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Favorable outcomes in multiple randomized trials have resulted in the widespread
adoption of drug-eluting stents (DES) during percutaneous coronary intervention (PCI).
However, reports of increased stent thrombosis—possibly with increased rates of late
death and myocardial infarction (MI)—along with the requirement of an extended
course of clopidogrel with DES, have resulted in uncertainties as to which patients
should receive DES instead of bare-metal stents (BMS). In most patient and lesion
subsets, DES significantly reduce neointimal proliferation (resulting in decreased
angiographic restenosis), recurrent angina and ischemia, and the need for subsequent
revascularization procedures. DES “off-label” indications include use in patients with
multiple lesions and multiple vessels, lesions showing long diffuse disease, very small
or very large vessels, true bifurcation lesions, thrombotic lesions, and conditions such
as acute MI and chronic total occlusions. For now, pending more data, the risks and
benefits of DES for off-label indications must be carefully considered on an individual
patient basis.
[Rev Cardiovasc Med. 2008;9(1):46-61]
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Since the introduction of percutaneous coronary intervention (PCI) for the
treatment of coronary artery disease, restenosis has been the “Achilles’
heel” of angioplasty, resulting in the need for repeat intervention in a sig-

nificant number of patients. By the late 1990s, the implantation of bare-metal
stents (BMS) during PCI had became routine on the basis of numerous studies
demonstrating a dramatic reduction in the need for emergency coronary bypass
surgery and a moderate but significant reduction in restenosis.1 However, in
large-scale studies, the rate of angiographic in-stent restenosis after BMS has

RICM0427_03-14.qxd  3/14/08  9:58 PM  Page 46



Safety and Efficacy of Drug-Eluting Stents

VOL. 9 NO. 1  2008    REVIEWS IN CARDIOVASCULAR MEDICINE    47

still ranged from 17% to 47%,2-7 de-
pending on lesion complexity and
patient-related factors, such as dia-
betes. In as many as 50% of these
cases, restenosis after BMS is a diffuse
or proliferative process8 that is asso-
ciated with a high rate of subsequent
recurrence regardless of the type of
interventional management.9

In-stent restenosis with the need
for recurrent revascularization proce-
dures is not just a temporary incon-
venience for patients; it also in-
creases the risk of death and
myocardial infarction (MI). In a se-
ries from the Cleveland Clinic of
1186 cases of in-stent restenosis in a
single lesion treated with BMS, 9.5%
of patients presented with acute MI
(7.3% as non–ST-segment elevation
MI and 2.2% as ST-segment elevation
MI), and 26.4% of patients presented
with unstable angina that required
hospitalization before angiography.10

In 8.9% of the patients, the stent
was found to be totally occluded
during angiography. Furthermore,
the periprocedural death rate to treat
restenosis was 0.7%. In-stent resteno-
sis also carries a significant economic
burden. More than 1.2 million PCI
procedures were performed in the
United States in 2003.11 With an esti-
mated rate of repeat culprit vessel
revascularization of 14.4%,12 the eco-
nomic burden of in-stent restenosis
was more than US$1.2 billion.

The introduction of drug-eluting
stents (DES) has been considered a
transforming breakthrough. A device
combining the scaffolding properties
of a metallic stent (to seal dissection
planes and prevent recoil), an an-
tiproliferative agent, and a polymer
to control drug-dose release kinetics
offered the promise of not only
achieving a stable immediate post-
procedure angioplasty result, but
also of ensuring long-term efficacy
and durability. In multiple random-
ized clinical trials, patients treated

with DES (with either sirolimus or
paclitaxel) have shown significant
improvements in angiographic and
clinical endpoints as compared with
BMS control patients.13-31 These fa-
vorable clinical outcomes have re-
sulted in the widespread adoption of
DES during PCI procedures over the
past several years in the United
States and around the world. How-
ever, reports of increased stent
thrombosis—possibly with increased
rates of late death and MI—along
with the requirement of an extended
course of clopidogrel with DES, have
resulted in uncertainties as to which
patients should receive DES instead
of BMS.32-41 The outcomes of DES
have recently been categorized for
“on-label” indications (in those pa-
tients and lesions for which the Food
and Drug Administration [FDA] has
approved commercialization of DES,
based on the results of numerous
randomized controlled trials) and
“off-label” indications, for which
there are fewer rigorous scientific
data to guide stent selection. This ar-
ticle will review the current safety
and efficacy of DES compared with
the alternative of BMS for on-label
and off-label indications.

Safety Concerns With DES
Recent studies have demonstrated
that stents eluting potent antiprolif-
erative and immunosuppressive
agents result in delayed and in-
complete endothelialization of the
stent struts. As compared with BMS,
DES have been associated with in-
complete endothelialization from
months to more than a year after im-
plantation, as has been demonstrated
with various modalities, including
light microscopy and scanning elec-
tron microscopy.42,43 Angioscopic
studies performed 3 to 6 months
after stent implantation have shown
that only 13% of sirolimus-eluting
stents (SES) (CYPHER®, Cordis Corp,

Miami Lakes, FL) have complete strut
coverage, compared with 100% of
BMS. Thrombi were more common
on SES, particularly in those with
incomplete neointimal coverage.44

In an autopsy series of 23 patients
with DES implanted more than 30
days earlier, 14 had evidence of stent
thrombosis. SES and paclitaxel-eluting
stents (PES) (TAXUS® Express2™,
Boston Scientific Corp, Natick, MA)
showed delayed healing character-
ized by persistent fibrin deposition
and less extensive endothelialization
compared with BMS controls. More-
over, endothelialization was less
complete in DES associated with late
stent thrombosis as compared with
patent DES. Local hypersensitivity
reactions and strut penetration into
a necrotic core were identified as risk
factors for late stent thrombosis.45

Late acquired incomplete apposi-
tion of the stent struts to the vessel
wall may result as a consequence of
local inflammatory reactions to ei-
ther the drug or the polymer,46 rep-
resenting vascular toxicity. When
mild to moderate in magnitude, in-
complete stent apposition is unap-
parent angiographically, but it may
be demonstrated during intravascu-
lar ultrasound. In severe cases, vascu-
lar toxicity with marked stent malap-
position may manifest as a localized
aneurysm.46 The unopposed stent
struts are not endothelialized, and,
theoretically, the exposed metal and
polymer may activate the coagula-
tion system and serve as a nidus for
platelet deposition and subsequent
stent thrombosis. In clinical stud-
ies, however, a linkage between late
incomplete stent apposition and
subsequent stent thrombosis has
been difficult to establish; a link is
present in some studies but not
others.47,48

Another rare phenomenon that
has been described after implanta-
tion of SES is endothelial dysfunction
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with severe coronary artery spasm re-
sulting in occlusion in the distal
coronary artery. This condition is re-
versible with intracoronary nitro-
glycerine.49

BMS strut fractures have been re-
ported very rarely, possibly because
they are difficult to identify. Stent
strut fracture with DES has been re-
ported with increasing frequency of
late. Theoretically, coverage of the
metal stent with polymer and drug
may change its mechanical proper-
ties, stiffening the device and in-
creasing the risk that flexion or tor-
sional forces may result in strut
fracture. In a single-center registry, it
was reported that the incidence of
stent fracture after SES implantation
was 2.6%.50 Focal restenosis was ob-
served in 37% of these lesions,
typically at the fracture site. In at
least 2 cases, strut fractures have
been associated with stent thrombo-
sis. Significant predictors of stent
fracture were saphenous vein graft
location, implanted stent length,
and right coronary artery location.
Strut fractures have also occurred
with PES, although in most reports
with lower frequency than in SES,
possibly due to the more open cell
design of the PES stent. The true in-
cidence and clinical consequences of
stent strut fracture are unknown due
to general unawareness and diffi-
culty in recognizing this condition.

In the early days of BMS, before the
recognition of the importance of ade-
quate technique and antiplatelet ther-
apy, stent thrombosis occurred in as
many as 16% of patients (Figure 1).51

With the conversion from heparin
to warfarin, stent thrombosis rates
fell to 3% to 4%, although hemor-
rhagic and vascular complications
markedly increased.2 Subsequently,
with better implantation techniques
(high-pressure implantation and in-
travascular ultrasound guidance)52

and dual antiplatelet therapy (as-

pirin and a thienopyridine, without
warfarin), the risk of stent thrombo-
sis declined significantly, to about
1%, and typically occurred within
the first 1 to 2 weeks after implanta-
tion.52-55 Recent publications, includ-
ing registries and meta-analyses, have
suggested that DES may be associated
with increased rates of stent throm-
bosis, especially beyond 1 year, as
compared with BMS.34,36,37,39-41,56

These studies have all had significant
limitations, however, including in-
sufficient numbers of patients, ab-
sence of concurrent controls, limited
duration of follow-up, incomplete
monitoring, and lack of access to
original source data.57 Long-term
clinical follow-up of carefully con-
trolled and systematically monitored
randomized trials provides the best
level of evidence to assess the safety
and efficacy of DES, although to
date, many such studies have been
underpowered for low-frequency
safety events, which requires that
results be combined and analyzed in

meta-analyses. Moreover, the level of
evidence from randomized trials ex-
amining the safety and efficacy of
DES is currently more robust for on-
label than off-label indications.

Definitions of Stent Thrombosis
Another issue that has led to confu-
sion when interpreting the safety of
DES is the difficulty and lack of uni-
formity across studies in defining
stent thrombosis. Angiographic or
autopsy confirmation of thrombus
within or adjacent to the stent is the
most certain definition of stent
thrombosis, but this approach un-
derestimates the true frequency. The
protocols of all the DES randomized
controlled trials used a more liberal
definition for late stent thrombosis,
counting unexplained deaths within
30 days as stent thrombosis, as well
as MIs attributable to the target ves-
sel without angiographic confirma-
tion. However, the definitions varied
from study to study, and have clearly
provided an imprecise estimate of
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Figure 1. Progressive and marked reduction in the rates of bare-metal stent thrombosis by improvements in stent
implantation technique and adjunct pharmacotherapy. STRESS, Stent Restenosis Study Investigators; ISAR, Intra-
coronary Stenting and Anti-thrombotic Regimen; STARS, Stent Anticoagulation Restenosis Study Investigators.
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the true rate of stent thrombosis.57

Moreover, most of the pivotal ran-
domized trials included only “pri-
mary” stent thromboses (those due
to the original stent implanted) in
the prespecified protocol definition,
excluding those secondary events
that occurred after an intervening
target vessel revascularization (TVR)
for restenosis. Although this practice
more accurately directs the occur-
rence of stent thrombosis to the orig-
inally implanted stent, it falsely ex-
cludes other true thrombotic
episodes using the intention-to-treat
principle.

In an attempt to provide unifor-
mity and consistency to this field,
the Academic Research Consortium
(ARC), representing interventional
cardiologists, investigators of DES tri-
als, members of the FDA, and indus-
try representatives, proposed a set of
consensus definitions for stent
thrombosis.58 The ARC definition
considers several distinct reportable
time points: acute stent thrombosis
(0 to 24 hours after stent implanta-
tion); subacute stent thrombosis
(from � 24 hours up to 30 days); late
stent thrombosis (from 30 days to 1
year); and very-late stent thrombosis
(more than 1 year after stent implan-
tation). The ARC definitions recog-
nize 3 levels of evidence: definite,
probable, and possible stent throm-
bosis. Definite (or confirmed) stent
thrombosis is defined as the occur-
rence of an acute coronary syn-
drome, combined with either angio-
graphic or pathologic confirmation
of stent thrombosis. Probable stent
thrombosis is defined as unex-
plained death within 30 days of im-
plantation or any MI in the territory
of the implanted stent at any time in
the absence of any other obvious
cause. Possible stent thrombosis
includes all unexplained deaths oc-
curring at least 30 days after the pro-
cedure. ARC does not differentiate

between primary and secondary
thrombotic episodes and includes
both in the definition.58 Because
revascularization procedures are
more common with BMS than DES,
secondary thromboses after interim
procedures are more common with
BMS,57 thus masking the true inci-
dence of stent thrombosis due to the
original device, although more accu-
rately reflecting the true clinical im-
plications of the stent choice to the
patient. For the same reasons, stent
thrombosis rates using the ARC defi-
nitions will be higher than the pro-
tocol definitions. Most investigators
believe that the ARC “possible” cate-
gory is too nonspecific for stent
thrombosis, and prefer to use the ARC
definite or probable composite as the
best compromise for estimating the
occurrence of stent thrombosis.

On-Label Use of DES
The FDA-labeled indications for DES
refer to stent use in a single de novo
lesion in a native coronary artery in
patients with stable coronary artery
disease. For the polymer-based SES
stent, the lesion may be up to 30 mm
long, with a reference vessel diame-
ter of 2.5 to 3.5 mm. For the poly-
mer-based PES, the lesion may be up
to 28 mm long, with a reference ves-
sel diameter of 2.5 to 3.75 mm. Ac-
cordingly, the FDA-approved range
for stent diameters is 2.5 to 3.5 mm
for each device, with a stent length
of up to 33 mm for SES and 32 mm
for PES. These “on-label” approval
indications by the FDA were based
directly on the results of the pivotal
studies done in the United States—
the Sirolimus-Eluting Stent in de
Novo Native Coronary Lesions (SIR-
IUS) trial for the SES15 and the
TAXUS IV trial for the PES28—with
supporting data from additional ran-
domized trials performed outside the
United States.57 “Off-label” indica-
tions refer to DES use for all lesions

and patients not included in the
FDA-approved label, such as use in
patients with multiple lesions and
multiple vessels, lesions showing
long diffuse disease, very small or
very large vessels, true bifurcation le-
sions, and thrombotic lesions, and
patients with acute MI, chronic total
occlusions, stenoses in saphenous
venous grafts, and arterial bypass
conduits, among other conditions.

All of the completed randomized
trials to date have been underpow-
ered for low-frequency safety events.
Therefore, several meta-analyses
comparing the results of DES and
BMS from these trials have been per-
formed to increase the power to eval-
uate the early and long-term out-
comes of DES. These meta-analyses
may be categorized as being per-
formed on a trial level or a patient
level. Trial-level meta-analyses39,41,59

have relied on estimates of event
rates from limited published results,
abstracts, and online summaries, and
thus are inherently less accurate than
true patient-level meta-analyses, in
which all the individual patient
baseline and outcome data are avail-
able for entry into a single database,
allowing time-to-event data calcula-
tions and multivariate analyses.
Stone and colleagues57 performed a
patient-level pooled meta-analysis of
data from 9 double-blind placebo-
controlled trials in which 5261 pa-
tients were randomly assigned to
receive either DES or BMS in single,
de novo coronary lesions with fol-
low-up available through median
times of 4.0 years for the 4 SES trials
(n � 1748) and 3.2 years for the 5
PES trials (n � 3513). Data were
pooled from the original databases,
with events as defined and adjudi-
cated by the clinical events commit-
tees for each study. Of note, the re-
sults of this analysis differed from
those of the earlier trial-level meta-
analyses, which had previously
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reported increased rates of composite
death or Q-wave MI39 or of noncar-
diac mortality41 with SES compared
with BMS, likely due to incomplete
data availability. As a result, this re-
view will rely on the results from the
more accurate patient-level meta-
analyses.

The SES was compared with an
otherwise identical BMS, the Bx
VELOCITY® stent (Cordis Corp,
Miami Lakes, FL), in 4 randomized tri-
als: Randomized Study with the
Sirolimus-eluting Velocity Balloon-
Expandable Stent (RAVEL),13,15,18,19

Sirolimus-Eluting Stent in De Novo
Native Coronary Lesions (SIRIUS),15

European Sirolimus-Eluting Stent in
De Novo Native Coronary Lesions (E-
SIRIUS),18 and Canadian Sirolimus-
Eluting Stent in De Novo Native
Coronary Lesions (C-SIRIUS).19 The
protocol designs among these 4 trials
had only minor differences. Each trial
randomized patients with de novo

single lesions and target vessel diam-
eters of 2.5 to 3.5 mm13,15 or 2.5 to
3.0 mm,18,19 and lesion lengths of less
than 18 mm13 or 15 to 32 mm.15,18,19

All of the patients received clopido-
grel for at least 2 months (3 months
in SIRIUS), and angiographic follow-
up was performed in a cohort of pa-
tients at 8 months (except for RAVEL
at 6 months). In total, 878 patients
were treated with SES, and 870 re-
ceived a BMS, with follow-up data up
to 4 years.

PES was compared with an other-
wise identical BMS in the 5 trials in
the TAXUS series.26-28,30,60 The stent
platform of the TAXUS stent evolved
from the NIR (Medinol Ltd,
Jerusalem, Israel) stent to the Ex-
press, and then to the Express2 (both
Boston Scientific). The included le-
sions had a reference vessel diameter
of 2.25 to 4.0 mm and a length of up
to 46 mm, with the exact lesion re-
quirements varying in the 5 trials. In

all the TAXUS studies, clopidogrel
was administered for at least 6
months, and routine angiographic
follow-up was performed in a cohort
of patients in each study at 9 months
(except for TAXUS I at 6 months). In
total, 1749 patients were treated
with PES and 1757 received BMS.
Follow-up data were available for up
to 4 years (median, 3.2 years) at the
time of the meta-analysis. 

Both DES markedly reduced the
4-year rates of angiographic resteno-
sis, target lesion revascularization
(TLR), and TVR as compared with
their BMS counterparts (Table 1 and
Figure 2). The differences in the rates
of clinical restenosis (TLR) between
the 2 stents peaked at approximately
1 year, and then remained stable
through the 4 years of follow-up
(Figure 2, first row). No catch-up
phenomenon was observed, confirm-
ing the durability of the clinical effi-
cacy of both DES during prolonged

Table 1
Clinical Outcomes of DES Versus BMS With 4 Years of Follow-Up From 9 Double-Blind Randomized Trials

SES (n � 878) BMS (n � 870) P Value PES (n � 1755) BMS (n � 1758) P Value

Death 6.7% 5.3% .23 6.1% 6.6% .68

Cardiac 3.5% 2.7% .40 2.4% 3.0% .51

Noncardiac 3.3% 2.7% .40 3.8% 3.7% .98

MI 6.4% 6.2% .86 7.0% 6.3% .66

Q-wave 2.1% 1.3% .19 1.4% 1.1% .42

Non–Q-wave 4.5% 5.0% .55 5.8% 5.3% .92

Death or any MI 11.6% 10.4% .44 12.4% 11.8% .97

Death or Q-wave MI 8.2% 6.4% .14 7.3% 7.5% .93

Cardiac death or MI 8.8% 8.2% .69 8.9% 8.5% .82

Stent thrombosis (protocol) 1.2% 0.6% .20 1.3% 0.9% .30

Subacute (0 to 30 days) 0.5% 0.1% .23 0.5% 0.6% .79

Late (� 30 days to 1 year) 0.1% 0.5% .18 0.2% 0.1% .28

Very late (� 1 to 4 years) 0.6% 0 .025 0.7% 0.2% .028

Target lesion revascularization 7.8% 23.6% � .001 10.1% 20% � .001

Target vessel revascularization 12.1% 27.5% � .001 17.2% 24.7% � .001

DES, drug-eluting stents; BMS, bare-metal stents; SES, sirolimus-eluting stents; PES, paclitaxel-eluting stents; MI, myocardial infarction.
Adapted with permission from Stone GW et al.57
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Figure 2. Event-free survival in patients randomized to the sirolimus-eluting CYPHER stent versus bare-metal stents (left graphs in each panel) and
to the paclitaxel-eluting TAXUS stent versus bare-metal stents (right graphs in each panel). Percentages at the end of each of the curves represent the
4-year Kaplan-Meier estimates of event-free survival, and in parentheses are the associated numbers of actual events. First row: Freedom from ischemic
target lesion revascularization. Second row: Freedom from all-cause death. Third row: Freedom from myocardial infarction. Fourth row: Freedom from
protocol-defined stent thrombosis.
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follow-up. As shown in Table 2,
among the patients undergoing rou-
tine angiographic follow-up, both
DES greatly reduced late luminal loss
and binary restenosis as compared
with BMS: both in-stent (within the
stent margins) and in-segment
(which includes the reference vessel
margins 5 mm proximal and distal to
the stent edges).57 The superiority of
both DES over BMS in reducing
restenosis and the need for clinical
revascularization procedures was
maintained in multiple subgroups,
including men and women, patients
with and without diabetes mellitus,
small and large vessels, short and
long lesions, and the use of single or
overlapping stents.

The cumulative 4-year rates of
death from any cause in the SES
group did not differ significantly
from that in the BMS group (6.7%
vs 5.3%; P � .23); the differences in
4-year mortality between the PES
group and the BMS group was also
not significant (6.1% vs 6.6%; P �

.68) (Table 1; Figure 2, second row).
Nor were there significant differences
between either of the DES and their
control BMS when comparing either
cardiac or noncardiac mortality, or in
the cumulative combined rates of

death and MI (Table 1). The cumula-
tive 4-year rates of MI were also sim-
ilar in the SES and BMS groups (6.4%
vs 6.2%; P � .86) and in the PES and
BMS groups (7.0% vs 6.3%; P � .66),
with no significant differences in the
rates of either Q-wave or non–Q-
wave MI (Table 1; Figure 2, third
row). 

From stent implantation through
4 years of follow-up, the rates 
of protocol-defined primary stent
thrombosis among patients with SES

did not differ significantly from the
rates among patients with BMS
(1.2% vs 0.6%; P � .20). Similarly,
there were no significant differences
in the 4-year cumulative rates of pri-
mary stent thrombosis between PES
and BMS (1.3% vs 0.9%; P � .30)
(Table 1; Figure 2, fourth row). How-
ever, between 1 and 4 years, the rates
of primary stent thrombosis in the
SES group and the BMS group were
0.6% versus 0%, respectively (P �

.025, consistent with 1 extra event
per 489 patient years). Similarly, the
rates of primary stent thrombosis

after 1 year in the PES group and the
BMS group were 0.7% versus 0.2%,
respectively (P � .028, consistent
with 1 extra event per 557 patient-
years).

There are at least 2 reasons why
the increased rate of very late stent
thrombosis with DES compared with
BMS does not translate into in-
creased death or MI. The first is that
by preventing restenosis, DES actu-
ally reduce death and MI as com-
pared with BMS. Several trials have

emphasized that restenosis may pre-
sent as death or MI, and the proce-
dures required to treat restenosis also
result in death or MI.10,61,62 To di-
rectly test this hypothesis, Stone and
colleagues63 performed a blinded
analysis of 4 randomized TAXUS tri-
als (N � 3445), measuring the inci-
dence of death or MI within 1 week
of either the occurrence of a stent
thrombosis or TLR in the 4 years
after PES or BMS device implanta-
tion. Stent thrombosis occurred in
34 patients (1.0%), 31 (91.1%) of
whom died or had an MI within 

Table 2
Late Angiographic Outcomes* of DES Versus BMS From 9 Double-Blind Randomized Trials

SES (n � 658) BMS (n � 670) P Value PES (n � 1352) BMS (n � 1342) P Value

Late loss (mm)

In-stent 0.14 � 0.42 0.99 � 0.66 � .001 0.41 � 0.54 0.90 � 0.59 � .001

In-segment 0.17 � 0.44 0.75 � 0.64 � .001 0.31 � 0.50 0.67 � 0.58 � .001

Binary restenosis

In-stent 2.6% 36.6% � .001 10.1% 29.4% � .001

In-segment 6.4% 37.8% � .001 14.0% 31.7% � .001

*At 6 months for RAVEL, TAXUS-I, and TAXUS-II; 8 months for SIRIUS, E-SIRIUS, and C-SIRIUS; and 9 months for TAXUS-IV, TAXUS-V, and TAXUS-VI. 
DES, drug-eluting stents; SES, sirolimus-eluting stents; BMS, bare-metal stents; PES, paclitaxel-eluting stents; RAVEL, Randomized Study with the Sirolimus-
eluting Velocity Balloon-Expandable Stent; SIRIUS, Sirolimus-Eluting Stent in De Novo Native Coronary Lesions; E-SIRIUS, European Sirolimus-Eluting Stent in
De Novo Native Coronary Lesions; C-SIRIUS, Canadian Sirolimus-Eluting Stent in De Novo Native Coronary Lesions.
Adapted with permission from Stone GW et al.57

. . . by preventing restenosis, DES actually reduce death and MI as compared
with BMS.
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1 week. Stent thrombosis occurred in
14 BMS and 20 PES patients, result-
ing in 12 and 19 deaths or MIs
within 1 week, respectively. In con-
trast, TLR was required in 425 pa-
tients (12.3%), 15 (3.5%) of whom
died or had an MI within 1 week.
TLR was performed in 290 BMS
patients and 135 PES patients, result-
ing in 11 and 4 deaths or MIs within
1 week, respectively. In total, 23 pa-
tients in both the BMS and PES
groups died or had an MI within 1
week of either stent thrombosis or
TLR. Thus, stent thrombosis, al-
though infrequent, results in a high
rate of death and MI, whereas the
more frequently occurring TLR is as-
sociated with a finite but lower rate
of death and MI that counterbal-
ances what otherwise might have
been an increased risk of adverse
events with DES. 

The second reason that stent
thrombosis, as defined in the pivotal
randomized DES trials, does not re-
sult in an increased rate of death and
MI is that this risk is counterbal-
anced by an increased rate of sec-
ondary thrombotic events that occur
after TLR in BMS patients. Mauri and
colleagues58 analyzed the raw data
from the 4 randomized clinical trials
with SES (878 SES patients vs 870
BMS patients)13,15,18,19 and 4 random-
ized PES trials (1400 SES patients vs
1397 BMS patients),26-28,30 readjudi-
cating the stent thrombosis accord-
ing to the ARC definitions. With
consideration of both primary and
secondary thrombotic events, the
cumulative 4-year incidence of defi-
nite or probable stent thrombosis as
defined by the ARC was 1.5% in the
SES group versus 1.7% in the BMS
group (P � .70), and 1.8% in the PES
group versus 1.4% in the BMS group
(P � .52). The incidence of definite
or probable events occurring 1 to 4
years after implantation was 0.9% in
the SES group versus 0.4% in the

BMS group, and 0.9% in the PES
group versus 0.6% in the BMS group
(P � NS for both comparisons). Of
note, very late stent thrombosis
events (� 1 year) occurred in all 4
stent groups; nearly 40% of the cases
of very late stent thrombosis were
among patients who received BMS.
Thus, by intention-to-treat stan-
dards, stent thrombosis is not in-
creased with DES; the increased pri-
mary risk of stent thrombosis with
DES is offset by a reduced risk of sec-
ondary thrombotic events as com-
pared with BMS.

Off-Label Use of DES
Even before the introduction of DES,
BMS were commonly used to treat a
wide spectrum of “off-label” lesions
and patients. The lesions included
those showing multivessel disease or
small vessels, lesions with diffuse
disease, ostial lesions, bifurcation
lesions, and restenotic lesions. The
patients were at high risk, with con-
ditions such as acute MI and diseased
saphenous vein grafts. It has been
estimated that approximately 60% of
stent use is in such “off-label” indi-
cations.64 Whether DES are more
effective and as safe as BMS in these
settings has been a matter of great
debate. Data from randomized trials
and registries can be used to consider
stent selection decisions for off-label
use.

Outcomes with DES for on-label
and off-label indications. Three re-
cent studies have attempted to com-
pare the outcomes following on-
label and off-label use of DES.64-67

These studies have varied in their de-
finitions of off-label DES use and the
completeness with which baseline
characteristics were collected to ac-
curately make this determination.
Nonetheless, the results are generally
concordant. 

The American College of Cardiol-
ogy National Cardiovascular Data

Registry (ACC-NCDR), a national
multicenter database of PCI proce-
dures, was used to examine the fre-
quency and in-hospital outcomes of
off-label DES use from the second
quarter of 2003 to the end of the
fourth quarter of 2004.64 A total of
408,033 DES procedures were in-
cluded; 24% of the procedures were
performed for one of the following
off-label indications: acute MI, in-
stent restenosis, bypass graft inter-
vention, and chronic total occlu-
sions. The mortality rates of each of
the off-label–treated patients were
actually lower than expected from
the ACC-NCDR mortality model. 

In the DEScover US-based multi-
center registry,66 off-label use of SES
was defined as stenting of a restenotic
lesion, lesions in a bypass graft, le-
sion length greater than 30 mm, or
reference-vessel diameter less than
2.5 mm or greater than 3.5 mm. For
PES, the lesion criteria were identical
except for lesion length greater than
28 mm and reference-vessel diameter
less than 2.5 mm or greater than
3.75 mm as the criteria for off-label
indications. The researchers further
defined “untested use” for condi-
tions for which the safety and effec-
tiveness of DES have not been estab-
lished, specifically left main and
ostial lesions, bifurcations, and to-
tally occluded vessels. DES use in the
presence of acute MI was defined as
off-label, untested, or standard,
based on lesion characteristics and
regardless of the presence of the
infarction per se, although such indi-
cations technically are off-label ac-
cording to the FDA. Of 5541 patients
receiving DES from January 2005 to
June 2005 at 140 hospitals in this
registry, 2953 (53.3%) were treated
per the on-label indication, 1398
(25.2%) were off-label, and 1190
(21.5%) were for untested lesion
types. Periprocedural and in-hospital
outcomes were similar among the 
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3 groups. At 30-day follow-up, how-
ever, the composite endpoint of
death, MI, and stent thrombosis was
significantly higher with off-label
use than with on-label use (2.5% vs
1.0%; adjusted hazard ratio [HR],
2.08; 95% confidence interval [CI],
1.24-3.48; P = .005) but not untested
use (1.6% vs 1.0%; adjusted HR, 1.45;
95% CI, 0.79-2.67; P � .23). At 1 year,
the trend remained (7.6% vs 4.4%),
with a small increase in the adjusted
hazard ratio of 1.49 (95% CI, 1.13-
1.98; P � .005) in off-label use com-
pared with on-label use. No differences
in 1-year death rates were present be-
tween on-label and untested use (4.4%
vs 4.3%; P � NS). Stent thrombosis
rates were very low in all groups at all
time points. Both off-label and
untested indications were associated
with increased rates of repeat TVR.

A second US-based registry, the
Evaluation of Drug Eluting Stents
and Ischemic Events (EVENT) reg-
istry, also found higher adverse event
rates with off-label use compared
with on-label DES use.67 Of 3323 pa-
tients who received DES at 42 hospi-
tals between July 2004 and Septem-
ber 2005 (51% SES, 49% PES), 54.7%

had at least 1 off-label characteristic,
including multilesion stenting, total
stent length at or greater than 36 mm,
bifurcation lesion, saphenous vein
bypass graft, elevated baseline crea-
tine phosphokinase-MB (CPK-MB),
total occlusion, maximal balloon
diameter greater than 4 mm, left
ventricular ejection fraction less
than 25%, and unprotected left main
coronary artery intervention. Off-
label compared with on-label DES
use was associated with more acute
angiographic complications, in par-
ticular, side branch occlusion and
dissections. As shown in Figure 3,
the event-free survival curves also
diverged immediately after the pro-
cedure, and at 1 year, the composite
endpoint of death, MI, or TLR was
significantly more frequent with off-
label use than with on-label use
(17.5% vs 8.9%; adjusted HR, 2.16;
95% CI, 1.74-2.67; P � .001). Stent
thrombosis also occurred more fre-
quently among patients in the off-
label group (1.6% vs 0.9%; HR, 2.29;
95% CI, 1.02-5.16; P �.05). Off-label
use was the strongest independent
predictor of adverse short- and long-
term events.67

It is not surprising that off-label
compared with on-label use of DES
is associated with higher rates of
adverse events, including death, MI,
stent thrombosis, and TLR (as seen in
the DEScover and EVENT registries).
Off-label patients have higher rates
of comorbidities, such as diabetes,
significantly more diffuse atheroscle-
rosis, and other conditions, such as
depressed left ventricular function
and presentation with acute MI, that
adversely impact prognosis regardless
of the chosen therapy. The major
question to answer is how DES would
fare in such patients compared with
reasonable therapeutic alternatives,
such as BMS use, medical therapy, or
coronary artery bypass graft surgery.
To address this important issue, stud-
ies have been completed in which
the outcomes of patients receiving
BMS or DES for off-label indications
have been examined in large-scale
“real world” registries. In addition, a
number of randomized trials of DES
for specific off-label indications have
been completed or are ongoing.

Real-world registries. Obser-
vational registries typically enroll
consecutive patients with limited
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Figure 3. One-year cumulative occurrence of stent thrombosis (left graph) and composite death, myocardial infarction (MI), or target lesion
revascularization (TLR) (right graph) among 3323 patients receiving drug-eluting stents for either on-label use (n � 1506; thin lines) or off-label use
(n � 1817; thick lines) at 42 hospitals in the Evaluation of Drug Eluting Stents and Ischemic Events (EVENT) registry. Adapted with permission from
Win HK et al. JAMA. 2007;297:2001-2009.67 Copyright © 2007, American Medical Association. All rights reserved.
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exclusion criteria. Such “all comer”
studies in principle represent real
world practice, and include high pro-
portions of patients with complex
disease. The major limitation of reg-
istries is that the selection of one
treatment versus another is not con-
trolled. Although sophisticated sta-
tistical adjustments can be applied to
attempt to correct for baseline imbal-
ances or treatment propensities,
unmeasured or unrecorded con-
founders cannot be corrected for, in
contrast to the process of randomiza-
tion, which inherently balances the
rate of both measured and unmea-
sured covariates between treatment
groups. A second major limitation of
many registries is that independent
monitoring of source documents is
often sparse or nonexistent, and in-
dependent, blinded core laboratories
and clinical event adjudication com-
mittees typically are not used—
again, in contrast to well-run ran-
domized trials. As such, bias is much
more likely in registries than in ran-
domized trials. Conversely, random-
ized trials apply only to the narrow
range of patients and lesion types en-
rolled, and are subject to their own
unique set of biases. Therefore, al-
though an appropriately powered,
large-scale randomized clinical trial
is widely accepted as the highest
level of scientific evidence on which
clinical decision-making should be
based, “real world” registries pro-
vide useful complementary infor-
mation as long as their limitations
are recognized.

Large-scale registries (in which
both on-label and off-label patients
and lesions have been enrolled) have
provided conflicting data regarding
the safety of DES in unrestricted use,
although recently the conclusions
from most of these studies have be-
come concordant. The initial report
from the Swedish Coronary Angiog-
raphy and Angioplasty Registry

(SCAAR) included all patients from
26 centers in Sweden who had re-
ceived coronary stents from January
1, 2003 to December 31, 2004, and
in whom complete follow-up data
were available.40 They compared the
group of 6033 patients treated with
DES with the group of 13,738 pa-
tients treated with BMS. Notably,
the 2 groups markedly varied in
baseline characteristics. For exam-
ple, the BMS group had more pa-
tients with acute MI, whereas the
DES group included more women,
more patients with diabetes, longer
lesions, more frequent involvement
of the left anterior descending artery,
and more frequent stenting of multi-
ple lesions and vessels, requiring a
greater number of stents and longer
stents. Propensity adjusted Cox mul-
tivariate analysis was used to attempt
to correct for the differences in base-
line characteristics.

The primary endpoint of compos-
ite death or MI at 3 years was no dif-
ferent between the DES and BMS
groups, either in an unadjusted
analysis or after adjustment for dif-
ferences in baseline characteristics.
Within the first 6 months, there was
a trend toward a lower unadjusted
event rate in patients receiving DES
compared with BMS, with 13.4 fewer
such events per 1000 patients. How-
ever, after 6 months, patients receiv-
ing DES had a significantly higher
event rate, with 12.7 more events per
1000 patients per year (adjusted rela-
tive risk, 1.20; 95% CI, 1.05-1.37). At
3 years, overall mortality was signifi-
cantly higher in patients treated
with DES rather than BMS (adjusted
relative risk, 1.18; 95% CI, 1.04-
1.35), and in a landmark analysis
from 6 months to 3 years, the ad-
justed relative risk for death in this
group was 1.32 (95% CI, 1.11-1.57).
These findings indicated an ongoing
increase in the risk of death with DES
compared with BMS of approximately

0.5% per year, and an increase in
the incidence of death or MI after 
6 months of 0.5% to 1.0% per year.
Following the publication of the
SCAAR report40 (and a government
advisory), DES use plummeted in
Sweden and other Nordic countries.
Widespread discussion of these re-
sults in the media led to significant
concern among patients and health
care providers.

Surprisingly, the SCAAR investiga-
tors reversed their conclusions at the
European Society of Cardiology Con-
gress held in September 2007, based
on 1 additional year of follow-up
and a near doubling of the number
of patients studied (including pa-
tients enrolled in 2005).68 As pre-
sented by Stefan James, MD, of the
Academic Hospital, Uppsala, Sweden,
SCAAR now reported the compara-
tive outcomes from 35,226 patients,
including 21,480 treated with BMS
and 13,786 treated with DES. The 4-
year adjusted rates of death or MI
were now almost identical between
DES and BMS (relative risk, 1.01;
95% CI, 0.94-1.09), as were the ad-
justed rates of death (relative risk,
1.03; 95% CI, 0.94-1.14) and MI
(relative risk, 1.01; 95% CI, 0.91-
1.11). In the landmark analyses,
there were now no significant differ-
ences in the rates of death either
before 6 months (relative risk, 0.02;
95% CI, 0.78-1.07) or between 6
months and 4 years (relative risk,
1.09; 95% CI, 0.92-1.05).

The major differences between the
SCAAR results from the earlier report
and those from the present study can
be attributed to the outcomes in the
new cohort of patients enrolled in
2005. In contrast to the finding of
worse late outcomes after DES com-
pared with BMS in patients enrolled
in 2003 and 2004, among the 2005
cohort, the composite incidence of
death or MI was reduced with DES
compared with BMS between the
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time of enrollment and 6 months
(relative risk, 0.69; 95% CI, 0.59-
0.81), and tended to be reduced be-
tween 6 months and 2 years (relative
risk, 0.93; 95% CI, 0.76-1.13). This
improvement over time may be at-
tributed to better operator technique
with increasing experience and/or
better patient selection. Of note, DES
penetration had increased to 53% of
all the patients enrolled in the 2005
cohort, suggesting that simpler le-
sions were now being included, per-
haps allowing for more accurate sta-
tistical correction. Finally, the overall
3-year rate of clinical restenosis
(reported for the single-stent cohort)
was reduced from about 8% to about
4%, a 52% reduction.

Other large-scale registries have re-
ported similar or lower rates of ad-
verse events with DES compared with
BMS. In the prospective REgistro An-
giopLastiche dell’Emilia Romagna
(REAL) registry of 10,629 “real-
world” patients from 13 Italian cen-
ters enrolled between July 2002 and
June 2005, 3064 received DES and
7565 received BMS.69 At 2 years of

follow-up, DES resulted in lower ad-
justed rates of TVR (9.1% vs 12.9%;
P � .0001), and combined major
adverse cardiac events (16.9 vs 21.8%;
P � .0001), with no significant dif-
ferences in the adjusted rates of
death (6.8% vs 7.4%; P � .35) and MI
(5.3% vs 5.8%; P � .49).

The Western Denmark Registry in-
vestigators reported the outcomes in
12,395 patients with 17,152 lesions
treated with either BMS (n � 8847 pa-
tients) or DES (n � 3548 patients) be-
tween January 2002 and June 2005 at
3 high-volume hospitals caring for 3
million inhabitants of the country.70

As seen in Table 3, the 15-month ad-
justed rates of mortality, MI, and stent
thrombosis were similar between the
2 stent types, and TLR was signifi-
cantly reduced with DES.

Patrick Serruys, MD, PhD, of Eras-
mus University in Rotterdam, the
Netherlands, presented his single-
center experience with DES at the
FDA advisory panel meeting in De-
cember 2006.71 He compiled data
from 3 time intervals, in each of
which a different type of stent was

used exclusively. From April 2002 to
February 2003, only SES were used
(n � 979), and from February 2003
to December 2005, only PES were
used (n � 3019). The control cohort
was patients enrolled between Janu-
ary 2000 and April 2002, during
which only BMS were available (n �
2444). Overall, 13,150 stents were
implanted in 6442 patients. At 3
years of follow-up, survival from all-
cause mortality was significantly
higher with SES than with PES or
BMS (92.1% vs 89.1% and 89.1%, re-
spectively; P � .01 for both). Mortal-
ity was reduced with SES in the sub-
group of nondiabetic patients. No
significant differences in survival
were found among the 3 stent types,
except in diabetic patients.

Similarly, Wake Forest Medical
Center in Winston-Salem, NC, has
reported a single-center registry ex-
perience comparing results with BMS
and DES. The BMS were placed in
1164 patients the year before DES be-
came available (April 2002 to April
2003). After this time, DES were
placed in 1285 comparable patients,

Table 3
Clinical Outcomes at 15 Months in Patients Treated With DES and BMS 

in the Western Denmark Registry

DES BMS Unadjusted Adjusted* Hazard Adjusted*
(n � 3548) (n � 8847) P Value Ratio (95% CI) P Value

Stent thrombosis (ARC)

Definite 0.6% 0.7% .65 — —

Definite, probable, or 1.8% 2.2% .20 0.91 (0.67-1.24) .57

possible

Death 4.4% 6.2% � .001 0.90 (0.75-1.09) .29

Cardiac 2.4% 3.8% .002 0.88 (0.68-1.13) .31

Myocardial infarction 3.2% 3.0% .65 1.14 (0.89-1.45) .31

Target lesion 4.6% 7.1% � .0001 0.57 (0.48-0.67) � .001
revascularization

*Adjusted for age, sex, clinical indication, and procedure time. 
DES, drug-eluting stent; BMS, bare-metal stents, ARC, Academic Research Consortium; CI, confidence interval.
Adapted with permission from Jensen LO et al.70
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of whom 72% had acute coronary
syndromes.72 At 9 months, mortality
was 4.9% with DES compared with
7.1% with BMS (propensity adjusted
Cox multivariate hazard ratio, 0.56;
95% CI, 0.36-0.87; P � .03). TVR was
reduced to 2.8% with DES from 8.6%
with BMS (P � .001). 

Finally, the Strategic Transcatheter
Evaluation of New Therapies
(STENT) investigators represent
physicians at 8 US hospital centers
who enrolled 7008 patients treated
between 2003 and 2005 into a reg-
istry. Results from patients who re-
ceived a DES (n � 5631) were com-
pared with those who received a BMS
(n � 1377). As presented by Chuck
Simonton, MD, of the Sanger Clinic,
PA, in Charlotte, NC, at the Trans-
catheter Cardiovascular Therapeutics
meeting in October 2006, DES use re-
sulted in reduced 9-month rates of
death, MI, and TVR as compared
with BMS (Figure 4).73 In patients
who reached the 2-year follow-up
time point, DES (n � 2114) resulted
in a 50% reduction in mortality as
compared with BMS (n � 756) (5.9%
vs 11.4%; HR, 0.50; 95% CI, 0.37-
0.67; P � .001).

Randomized trials. Major concerns
about increased late adverse event
rates with DES were first seriously

raised by the Basel Stent Kosten
Effektivitäts Trial (BASKET). In this
study, 826 consecutive patients
were randomized in a 2:1 fashion 
to DES (n � 545) versus BMS 
(n � 281) and were followed clini-
cally to examine the relative cost ef-
fectiveness of the 2 devices.74 The
BASKET-LATE phase of this investiga-
tion examined the outcomes in 746
patients who had no major adverse
events by 6 months, the time at
which clopidogrel was to be discon-
tinued.37 In the subsequent 12
months of follow-up, although there
were no significant differences in the
rates of stent thrombosis with DES
compared with BMS (1.4% vs 0.8%;
P � .50), there was a significant in-
crease in the incidence of composite
death or MI with DES (4.9% vs 1.3%;
P � .01). This analysis has been criti-
cized because it excluded from the
late analysis the potentially higher
risk patients who had events within
the first 6 months. Indeed, when the
18-month results were reported,
which included all patients in a true
intention-to-treat analysis, there was
no significant difference between
DES and BMS in the rates of compos-
ite death or MI (8.4% vs 7.5%; P �

.63), but TVR was required less
frequently with DES (7.5% vs 11.6%;

P � .04). By multivariate analysis,
DES reduced the risk of restenosis-
related TVR by 48% (HR, 0.52; 95%
CI, 0.33-0.85; P � .009).37

Small randomized trials have been
completed comparing DES with BMS
for specific off-label indications,
including bifurcation lesions,75-77

chronic total occlusions,22 in-stent
restenosis lesions,31,78,79 saphenous
venous bypass grafts,23,80 long le-
sions,30,60 small vessels,24,30 and MI.81

For the most part, these trials have
shown similar rates of death, MI, and
stent thrombosis between DES 
and BMS, with reduced rates of TLR
and TVR with DES (with 2 excep-
tions: routine DES implantation in
the side branches of bifurcations has
not been shown to be beneficial,75-77

and concern about increased late
events with DES in saphenous vein
grafts was raised in 1 small study).80

However, these trials have been un-
derpowered to be definitive, and the
results of large-scale, ongoing ran-
domized trials are awaited.

Kastrati and colleagues59 per-
formed a meta-analysis of 14 ran-
domized controlled studies (4958 pa-
tients) that compared SES with BMS
with at least 1 year of follow-up. The
studies included the 4 pivotal
double-blind “on-label” lesion trials,
as well as 10 additional trials that
concentrated on specific patient and
lesion subsets including diabetic
patients, chronic total occlusions,
small vessels, saphenous vein grafts,
and acute MI. The overall risk of
death and the combined risk of
death or MI were not significantly
different for patients receiving SES
versus BMS in this meta-analysis
(HRs, 1.03 and 0.97, respectively; P �

NS). However, there was a marked
reduction in the combined risk of
death, MI, or reintervention (HR,
0.43; P � .0001) associated with the
use of SES. There was no significant
difference in the overall risk of stent
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Figure 4. Nine-month rates of death, my-
ocardial infarction (MI), target vessel revas-
cularization (TVR) and composite major ad-
verse cardiac events (MACE) (death, MI, or
TVR) among 7008 patients treated with
bare-metal stents or drug-eluting stents at 8
US hospitals in the Strategic Transcatheter
Evaluation of New Therapies (STENT)
registry. See text for details. Adapted with
permission from Simonton C.73
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thrombosis with SES (hazard ratio,
1.09), but there was a slight increase
in the risk of stent thrombosis asso-
ciated with SES after the first year
following the procedure (0.6% vs
0.05%; P � .02).

Three large-scale prospective ran-
domized trials that have adequate
power to significantly impact revas-
cularization decisions with DES are
ongoing. The Future Revascularization
Evaluation in Patients With Diabetes
Mellitus: Optional Management of
Multivessel Disease (FREEDOM) trial
is a study sponsored by the National
Heart, Lung, and Blood Institute in
which 2400 patients with diabetes
mellitus and either double or triple
vessel coronary artery disease are
being randomized to DES with either
PES or SES versus coronary artery by-
pass graft surgery. The Synergy Be-
tween PCI and TAXUS and Cardiac
Surgery (SYNTAX) trial is randomiz-
ing 1800 patients with left main
and/or triple vessel disease to PES
versus bypass graft surgery. Finally,
the Harmonizing Outcomes with
Revascularization and Stents in
Acute MI (HORIZONS AMI) trial is
randomizing 3400 patients with
acute MI to either PES or BMS. The
latter 2 trials have completed

enrollment, with the results expected
in 2008.

FDA Advisory Panel 
Recommendations
In December 2006, the Circulatory
System Devices Advisory Panel of the
FDA met over a 2-day period and
heard numerous presentations from
physician-scientists, professional soci-
eties, and stent manufacturers in an
effort to characterize the risks, timing,
and incidence of thrombosis with
DES.64 The panel concluded that for
on-label indications, for which solid
data were available from the results of
numerous double-blind randomized
trials, both approved DES compared
with BMS are associated with a small
increase in the rate of stent thrombo-
sis that emerges after 1 year following
stent implantation. However, based
on the data available, this increased
risk of stent thrombosis was not asso-
ciated with an increased risk of death
or MI, and both DES were effective in
reducing angiographic and clinical
restenosis, resulting in fewer revascu-
larization procedures. The FDA panel
thus concluded that concerns about
stent thrombosis do not outweigh the
benefits of DES as compared with
BMS for on-label use.

The FDA panel also addressed the
broader use of DES in patients with
more complex patients and lesions
(off-label use). The panel concluded
that DES use for off-label compared
with on-label indications is associ-
ated with an increased risk of stent
thrombosis, death, and MI. However,
the panel determined that inade-
quate comparative trials have pre-
vented the development of defini-
tive recommendations regarding the
safety and efficacy of DES as com-
pared with alternative treatments
(medical therapy, BMS, and surgery)
in these patients. The panel recom-
mended that, until more data are
available, the DES labels should state
that when DES are used off-label, pa-
tient outcomes may not be as favor-
able as the results observed in the
clinical trials conducted to support
marketing approval.64

Summary
DES represent a remarkable advance
in the evolution of therapies to treat
coronary artery disease. In most pa-
tient and lesion subsets examined,
both SES and PES significantly
reduce neointimal proliferation (re-
sulting in decreased angiographic
restenosis), recurrent angina and

Main Points
• In-stent restenosis with the need for recurrent revascularization procedures is not just a temporary inconvenience for

patients; it also increases the risk of death and myocardial infarction (MI).

• Drug-eluting stents (DES) markedly reduce the 4-year rates of angiographic restenosis, target lesion revascularization
(TLR), and target vessel revascularization as compared with bare-metal stents (BMS).

• Data from randomized trials show that the cumulative 4-year rates of death from any cause in patients with sirolimus-
eluting stents do not differ significantly from those in patients with BMS.

• Stent thrombosis, although infrequent, results in a high rate of death and myocardial infarction (MI), whereas the
more frequently occurring TLR is associated with a finite but lower rate of death and MI that counterbalances what
otherwise might have been an increased risk of adverse events with DES.

• Approximately 60% of stent use is in “off-label” indications.

• For now, pending more data, the risks and benefits of DES for off-label indications must be carefully considered on an
individual patient basis.
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ischemia, and the need for subse-
quent revascularization procedures
(both repeat PCI and bypass graft
surgery). Stent thrombosis occurs in
about 1 to 3 patients per 500 patient-
years beyond 1 year of DES implan-
tation, with the higher rates evident
in more complex lesions and high-
risk patients. Currently, all patients
not at high risk for bleeding should
be maintained on clopidogrel (in ad-
dition to aspirin) for at least 1 year,
although whether prolonged clopi-
dogrel use prevents late stent throm-
bosis is controversial, with conflict-
ing data reported.82,83 Nonetheless,
the overall safety of DES for on-label
use has been firmly established in
randomized controlled trials, with
both PES and SES having comparable
rates with BI in long-term survival
free from MI, with marked reduc-
tions in recurrent ischemia and re-
peat revascularization procedures.
For now, pending more data, the
risks and benefits of DES for off-label
indications must be carefully consid-
ered on an individual patient basis.
Fortunately, several large-scale trials
have completed enrollment, the re-
sults of which will soon be available
to guide treatment selection. Several
second-generation DES will soon be
approved in the United States that
may further enhance the safety and
efficacy profiles of stents in select
patients and lesions. Finally, focused
development efforts are underway to
better define the causative mecha-
nisms of early and late stent throm-
bosis, and to respond with improved
devices incorporating changes in
bioactive agents and surfaces, drug
carrier systems, and pharmacothera-
peutic advances.
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