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Stent thrombosis has become a major concern for interventional cardiology. Although
infrequent, it is associated with significant morbidity and mortality. Recent attention
has focused on the frequency of this complication with drug-eluting stents compared
with bare-metal stents in regard to the timing (early, late, or very late) of the event,
underlying mechanisms involved, and preventive strategies. Although dual antiplatelet
therapy (aspirin plus thienopyridine) is crucial in mitigating the problem, there are
significant issues with this management strategy, including the duration of dual
antiplatelet treatment, patient compliance, variability in individual response to therapy,
bleeding risk, and management of subsequent noncardiac surgical procedures. Newer
strategies being evaluated to enhance the safety of drug-eluting stents include different
alloys and stent designs, revisions in the polymer or drug utilized, and, ultimately,

bioabsorbable platforms.
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of intense debate and controversy, particularly as it relates to drug-
eluting stents (DES).'* This debate must be framed against the back-
ground of stent thrombosis evident with bare-metal stents (BMS). Both single
center registries and multicenter randomized trials have shed light on this issue.
Orford and colleagues® evaluated the Mayo Clinic (Rochester, MN) database of

T he issue of stent thrombosis has attracted great interest and is the subject
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Figure 1. Clinical experience of stent thrombosis with bare-metal stents. The average was about 1.2% to 30 days in approximately 20,000 patients.
*VUS-guided. TMulti-vessel stenting. IVUS, intravascular ultrasound. Adapted with permission from Honda Y and Fitzgerald PJ'” and Kereiakes DJ et al.”

www.medreviews.com

4509 patients treated with dual an-
tiplatelet therapy after successful
BMS implantation from 1994 to
2000. These authors considered stent
thrombosis to have occurred when
“confirmed angiographically (intra-
luminal filling defect within the
stent resulting in Thrombosis In
Myocardial Infarction [TIMI] O or 1
flow), when death was sudden and
unexplained, or when a myocardial
infarction (MI) occurred in the terri-
tory of the treated vessel.” Twenty-
three patients developed stent
thrombosis within 30 days of the
index procedures (0.51%). In this se-
ries of 23 patients with stent throm-
bosis, 48% had a fatal outcome and
39% had a nonfatal MI.

BMS Thrombosis

Cutlip and colleagues® performed a
pooled analysis of multicenter BMS
trials that enrolled patients from
1995 to 1999. Thirty-day clinical
stent thrombosis was defined as an-
giographic documentation of stent
occlusion, wunexplained sudden
death when the stent was not known
to be patent, MI, or urgent target
lesion revascularization. This study,
which included 6186 patients and
6219 treated vessels, demonstrated
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that clinical stent thrombosis oc-
curred within 30 days in 53 patients
(0.9%). Similar to the results seen in
the single center experience reported
by Orford and colleagues,® of those
patients with angiographic stent
thrombosis, 64.4% of patients died
or suffered an MI.

Other experiences with BMS
demonstrate similar results (Figure 1).”
Stent thrombosis with BMS, al-
though associated with a marked in-
crease in morbidity and mortality,
was not the focus of attention. In-
stead, the majority of active investi-
gation centered on the problem of
in-stent restenosis, which occurred
with far greater frequency. It was in-
stent restenosis that drove the devel-
opment of DES, which have dramati-
cally improved the clinical outcomes
for patients and have become predi-
cate devices. As the issue of in-stent
restenosis became much less fre-
quent, the problem of stent throm-
bosis associated with DES became
more important, beginning with
early reports of late stent thrombosis
(LST) occurring beyond 1 year after
the index procedure.>® As was true
following BMS, stent thrombosis is
associated with a marked increase in
morbidity and mortality. The issue of
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LST with DES has now moved to
center stage in the field of interven-
tional cardiology.

DES Stent Thrombosis
Evaluating the issues surrounding
DES thrombosis has been complex.
This is the result of several factors,
including:

¢ The incidence of stent thrombosis
is low to very low, and no trials
have been adequately powered to
use this event as a primary
endpoint.

e Stent thrombosis may occur late in
clinical follow-up. This is difficult
because coronary artery disease is
a progressive disease, and events
may occur late that are not related
to the DES-treated sites. For exam-
ple, a patient may die suddenly
several years after implantation of
a DES, and whether that sudden
death is a primary arrhythmic
event or whether it relates to stent
thrombosis is very difficult or even
impossible to determine. Indeed,
this patient population experiences
a 1% to 2% annual “background”
incidence of death or MI due to
progression of disease at non-
treated sites.
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e The histopathology of patients
dying from stent thrombosis may
be very different than the underly-
ing pathologic/histologic events
that occur in patients who do not
die. Although inflammation and
delayed healing are found at au-
topsy in patients who die after
stent implantation, it is not
known how often these events
occur in patients who remain alive
and asymptomatic.

e The definition of stent thrombosis
and its timing has varied in the tri-
als and clinical experiences evalu-
ated to date. This latter problem is
of fundamental importance in try-
ing to compare frequencies be-
tween different devices.

Recently, a standardized set of def-
initions has been proposed, which
should facilitate the study of stent
thrombosis.® The timing of stent
thrombosis has been classified as:

e Acute if it occurs within 24 hours
of the index procedure.

e Subacute if it occurs from 1 to 30
days after the index procedure.

e Late if it occurs between 30 days
and 1 year after the index
procedure.

o Very late if it occurs 1 year after the
index procedure.

In addition to stratifying the tim-
ing of stent thrombosis, the defini-
tion of stent thrombosis has also
been addressed.

* Definite thrombosis is deemed to
have occurred if there is angio-
graphic documentation of throm-
bus within the stented segment or
pathologic documentation of
thrombus in the stent that occurs
in the setting of an acute ischemic
syndrome.

e Probable stent thrombosis is de-
fined as unexplained death within
30 days of the index procedure or
if there was documentation of an

MI in the distribution of the initial
stented target vessel.

e Possible thrombosis is defined as
any unexplained death that oc-
curred beyond 1 month following
the index procedure.

As previously mentioned, acute,
subacute, and late thrombosis have
very high morbidity and mortality;
the combined endpoint of death
and/or MI occurs in up to approxi-
mately 50% of patients.>>>® The
frequency of these adverse associ-
ated events is the same irrespective
of whether the stent thrombosis oc-
curs with a BMS or a DES. The clini-
cal setting of very late stent throm-
bosis is less certain.”!° It may be
that MI from late stent thrombosis
is less frequently identified over the
course of time due to collateral ves-
sel development. The MI may be
silent, or, conversely, the patient
may present with sudden cardiac

death. It is also possible that stent
occlusion beyond 1 year or later
may result from the gradual devel-
opment of obliterative restenosis
and not late stent thrombosis.
These 2 conditions (obliterative
restenosis, thrombosis) may be im-
possible to differentiate at the time
of follow-up angiography.

The pathology of stent thrombo-
sis has been studied in a small num-
ber of autopsy specimens.*!! Joner
and colleagues'' evaluated a registry
experience of 40 autopsies from pa-
tients with DES. Twenty-three DES
cases implanted for longer than
30 days were compared with 25
matched BMS controls. The cause of
death in the 23 DES cases can be
seen in Figure 2.'' Both Cypher®
and Taxus® stents were included in
this study, while BMS stents served
as controls. Of the patients with
DES that had been placed longer
than 30 days prior to death, 14 of 23

Figure 2. Cause of death in patients dying more than 30 days after placement of a drug-eluting stent. DES, drug-
eluting stent; AMI, acute myocardial infarction; SCD, sudden cardiac death; CVA, cerebrovascular accident.

Reprinted with permission from joner M et al.”’
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Figure 3. Early discontinuation of antiplatelet therapy is one of the strongest risk factors for stent thrombosis. *The safety and effectiveness of the
Taxus® Express2™ stent have not been established in patients with an unprotected left main, prior brachytherapy, diabetes, or lesions located at a

bifurcation. Adapted with permission from lakovou | et al.?

had evidence of LST. The robustness
of healing with DES versus BMS was
assessed by analysis of fibrin deposi-
tion and the extent of endothelial-
ization. As a group, the DES pa-
tients had more persistent fibrin
deposition and poorer endothelial-
ization compared with the BMS pa-
tients. In the DES patients who had
evidence of LST, there was more
delayed healing than in the DES pa-
tients without LST. The authors also
identified other factors associated
with LST, including hypersensitivity
(perhaps related to the polymer),
excessive wall injury, and complex
disease, including a large necrotic
atherosclerotic core and bifurcation
lesions.

Clinical risk factors for stent
thrombosis have also been assessed.
The most common of these has been
discontinuation of dual antiplatelet
therapy (Figure 3).2*%1° It must be
remembered, however, that stent
thrombosis may occur even while
the patient is on dual antiplatelet
therapy. In the largest autopsy series
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published to date, Joner and col-
leagues'' found that of the 14 pa-
tients with LST of a DES, only 5 had
discontinued antiplatelet therapy.
Therefore, discontinuation of dual
antiplatelet therapy does not ac-
count for the majority of events. In
many DES patients, additional
mechanisms may be dominant. Nev-
ertheless, dual antiplatelet therapy is
currently a practical and prudent ap-
proach until further understanding
is gained on this important clinical
issue, and the duration of vulnerabil-
ity for LST is better defined.

There is controversy about the
optimal duration of dual antiplatelet
therapy to prevent stent thrombosis.
Patients in the initial randomized tri-
als of DES versus BMS typically re-
ceived dual antiplatelet therapy for
only 2 to 6 months. With the current
recognition of LST, however, the du-
ration of therapy is now often ex-
tended to 12 months or longer.
Whether 12 months of antiplatelet
therapy will be sufficient to prevent
very late stent thrombosis remains
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unknown. Even after 1 year, there
has been pathological documenta-
tion of delayed endothelialization.*
Indeed, very late stent thrombosis
has been reported following BMS. As
previously discussed, a rather ubiqui-
tous finding in autopsy specimens
has been the lack of endothelializa-
tion. What is not known, however, is
how many patients who never expe-
rience stent thrombosis have delayed
endothelialization.

The incidence of LST within the
first year after placement of stents
has been studied in multiple series.!?
Most randomized trials to 1-year
follow-up have not demonstrated a
difference in stent thrombosis rates
between BMS and DES, with the
caveat that the definitions used have
not been uniform between studies.
Moreno and colleagues,'> in a
pooled analysis of 10 randomized
trials of DES versus BMS, identified
9-month stent thrombosis rates of
0.6% in DES patients versus 0.5% in
BMS patients (Figures 4 and 5). In
another meta-analysis confined to
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DES BMS OR Weight OR
Study n/N n/N (95% CI fixed) (%) (95% CI fixed)
RAVEL?5 0/120 0/118 0.0 Not estimable
SIRIUS2S 2/533 4/525 -~ 27.6 0.49 (0.09, 2.69)
E-SIRIUS? 2/175 0/177 —_— 3.4 5.12 (0.24, 107.32)
C-SIRIUS?8 1/50 1/50 i3 6.7 1.00 (0.06, 16.44)
ASPECT? 0/90 0/48 0.0 Not estimable
ELUTES3? 1/153 1/39 -~ 10.9 0.25 (0.02, 4.09)
TAXUS-13 0/31 0/30 0.0 Not estimable
TAXUS-1132 3/266 0/270 —_— 3.4 7.19 (0.37, 139.80)
TAXUS-1V33 4/662 5/652 —h— 34.4 0.79 (0.21, 2.94)
DELIVER34 2/522 2/519 13.7 0.99 (0.14, 7.09)
Total (95% Cl) 15/2,602  13/2, 428 L 100.0 1.05 (0.51, 2.15)
Test for heterogeneity x% 4.62; df = 6; P = .59
Test for overall effect: z = 0.13; P= .9
T T T T
-1-2 1 5 10
Favors DES  Favors BMS

Figure 4. Meta-analysis of 10 randomized trials of DES versus BMS documenting no overall significant difference in the frequency of stent thrombo-

sis out of 9 months. DES, drug-eluting stents; BMS, bare-metal stents; OR, odds ratio; Cl, confidence interval; RAVEL, Randomized Study with the

Sirolimus-eluting Velocity Balloon-Expandable Stent; SIRIUS, Sirolimus-Eluting Stent in de Novo Native Coronary Lesions; E, European; C, Canadian;

ASPECT, Asian Paclitaxel-Eluting Stent; ELUTES, European Evaluation of Paclitaxel Eluting Stent. Reprinted with permission from Moreno R et al.’?
www.medreviews.com

Figure 5. Meta-analysis of 10 randomized trials of DES versus BMS documenting no overall significant difference in the frequency of late stent thrombosis
out of 9 months. DES, drug-eluting stents; BMS, bare-metal stents; OR, odds ratio; Cl, confidence interval; RAVEL, Randomized Studly with the Sirolimus-elut-
ing Velocity Balloon-Expandable Stent; SIRIUS, Sirolimus-Eluting Stent in de Novo Native Coronary Lesions; E, European; C, Canadian; ASPECT, Asian Pacli-
taxel-Eluting Stent; ELUTES, European Evaluation of Paclitaxel Eluting Stent. Reprinted with permission from Moreno R et al.’? www.medreviews.com
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ASPECT? 0/90 0/48 0.0 Not estimable
ELUTES3® 0/153 0/39 0.0 Not estimable
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Test for overall effect: z=0.01; P = 1
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paclitaxel-eluting stents, 3817 pa-
tients were analyzed."” The hazard
ratio for paclitaxel-eluting stents was
1.06 (95% CI, 0.55-2.04), indicating
no significant difference between
paclitaxel-eluting stents and BMS in
the incidence of stent thrombosis.
These randomized trials have typi-
cally included very select patient
populations and often restricted le-
sion subsets. In non-randomized reg-
istry experiences, particularly those
with longer follow-up, the incidence
of stent thrombosis appears to be
higher than that seen in the ran-
domized clinical trials. In the
e-Cypher registry postmarket surveil-
lance study of 15,000 patients, the
total thrombosis rate at 1 year was
0.87%." In other high-risk patients
(such as those with acute MI), the
thrombosis rate may be higher, as
was recently documented in the Trial
to Assess the Use of the Cypher Stent
in Acute Myocardial Infarction
Treated with Balloon Angioplasty
(TYPHOON) trial,'® in which approxi-
mately 3.4% of patients treated with
either BMS or DES developed LST.
This increase in stent thrombosis in
patients treated with DES for acute MI
has not been uniformly identified.'®
Given the tremendous interest in
the problem of stent thrombosis, a
uniform set of criteria has recently
been adopted. Utilizing these defini-
tions, more complete adjudicated as-
sessments of 4-year clinical trial data
have become available for DES. In a
series of 1748 patients randomized to
either a Cypher stent or a BMS, there
was no difference in definite or prob-
able stent thrombosis at 4-year fol-
low-up (1.4% with sirolimus-eluting
stents and 1.7% with BMS). Although
the number of total events remains
small, there does appear to be a dif-
ference in temporal distribution. At 1
year, there were more events in the
BMS group (P = .04), whereas beyond
1 year there was a slight increase in
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Table 1
Incidence of Any Thrombosis*

(N = 878 Patients)

SES BMS
(N = 870 Patients)

ARC Definition Stent
Thrombosis

Thrombosis (0-3 months)

0.5% (4/874)

0.9% (8/870)

Thrombosis (0-6 months)

0.5% (4/872)

1.4% (12/868)

Thrombosis (0-9 months)

0.6% (5/872)

1.5% (13/867)

Thrombosis (0-1 year)

0.7% (6/871)

1.6% (14/864)

Thrombosis (0-4 years)"

3.2% (27/832)

3.3% (27/826)

*Incidence of any thrombosis using the ARC definitions on adjudicated data from day O out to 4 years
in the combined data set of RAVEL, SIRIUS, E-SIRIUS, and C-SIRIUS. There is no difference between SES

and BMS.

fOf the 54 subjects with thrombosis during 0 to 4 years, 10 underwent an intervening TLR prior to the
thrombosis. However, only 1 of those 10 received any drug-eluting stent (the SES) during TLR.

ARC, Academic Research Consortium; SES, sirolimus-eluting stent; BMS, bare-metal stent; RAVEL,
Randomized Study with the Sirolimus-eluting Velocity Balloon-Expandable Stent; SIRIUS,
Sirolimus-Eluting Stent in de Novo Native Coronary Lesions; E, European; C, Canadian; TLR,

target lesion revascularization.

Table 2
Incidence of Definite or Probable Stent Thrombosis*

(N = 878 Patients)

SES BMS
(N = 870 Patients)

ARC Definition Definite/
Probable Stent Thrombosis

Thrombosis (0-3 months)

0.5% (4/874)

0.8% (7/870)

Thrombosis (0-6 months)

0.5% (4/872)

1.0% (9/868)

Thrombosis (0-9 months)

0.6% (5/872)

1.2% (10/867)

Thrombosis (0-1 year)

0.6% (5/871)

1.3% (11/864)

Thrombosis (0-4 years)

1.6% (13/832)

1.8% (15/825)

*Incidence of definite or probable stent thrombosis from day 0 out to 4 years in the combined data set
of RAVEL, SIRIUS, E-SIRIUS, and C-SIRIUS. There is no significant difference.

ARC, Academic Research Consortium; SES, sirolimus-eluting stent; BMS, bare-metal stent; RAVEL,
Randomized Study with the Sirolimus-eluting Velocity Balloon-Expandable Stent; SIRIUS,
Sirolimus-Eluting Stent in de Novo Native Coronary Lesions; E, European; C, Canadian.

stent thrombosis with DES. At 4-year
follow-up, the events balance out,
and overall thrombosis rates are very
similar (Tables 1 and 2). In a 2-center
experience, after the first year of fol-
low-up, the annual incidence of LST
following DES was 0.6% per year.'
Whether this trend for a slight rela-
tive increase in incidence of LST with
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DES will continue indefinitely has
great implications and is the focus of
ongoing analysis.

Prevention of stent thrombosis is
critical. The ability to predict LST in
an individual patient is limited. In ad-
dition to the complex patient and le-
sion subsets that have been identified,
there have been some procedural
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factors that may impact the develop-
ment of stent thrombosis, including
the adequacy of initial deployment.
When intravascular ultrasound is
used after “routine” stent placement,
many stents are found to be under-
sized or underdeployed, with poor
wall apposition and expansion. In
such cases, the use of slightly larger
balloons or higher pressure may opti-
mize the acute result and improve
long-term outcome. New, more pow-
erful antiplatelet strategies are also
undergoing clinical evaluation.
These new pharmacologic agents
(discussed elsewhere in this supple-
ment) may diminish the problems of
aspirin and/or clopidogrel resistance,
which may be important for certain
subsets of patients undergoing stent
placement.

New stent platforms to enhance
DES safety are also being evaluated.
These platforms are aimed at making
percutaneous coronary intervention
easier, more reliable, predictable, and
safer. New biodegradable polymers
may eliminate late polymer hyper-
sensitivity or inflammation. Con-
versely, several platforms have elimi-
nated the polymer entirely. Newer
adjunctive therapeutic agents are

also being tested to enhance healing
and endothelial stent coverage. Fi-
nally, evolving approaches to the
metal alloy platform involve bio-
degradable metals as well as ab-
sorbable polymer matrix stents and
offer promise in improving the out-
comes for patients.

Conclusion

Stent thrombosis remains a signifi-
cant problem for a small percentage
of patients undergoing coronary
stent placement. In these patients,
the risk of morbidity and mortality is
high. Although stent thrombosis is
observed following both BMS and
DES, the temporal distribution of
events differs with DES. Events are
delayed and the risk may be pro-
tracted. Strategies that help predict
patients at highest risk for LST as
well as evolving therapies for miti-
gating thrombosis entirely are the
focus of active investigation. |
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myocardial infarction occurs in up to approximately 50% of patients. The frequency of these adverse associated events
is the same irrespective of whether the stent thrombosis occurs with a bare-metal stent (BMS) or a drug-eluting stent

(DES).

¢ Discontinuation of dual antiplatelet therapy does not account for the majority of events.

e In a study of autopsy specimens, DES patients had more persistent fibrin deposition and poorer endothelialization

compared with BMS patients.

e In a series of 1748 patients randomized to either a Cypher stent or a BMS, there was no difference in definite or prob-
able stent thrombosis at 4-year follow-up (1.4% with sirolimus-eluting stents and 1.7% with BMS).

e Although stent thrombosis is observed following both BMS and DES, the temporal distribution of events differs with

drug-eluting stents.
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