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for use in 2003 (Cordis’s sirolimus-
eluting Cypher stent) and 2004 
(Boston Scientific’s paclitaxel-
eluting Taxus stent). Cardiologists 
quickly embraced the new tech-
nology; by the end of 2004, drug-
eluting stents were used in nearly 
80% of percutaneous coronary in-
terventions in the United States, 
and within 3 years, several million 
drug-eluting stents had been im-
planted worldwide. Recently, how-
ever, concerns about an increased 
risk of late stent thrombosis have 
arisen and have been exacerbated 
by insufficient and conflicting in-
formation in the public domain.

Initial approval of the two drug-
eluting stents was based on the 

results of randomized, controlled 
studies, each involving more than 
1000 patients, that showed reduced 
rates of target-vessel failure, revas-
cularization, or both at 9 months 
as compared with bare-metal 
stents. The FDA recognized the 
need for longer-term data on the 
devices, and both manufacturers 
agreed to complete post-approval 
registries of 2000 U.S. patients to 
“evaluate the potential for less fre-
quent adverse events.”1,2 Registry 
reports were required at intervals 
beginning 3 months after approv-
al, and manufacturers were re-
quired to follow patients enrolled 
in their pivotal clinical trials for 
5 years.1,2

Despite these efforts to collect 
longer-term information, concerns 
about late-term safety were first 
made public not by the FDA or the 
manufacturers but by academic 
and clinical investigators. A March 
2006 presentation of the results of 
the Basel Stent Kosten Effektivitäts 
Trial — Late Thrombotic Events 
(BASKET-LATE) suggested that be-
tween 7 and 18 months after im-
plantation, the rates of nonfatal 
myocardial infarction, death from 
cardiac causes, and angiographi-
cally documented stent thrombo-
sis were higher with drug-eluting 
stents than with bare-metal stents. 
Over the ensuing 6 months, the 
two manufacturers of drug-eluting 
stents issued 19 press releases 
touting the virtues of these devic-
es and none affirming a risk of 
late stent thrombosis.

Two additional analyses, pre-
sented in September 2006, provid-
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ed conflicting results. A meta-
analysis of pivotal clinical trials of 
drug-eluting stents reported an 
increased rate of death or Q-wave 
myocardial infarction with siro-
limus-eluting stents but not with 
paclitaxel-eluting stents, whereas 
a meta-analysis of 17 randomized 
clinical trials concluded that total 
long-term mortality did not differ 
between patients with drug-elut-
ing stents and those with bare-
metal stents. In response, the FDA 
issued a statement noting that 
“the data we currently have do 
not allow us to fully characterize 
the mechanism, risks, and inci-
dence of [drug-eluting–stent] 
thrombosis.” 3 Patients and physi-
cians were bombarded with con-
tradictory headlines (see figure).

Shortly thereafter, the dearth 
of long-term safety data regard-
ing drug-eluting stents was sup-
planted by voluminous — and 
conflicting — information, as nu-
merous meta-analyses, subgroup 

analyses, regis-

try reports, and press releases 
contributed to the confusion. Ul-
timately, in December 2006, the 
FDA convened a meeting of the 
Circulatory System Devices Advi-
sory Panel, featuring presenta-
tions by regulators, academic 
physicians, patients, and repre-
sentatives of industry and medi-
cal professional societies.4 Two 
important factors emerged as con-
tributors to the apparent con-
flicts in data: variable definitions 
of stent thrombosis and key dif-
ferences in the characteristics of 
patients and coronary lesions.

Differences among clinical pro-
tocol definitions of stent throm-
bosis make it difficult to pool 
studies for analysis and to com-
pare stents. Furthermore, most 
trials censored stent thromboses 
that occurred after target-vessel 
revascularization. Patients with 
bare-metal stents more often re-
quire reintervention, and therefore 
thrombosis in these patients is 
censored more frequently, intro-

ducing a bias against drug-

eluting stents. An Academic 
Research Consortium (ARC) com-
posed of clinical investigators, in-
dustry representatives, and regu-
lators, including the FDA, has 
proposed new criteria for classi-
fying stent-thrombosis events in 
an attempt to establish uniformi-
ty, eliminate inappropriate cen-
soring, and improve sensitivity 
(see reports based on the ARC 
definitions by Spaulding et al., 
pages 989–997, and Mauri et al., 
pages 1020–1029).

The other important factors 
affecting the performance and 
safety of drug-eluting stents are 
the variable characteristics of the 
patients and their coronary lesions. 
Approved indications for drug-
eluting stents include only the 
treatment of discrete, previously 
untreated lesions in native coro-
nary vessels, like those studied in 
the pivotal clinical trials. However, 
more than 60% of use is off-label, 
occurring in patients with com-
plex conditions (such as multives-
sel disease or acute myocardial in-
farction) or with complex lesions 
(for example, saphenous-vein by-
pass grafts, bifurcating lesions, 
and chronic total occlusions).

On-label use of drug-eluting 
stents is associated with a per-
sistent, long-term (≥3-year) re-
duction in the need for repeated 

revascularization, without 
an evident increase in the 
rates of mortality or myo-
cardial infarction. Although 

the cumulative incidence of 
stent thrombosis at 4 years 
does not differ significantly 
between patients with drug-
eluting stents and those with 
bare-metal stents (whether the 
clinical protocol definition or the 
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ARC definition of stent throm-
bosis is used), the studies have 
been underpowered to detect even 
moderate, clinically significant dif-
ferences in the true rate of stent 
thrombosis. The time distribu-
tion of thrombotic events, how-
ever, does appear to differ: more 
events occur very late (>1 year) 
after the implantation of drug-
eluting stents than after the im-
plantation of bare-metal stents.

Assessing the incidence of stent 
thrombosis after off-label use of 
drug-eluting stents is more chal-
lenging because of varying defi-
nitions, patient populations, and 
antiplatelet regimens. Registry 
data suggest that the rates of ad-
verse events, including death, non-
fatal myocardial infarction, and 
stent thrombosis, are higher with 
off-label use than with on-label 
use, although the same holds true 
for bare-metal stents. Data from 
the Swedish Coronary Angiogra-
phy and Angioplasty Registry of 
more than 19,000 patients (see the 
report by Lagerqvist et al., pages 
1009–1019) did not show a sig-
nificant difference between pa-
tients with drug-eluting stents and 
those with bare-metal stents in 
the composite risk of death and 
myocardial infarction at 3 years 
of follow-up, although there is a 
suggestion of an increased risk 
of death after 6 months in those 
with drug-eluting stents. Stent se-
lection, however, was not ran-
domized among registry patients, 
so the observed differences may 
be due to confounding factors 
such as physician bias in stent 
preference. Thus, current data 
are inadequate for assessment of 
the relative benefit of off-label 

use of drug-eluting stents as 
compared with either bare-metal 
stents or coronary-artery bypass 
surgery.

Product labeling recommends 
treatment with a thienopyridine 

(clopidogrel or ticlopidine) for  
3 months after the implantation 
of sirolimus-eluting stents and  
6 months after the implantation 
of paclitaxel-eluting stents. Life-
long aspirin therapy is recom-
mended with both. The ideal du-
ration of dual antiplatelet therapy, 
however, is unknown. Premature 
discontinuation of such therapy 
appears to be associated with an 
increased risk of stent thrombo-
sis, although such events do oc-
cur in patients who continue to 
receive dual antiplatelet therapy. 
Given the available data, clopid-
ogrel treatment should continue 
for at least 12 months in patients 
with drug-eluting stents who are 
at low risk for bleeding.4,5 Alter-
native treatment strategies should 
be considered in patients who are 
unable to tolerate uninterrupted 
dual antiplatelet therapy.

Several important questions 

remain unanswered. The magni-
tude and time course of the in-
creased risk of stent thrombosis 
remain poorly defined, as do the 
relative long-term benefits and 
safety of drug-eluting stents in 
patients with complex conditions 
or coronary lesions. In addition, 
clinical studies are required to de-
termine the ideal duration of an-
tiplatelet therapy after stent im-
plantation. Ultimately, an improved 
understanding of the coronary vas-
cular response to injury after im-
plantation of a drug-eluting stent 
will be required in order to devel-
op future generations of devices 
that can minimize or eliminate 
the risk of late stent thrombosis.

The turmoil over drug-eluting 
stents and thrombosis represents 
both a success and a failure of the 
U.S. medical-device regulatory sys-
tem. The FDA should be com-
mended for recognizing the im-
portance of the issue, organizing 
a panel meeting quickly, facilitat-
ing exchange of scientific infor-
mation, and helping to educate 
physicians and patients. Unfor-
tunately, despite the 5 years that 
have elapsed since the start of the 
clinical trials and the implanta-
tion of millions of drug-eluting 
stents, much remains uncertain 
about the long-term safety of the 
devices.

Drug-eluting stents represent 
an important advance in the man-
agement of coronary artery dis-
ease and have benefited many 
patients. In the rush to bring 
“breakthrough” technologies to 
market, unanticipated adverse 
events will inevitably occur. The 
solution is not to stop expediting 
the approval of novel products but 

Unanswered Questions — Drug-Eluting Stents and the Risk of Late Thrombosis

Despite the  
implantation  

of millions  
of drug-eluting 
stents, much  

remains uncertain 
about their  

long-term safety.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at SARASOTA MEMORIAL HOSPITAL on March 14, 2007 . 



PERSPECTIVE

n engl j med 356;10  www.nejm.org  march 8, 2007984

In the light of recent studies 
suggesting that drug-eluting 

stents may pose a risk of throm-
bosis that was not observed dur-
ing pre-market testing, the Food 
and Drug Administration (FDA) 
convened a meeting of its Circu-
latory System Devices Advisory 
Panel on December 7 and 8, 2006, 
to examine the safety of these de-
vices. The FDA will carefully con-
sider the information and views 
presented at the meeting in decid-
ing on future actions.

An understanding of the mech-
anisms of neointimal growth with-
in bare-metal stents led to the de-
velopment of drug-eluting stents 
designed to reduce restenosis rates. 
Both drug-eluting stents approved 
by the FDA (Cordis’s Cypher stent, 
approved in 2003, and Boston Sci-
entific’s Taxus stent, approved in 
2004) were shown to be effective 
in reducing repeated-revascular-
ization rates, as compared with 
bare-metal stents. Moreover, there 

appeared to be no safety disadvan-
tage: studies showed no increase 
in the rates of stent thrombosis, 
death, or myocardial infarction up 
to 1 year after implantation. Drug-
eluting stents were therefore en-
thusiastically adopted in the Unit-
ed States and were soon used in 
approximately 80% of percuta-
neous coronary interventions.

Given this widespread use, it 
should be noted that the FDA- 
approved indications were limit-
ed to newly diagnosed coronary 
lesions, less than 28 to 30 mm 
long, in clinically stable patients 
without additional serious medi-
cal conditions. As a condition of 
approval, and in anticipation of 
U.S. usage patterns, the FDA re-
quired both manufacturers to fol-
low patients in their original 
clinical trials for 5 years after im-
plantation and to conduct regis-
try studies of consecutively en-
rolled new patients to collect data 
on “real-world” use.

Soon after approval, there were 
reports of subacute stent throm-
bosis in patients who received Cy-
pher stents. Stent thrombosis is 
a serious adverse event commonly 
associated with sudden death or 
acute myocardial infarction. There 
are probably multiple risk factors 
for such events, including com-
plex lesions and coexisting medi-
cal conditions. The risk of stent 
thrombosis may be increased by 
delayed arterial healing associated 
with drug-eluting stents. The FDA 
responded by alerting physicians 
to these reports in July and Octo-
ber 2003.1 An update was posted 
on the FDA Web site in Novem-
ber 2003, indicating that addition-
al data from Cypher clinical trials 
revealed no increased risk of sub-
acute thrombosis. Although these 
data were reassuring, detecting 
thrombosis signals remained a 
high priority for the FDA.

By early 2006, the agency had 
formulated several impressions 
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to ensure a better, more timely ex-
change of information with the 
public and to require larger, lon-
ger-term post-marketing studies, 
particularly for permanent med-
ical-device implants.
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