Review

Appropriate use of drug-eluting stents: balancing the
reduction in restenosis with the concern of late thrombosis
Anthony A Bavry, Deepak L Bhatt
Lancet 2008; 371: 2134–43
Department of Cardiovascular
Medicine, Cleveland Clinic,
Cleveland, OH, USA
(A A Bavry MD, D L Bhatt MD)
Correspondence to:
Dr Deepak L Bhatt, Cleveland
Clinic Cardiovascular
Coordinating Center,
Department of Cardiovascular
Medicine, Cleveland Clinic,
9500 Euclid Avenue, Desk F25,
Cleveland, OH 44195, USA
DLBHATTMD@alum.mit.edu

Restenosis is a serious occurrence that can lead not only to recurrent angina and repeat revascularisation but also to
acute coronary syndromes. Drug-eluting stents revolutionised interventional cardiology owing to their pronounced
ability to reduce restenosis compared with bare-metal stents. Attention has now shifted to safety of these devices
because of evidence suggesting an association with late stent thrombosis. Findings of randomised clinical trials have
not shown that drug-eluting stents result in excess mortality after 4–5 years of follow-up. Current recommendations
are that individuals with a drug-eluting stent should receive at least 12 months of uninterrupted dual antiplatelet
treatment; patients must understand the importance of this long-term regimen. Patients’ assessment should focus on
bleeding abnormalities, pre-existing disorders that need anticoagulation treatment, and possible future surgical
procedures, since these factors could all contraindicate use of drug-eluting stents. Many people will do well with a
bare-metal stent, whereas for individuals with a high likelihood of restenosis and late thrombosis, medical management
or surgical revascularisation might be preferred options.

Introduction
Use of drug-eluting stents increased exponentially after
their clinical introduction in 2002, including in settings
in which they had not been studied extensively.1
Enthusiasm for their use was fuelled by a pronounced
ability to reduce restenosis and target lesion
revascularisation,2 which had previously been referred to
as the Achilles’ heel of interventional cardiology. Attention
has since turned to the safety proﬁle of drug-eluting
stents, since they might augment risk for late stent
thrombosis compared with bare-metal stents.3 In view of
this concern, the US Food and Drug Administration
convened a 2-day meeting in late 2006 to try to resolve
the safety issues of paclitaxel-eluting stents and
sirolimus-eluting stents.4
Since ﬁndings of initial clinical trials were reported,
many meta-analyses and pooled analyses with patientlevel data have been published. Here, we aim to summarise these second-generation data for drug-eluting
stents compared with bare-metal stents. From this
framework, doctors will be able to better inform patients
of their options for coronary revascularisation.

Selection of studies and analysis of data
We systematically selected meta-analyses and pooled
analyses that compared paclitaxel-eluting stents or
sirolimus-eluting stents with bare-metal stents. We
additionally required that adverse cardiovascular
outcomes—deﬁned as all-cause mortality, cardiovascular
mortality, Q-wave myocardial infarction, non-Q-wave
myocardial infarction, and stent thrombosis—were
available beyond 12 months. Outcomes were reported in
a cumulative fashion from stent implantation to the
extent of follow-up. Very late stent thrombosis and late
mortality were deﬁned as cumulative events starting at
12 months until the extent of follow-up, unless speciﬁed
otherwise. Stent thrombosis was also reported according
to protocol deﬁnition and the Academic Research
Consortium deﬁnition (panel). With our selection
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criteria, we identiﬁed 30 meta-analyses. We excluded
20 studies for the following reasons: fewer than
12 months of follow-up reported (n=13),2,5–16 comparison
only of paclitaxel-eluting stents with sirolimus-eluting
stents (n=3);17–19 assessment of experimental drug-eluting
stents (n=2);20,21 comparison of drug-eluting stents with
angioplasty (n=1);22 and outcomes not reported reliably
(n=1).23
We tabulated frequencies and risk ratios for patients
given either drug-eluting stents or bare-metal stents for
every outcome from every study. Missing data were
calculated from event data by the Mantel-Haenszel
method. One study was a network meta-analysis that
included trials of drug-eluting stents versus bare-metal
stents; however, these researchers also extrapolated
ﬁndings from studies of paclitaxel-eluting stents versus
sirolimus-eluting stents to construct summary risk
ratios.24 Since head-to-head trials were included in this
analysis, outcome frequencies were not available.

Search strategy and selection criteria
We searched Medline from January, 1996, to September, 2007,
and combined the exploded MeSH search terms “stent” plus
“paclitaxel” and “stent” plus “sirolimus”. We systematically
selected meta-analyses and pooled analyses reported in the
English language that included randomised comparisons of
paclitaxel-eluting stents versus bare-metal stents or
sirolimus-eluting stents versus bare-metal stents. We
additionally required that adverse cardiovascular outcomes
were available beyond 12 months. Titles were scanned and
supplemented with a review of the abstract and full
manuscript where applicable. To increase the sensitivity of
our search, the references of all included manuscripts were
reviewed. We also screened prominent cardiology websites
(American Heart Association, American College of Cardiology,
European Society of Cardiology, and Transcatheter
Cardiovascular Therapeutics).
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Panel: Deﬁnitions of stent thrombosis
Protocol deﬁnition
Acute coronary syndrome with angiographic evidence of
stent thrombosis
Myocardial infarction within the stented vessel
Intervening revascularisation procedures censor later stent
thromboses
Academic Research Consortium deﬁnition
Deﬁnite: acute coronary syndrome with angiographic or
autopsy evidence of stent thrombosis
Probable: myocardial infarction within stented vessel
Possible: unexplained death after 30 days
Intervening revascularisation procedures do not censor later
stent thromboses

beneﬁt of drug-eluting stents in prevention of acute
coronary syndromes (which would have otherwise arisen
due to restenosis) could partly account for this ﬁnding.33,34
Since a few patients could have adverse outcomes from a
drug-eluting stent, we should use them selectively in
those who are ideal candidates.35
In the next sections, we propose a decision-making
process for drug-eluting stents so that their eﬀectiveness
can be retained and their potential harm reduced. Some
patients with stable angina or late presentation after
acute myocardial infarction, who are deemed to be low
risk, might undergo initial medical management.36,37 In
most people scheduled for coronary angiography, ample
opportunity is available to do a thorough precatheterisation
assessment to establish an individual’s appropriateness
for a drug-eluting stent.

Characteristics of identiﬁed trials

Precatheterisation assessment

Table 1 shows the ten meta-analyses available for
inclusion in our Review.3,24–32 Two reports contained
ﬁndings that were available publicly,3,32 whereas the
remaining studies included patient-level data.24–31 The
largest study with the longest duration of follow-up was
by Stettler and colleagues,24 who reported outcomes in
more than 18 000 people with up to 4 years of follow-up.
In most meta-analyses, outcomes were recorded in stable
patients with simple native lesions—so-called on-label
use. Notable exceptions include the report by Schampaert
and co-workers,31 in which a high proportion of unstable
angina and multivessel disease was noted, and the work
by Kastrati and colleagues,26 in which myocardial
infarction, chronic total occlusions, bypass grafts, and
complex lesions were frequent.

Patients’ adherence

Cardiovascular outcomes
All-cause mortality was reported in seven studies. In no
report did this outcome—nor the other cardiovascular
outcomes that were investigated, except stent thrombosis—diﬀer with use of drug-eluting stents (ﬁgure 1).
Data for stent thrombosis and very late stent thrombosis
were presented in seven studies (ﬁgure 2). No increase in
overall risk for stent thrombosis was noted; however,
most point estimates seemed to show a rise in overall
risk for thrombosis with drug-eluting stents versus
bare-metal stents. The frequency of very late stent
thrombosis was low for drug-eluting stents and
bare-metal stents, although in several studies, an
increased relative risk for late drug-eluting stent
thrombosis was noted according to protocol deﬁnition.

The strongest predictor of stent thrombosis is premature
termination of dual antiplatelet treatment. Stopping
clopidogrel within 6 months of stent implantation has
been associated with a 25–90-fold increased hazard for
stent thrombosis,38,39 which typically arises a few days
after cessation of the antiplatelet regimen.40 Poor response
to clopidogrel has also been associated with late adverse
cardiovascular events, and in the future this factor might
be used to provide additional risk stratiﬁcation.41
Assessment of patients’ adherence is fairly easy to do in
the outpatient setting, by contrast with the urgent nature
of acute coronary syndromes (ﬁgure 3).
Drug-eluting stent implantation during an acute
coronary syndrome has been associated with increased
stent thrombosis and mortality, which is at least partly
attributable to suboptimum patients’ adherence. The
PREMIER registry (prospective registry evaluation
myocardial infarction: events and recovery) reported a
high rate of clopidogrel termination after discharge from
hospital, which subsequently translated into increased
mortality.42 By 30 days, 14% of individuals who had
received a drug-eluting stent were no longer taking
clopidogrel. 1-year mortality was 7·5% in patients who
discontinued clopidogrel compared with 0·7% in those
who remained on dual antiplatelet treatment (hazard
ratio 9·02, p=0·02). This ﬁnding shows that there might
not be adequate time during an acute coronary syndrome
to assess fully patients’ understanding and adherence to
cardiovascular drugs.43

Bleeding risk

Selecting a drug-eluting stent
Despite concerns about late stent thrombosis, 4–5 years
of follow-up from initial clinical trials has not indicated
an increased risk for cardiovascular outcomes with
drug-eluting stents compared with bare-metal stents.
The reason that late stent thrombosis has not resulted in
excess mortality is unknown, although the substantial
www.thelancet.com Vol 371 June 21, 2008

Since dual antiplatelet treatment raises risk for major
bleeding,44 patients should be assessed for bleeding
abnormalities before stent implantation, which could
pose a contraindication to use of a drug-eluting stent
(ﬁgure 3). Known bleeding disorders that would favour
use of a bare-metal stent include a history of severe
gastrointestinal bleeding or any hereditary or acquired
2135
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bleeding abnormality. Individuals with atrial ﬁbrillation,
a mechanical heart valve, or a hypercoagulable state that
needs lifelong anticoagulation with warfarin already have
enhanced baseline risk for bleeding.45 In such patients,
the bleeding risk from additional long-term dual
antiplatelet treatment would also tend to favour use of a
bare-metal stent.

Need for elective surgery
Many cardiac patients will need future surgical procedures
and undergo preoperative coronary angiography, despite
ﬁndings of the CARP (coronary artery revascularisation
prior to elective major vascular surgery) and DECREASE-V
(Dutch echocardiographic cardiac risk evaluation
applying stress echo) trials, which showed that
preoperative revascularisation might not be necessary.46,47
Nonetheless, individuals who undergo percutaneous
revascularisation before an elective surgical procedure
should receive a bare-metal stent, which would only need
2–4 weeks of dual antiplatelet treatment, even though the
preferred option would be to extend the duration to
6 weeks or longer if possible.48,49
No guidelines currently exist on how to manage
patients who have already received a drug-eluting stent
and need an urgent or elective surgical procedure;
however, such individuals should be managed with a
cardiologist. Some degree of antiplatelet treatment

should be continued perioperatively if the surgical
procedure allows. In coronary artery bypass grafting,
perioperative use of aspirin is not only safe but also
associated with enhanced survival.50 Since risk for
thrombosis is so high with premature termination of
antiplatelet treatment (<6 months after implantation),
use of an in-hospital bridge—consisting of a glycoprotein
IIb/IIIa inhibitor, heparin or low-molecular-weight
heparin, or both—might be considered for patients at
very high risk, such as those with a recent unprotected
left main bifurcation stent. If this type of regimen is
used, a short-acting glycoprotein IIb/IIIa inhibitor such
as eptiﬁbatide or tiroﬁban could be considered.51,52 Such
an approach, however, is so-called oﬀ-label use, which
needs to be assessed prospectively with a randomised
clinical trial. In the future, intravenous adenosine
diphosphate receptor antagonists might ﬁll this niche.

Angiographic assessment
Risk for restenosis
Restenosis generally results in gradual onset of anginal
symptoms, which can prompt individuals to seek
medical attention; however, it is not always a benign
disorder. In up to a third of patients, restenosis can
culminate as an acute coronary syndrome or even
death.33,53 Furthermore, development of in-stent
restenosis might predict a higher risk for late mortality,

Characteristics

Primary outcome

Patients

Follow-up
(years)

Vessel
diameter
(mm)

Total stent
length
(mm)

Stents
per
patient

Diabetes
mellitus
(%)

Stettler24

Network meta-analysis of DES vs BMS trials and also
head-to-head trials. Includes 25% myocardial
infarction and some chronic total occlusions

All safety and eﬃcacy
outcomes

18 023 in 38 trials (6331
with PES, 6771 with SES,
and 4921 with BMS)

1–4

..

..

..

27*

Stone25

Stable patients
Simple native lesions

All safety and eﬃcacy
outcomes

3513 in ﬁve PES trials

2–4 (94–100%)

2·7

24

1·2

23

1748 in four SES trials

4 (95–98%)

2·7

23

1·4

22

Kastrati26

Includes 24% myocardial infarction and some chronic
total occlusions, bypass grafts and complex lesions

All-cause mortality

4958 in 14 SES trials

1–4·9

..

..

..

28

Mauri27

Stable patients
Simple native lesions

Stent thrombosis (ARC 2797 in four PES trials
deﬁnition)

3·9

2·7

24

1·2

25

1748 in four SES trials

4·9

2·7

23

1·4

22

Spaulding28

Stable patients
Simple native lesions

All-cause mortality

1748 in four SES trials

4

2·7

..

..

22

Holmes29

Stable patients
Simple native lesions

All-cause mortality

1748 in four SES trials

2–3 (96%)

2·7

..

1·4†

22

Ellis30

Includes 32% unstable angina and 28% overlapping
stents

Stent thrombosis
(protocol deﬁnition)

3445 in four PES trials

1–3 (94–97%)

2·7

25

..

23

Late revascularisation
and stent thrombosis

1510 in three SES trials

2 (98·7%)

2·5–3·5

15–32

..

25

Mortality

5470 in ten PES trials

1–3

2·7–3·2

..

..

23

3032 in eight SES trials

1–4

2·2–2·9

..

..

27

6675 in 14 DES trials

<1–4 (>93%)

2·2–3·0

..

..

25

Schampaert31 Includes 57% unstable angina and 40% multivessel
disease
Nordmann32
Bavry3

Includes 17% non-polymeric stents
Stable patients
Simple native lesions

Late stent thrombosis
(protocol deﬁnition)

ARC=Academic Research Consortium. BMS=bare-metal stent. DES=drug-eluting stent. PES=paclitaxel-eluting stent. SES=sirolimus-eluting stent. *Drug-eluting stent vs bare-metal stent cohort. †Sirolimuseluting stent and bare-metal-stent survivors.

Table 1: Baseline characteristics and duration of follow-up of included meta-analyses
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Frequency (%)
DES BMS

Q-wave myocardial infarction

PES

..

..

Stone, 4 years

SES

..

..

PES

6·1

6·6

SES

6·7

5·3

All-cause mortality

Stettler, 4 years
Stone, 4 years

Relative risk (95% CI)

DES

5·4

5·2

Kastrati, 5 years

SES

5·9

6·0

Spaulding, 4 years

SES

6·7

5·4

Holmes, 3 years

SES

4·1

3·2

Schampaert, 2 years SES

2·1

1·6

Nordmann, 3 years

PES

2·6

2·6

4 years

SES

4·6

3·9

Cardiovascular mortality

Stettler, 4 years
Stone, 4 years

Relative risk (95% CI)

1·4

1·1

SES

2·1

1·3

DES

1·5

1·1

Spaulding, 4 years

SES

2·1

1·3

Schampaert, 2 years

SES

1·5

0·8

Non-Q-wave myocardial infarction

PES

..

..

Stone, 4 years

SES

..

..

PES

2·4

3·0

SES

3·5

2·7

DES

2·5

2·5

SES

3·3

3·2

Spaulding, 4 years

SES

3·5

2·7

Holmes, 3 years

SES

1·3

1·4

Schampaert, 2 years SES

0·8

1·1

Nordmann, 3 years

PES

1·2

1·3

4 years

SES

2·3

2·1

Non-cardiovascular mortality

Relative risk (95% CI)

Frequency (%)
DES

BMS

PES

3·8

3·7

SES

3·3

2·7

DES

3·0

2·7

Kastrati, 5 years

SES

2·5

2·8

Spaulding, 4 years

SES

3·3

2·8

Holmes, 3 years

SES

2·8

1·6

Schampaert, 2 years SES

1·3

0·5

Nordmann, 3 years

PES

1·4

1·3

4 years

SES

2·3

1·8

0
1·0
Favours DES

2·0
3·0
Favours BMS

Frequency (%)
DES BMS

PES

Frequency (%)
DES BMS

Kastrati, 5 years

Stone, 4 years

Relative risk (95% CI)

Relative risk (95% CI)

Frequency (%)
DES BMS

PES

5·8

5·3

SES

4·5

5·0

DES

4·9

5·1

Spaulding, 4 years

SES

4·3

5·0

Schampaert, 2 years

SES

3·3

3·9

Relative risk (95% CI)

Late mortality

Frequency (%)
DES

BMS

PES

4·6

4·9

SES

5·5

4·6

DES

4·0

3·8

Spaulding, 1–4 years

SES

5·2

4·5

Nordmann, 1–3 years

PES

1·9

1·8

1–4 years

SES

4·9

3·4

Stone, 1–4 years

0
1·0
Favours DES

2·0
3·0
Favours BMS

Figure 1: Eﬀect of drug-eluting stents versus bare-metal stents on important cardiovascular outcomes
Frequencies are not available for the Stettler analysis since this study derived risk ratios from drug-eluting stent versus bare-metal stent studies and from
paclitaxel-eluting stent versus sirolimus-eluting stent studies. BMS=bare-metal stent. DES=drug-eluting stent. PES=paclitaxel-eluting stent. SES=sirolimus-eluting
stent. See table 1 for references of included meta-analyses.

including in people with diabetes.54–56 Restenosis also
results in need for repeat coronary angiograms and
revascularisation procedures, which exposes the patient
to increased morbidity and mortality from small but
inherent risks of percutaneous coronary intervention
and, particularly, open heart surgery.57 Restenosis
substantially lowers the eﬀectiveness of percutaneous
coronary intervention compared with surgical
revascularisation. By contrast with coronary artery bypass
graft surgery, individuals who undergo percutaneous
www.thelancet.com Vol 371 June 21, 2008

revascularisation are more likely to need repeat
procedures to control anginal symptoms.58
Various characteristics of patients and lesions increase
risk for restenosis after percutaneous coronary
intervention. Presence of diabetes mellitus enhances risk
for target lesion revascularisation by about 40–50%.59,60
This factor could account for why people with diabetes
and multivessel coronary disease had worse outcomes
(including survival) after balloon angioplasty compared
with surgical revascularisation.61 Other characteristics
2137
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Stent thrombosis

Stettler, 4 years
(protocol)

Stettler, 4 years
(ARC)
Stone, 4 years
(protocol)

Kastrati, 5 years
(protocol)
Mauri, 4 years
(ARC)

Mauri, 4 years
(protocol)

Ellis, 3 years
(protocol)
Spaulding, 4 years
(ARC)
Spaulding, 4 years
(protocol)
Bavry, 2 years
(protocol)

Relative risk 95% (CI)

PES

Frequency (%)
DES BMS

Very late stent
thrombosis

..

Stettler, 1–4 years
(protocol)

..

SES

..

..

PES

..

..

SES

..

..

PES

1·3

0·9

Stettler, 1–4 years
(ARC)

Stone, 1–4 years
(protocol)

Relative risk 95% (CI)

Frequency (%)
DES BMS

PES

..

..

SES

..

..

PES

..

..

SES

..

..

PES

0·7

0·2

SES

1·2

0·6

SES

0·6

0·0

DES

1·1

0·7

DES

0·5

0·08

SES

1·4

1·3

SES

0·6

0·05

PES

1·3

1·1

PES

0·6

0·5

SES

1·2

0·8

SES

0·7

0·3

PES

1·3

0·8

DES

0·5

0·4

SES

1·2

0·6

PES

0·6

0·2

PES

1·3

0·8

SES

0·6

0·0

SES

1·2

0·8

DES

0·5

0·04

SES

1·1

0·6

0·5

0·06

DES

0·9

0·9

Ellis, 0·5–3 years
PES
(protocol)
Spaulding, 1–4 years SES
(ARC)
DES
Bavry, 1–4 years
(protocol)

2·8

1·7

0·5

0·0

0

1·0

Favours
DES

2·0

3·0

4·0

Favours
BMS

Kastrati, 1–5 years
(protocol)
Mauri, 1–4 years
(ARC)

Mauri, 1–4 years
(protocol)

0 1·0
Favours
DES

5

10

15

20

Favours
BMS

Figure 2: Eﬀect of drug-eluting stents versus bare-metal stents on stent thrombosis
Frequencies are not available for the Stettler analysis (see ﬁgure 1). ARC=Academic Research Consortium. BMS=bare-metal stent. DES=drug-eluting stent.
PES=paclitaxel-eluting stent. SES=sirolimus-eluting stent. See table 1 for references of included meta-analyses.

that raise risk for restenosis include small-vessel
diameter, long lesion length, bifurcation lesions, and
multiple stents.59 The presence of multiple coexisting
risk factors can further potentiate risk for restenosis. In
patients with diabetes and small vessels and complex
lesions, an older generation bare-metal stent was
associated with a frequency of restenosis of about 50%.62
Strut thickness is an important determinant of
restenosis. In the ISAR-STEREO (intracoronary stenting
and angiographic results: strut thickness eﬀect on
restenosis outcome) trial,63 researchers investigated the
eﬀect of a 50-µm versus a 140-µm stent strut on restenosis
in native coronary arteries greater than 2·8 mm in
diameter. A third of participants had unstable angina,
three-quarters had multivessel disease, and just under a
ﬁfth had diabetes. A 42% reduction in angiographic
restenosis (p=0·003) and a 38% decrease in clinical
restenosis (p=0·03) was recorded with use of the thin
strut bare-metal stent compared with the thick strut
bare-metal stent. Although eﬀective in large vessels, the
beneﬁt of a thin strut bare-metal stent seems to be lost
for vessels smaller than 2·8 mm in diameter.64
In small vessels, a sirolimus-eluting stent was superior
to a thin strut bare-metal stent at reducing restenosis;65
2138

however, this beneﬁt was strikingly attenuated in vessels
larger than 2·8 mm. Characteristics that raise risk for
restenosis after implantation of a drug-eluting stent in
small vessels include long stent length and treatment of
in-stent restenosis with an additional stent. A greater than
threefold increased risk for restenosis was noted with
additional stent placement.66
Tung and colleagues67 have criticised drug-eluting stent
trials in which thick strut (130–140 µm) bare-metal stents
were used as the control. This study design could have
biased ﬁndings against the bare-metal stent group, which
subsequently showed a high rate of restenosis. So-called
real-world use of contemporary bare-metal stents has
noted repeat revascularisation rates of about 10% at
9–12 months,68–71 which is lower than rates recorded in
patients from landmark trials.2,67 For individuals at very
low risk for restenosis, the diﬀerence between a
drug-eluting stent and a currently available thin strut
bare-metal stent could be low.

Risk for thrombosis
With the exception of coronary brachytherapy, late stent
thrombosis seems to be unique to drug-eluting stents.
Only a few studies have been published in which late
www.thelancet.com Vol 371 June 21, 2008
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bare-metal stent thromboses have been reported, with
limited follow-up; therefore, the true prevalence of
bare-metal stent thrombosis beyond 6–12 months is
unknown.72,73 The pathophysiology of late thrombosis in
drug-eluting stents seems to be attributable to delayed
arterial healing characterised by persistent ﬁbrin
deposition and incomplete endothelialisation around stent
struts as long as 4 years after the intervention.74 Localised
hypersensitivity vasculitis and impaired endothelial
function have also been described.75,76
Predictors of drug-eluting stent thrombosis include
renal insuﬃciency, diabetes, long total stent length,
bifurcation stenting (including stenting across the ostium
of the side-branch vessel), incomplete stent expansion,
poor stent apposition, stent strut penetration into a
necrotic plaque core, left ventricular dysfunction, stent
implantation during an acute coronary syndrome, and
treatment of diﬀuse in-stent restenosis (table 2).7,38,39,74,77–82
Use of intravascular ultrasound to optimise stent
deployment and high-pressure balloon inﬂation could
lessen stent thrombosis, although this procedure adds
time and expense.80,83,84

Unfortunately, many predictors of late thrombosis are
similar to those of restenosis. This similarity makes
choosing a drug-eluting stent based on these criteria alone
diﬃcult, since many patients will be at increased risk for
both restenosis and thrombosis. People with diabetes are a
particular example, in whom risk for both restenosis and
thrombosis is high and surgical revascularisation remains
an attractive option for complete revascularisation.61

Duration of dual antiplatelet treatment
Currently, the ideal duration of a dual antiplatelet regimen
with drug-eluting stents is unknown, although the US
Food and Drug Administration advisory committee has
advocated 12 months of uninterrupted treatment.4 This
proposal is supported by the American Heart Association,
American College of Cardiology, and European Society for
Cardiology.85 The optimum duration of dual antiplatelet
treatment must balance the beneﬁt of reduced ischaemic
events against the harm from increased bleeding
episodes.
Researchers on the CREDO trial (clopidogrel for the
reduction of events during observation)86 noted that

Elective

Emergent

Urgent

Stable CAD:
stable angina,
preoperative,
silent ischaemia

STEMI-ACS

Non-STEMI-ACS

Risk assessment

Optimal
medical
treatment

Precatheterisation
assessment

Relative contraindications to
DES that would favour use
of BMS
1 Adherence?
• Polysubstance abuse
• Dementia
• Limited ﬁnancial means
2 Bleeding?
(a) Known bleeding disorder:
• gastric ulcer
• esophageal varices
• diverticulosis
(b) Potential bleeding
disorder (lifelong warfarin):
• mechanical heart valve
• atrial ﬁbrillation
• pro-thrombotic disorder
3 Surgery within the next year?
• Many procedures require
termination of antiplatelet
treatment

Catheterisation
assessment

1 Non-obstructive coronary
disease?
2 Multiple characteristics
that increase risk for
restenosis and
thrombosis?
• Diabetics
• Small vessels
• Long lesions
• Bifurcations
• Chronic total occlusions
• Multivessel disease
• In-stent restenosis
3 Vessel size
• >2·8 mm—especially if
short lesion and
non-diabetic
• <2·8 mm—especially if
no or minimal additional
risk for late
thrombosis

Precatheterisation
assessment

Optimal
medical
treatment

CABG

BMS

DES

1 Adherence?
• The urgent setting of
ACS might make complete
assessment of adherence
diﬃcult
2 Bleeding?
• Again it might be diﬃcult
to gauge this risk fully in
the urgent and especially
emergent settings
3 Surgery?
• Once more, it might be
diﬃcult to explore these
issues within the time
constraints of ACS

Risk assessment

Optimal
medical
treatment

• Thrombus at stent implant
has also been identiﬁed as
a predictor of late stent
thrombosis
• These factors might favour
use of BMS during high-risk
ACS, pending further data

Figure 3: Suggested approach to use of drug-eluting stents to boost beneﬁt and reduce harm
Most stable patients will be directed to conservative treatment whereas most unstable patients will be expeditiously directed to the catheterisation laboratory.
ACS=acute coronary syndrome. BMS=bare-metal stent. CAD=coronary artery disease. CABG=coronary artery bypass grafting. DES=drug-eluting stent.
STEMI=ST-elevation myocardial infarction.
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Duration of
clopidogrel
(months)

Stent
thrombosis

Myocardial
infarction

Mortality

Predictors of stent thrombosis

Antiplatelet
treatment at late
stent thrombosis

Iakovou38
(n=2229)

3–6

DES 1·3% at
9 months

..

..

Premature termination of clopidogrel*†
Bifurcation lesion*†
Left ventricular dysfunction*†
Diabetes†

..

Park39
(n=1911)

≥6

DES 0·8% at
1·6 years

..

..

Premature termination of clopidogrel*†
Renal failure*
ACS at index†
Long total stent length†

Dual therapy 36%
Monotherapy 27%
No therapy 36%

Pﬁsterer77
(n=746)

6

..

..

After 6 months, DES increased
mortality and myocardial
infarction (hazard ratio 2·2
[95% CI 1·1–4·7])

Prior myocardial infarction*
Need for glycoprotein IIb/IIIa inhibitor*
Side branch occlusion*
Bypass graft stenting*

..

DES 1·3% at
1 year

..

..

In-hospital renal failure†
Bifurcation lesion†
In-stent restenosis†
Lack of clopidogrel†

Dual therapy 50%
Monotherapy 50%

Family history of coronary disease*
Number of stents*
ACS at index†
Diabetes†

Dual therapy 23%
Monotherapy 51%
No therapy 26%

Kuchulakanti78 ≥6
(n=2974)

Daemen79
(n=8146)

3–6 (Dutch
DES 2·9% at
centre) and 12 3 years
(Swiss centre)

DES 4·1% at DES 10·3% at 3 years
3 years

ACS=acute coronary syndrome. BMS=bare-metal stent. DES=drug-eluting stent. *Late thrombotic events. †Cumulative thrombotic events.

Table 2: Predictors of late stent thrombosis and frequency of adverse events from drug-eluting stent registries

12 months of aspirin and clopidogrel provided a
27% reduction in relative risk of death, myocardial
infarction, or stroke in patients undergoing percutaneous
coronary intervention, compared with a 1-month
regimen (p=0·02). Experience with intracoronary
radiation also showed that 12 months of dual antiplatelet
treatment was superior to a 6-month schedule,87 which
was better than a 1-month regimen at reduction of
adverse ischaemic events.88 The Duke study89 deserves
special mention, since this analysis focused on
drug-eluting stents, and ﬁndings showed that 2-year
mortality for patients treated with these devices was
lowest for those who remained on clopidogrel for at
least 1 year and was highest in individuals not on this
drug at 1 year. Intermediate outcomes were recorded for
people treated with bare-metal stents, irrespective of the
duration of the clopidogrel regimen. Findings of other
registry studies77,90 have also conﬁrmed an increase in
mortality and myocardial infarction with termination of
clopidogrel 6–12 months after implantation of drugeluting stents.
Most of the bleeding risk with dual antiplatelet regimens
seems to come fairly early after initiation of treatment.
Data from the CHARISMA trial (clopidogrel for high
atherothrombotic risk and ischaemic stabilisation,
management, and avoidance)91 noted similar rates of
moderate-to-severe bleeding after dual antiplatelet
treatment compared with aspirin alone after 270 days.
Thus, a patient who has tolerated a dual regimen for
9–12 months, without occurrence of any bleeding episodes
that led to a doctor stopping treatment or the patient
discontinuing the regimen themselves, has essentially
passed a so-called bleeding stress test. The CHARISMA
2140

analysis suggests that such individuals are unlikely to
have an appreciable incremental bleeding risk with an
extended duration of dual antiplatelet treatment compared
with the baseline risk with aspirin alone.
Therefore, available data lend support to uninterrupted
dual antiplatelet treatment for at least 1 year. Whether a
longer regimen would provide additional beneﬁt with
acceptable bleeding risk is unknown. Only a prospective
randomised clinical trial can properly address this
question.

Limitations
Several potential limitations of our review deserve
comment. First, we have presented a narrative review
that is distinct from a traditional meta-analysis or
guideline from a professional society. Despite this fact,
we have retained the systematic approach to
meta-analysis that we feel boosts the integrity and
reproducibility of our ﬁndings. The study by Stettler and
colleagues is unique in its network design. The decision
to include it was based on the fact that it was a quality
analysis of the largest reported cohort of patients to
address our central hypothesis. In general, the ﬁndings
from that study were consistent with those of other large
traditional meta-analyses; however, the researchers did
report that sirolimus-eluting stents decreased total
myocardial infarction compared with bare-metal stents.
Whether this ﬁnding is a true treatment eﬀect or one
that was aﬀected by the diﬀerent deﬁnition of myocardial
infarction (Q-wave and non-Q-wave events), or perhaps
bias from the study design, is unknown.
Second, there is substantial overlap between included
studies and company sponsoring within meta-analyses.
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Moreover, in one early meta-analysis, the researchers
reported ﬁndings from non-polymeric drug-eluting
stent studies that are regarded as experimental and
could have biased the ﬁndings of that particular study.
Fortunately, the meta-analyses we included with the
most power are also patient-level analyses. Our report
did not address paclitaxel-eluting stents compared with
sirolimus-eluting stents. This leads to diﬃculties with
assessing the eﬀect, if any, of diﬀerent polymers and
stent design on outcomes.
Safety data were derived from major randomised trials;
therefore, our safety ﬁndings are most applicable to
patients represented in the clinical-trial population—
largely on-label use. Deﬁnitive safety data with oﬀ-label
use of drug-eluting stents are scarce. In work speciﬁcally
addressing this population, researchers have noted
oﬀ-label use in at least half of interventions.92,93 Increased
early and late adverse events and enhanced need for
revascularisation with oﬀ-label versus on-label use of
drug-eluting stents has been reported in these trials.
Continued surveillance by creation of a tracking registry,94
especially with oﬀ-label use, is warranted with
drug-eluting stents. An alternative and perhaps preferable
approach would be initiation of randomised clinical trials
to study safety with oﬀ-label use and to compare the
beneﬁt of diﬀerent durations of dual antiplatelet
treatment and the need for an in-hospital bridge of a
glycoprotein IIb/IIIa inhibitor on early termination of
antiplatelet treatment. These issues will need to be
debated by the cardiology community, especially with the
arrival of the next generation of drug-eluting stents.

Conclusions
To augment beneﬁt and reduce harm of drug-eluting
stents, use of these devices should be more selective than
at present. Precatheterisation assessment should favour
use of a bare-metal stent when patients’ adherence to a
drug regimen is poor, increased bleeding risk exists, or a
future surgical procedure is possible. Urgent, and
especially emergent, acute coronary syndromes make
complete precatheterisation assessment diﬃcult and also
favour use of a bare-metal stent. Angiographic
characteristics are important to ascertain a patient’s
candidacy for a drug-eluting stent. Individuals at very low
risk for restenosis, such as someone without diabetes and
with a focal lesion in a large vessel, would be expected to
do well with a bare-metal stent. Those at enhanced risk
for both restenosis and thrombosis might do better with
surgical revascularisation. Lastly, all patients who receive
a drug-eluting stent should be treated with uninterrupted
and long-term dual antiplatelet treatment.
Conﬂict of interest statement
AAB has received honoraria for consulting from Boston Scientiﬁc,
Genesis Associates, the Frankel Group, HRA, Propagate Pharma, and
Hagen/Sinclair Research Recruiting. DLB has appeared on the speaker’s
bureau for Bristol Myers Squibb, Sanoﬁ Aventis, and the Medicines
Company; has received honoraria from AstraZeneca, Bristol Myers
Squibb, Cardax, Centocor, Daiichi-Sankyo, Eisai, Eli Lilly,

www.thelancet.com Vol 371 June 21, 2008

GlaxoSmithKline, Millennium, Otsuka, Paringenix, PDL, Sanoﬁ Aventis,
Schering Plough, the Medicines Company, and TNS Healthcare; has
acted as a consultant for or sat on the advisory board of AstraZeneca,
Bristol Myers Squibb, Cardax, Centocor, Cogentus, Daiichi-Sankyo,
Eisai, Eli Lilly, GlaxoSmithKline, Johnson & Johnson, Medtronic,
Millennium, Otsuka, Paringenix, PDL, Portola, Sanoﬁ Aventis, Schering
Plough, the Medicines Company, tns Healthcare, and Vertex; has
provided expert testimony about clopidogrel; and has received research
grants (to Cleveland Clinic Cardiovascular Coordinating Center) as
principal investigator or co-principal investigator for CHAMPION (the
Medicines Company), CHARISMA (Bristol Myers Squibb, Sanoﬁ
Aventis), CRESCENDO (Sanoﬁ Aventis), LANCELOT (Eisai), REACH
(Bristol Myers Squibb, Sanoﬁ Aventis), and STAMPEDE (Ethicon).
Cleveland Clinic Coordinating Center currently receives or has received
research funding from: Abraxis, Alexion Pharma, AstraZeneca,
Atherogenics, Aventis, Biosense Webster, Biosite, Boehringer Ingelheim,
Boston Scientiﬁc, Bristol-Myers Squibb, Cardionet, Centocor, Converge
Medical, Cordis, Dr Reddy’s, Edwards Lifesciences, Esperion, GE
Medical, Genentech, Gilford, GlaxoSmithKline, Guidant, Johnson &
Johnson, Kensey-Nash, Lilly, Medtronic, Merck, Mytogen, Novartis, Novo
Nordisk, Orphan Therapeutics, Proctor & Gamble Pharma, Pﬁzer,
Roche, Sankyo, Sanoﬁ Aventis, Schering-Plough, Scios, St Jude Medical,
Takeda, TMC, VasoGenix, and Viacor.
References
1
Kandzari DE, Roe MT, Ohman EM, et al. Frequency, predictors, and
outcomes of drug-eluting stent utilization in patients with high-risk
non-ST-segment elevation acute coronary syndromes. Am J Cardiol
2005; 96: 750–55.
2
Babapulle MN, Joseph L, Bélisle P, Brophy JM, Eisenberg MJ. A
hierarchical Bayesian meta-analysis of randomised clinical trials of
drug-eluting stents. Lancet 2004; 364: 583–91.
3
Bavry AA, Kumbhani DJ, Helton TJ, Borek PP, Mood GR, Bhatt DL.
Late thrombosis of drug-eluting stents: a meta-analysis of
randomized clinical trials. Am J Med 2006; 119: 1056–61.
4
US Food and Drug Administration. Update to FDA statement on
coronary drug-eluting stents. http://www.fda.gov/cdrh/news/010407.
html (accessed June 6, 2008).
5
Bavry AA, Kumbhani DJ, Helton TJ, Bhatt DL. What is the risk of
stent thrombosis associated with the use of paclitaxel-eluting stents
for percutaneous coronary intervention? A meta-analysis.
J Am Coll Cardiol 2005; 45: 941–46.
6
Bavry AA, Kumbhani DJ, Helton TJ, Bhatt DL. Risk of thrombosis
with the use of sirolimus-eluting stents for percutaneous coronary
intervention (from registry and clinical trial data). Am J Cardiol
2005; 95: 1469–72.
7
Moreno R, Fernandez C, Hernandez R, et al. Drug-eluting stent
thrombosis: results from a pooled analysis including 10 randomized
studies. J Am Coll Cardiol 2005; 45: 954–59.
8
Katritsis DG, Karvouni E, Ioannidis JP. Meta-analysis comparing
drug-eluting stents with bare metal stents. Am J Cardiol 2005;
95: 640–43.
9
Shaﬁq N, Malhotra S, Pandhi P, Grover A, Uboweja A. A
meta-analysis of clinical trials of paclitaxel- and sirolimus-eluting
stents in patients with obstructive coronary artery disease.
Br J Clin Pharmacol 2005; 59: 94–101.
10 Pasceri V, Patti G, Speciale G, Pristipino C, Richichi G, Di Sciascio G.
Meta-analysis of clinical trials on use of drug-eluting stents for
treatment of acute myocardial infarction. Am Heart J 2007;
153: 749–54.
11 Kereiakes DJ, Wang H, Popma JJ, et al. Periprocedural and late
consequences of overlapping Cypher sirolimus-eluting stents: pooled
analysis of ﬁve clinical trials. J Am Coll Cardiol 2006; 48: 21–31.
12 Kittleson MM, Needham DM, Kim SJ, Ravindran BK, Solomon SS,
Guallar E. The eﬃcacy of sirolimus- and paclitaxel-eluting stents: a
meta-analysis of randomized controlled trials. Can J Cardiol 2005;
21: 581–87.
13 Indolﬁ C, Pavia M, Angelillo IF. Drug-eluting stents versus bare
metal stents in percutaneous coronary interventions (a
meta-analysis). Am J Cardiol 2005; 95: 1146–52.
14 Roiron C, Sanchez P, Bouzamondo A, Lechat P, Montalescot G.
Drug eluting stents: an updated meta-analysis of randomised
controlled trials. Heart 2006; 92: 641–49.

2141

Review

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35
36

37

2142

Lord SJ, Howard K, Allen F, et al. A systematic review and
economic analysis of drug-eluting coronary stents available in
Australia. Med J Aust 2005; 183: 464–71.
Stettler C, Allemann S, Egger M, Windecker S, Meir M, Diem P.
Eﬃcacy of drug eluting stents in patients with and without diabetes
mellitus: indirect comparison of controlled trials. Heart 2006;
92: 650–57.
Sidhu S, Shaﬁq N, Malhotra S, Pandhi P, Grover A. A meta-analysis of
trials comparing Cypher and Taxus stents in patients with obstructive
coronary artery disease. Br J Clin Pharmacol 2006; 61: 720–26.
Kastrati A, Dibra A, Eberle S, et al. Sirolimus-eluting stents vs
paclitaxel-eluting stents in patients with coronary artery disease:
meta-analysis of randomized trials. JAMA 2005; 294: 819–25.
Biondi-Zoccai GG, Lotrionte M, Abbate A, et al. Direct and indirect
comparison meta-analysis demonstrates the superiority of
sirolimus- versus paclitaxel-eluting stents across 5854 patients.
Int J Cardiol 2007; 114: 104–05.
Kandzari DE, Leon MB. Overview of pharmacology and clinical
trials program with the zotarolimus-eluting endeavor stent.
J Interv Cardiol 2006; 19: 405–13.
Biondi-Zoccai GG, Agostoni P, Abbate A, et al. Adjusted indirect
comparison of intracoronary drug-eluting stents: evidence from a
metaanalysis of randomized bare-metal-stent-controlled trials.
Int J Cardiol 2005; 100: 119–23.
Dibra A, Kastrati A, Alfonso F, et al. Eﬀectiveness of drug-eluting
stents in patients with bare-metal in-stent restenosis: meta-analysis
of randomized trials. J Am Coll Cardiol 2007; 49: 616–23.
Lasala JM, Stone GW, Dawkins KD, et al. An overview of the
TAXUS Express, paclitaxel-eluting stent clinical trial program.
J Interv Cardiol 2006; 19: 422–31.
Stettler C, Wandel S, Allemann S, et al. Outcomes associated with
drug-eluting and bare-metal stents: a collaborative network
meta-analysis. Lancet 2007; 370: 937–48.
Stone GW, Moses JW, Ellis SG, et al. Safety and eﬃcacy of
sirolimus- and paclitaxel-eluting coronary stents. N Engl J Med 2007;
356: 998–1008.
Kastrati A, Mehilli J, Pache J, et al. Analysis of 14 trials comparing
sirolimus-eluting stents with bare-metal stents. N Engl J Med 2007;
356: 1030–39.
Mauri L, Hsieh W, Massaro JM, Ho KKL, D’Agostino R, Cutlip DE.
Stent thrombosis in randomized clinical trials of drug-eluting
stents. N Engl J Med 2007; 356: 1020–29.
Spaulding C, Daemen J, Boersma E, Cutlip D, Serruys P. A pooled
analysis of data comparing sirolimus-eluting stents with bare-metal
stents. N Engl J Med 2007; 356: 989–97.
Holmes DR Jr, Moses JW, Schofer J, Morice MC, Schampaert E,
Leon MB. Cause of death with bare metal and sirolimus-eluting
stents. Eur Heart J 2006; 27: 2815–22.
Ellis SG, Colombo A, Grube E, et al. Incidence, timing, and
correlates of stent thrombosis with the polymeric paclitaxel
drug-eluting stent. J Am Coll Cardiol 2007; 49: 1043–51.
Schampaert E, Moses JW, Schofer J, et al. Sirolimus-eluting stents
at two years: a pooled analysis of SIRIUS, E-SIRIUS, and C-SIRIUS
with emphasis on late revascularzations and stent thromboses.
Am J Cardiol 2006; 98: 36–41.
Nordmann AJ, Briel M, Bucher HC. Mortality in randomized
controlled trials comparing drug-eluting vs bare metal stents in
coronary artery disease: a meta-analysis. Eur Heart J 2006;
27: 2784–814.
Chen MS, John JM, Chew DP, Lee DS, Ellis SG, Bhatt DL. Bare
metal stent restenosis is not a benign clinical entity. Am Heart J
2006; 151: 1260–64.
Stone GW, Ellis SG, Colombo A, et al. Oﬀsetting impact of
thrombosis and restenosis on the occurrence of death and
myocardial infarction after paclitaxel-eluting and bare metal stent
implantation. Circulation 2007; 115: 2842–47.
Bavry AA, Bhatt DL. Drug-eluting stents: dual anti-platelet therapy
for every survivor? Circulation 2007; 116: 696–99.
Boden WE, O’Rouke RA, Teo KK, et al. Optimal medical therapy
with or without PCI for stable coronary disease. N Engl J Med 2007;
356: 1503–16.
Hochman JS, Lamas GA, Buller CE, et al. Coronary intervention for
persistent occlusion after myocardial infarction. N Engl J Med 2006;
355: 2395–407.

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors, and
outcome of thrombosis after successful implantation of
drug-eluting stents. JAMA 2005; 293: 2126–30.
Park DW, Park SW, Park KH, et al. Frequency of and risk factors for
stent thrombosis after drug-eluting stent implantation during
long-term follow-up. Am J Cardiol 2006; 98: 352–56.
Artang R, Dieter RS. Analysis of 36 reported cases of late
thrombosis in drug-eluting stents placed in coronary arteries.
Am J Cardiol 2007; 99: 1039–43.
Buonamici P, Marcucci R, Migliorini A, et al. Impact of platelet
reactivity after clopidogrel administration on drug-eluting stent
thrombosis. J Am Coll Cardiol 2007; 49: 2312–17.
Spertus JA, Kettelkamp R, Vance C, et al. Prevalence, predictors,
and outcomes of premature discontinuation of thienopyridine
therapy after drug-eluting stent placement: results from the
PREMIER registry. Circulation 2006; 113: 2803–09.
Bavry AA, Bhatt DL. Acute myocardial infarction and drug eluting
stents: a green light for their use or time for measured restraint?
Am Heart J 2007; 153: 719–21.
Helton TJ, Bavry AA, Kumbhani DJ, Duggal S, Roukoz H, Bhatt DL.
Incremental eﬀect of clopidogrel on important outcomes in patients
with cardiovascular disease: a meta-analysis of randomized trials.
Am J Cardiovasc Drugs 2007; 7: 289–97.
Orford JL, Fasseas P, Melby S, et al. Safety and eﬃcacy of aspirin,
clopidogrel, and warfarin after coronary stent placement in patients
with an indication for anticoagulation. Am Heart J 2004; 147: 463–67.
McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery
revascularization before elective major vascular surgery.
N Engl J Med 2004; 351: 2795–804.
Poldermans D, Schouten O, Vidakovic R, et al. A clinical
randomized trial to evaluate the safety of a noninvasive approach in
high-risk patients undergoing major vascular surgery: the
DECREASE-V pilot study. J Am Coll Cardiol 2007; 49: 1763–69.
Berger PB, Bell MR, Hasdai D, Grill DE, Melby S, Holmes DR Jr.
Safety and eﬃcacy of ticlopidine for only 2 weeks after successful
intracoronary stent placement. Circulation 1999; 99: 248–53.
Kaluza GL, Joseph J, Lee JR, Raizner ME, Raizner AE. Catastrophic
outcomes of noncardiac surgery soon after coronary stenting.
J Am Coll Cardiol 2000; 35: 1288–94.
Dacey LJ, Munoz JJ, Johnson ER, et al. Eﬀect of preoperative aspirin
use on mortality in coronary artery bypass grafting patients.
Ann Thorac Surg 2000; 70: 1986–90.
Bhatt DL, Topol EJ. Current role of platelet glycoprotein IIb/IIIa
inhibitors in acute coronary syndromes. JAMA 2000;
284: 1549–58.
Rabbat MG, Bavry AA, Bhatt DL, Ellis SG. Understanding and
minimizing late thrombosis of drug eluting stents. Clev Clinic J Med
2007; 74: 129–36.
Nayak AK, Kawamura A, Nesto RW, et al. Myocardial infarction as a
presentation of clinical in-stent restenosis. Circulation 2006;
70: 1026–29.
Assali AR, Moustapha A, Sdringola S, et al. Acute coronary
syndrome may occur with in-stent restenosis and is associated with
adverse outcomes (the PRESTO trial). Am J Cardiol 2006; 98: 729–33.
Schuhlen H, Kastrati A, Mehilli J, et al. Restenosis detected by
routine angiographic follow-up and late mortality after coronary
stent placement. Am Heart J 2004; 147: 317–22.
Van Belle E, Ketelers R, Bauters C, et al. Patency of percutaneous
transluminal coronary angioplasty sites at 6-month angiographic
follow-up: a key determinant of survival in diabetics after coronary
balloon angioplasty. Circulation 2001; 103: 1218–24.
Yang EH, Gumina RJ, Lennon RJ, Holmes DR Jr, Rihal CS,
Singh M. Emergency coronary artery bypass surgery for
percutaneous coronary interventions: changes in the incidence,
clinical characteristics, and indications from 1979 to 2003.
J Am Coll Cardiol 2005; 46: 2004–09.
Hoﬀman SN, TenBrook JA, Wolf MP, Pauker SG, Salem DN,
Wong JB. A meta-analysis of randomized controlled trials
comparing coronary artery bypass graft with percutaneous
transluminal coronary angioplasty: one- to eight-year outcomes.
J Am Coll Cardiol 2003; 41: 1293–304.
Kastrati A, Schomig A, Elezi S, et al. Predictive factors of
restenosis after coronary stent placement. J Am Coll Cardiol 1997;
30: 1428–36.

www.thelancet.com Vol 371 June 21, 2008

Review

60

61

62

63

64

65

66

67

68

69

70
71
72

73

74

75

76

77

Mathew V, Gersh BJ, Williams BA, et al. Outcomes in patients with
diabetes mellitus undergoing percutaneous coronary intervention
in the current era: a report from the prevention of restenosis with
tranilast and its outcomes (PRESTO) trial. Circulation 2004;
109: 476–80.
BARI investigators. Inﬂuence of diabetes on 5-year mortality and
morbidity in a randomized trial comparing CABG and PTCA in
patients with multivessel disease: the Bypass Angioplasty
Revascularization Investigation (BARI). Circulation 1997; 96: 1761–69.
Elezi S, Kastrati A, Pache J, et al. Diabetes mellitus and the clinical
and angiographic outcome after coronary stent placement.
J Am Coll Cardiol 1998; 32: 1866–73.
Kastrati A, Mehilli J, Dirschinger J, et al. Intracoronary stenting and
angiographic results: strut thickness eﬀect on restenosis outcome
(ISAR-STEREO) trial. Circulation 2001; 103: 2816–21.
Briguori C, Sarais C, Pagnotta P, et al. In-stent restenosis in small
coronary arteries: impact of strut thickness. J Am Coll Cardiol 2002;
40: 403–09.
Pache J, Dibra A, Mehilli J, Dirschinger J, Schomig A, Kastrati A.
Drug-eluting stents compared with thin-strut bare stents for the
reduction of restenosis: a prospective, randomized trial. Eur Heart J
2005; 26: 1262–68.
Lee CW, Suh J, Lee SW, et al. Factors predictive of cardiac events
and restenosis after sirolimus-eluting stent implantation in small
coronary arteries. Catheter Cardiovasc Interv 2007; 69: 821–25.
Tung R, Kaul S, Diamond GA, Shah PK. Narrative review:
drug-eluting stents for the management of restenosis—a critical
appraisal of the evidence. Ann Intern Med 2006; 144: 913–19.
Ellis SG, Bajzer CT, Bhatt DL, et al. Real-world bare metal stenting:
identiﬁcation of patients at low or very low risk of 9-month coronary
revascularization. Catheter Cardiovasc Interv 2004; 63: 135–40.
Kandzari DE, Tuttle RH, Zidar JP, Jollis JG. Temporal trends in
target vessel revascularization in clinical practice: long-term
outcomes following coronary stenting from the Duke Database for
Cardiovascular Disease. J Invasive Cardiol 2006; 18: 398–402.
Yock A, Isbill JM, King SB III. Bare-metal stent outcomes in an
unselected patient population. Clin Cardiol 2006; 29: 352–56.
Bavry AA, Bhatt DL. Bare metal stents: no longer passe?
J Invasive Cardiol 2006; 18: 403–04.
Heller LI, Shemwell KC, Hug K. Late stent thrombosis in the
absence of prior intracoronary brachytherapy.
Catheter Cardiovasc Interv 2001; 53: 23–28.
Wang F, Stouﬀer GA, Waxman S, Uretsky BF. Late coronary stent
thrombosis: early vs. late stent thrombosis in the stent era.
Catheter Cardiovasc Interv 2002; 55: 142–47.
Joner M, Finn AV, Farb A, et al. Pathology of drug-eluting stents in
humans: delayed healing and late thrombotic risk. J Am Coll Cardiol
2006; 48: 193–202.
Virmani R, Guagliumi G, Farb A, et al. Localized hypersensitivity
and late coronary thrombosis secondary to a sirolimus-eluting stent:
should we be cautious? Circulation 2004; 109: 701–05.
Togni M, Windecker S, Cocchia R, et al. Sirolimus-eluting stents
associated with paradoxic coronary vasoconstriction.
J Am Coll Cardiol 2005; 46: 231–36.
Pﬁsterer M, Brunner-La Rocca HP, Buser PT, et al. Late clinical
events after clopidogrel discontinuation may limit the beneﬁt of
drug-eluting stents: an observational study of drug-eluting versus
bare-metal stents. J Am Coll Cardiol 2006; 48: 2584–91.

www.thelancet.com Vol 371 June 21, 2008

78

79

80

81

82

83
84

85

86

87

88

89

90

91

92

93

94

Kuchulakanti PK, Chu WW, Torguson R, et al. Correlates and
long-term outcomes of angiographically proven stent thrombosis
with sirolimus- and paclitaxel-eluting stents. Circulation 2006;
113: 1108–13.
Daemen J, Wenaweser P, Tsuchida K, et al. Early and late coronary
stent thrombosis of sirolimus-eluting and paclitaxel-eluting stents
in routine clinical practice: data from a large two-institutional
cohort study. Lancet 2007: 369: 667–78.
Fujii K, Carlier SG, Mintz GS, et al. Stent underexpansion and
residual reference segment stenosis are related to stent thrombosis
after sirolimus-eluting stent implantation: an intravascular
ultrasound study. J Am Coll Cardiol 2005; 45: 995–98.
Cook S, Wenaweser P, Togni M, et al. Incomplete stent apposition
and very late stent thrombosis after drug-eluting stent implantation.
Circulation 2007; 115: 2426–34.
Bavry AA, Chiu JH, Jeﬀerson BK, et al. Development of coronary
aneurysm after drug-eluting stent implantation. Ann Intern Med
2007; 6: 230–32.
Mintz GS, Weissman NJ. Intravascular ultrasound in the
drug-eluting stent era. J Am Coll Cardiol 2006; 48: 421–29.
Airoldi F, Colombo A, Morici N, et al. Incidence and predictors of
drug-eluting stent thrombosis during and after discontinuation of
thienopyridine treatment. Circulation 2007; 116: 745–54.
Grines CL, Bonow RO, Casey DE, et al. Prevention of premature
discontinuation of dual antiplatelet therapy in patients with
coronary artery stents. J Am Coll Cardiol 2007; 49: 734–39.
Steinhubl SR, Berger PB, Mann JT III, et al. Early and sustained
dual oral antiplatelet therapy following percutaneous coronary
intervention: a randomized controlled trial. JAMA 2002;
288: 2411–20.
Waksman R, Ajani AE, Pinnow E, et al. Twelve versus six months of
clopidogrel to reduce major cardiac events in patients undergoing
gamma-radiation therapy for in-stent restenosis: Washington
Radiation for In-Stent restenosis Trial (WRIST) 12 versus WRIST
PLUS. Circulation 2002; 106: 776–78.
Waksman R, Ajani AE, White RL, et al. Prolonged antiplatelet
therapy to prevent late thrombosis after intracoronary
gamma-radiation in patients with in-stent restenosis: Washington
Radiation for In-Stent Restenosis Trial plus 6 months of clopidogrel
(WRIST PLUS). Circulation 2001; 103: 2332–35.
Eisenstein EL, Anstrom KJ, Kong DF, et al. Clopidogrel use and
long-term clinical outcomes after drug-eluting stent implantation.
JAMA 2007; 297: 159–68.
Lagerqvist B, James SK, Stenestrand U, Lindback J, Nilsson T,
Wallentin L. Long-term outcomes with drug-eluting stents versus
bare-metal stents in Sweden. N Engl J Med 2007; 356: 1009–19.
Bhatt DL, Flather MD, Hacke W, et al. Patients with prior myocardial
infarction, stroke, or symptomatic peripheral arterial disease in the
CHARISMA trial. J Am Coll Cardiol 2007; 49: 1982–88.
Beohar N, Davidson CJ, Kip KE, et al. Outcomes and complications
associated with oﬀ-label and untested use of drug-eluting stents.
JAMA 2007; 297: 1992–2000.
Win HT, Caldera AE, Maresh K, et al. Clinical outcomes and stent
thrombosis following oﬀ-label use of drug-eluting stents. JAMA
2007; 297: 2001–09.
Dove JT. President’s page: drug-eluting stents in contemporary
practice—a call for a real-world, open-entry, device-tracking registry.
J Am Coll Cardiol 2007; 49: 2223–26.

2143

