with
bare metal stents after 1 year. Additionally, the protracted
time of late thrombosis with sirolimus stents provides fur-
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Figure 4 Incidence of late stent thrombosis: >1 year. BMS = bare

metal stent; DES = drug-eluting stent; PES = paclitaxel-eluting stent;
SES = sirolimus eluting stent.

ther evidence that these stents may still be at risk for late
thrombosis. Insufficient power helps to explain the lack of
an association, because the SIRIUS and RAVEL Trials
enrolled half as many patients as the TAXUS Trials. An-
other explanation for the lack of association with sirolimus
lies in the discrepant use of dual antiplatelet therapy be-
tween the 2 sets of trials. Among the sirolimus trials, 8 stent
thromboses were seen in bare metal stent patients after 30
days, whereas in the paclitaxel trials, there were only 2
events in bare metal stent patients after 30 days. Although
this disparity may have occurred by chance, it is likely that
the more frequent events in the bare metal stent arms of the
sirolimus studies occurred as a result of the shorter duration
of dual antiplatelet therapy in this group relative to the bare
metal stent arms of the paclitaxel studies. Had the sirolimus
trials used a longer duration of clopidogrel (eg, 6 months),
the incidence of late bare metal stent thrombosis may have
been reduced, while minimally changing the incidence of
late sirolimus stent thrombosis. This is supported by the fact
that the median time of late bare metal stent thrombosis was
less than 6 months, in contrast to more than 1 year for late
drug-eluting stent thrombosis.

Most trials mandated the use of aspirin and clopidogrel
for 2 to 6 months, and no trial required more than 12 months
of therapy. After a protocol-mandated period of clopidogrel,
the need for continued dual antiplatelet therapy was deter-
mined by individual physician preference. We assumed that
the use of ongoing clopidogrel therapy would be less than
universal and we had limited data on 6 of the stent throm-
boses to support this. Two of the sirolimus patients throm-
bosed their stents on days 539 and 773, although informa-
tion on the use of antiplatelet therapy was unavailable. Four
of the paclitaxel patients thrombosed their stents on days
500, 519, 522, and 711. In 1 patient, compliance with
antiplatelet therapy was uncertain, whereas in the other 3
events, clopidogrel was not used and in one case it was
discontinued because of elective surgery. Aspirin use was

either uncertain or occasional in the paclitaxel events. Bias
could have existed in this analysis, though, if physicians
recommended a different duration of clopidogrel for drug-
eluting stent patients compared with bare metal stent pa-
tients late after coronary intervention. We have no data that
would support this concern, because patient treatment as-
signment was still blinded during clinical follow-up.

Our findings are applicable to the patient population of
the 14 studies. Most of the studies shared common patient/
angiographic exclusion criteria, such as severe left ventric-
ular dysfunction, recent acute myocardial infarction, renal
insufficiency, calcified or thrombus-containing vessels, bi-
furcation lesions, bypass graft disease, or the need for mul-
tiple stents. Accordingly, our results cannot be easily ex-
trapolated to patients who were not well represented in these
trials. This could make our findings even more concerning,
because ‘real life’ patients would include these higher risk
characteristics and could make for an even higher risk for
late drug-eluting thrombosis in clinical practice.

Our findings suggest that there may not be a safe period
for drug-eluting stents after which clopidogrel can safely be
stopped. This analysis and others have confirmed that late
bare metal stent thrombosis is very infrequent on aspirin
monotherapy.** However, several studies have revealed that
individuals with bare metal stents on chronic aspirin therapy
are still at risk for late thrombotic events when total anti-
platelet therapy is discontinued.*>*® For patients who al-
ready have a drug-eluting stent implanted and need elective
surgery, careful thought should be given to the relative risks
of increased bleeding from remaining on antiplatelet ther-
apy versus the hazard of precipitating stent thrombosis from
discontinuing clopidogrel or aspirin. For patients whose
coronary revascularization cannot be delayed until after
surgery, the choice of a bare metal stent over a drug-eluting
stent needs to be carefully considered.

In summary, we found that drug-eluting stents increase
the risk for late thrombosis 4- to 5-fold compared with bare
metal stents. Patients with drug-eluting stents may need to
remain on dual antiplatelet therapy longer than the current
Food and Drug Administration labeling of 6 months for
paclitaxel stents and 3 months for sirolimus stents. How-
ever, the optimal duration of dual antiplatelet therapy for
drug-eluting stents is unknown, although for angioplasty
and bare metal stent procedures, 1 year has been demon-
strated to be superior to 1 month.>’*® Accordingly, caution
should be given to interrupting long-term aspirin and clo-
pidogrel therapy in patients who have had a drug-eluting
stent implanted as long as several years previously.
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