
Late Stent Thrombosis (> 1 Year) Following Clopidogrel
Withdrawal After Brachytherapy Treatment: Need to

Assess Aspirin Resistance?
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We report on a patient presenting with late thrombosis of a stent 15 months after being
treated with intracoronary brachytherapy. It occurred 17 days after clopidogrel with-
drawal while maintaining treatment with aspirin. At the time of stent thrombosis, evalu-
ation of platelet aggregation was performed, revealing a suboptimal response to aspirin.
Pathophysiological insights of aspirin resistance and clinical implications are reviewed.
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INTRODUCTION

The term “late thrombosis” (LT) is currently used to
describe an angiographically confirmed thrombotic oc-
clusion that occurs more than 30 days after an interven-
tional procedure has been carried out [1,2]. LT following
percutaneous transluminal coronary angioplasty (PTCA)
is an uncommon feature except for patients treated with
intracoronary brachytherapy (ICB) [1,2]. To overcome
this drawback, long-term treatment (up to 1 year) with
dual antiplatelet regimen (clopidogrel and aspirin) has
been advocated on the basis of a reduction in cardiac
events rate [3]. However, the long-term (� 1 year) inci-
dence of complications following the withdrawal of clo-
pidogrel is not well established. We present a case of LT
following clopidogrel withdrawal more than 1 year after
ICB treatment for in-stent restenosis in a patient with
suboptimal aspirin-induced antiplatelet effect.

CASE REPORT

A 36-year-old man with cardiovascular risk factors
(smoking habitus and hypercholesterolemia) presented
with an acute coronary syndrome without ST segment
elevation but with a discrete creatine kinase (CPK) in-
crease (238 U/l; normal CPK value � 170 U/l). An
urgent coronary angiography was carried out, revealing a
severe stenosis of the distal right coronary artery at the
level of the crux cordis with a filling defect suggestive of
complicated plaque. Left coronary artery showed minor
luminal irregularities and the left ventricular function
was preserved without regional abnormal contractility. A
direct stent implantation (3.0 � 13 mm, Velocity; Cordis,
Johnson and Johnson, Roden, The Netherlands) was per-

formed with a good angiographic result. Six months
later, a new PTCA was carried out due to severe in-stent
restenosis and a second stent (3.5 � 16 mm, NIR-SOX;
Boston Scientific, Galway, Ireland) was implanted prox-
imal to previous stent. Due to a second in-stent restenosis
(Fig. 1), a further PTCA was performed by means of
cutting balloon angioplasty (3.0 � 10 mm; Interventional
Technologies Europe, County Donegal, Ireland) associ-
ated with ICB (40 mm long Beta-rail catheter; Novoste,
Norcross, GA) for a dwell time of 3 min 52 sec (pre-
scribed dose 18.4 Gy at 2 mm from the source), with
good angiographic result (Fig. 2). The patient remained
asymptomatic during follow-up and the angiography per-
formed at 6 months revealed persistence of good result,
which was confirmed by intravascular ultrasound (Fig.
3). At 15-month follow-up, clopidogrel was withdrawn
from the treatment. However, 17 days later, the patient
required new hospital admission due to an episode of
prolonged resting angina. On ECG, a 1 mm ST segment
depression and T-wave inversion in inferior leads were
observed. Creatine-kinase levels were within normal
ranges, although there was a modest raise in troponin I
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(2.37 ng/ml; normal values � 0.1 ng/ml). An urgent
angiography was performed, revealing a thrombotic total
occlusion of the right coronary artery at the site of the
stent (Fig. 4); good collateral filling from the left coro-
nary artery was observed. A further PTCA was carried

out (3.0 � 20 mm Stormer balloon; Medtronic, Galway,
Ireland), achieving TIMI 3 flow restoration.

In order to evaluate the patients’ response to aspirin
treatment, assessment of platelet reactivity was per-
formed by the platelet function analyzer (PFA)-100 sys-
tem (Dade Behring, Miami, FL) as the time for flowing
whole blood to occlude a collagen-ephinefrine ring (clo-
sure time). A prolonged closure time (� 300 sec) defines
an adequate antiplatelet effect (responders) in patients on
long-term aspirin treatment, while shorter closure times
strongly suggest an inadequate response (aspirin resis-
tance) to aspirin treatment [4]. In this patient, closure
time was 195 sec, defining a suboptimal response to
aspirin treatment. Hematocrit, platelet count, and mean
platelet volume did not influence aspirin-induced anti-
platelet effect since these were within normal ranges
(43%, 187 109/L, and 9.3 f/L, respectively).

The patient showed satisfactory postprocedural out-
come without significant cardiac enzyme elevation and
was discharged on dual antiplatelet regimen (aspirin 300
mg per day plus clopidogrel 75 mg per day). At 1-month
follow-up, the patient was asymptomatic. Platelet reac-
tivity was reassessed and a suboptimal response to aspi-
rin treatment was again identified, ulteriorly discouraging
clopidogrel withdrawal in this patient.

DISCUSSION

It is not well established how long the treatment with
aspirin and clopidogrel must be prolonged in patients

Fig. 1. Severe in-stent restenosis in distal segment of the right
coronary artery.

Fig. 2. Good angiographic result after balloon dilatation and
intracoronary brachytherapy.

Fig. 3. Angiography performed at 6-month follow-up showing
persistence of good result at treated segment. The intravascu-
lar ultrasound image evidenced minimal in-stent neointimal hy-
perplasia.
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treated with ICB. Prior studies demonstrated that long-
term treatment with aspirin and clopidogrel was able to
reduce the incidence of late thrombosis, as well as the
need of new revascularization procedures and major car-
diac event rate [3,5]. First, the WRIST PLUS study [5]
showed that patients treated with ICB in which aspirin
and clopidogrel were maintained for 6 months presented
a significantly lower incidence of LT compared to those
in whom aspirin and clopidogrel were maintained for
only 1 month (9.6% vs. 2.5%; P � 0.02). More recently,
the WRIST 12 trial showed a further reduction of both
target lesion revascularization procedures and major car-
diac events rate when the treatment with clopidogrel and
aspirin was prolonged up to 12 months [3]; however, no
further reduction of LT occurred [3]. Long-term clopi-
dogrel treatment has been associated with a better out-
come also in patients undergoing percutaneous interven-
tions without ICB [6,7].

The potential causes of LT after ICB include [2] those
derived from irradiation effect such as the delay in reen-
dothelization, fibrin accumulation, and platelet recruit-
ment, altered vascular reactivity and spasm, and tissue
erosion around the stent; those derived from the proce-

dure itself such as noncovered coronary dissection or
implantation of a new stent in-stent; and early clopi-
dogrel withdrawal [5]. In our patient, none of above-
mentioned conditions were met, as it occurred 15 months
after the ICB procedure. However, a suboptimal anti-
platelet response to aspirin was demonstrated. Although
individual response to aspirin may vary over time and
may be influenced by the thrombotic milleu that takes
place in acute coronary syndromes, a suboptimal anti-
platelet response to aspirin was maintained over time in
this patient. This case therefore identifies a novel mech-
anism to explain LT after ICB and should be warranted.
However, this finding should not underestimate other
causes of LT as this undesired phenomenon may also
occur despite a normal antiplatelet response.

Aspirin treatment represents a gold standard for sec-
ondary prevention in patients with cardiovascular disease
as it reduces the incidence of acute myocardial infarction,
stroke, and vascular-related death [8]. Therefore, the
therapeutic failure to aspirin treatment, coined as “aspirin
resistance,” offsets the beneficial effects of this drug,
leading to an increase in major cardiac events as well as
a marked risk of reocclussion following peripheral arte-
rial angioplasty [9]. The incidence of aspirin resistance is
not infrequent, ranging from 5% to 45%, depending on
different study populations [9]. Aspirin resistance may be
detected by several techniques, which obviously might
influence the number of responders/nonresponders found
[4,9]. However, PFA-100 is a simpler and more rapid
method to determine platelet function compared to tra-
ditional aggregometry. Furthermore, PFA-100 has a
higher sensitivity to detect platelet responsiveness as it
uses whole blood samples, while with aggregometry
techniques a less physiologic environment of platelet-
rich plasma is required [4,9].

The pathophysiological causes of aspirin resistance are
not well known, although several causes may be impli-
cated. Initially, this was thought to be related to an
inadequate dose response. However, clinical outcomes
have shown it not to be affected by the use of low or high
aspirin doses as assessed by reviews of the Antiplatelet
Trialists’ Collaboration [8]. Aspirin induces an irrevers-
ible inhibition of cyclo-oxigenase (COX). There are two
isomeric structures of COX: COX-1 and COX-2. COX-1
(the constitutional isoform) is found in human platelets in
constant levels and is blocked by low-dose aspirin. The
function of COX-1 is to catalyze the transformation of
arachidonic acid into an unstable and intermediate pros-
taglandin (PG) such as PGH2. The thromboxane synthase
finally transforms this prostaglandin into thromboxane
A2 (TXA2), that is, a vasoconstrictor agent and potent
platelet agonist. COX2 (the inducible isoform) is found
in vascular endothelium, smooth muscle cells, and in
varying amounts in platelets. COX-2 may be induced by

Fig. 4. Thrombotic occlusion of the right coronary artery at 15
months.
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cytokines and such induction may provide an alternative
pathway to PGH2 production restoring the ability to
produce TXA2 in aspirin-treated platelets, stimulating
platelet aggregation. Although aspirin is almost a 200
times less potent COX-2 inhibitor compared with
COX-1, COX-2 expression in platelets is variable among
patients and such variability, along with the possibility of
inducing COX-2 expression (e.g., inflammatory trig-
gers), may influence aspirin-induced antiplatelet effects.

Polymorphisms of genes involved in regulating plate-
let function, such as COX-1, glycoprotein (GP) IIIa, and
GP Ia/IIa, may also explain aspirin resistance. In partic-
ular, the PlA polymorphism of the GP IIIa gene has been
associated with a higher thrombotic risk, including stent
thrombosis, and with an individual variable response to
several antiplatelet drugs [10].

Furthermore, heterotypic cell-to-cell interaction such
as platelet-erythrocyte interaction have been shown to
increase platelet reactivity and therefore be prothrom-
botic; however, such interactions are not consistently
blocked by aspirin [11].

Long-term combined antiplatelet treatment is strongly
recommended in subset of patients undergoing percuta-
neous coronary interventions with special techniques at
high risk of LT (i.e., ICB or the implantation of drug-
eluting stent). However, for how long should such long-
term treatment be maintained is still not defined, al-
though this generally does not go beyond 1 year. After 1
year, aspirin treatment alone is considered to provide a
sufficient antithrombotic protection and be a useful sec-
ondary prevention drug. However, a discrete number of
patients may be resistant to aspirin treatment and in
clinical settings at high risk of LT (such as this case),
withdrawal of clopidogrel may lead to severe complica-
tions. Therefore, in these high-risk settings, identification
of aspirin-resistant individuals using simple and rapid
platelet function analyzers should be performed in order
to decide whether or not clopidogrel may be discontin-
ued.
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