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Stent thrombosis (ST) is a rare but potentially life-threatening event that can follow percutaneous coronary
intervention (PCl) with stent implantation. Several factors related to procedure or patient features can favor
thrombus formation and development of ST. Dual antiplatelet therapy (DAPT) with aspirin and P2Y, inhibi-
tors is the cornerstone of strategy for reducing incidence of ST. Two main causes of DAPT failure have been
identified: the inappropriately premature antiplatelet therapy discontinuation and hyporesponsiveness to
antiplatelet drugs. There is growing evidence that a residual high on-treatment platelet reactivity (HPR) is
associated with increased risk of thrombotic complications after PCl, including ST. In recent years numerous
platelet function tests were developed and some of these have been extensively used in clinical studies to
evaluate residual platelet reactivity, after antiplatelet drugs administration. The identification of patients
with HPR is fundamental for optimization of antiplatelet treatment. Nevertheless first studies suggested
that achieving a more intense platelet inhibition, switching from standard to an intensified treatment regi-
men on the basis of platelet reactivity, has failed to show any benefit in terms of clinical events. Certainly
individualized pharmacological treatment of patients undergoing PCl remains one most important objective
in order to prevent serious PCl complications, such as ST.

SOUHRN

Trombodza stentu (stent thrombosis — ST) je sice vzdcnou, ale potencidlné Zivot ohrozujici pfihodou, s niz
se Ize setkat po perkutanni koronarni intervenci (percutaneous coronary intervention — PCl) s implantaci
stentu. Ke vzniku trombu a rozvoji ST maze pfispivat nékolik faktorl souvisejicich se samotnym vykonem
nebo charakteristikami pacienta. Zdkladem strategie ke snizeni vyskytu ST je dudlni protidestickova lécba
(dual antiplatelet therapy — DAPT) s kyselinou acetylsalicylovou a inhibitory P2Y,,. Byly zjistény dvé hlavni
pficiny neuspésné DAPT: nevhodné predcasné ukoncena protidestickové Iécba a snizena odpovéd na an-
tiagregancia. Pribyva dukazd o tom, Ze rezidualni vysoka reaktivita béhem lécby (high platelet reactivity
- HPR) je spojena se zvysenym rizikem trombotickych komplikaci véetné ST po PCI. V poslednich letech byla
vyvinuta fada testG na stanoveni funkce krevnich desticek; nékteré z téchto testli se ve velké mife pouzivaji
v klinickych studiich pfi stanoveni rezidudlni reaktivity desticek po podani antiagregancii. Pro optimalizaci
protidestickové Iécby je naprosto nezbytné vyhledavani pacientt s HPR. Prvni studie nicméné naznacily,
Ze dosazeni intenzivnéjsi inhibice krevnich desticek po prevedeni pacienta ze standardniho na intenzivni
|écebny rezim podle reaktivity desticek nezajistilo zadny pfinos ve smyslu incidence ptihod. Neni pochyb
o tom, Ze individualizovana farmakoterapie u pacientl absolvujicich PCl zGstava i nadéle jednim z hlavnich
cila v usili o predchazeni vzniku zévaznych komplikaci — véetné ST - v souvislosti s PCI.
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Introduction

Percutaneous coronary intervention (PCl) with stent im-
plantation is currently the treatment of choice for coro-
nary revascularization in patients affected by coronary
artery disease (CAD). Although the introduction of dual
antiplatelet therapy (DAPT) with aspirin and P2Y,, inhi-
bitors has resulted in a dramatic decrease in the inciden-
ce of recurrent ischemic complications after PCl [1-3],
cardiovascular events following stent implantation still
occur in a clinically significant proportion of patients
[4,5]. Stent thrombosis (ST) is a potentially life-threate-
ning event, most frequently associated with ST elevation
myocardial infarction (STEMI) or sudden cardiac death,
resulting from abrupt vessel closure. Mortality rates asso-
ciated with ST vary from 20% to 45% [6-9].

Stent thrombosis and platelet inhibition

The Academic Research Consortium (ARC) has elaborated spe-
cific criteria for ST diagnosis, with the aim to propose a defini-
tion that could be uniformly applied in clinical trials and daily
practice. According to the degree of certainty, ST is defined as
“definite” in the presence of angiographic or pathologic con-
firmation; “probable” in case of unexplained death occurring
within 30 days after the procedure, or myocardial infarction
(MI) at any time in the territory of implanted stent; “possible”
when unexplained death occurs beyond 30 days from proce-
dure. According to the time of presentation, ST is defined as
"acute” (within 24 h from stent implantation), “early” (occur-
ring in the first 30 days after stent implantation), “late” (be-
tween 31 days and 12 months from the index procedure) and
“very late” (after 12 months from angioplasty) [10]. Several
factors can favor thrombus formation and development of
ST [7-9,11-18]. Acute ST is generally associated to “procedure
related” factors, such as stent underexpansion or malapposi-
tion, “edge” dissection, stent fracture, reduced TIMI (Throm-
bolysis in Myocardial Infarction) flow grade at the end of the
procedure [7,9,13]. Early and late ST are usually related to le-
sion characteristics: long lesion length, small vessel diameter,
treatment of saphenous vein graft, chronic total occlusion or
bifurcation lesions are predictors of increased risk of ST [7-
9,11,12]. Similarly, various clinical characteristics are strongly
associated with the risk of ST: diabetes mellitus, acute coro-
nary syndrome, neoplasms, advanced age, hypersentivity to
polymer or drug, discontinuation of DAPT or hyposensitivity
to antiplatelet drug [7-9,11,12,14-16]. Finally risk factors for
very late stent thrombosis are still not well characterized, but
instrumental and pathological evidences have underlined the
fundamental role of incomplete stent healing and local in-
flammation in the development of ST also after several years
from PCI [17,18].

Nowadays the maintenance of adequate platelet inhibi-
tion is the cornerstone of ST prevention and DAPT is the
mainstay strategy for reducing incidence of ST. Two main
causes of DAPT failure have been identified: the inappro-
priately premature antiplatelet therapy discontinuation
and hyporesponsiveness to antiplatelet drugs. Many obser-
vational studies have shown a clear relation between pre-
mature DAPT discontinuation and poor clinical outcomes,

especially in drug-eluting stent (DES) treated patients [8,19-
21]. In the PREMIER registry, among 500 Ml patients treated
with DES, mortality rates at 1-year were significantly higher
in patients who withdrew thienopydirine treatment than in
those who continued appropriate therapy (7.5% vs 0.7%,
p < 0.0001) [8]. In a series of 3021 DES treated patients, the
rate of ST at 18 months was 1.9% (58 patients) and rate of
ST within 6 months was 1.4 % (42 patients). Data from mul-
tivariable analysis identified P2Y, inhibitors discontinuation
as a major independent predictor of ST within 6 months (HR
13.74; 65% Cl, 4.04-46.68; p < 0.001) [21]. A retrospective
analysis in 1293 patients treated with sirolimus eluting stent
found no significant difference between treatment with
DAPT withdrawn within or beyond 6 months (1.3% versus
2.6%, p = 0.197). However, patients treated with DAPT for
longer than 6 months presented a significantly higher inci-
dence of major bleeding (HR 3.623; 95% Cl, 1.763-7.444; p
< 0.001), including intracranial hemorrhage (HR 4.545; 95%
Cl; 1.083-19.068, p = 0.039) [22]. Concern about bleeding
complications is also due to the evidence of their impor-
tant clinical impact on outcomes of patients undergoing
PCl [23,24]. A subsequent study on a population of 2701
patients treated with DES has shown that treatment with
DAPT, for more than 12 months, was not significantly more
effective than aspirin alone [25]. No difference in the inci-
dence of ST was found in another study of 2013 patients
randomized to receive DAPT for 6 versus 24 months [26].
Despite current guidelines recommending DAPT for 6-12
months after DES implantation and for 12 months after an
acute coronary syndrome regardless of the type of stent im-
planted [27], data on optimal DAPT timing are not conclu-
sive, and maybe definitive answers could come from several
ongoing randomized clinical trials [28,29].

The role of platelet reactivity

Recently, the discussion about antiplatelet treatment has fo-
cused on the problem of responsiveness to drug treatment.
Various investigations have shown that in patients with
decreased response to clopidogrel, residual high platelet
reactivity (HPR) is associated with increased risk of throm-
botic complications after PCl [30-38]. Numerous platelet
function tests are nowadays available, some of which have
been extensively used in clinical studies to evaluate residu-
al platelet reactivity after antiplatelet drugs administrati-
on [39]. Light transmittance aggregometry (LTA) is actually
considered the gold standard method to assess platelet
function. It is based on the measure of light transmission
through platelet rich plasma after exposure to an agonist
(i.e. adenosine diphosphate) with platelet poor plasma as
reference. This method requires special training and it is
time-consuming, therefore may not be suitable for rou-
tine clinical use [40,41]. Another method is the platelet
vasodilator-stimulated phosphoprotein (VASP) phosphory-
lation assessment, which is based on the flow cytometry
evaluation of P2Y,, receptor inhibition. Similarly to LTA,
this assay is not routinely used in clinical practice as it re-
quires dedicated training and time-consuming laboratory
procedures [40,42]. Currently, several tests are also avail-
able for a point of care evaluation of platelet reactivity:
the VerifyNow P2Y12 (Accumetrics, Inc., San Diego, Cali-
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Table 1 - Principal trials investigating role of tailored antiplatelet strategy with P2Y,, inhibitors in percutaneous coronary intervention.

Trials

GRAVITAS [52]

Aradi et al. [54]

EFFICIENT [55]

Bonello et al. [56]

Bonello et al. [57]

TRIGGER-PCI [60]

RESPOND [61]

ARCTIC [63]

Design and study
population

2214 patients with high
platelet on-treatment
platelet reactivity 12 to 24 h
after PCl with drug-eluting
stent

A total population of

200 patients screened for
platelet reactivity and
scheduled for elective PCI.
Randomized 78 patients
with high on-treatment
platelet reactivity 12 to 24
h after 600 mg clopidogrel
loading dose.

A population of 192
screened for platelet
reactivity and scheduled for
elective PCI.

Randomized 94 patients with
high on-treatment platelet
reactivity after 5 days of
treatment with ASA 100 mg
and clopidogrel 75 mg.

162 randomized patients
undergoing PCl screened
for platelet reactivity 24 h
after a 600-mg clopidogrel
load

429 randomized patients
with a low clopidogrel
response after a 600-mg LD
undergoing PCl (screened
for platelet reactivity within
24 h after load)

423 randomized patients
screened for HPR between
2 or 7 h after clopidogrel 75
mg maintenance dose the
morning after PCl

2-way crossover design
enrolling 98 patients

2440 scheduled for
elective PCI

Antiplatelet strategies

Clopidogrel high dose (600
mg load dose, 150 mg daily
thereafter) or clopidogrel
standard dose (no additional
loading dose, 75 mg daily)
for 6 months

Clopidogrel high
maintenance dose (150 mg
daily) or clopidogrel standard
maintenance dose (75 mg
daily) for 4 weeks

Clopidogrel high
maintenance dose (150 mg
daily) or clopidogrel standard
maintenance dose (75 mg
daily) for 4 weeks

VASP guided group (three
additional 600 mg clopidogrel
loads in 24 h) or control
group (clopidogrel standard
dose without additional load)

VASP guided group (three
additional 600-mg clopidogrel
loads in 24 h) or control
group (clopidogrel standard
dose without additional load)

Clopidogrel (75 mg daily) vs
prasugrel (10 mg daily)

Phase 1: nonresponders

(n =41) and responders (n
=57) randomly received
clopidogrel (600 mg/75 mg
once daily) or ticagrelor (180
mg/90 mg twice daily) for

14 days

Phase 2: all nonresponders
switched treatment

Monitoring group
(adjustment of antiplatelet
therapy according to platelet
function test) or
Conventional group
(conventional treatment not
adjusted according to platelet
function test)

Laboratory methods and
HPR definition

VerifyNow Assay
PRU > 230

ADP 5 pmol/L
induced

maximal aggregation
values > 34% (LTA)

VerifyNow Assay
percent of inhibition < 40%,
ARU > 550

VASP index > 50%

VASP index > 50%

VerifyNow Assay
PRU > 208

ADP 20 pmol/L

induced the absolute
change in platelet
aggregation (maximum
extent) was < 10%

VerifyNow Assay
ARU 2> 550
PRU > 235

Main results

No significant difference

in the incidence of
cardiovascular death,
nonfatal MI, or ST between
two groups

CV death, Ml or TVR was
significantly

higher in the HPR + 75 mg
group compared to patients
with high clopidogrel
maintenance dose or

to patients with normal
platelet reactivity

6 months MACCE
significantly higher in
the HPR + 75 mg group
compared to patients
randomized to 150 mg
clopidogrel or to patients
with HPR

1-month MACCE significantly
higher in clopidogrel control
group

Rate of stent thrombosis
was significantly lower in the
VASP-guided group

Prasugrel treatment was
effective in reducing HPR
but no clinical benefit for
the low rate of adverse
ischemic events

Treatment with ticagrelor,
regardless of clopidogrel
response, induces

a reduction of platelet
reactivity below the cut-off
point for ischemic events

No difference in incidence

of death, M|, ST, stroke or

urgent revascularization at
1-year follow up

fornia), the Multiplate analyzer (Dynabyte, Munich, Ger-
many), the Platelet Function Assay-100 (PFA-100 System;
Dade Behring, Miami, Florida) and Plateletworks (Helena
Laboratories, Beaumont, Texas) assays. In particular the
VerifyNow P2Y12 assay is based on the measure of ADP-in-
duced platelet aggregation, with results reported as P2Y,,
reaction units (PRU). The lower the PRU value, the greater
the degree of P2Y,, receptor inhibition by clopidogrel and

vice versa [40,43]. The Multiplate analyzer is based on im-
pedance multiple electrode platelet aggregometry (MEA)
and results are reported as aggregation units (AU). Both
assays do not require a particular training, are not time-
-consuming and require whole blood samples [40,44].

A large proportion of patients treated with clopidogrel
show an impaired response to this drug and high residual
platelet reactivity [42,44-50], which has been extensively
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demonstrated to result in increased rates of ischemic com-
plications after PCl [28-36]. In the CREST study patients
who experienced ST had significantly higher platelet reac-
tivity in clopidogrel, as assessed with LTA, VASP, and grea-
ter incidence of HPR (defined as > 75th percentile for 5 and
20 pymol/L ADP induced aggregation in the group without
ST and > 75th percentile of VASP values) [46]. Similarly,
Hobson et al. found significantly higher platelet reactivity
on clopidogrel in patients with ST, using the VerifyNow
P2Y12 (PRU 183 + 51 vs. 108 = 31, p = 0.02) [47]. In a Swe-
dish Registry, mean PRU levels during clopidogrel treatment
was found to be higher in patients with ST than in control
(246.8 + 75.98 vs. 200.0 = 82.7, p = 0.001). In this study,
the optimal cut-off to predict ST was a PRU value > 222
(AUC 0.69, p < 0.0001 in a receiver operating characteristic
analysis) [48]. In another prospective observational study
enrolling 804 patients, clopidogrel resistance (defined as
platelet aggregation by 10 umol/L ADP > 90th percentile of
controls [70%] at LTA) was associated with increased risk
of ST (8.6% vs 2.3%, p < 0.001) and was identified as an
independent predictor of ST (HR 3.08: 95% Cl; 1.37-7.16, p
= 0.009) [49]. In a series of 1608 DES treated patients, the
30-day incidence of definite ST and cumulative incidence
of death and ST were higher in clopidogrel low respond-
ers (defined by MEA cut-off value of 416 AU-min) than in
normal responders (respectively 2.2% vs 0.2%, p < 0.0001;
3.1% vs 0.6%, p < 0.001) [50]. More recently, in the POPU-
LAR (Point-of-Care Platelet Function Assays Predict Clinical
Outcomes in Clopidogrel Pre-Treated Patients Undergo-
ing Elective PCl) study, which evaluated in a head-to-head
comparison six different platelet function test (LTA, Veri-
fyNow, Plateletworks, IMPACT-R, PFA ADP, PFA Innovance
P2Y12), three tests (LTA, VerifyNow and Plateletworks)
were found to be predictive of atherothrombotic events,
however, none of the tests was identified to be predic-
tive of ST [36]. Finally another important issue is related to
the increased risk of ST associated to the presence of dual
non-responsiveness to both clopidogrel and aspirin. An
observational study involving 746 DES treated patients
showed an incidence of dual non-responsiveness to clopi-
dogrel and aspirin (evaluated by LTA) of 6%; in this group,
the incidence of definite/probable ST (11.1%) was signifi-
cantly higher than in patients responders to both clopido-
grel and aspirin, or in patients with isolate clopidogrel or
aspirin hyporesponsiveness (respectively 2.1%, p < 0.001;
2.2%, p < 0.005; and 2.3%, p < 0.005) [51].

Issues on tailored antiplatelet therapy

Once established HPR as a risk factor for development of
ST, the issue remains to find a strategy to prevent this con-
dition. One possibility to achieve a greater platelet inhi-
bition resides in the administration of higher dose of clo-
pidogrel. In the GRAVITAS (Gauging Responsiveness with
A VerifyNow assay — Impact on Thrombosis And Safety)
trial, 2214 patients with HPR after coronary stenting were
randomized to receive clopidogrel high dose (600-mg loa-
ding dose plus 150 mg daily thereafter) versus a standard
dose (no additional loading dose plus conventional 75 mg
daily). Platelet reactivity after PCl was assessed by Verify-
Now P2Y12 assay (Accumetrics, Inc., San Diego, Califor-

nia). At 6-month follow up no significant difference in the
incidence of composite primary endpoint (cardiovascular
death, nonfatal MI, or ST) was observed between patients
who received clopidogrel high dose and standard dose
(2.3% vs. 2.3%, HR 1.01, 95% Cl 0.58-1.76; p = 0.97) [52].
These disappointing results suggested the scarce effecti-
veness of tailoring antiplatelet treatment on the basis of
bedside platelet function test. However, different aspects
of GRAVITAS need to be discussed. One potential pro-
blem is the timing of platelet reactivity assessment (12-24
h after PCl), as during the first 24 h after the procedure
platelet reactivity could increase in reason of PCl itself
[53]. Another important point is the low risk profile of
the population enrolled, which was unlike to additionally
benefit from a more aggressive antiplatelet treatment.
Other trials have tested the assumption to achieve a be-
tter outcome with a more aggressive use of antiplatelet
drug in patients with on clopidogrel HPR (Table 1). Aradi
et al. in a small study found a significant decrease in plate-
let reactivity, assessed by LTA, with the administration of
one month of clopidogrel 150-mg maintance dose in HPR
patients. The primary composite endpoint (cardiovascular
death, MI or target vessel revascularization — TVR) was
higher in HPR patients receiving clopidogrel standard
dose versus HPR patients receiving double clopidogrel
dose (24.6% vs. 3.1%, p = 0.01) or versus patients with nor-
mal platelet reactivity (9.4%, p = 0.01) [54]. In the EFFICI-
ENT (EFFect of high-dose Clopldogrel treatmENT) trial in
elective PCl patients with clopidogrel resistance (defined as
a percent of inhibition lower than 40% at VerifyNow P2Y12
Assay), the administration of higher clopidogrel dose (150
mg) was more effective than standard dose in preventing
MACCE [55]. Bonello et al. showed better clinical outcomes
by using incremental clopidogrel loads to overcome HPR as
assessed by VASP [56,57]. The advent of new more potent
P2Y,, inhibitors has offered new options to reduce the rate
of patients with inadequate inhibition of P2Y,, receptor
[58,59]. The TRIGGER-PCI (Testing platelet Reactivity In
patients underGoing elective stent placement on clopi-
dogrel to Guide alternative thErapy with pRasugrel) trial
investigated the effectiveness and the safety of prasugrel
versus clopidogrel in patients with HPR after non-urgent
PCl with DES implantation [60]. This study demonstrated
the efficacy of switching from clopidogrel to prasugrel to
achieve greater platelet inhibition, however, no clinical be-
nefit was observed with this tailored antiplatelet strategy
for HPR. Similarly the RESPOND (Response to Ticagrelor
in Clopidogrel Nonresponders and Responders and the
Effect of Switching Therapy) trial [61] has shown that tre-
atment with ticagrelor, regardless of clopidogrel respon-
se, induces a reduction of platelet reactivity below the
cut-off point for ischemic events (defined as > 59% 20
pmol/L ADP-induced maximal platelet aggregation, > 235
PRU based on the VerifyNow P2Y12 assay, and > 50% Pla-
telet Reactivity Index based on the VASP phosphorylation
assay). Recently a meta-analysis of 10 randomized trials
testing the efficacy of intensified antiplatelet therapy on
the basis of platelet reactivity shows the effectiveness of
a tailored treatment in reducing cardiovascular mortality.
Interestingly the net clinical benefit of the tailored thera-
py was found to be greater in patients at higher risk for
ST [62].
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More recently, the ARCTIC (Assessment by a Double
Randomization of a Conventional Antiplatelet Strategy
versus a Monitoring-guided Strategy for Drug-Eluting
Stent Implantation and of Treatment Interruption ver-
sus Continuation One Year after Stenting) trial [63]
showed no significant improvement in clinical outcome
in patients with an adjustment of treatment strategy gui-
ded by platelet reactivity assessed with VerifyNow. 2440
scheduled for PCl were randomly assigned to a treatment
based on platelet reactivity or a conventional therapy.
Treatment strategies in HPR patient were the following:
intravenous aspirin in case of aspirin resistance and ad-
ministration of glycoprotein llb/llla inhibitors, and an ad-
ditional loading dose of clopidogrel (at a dose of > 600
mg) or a loading dose of prasugrel (at a dose of 60 mg)
for clopidogrel resistance. Subsequently patients received
daily dose of clopidogrel 150 mg or prasugrel 10 mg. Oth-
er adjustments of treatment were evaluated with platelet
function tests at 14 and 30 days after procedure. At 1-year
follow-up the incidence of primary endpoint (death from
any cause M, ST, stroke or transient ischemic attack, or
urgent revascularization) was 31.1% in conventional
group and 34.6% in the monitoring group (p = 0.10); in
the same way no difference was found in incidence of ST
between two groups (0.7% vs 1.0%, p = 0.51).

Conclusions

ST is currently considered one of most serious and life-
-threatening events following PCl with stent implanta-
tion. Possible strategies to reduce the incidence of these
complications could reside in the improvement of stent
and device technology, and in the optimization of peri-
procedural and maintenance drug treatment. Although
high residual platelet reactivity has been demonstrated
to be a predictor of ST, no evidence thus far exists on
the effectiveness of tailoring antiplatelet therapy on
the basis of platelet function tests. Although achieving
a more intense platelet inhibition, switching from stan-
dard to an intensified treatment regimen has failed to
show any benefit in terms of clinical events. The reasons
for this lack of benefit are not clear; however, may be
related to the selection of antiplatelet strategy or patient
population. The option of selecting patients on the basis
of genetic profile is also open, although no relevant data
are available yet on-treatment tailoring based on gene-
tic testing. Nevertheless, individualized pharmacological
treatment in PCl patients represents one major aim in
order to prevent ischemic and bleeding complication fo-
llowing percutaneous procedure.

References

[1] M.E. Bertrand, H.J. Rupprecht, P. Urban, A.H. Gershlick, for
the CLASSICS Investigators, Double-blind study of the safety of
clopidogrel with and without a loading dose in combination
with aspirin compared with ticlopidine in combination with
aspirin after coronary stenting: the clopidogrel aspirin stent
international cooperative study (CLASSICS), Circulation 102
(2000) 624-629.

[2] S. Yusuf, F. Zhao, S.R. Mehta, et al., Clopidogrel in Unstable
Angina to Prevent Recurrent Events Trial Investigators. Effects
of clopidogrel in addition to aspirin in patients with acute

[3]

[4]

[5]

[6]

[7]

(8]

[l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

coronary syndromes without ST-segment elevation, The New
England Journal of Medicine 345 (2001) 494-502.

S.R. Mehta, S. Yusuf, R.J. Peters, et al.; Clopidogrel in Unstable
angina to prevent Recurrent Events trial (CURE) Investigators,
Effects of pretreatment with clopidogrel and aspirin followed
by long-term therapy in patients undergoing percutaneous
coronary intervention: the PCI-CURE study, Lancet 358 (2001)
527-533.

J.M. Stolker, D.J. Cohen, J.B. Lindsey, et al., Mode of death
after contemporary percutaneous coronary intervention:

a report from Evaluation of Drug Eluting Stents and Ischemic
Event registry, American Heart Journal 162 (2011) 914-921.
E.L. Hannan, M. Racz, G. Walford, Out-of-hospital deaths
within 30 days following hospitalization where percutaneous
coronary intervention was performed, American Journal of
Cardiology 109 (2012) 47-52.

E.P. McFadden, E. Stabile, E. Regar, et al., Late thrombosis

in drug-eluting coronary stents after discontinuation of
antiplatelet therapy, Lancet 64 (2004) 1519-1522.

I. lakovou, T. Schmidt, E. Bonizzoni, et al., Incidence, predictors
and outcome of thrombosis after successful implantation

of drug eluting stents, JAMA: The Journal of the American
Medical Association 293 (2005) 2126-2130.

J.A. Spertus, R. Kettelkamp, C. Vance, et al., Prevalence,
predictors and outcomes of premature discontinuation of
thienopyridine therapy after drug eluting stent placement:
results from the PREMIER registry, Circulation 113 (2006)
2803-2809.

J. van Werkum, A.A. Heestermans, A.C. Zomer, et al.,
Predictors of coronary stent thrombosis. The Dutch stent
thrombosis registry, Journal of the American College of
Cardiology 53 (2009) 1399-1409.

D.E. Cutlip, S. Windecker, R. Mehran, et al.; Academic Research
Consortium, Clinical end points in coronary stent trials: a case
for standardized definitions, Circulation 115 (2007) 2344-2351.
P. Wenaweser, J. Daemen, M. Zwahlen, et al., Incidence and
correlates of drug-eluting stent thrombosis in routine clinical
practice. 4-year results from a large 2-institutional cohort
study, Journal of the American College of Cardiology 52 (2008)
1134-1140.

D.R. Holmes Jr, D.J. Kereiakes, S. Garg, et al., Stent thrombosis,
Journal of the American College of Cardiology 56 (17) (2010)
1357-1365.

K. Fujii, S.G. Carlier, G.S. Mintz, et al., Stent underexpansion
and residual reference segment stenosis are related to stent
thrombosis after sirolimus-eluting stent implantation: an
intravascular ultrasound study, Journal of the American
College of Cardiology 45 (2005) 995-998.

J.M. de la Torre-Hernandez, F. Alfonso, F. Hernandez, et al.;
ESTROFA Study Group, Drug-eluting stent thrombosis: results
from the multicenter Spanish registry ESTROFA (Estudio
ESpanol sobre TROmbosis de stents FArmacoactivos), Journal
of the American College of Cardiology 51 (2008) 986-990.

G. Leibundgut, F. Nietlispach, U. Pittl, et al., Stent thrombosis
up to 3 years after stenting for ST-segment elevation
myocardial infarction versus for stable angina — comparison of
the effects of drug-eluting versus bare-metal stents, American
Heart Journal 158 (2009) 271-276.

C. Stettler, S. Allemann, S. Wandel, et al., Drug eluting and
bare metal stents in people with and without diabetes:
collaborative network meta-analysis, British Medical Journal
(Clinical Research) 337 (2008) a1331.

A.V. Finn, M. Joner, G. Nakazawa, et al., Pathological correlates
of late drug-eluting stent thrombosis: strut coverage as a marker
of endothelialization, Circulation 115 (2007) 2435-2441.

B.X. Chen, F.Y. Ma, W. Luo, et al., Neointimal coverage of
bare-metal and sirolimus-eluting stents evaluated with optical
coherence tomography, Heart 94 (2008) 566-570.

S. Schulz, T. Schuster, J. Mehilli, et al., Stent thrombosis

after drug-eluting stent implantation: incidence, timing,

and relation to discontinuation of clopidogrel therapy over

a 4-year period, European Heart Journal 30 (2009) 2714-2721.
R. Rossini, D. Capodanno, C. Lettieri, et al., Prevalence,
predictors, and long-term prognosis of premature



194

Stent thrombosis and platelet reactivity

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

discontinuation of oral antiplatelet therapy after drug
eluting stent implantation, American Journal of Cardiology
107 (2011) 186-194.

F. Airoldi, A. Colombo, N. Morici, et al., Incidence and
predictors of drug-eluting stent thrombosis during and
after discontinuation of thienopyridine treatment,
Circulation 116 (2007) 745-754.

T. Nakagawa, Y. Hiasa, S. Hosokawa, et al., The potential
benefits and risks of the use of dual antiplatelet therapy
beyond 6 months following sirolimus-eluting stent
implantation for low-risk patients, Journal of Cardiology 54
(2011) 283-289.

G. Ndrepepa, P.B. Berger, J. Mehilli, et al., Periprocedural
bleeding and 1-year outcome after percutaneous coronary
interventions: appropriateness of including bleeding as

a component of a quadruple end point, Journal of the
American College of Cardiology 51 (2008) 690-697.

F. Feit, M.D. Voeltz, M.J. Attubato, et al., Predictors and
impact of major hemorrhage on mortality following
percutaneous coronary intervention from the REPLACE-2
Trial, American Journal of Cardiology 100 (2007) 1364—
1369.

S.J. Park, D.W. Park, Y.H. Kim, et al., Duration of dual
antiplatelet therapy after implantation of drug-eluting
stents, The New England Journal of Medicine 362 (2010)
1374-1382.

M. Valgimigli, G. Campo, M. Monti, et al.; Prolonging

Dual Antiplatelet Treatment After Grading Stent-Induced
Intimal Hyperplasia Study (PRODIGY) Investigators, Short-
versus long-term duration of dual-antiplatelet therapy
after coronary stenting: a randomized multicenter trial,
Circulation 125 (2012) 2015-2026.

W. Wijns, P. Kolh, N. Danchin, et al., Guidelines on
myocardial revascularization, European Heart Journal 31
(2010) 2501-2555.

R.A. Byrne, S. Schulz, J. Mehilli, et al.; Intracoronary
Stenting and Antithrombotic Regimen: Safety And EFficacy
of Six Months Dual Antiplatelet Therapy After Drug-Eluting
Stenting (ISAR-SAFE) Investigators, Rationale and design
of a randomized, double-blind, placebo-controlled trial of
6 versus 12 months clopidogrel therapy after implantation
of a drug-eluting stent: The Intracoronary Stenting and
Antithrombotic Regimen: Safety And EFficacy of 6 Months
Dual Antiplatelet Therapy After Drug-Eluting Stenting
(ISAR-SAFE) study, American Heart Journal 157 (2009)
620-624.e2.

L. Mauri, D.J. Kereiakes, S.L. Normand, et al., Rationale
and design of the dual antiplatelet therapy study,

a prospective, multicenter, randomized, double-blind

trial to assess the effectiveness and safety of 12 versus 30
months of dual antiplatelet therapy in subjects undergoing
percutaneous coronary intervention with either drug-
-eluting stent or bare metal stent placement for the
treatment of coronary artery lesions, American Heart
Journal 130 (2010) 1035-1041.

P.A. Gurbel, K.P. Bliden, K. Guyer, et al., Platelet reactivity
in patients and recurrent events post-stenting: results

of the PREPARE POST-STENTING study, Journal of the
American College of Cardiology 46 (2005) 1820-1826.

W. Hochholzer, D. Trenk, H.P. Bestehorn, et al., Impact

of the degree of peri-interventional platelet inhibition
after loading with clopidogrel on early clinical outcome of
elective coronary stent placement, Journal of the American
College of Cardiology 48 (2006) 1742-1750.

T. Cuisset, C. Frere, J. Quilici, et al., High post-treatment
platelet reactivity identified low-responders to dual
antiplatelet therapy at increased risk of recurrent
cardiovascular events after stenting for acute coronary
syndrome, Journal of Thrombosis and Haemostasis 4 (2006)
542-549.

M.J. Price, S. Endemann, R.R. Gollapudi, et al., Prognostic
significance of post-clopidogrel platelet reactivity assessed
by a point-of-care assay on thrombotic events after drug-
-eluting stent implantation, European Heart Journal 29
(2008) 992-1000.

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

G. Patti, A. Nusca, F. Mangiacapra, et al., Point-of-care
measurement of clopidogrel responsiveness predicts
clinical outcome in patients undergoing percutaneous
coronary intervention results of the ARMYDA-PRO
(Antiplatelet therapy for Reduction of MYocardial
Damage during Angioplasty-Platelet Reactivity Predicts
Outcome) study, Journal of the American College of
Cardiology 52 (2008) 1128-1133.

R. Marcucci, A.M. Gori, R. Paniccia, et al., Cardiovascular
death and nonfatal myocardial infarction in acute
coronary syndrome patients receiving coronary stenting
are predicted by residual platelet reactivity to ADP
detected by a point-of-care assay: a 12-month follow-up,
Circulation 119 (2009) 237-242.

N.J. Breet, J.W. van Werkum, H.J. Bouman, et al.,
Comparison of platelet function tests in predicting

clinical outcome in patients undergoing coronary stent
implantation, JAMA: The Journal of the American Medical
Association 303 (2010) 754-762.

F. Mangiacapra, E. Barbato, G. Patti, et al., Point-of-care
assessment of platelet reactivity after clopidogrel to
predict myonecrosis in patients undergoing percutaneous
coronary intervention, JACC. Cardiovascular Interventions
3(3) (2010) 318-323.

F. Mangiacapra, G. Patti, A. Peace, et al., Comparison

of platelet reactivity and periprocedural outcomes in
patients with versus without diabetes mellitus and treated
with clopidogrel and percutaneous coronary intervention,
American Journal of Cardiology 106 (5) (2010) 619-623.
A.D. Michelson, Methods for the measurement of platelet
function, American Journal of Cardiology 103 (2009) 20A-26A.
M.J. Price, Bedside evaluation of thienopyridine
antiplatelet therapy, Circulation 119 (2009) 2625-2632.
M. Cattaneo, C.P. Hayward, K.A. Moffat, et al., Results of
a worldwide survey on the assessment of platelet function
by light transmission aggregometry: a report from the
platelet physiology subcommittee of the SSC of the ISTH,
Journal of Thrombosis and Haemostasis 7 (2009) 1029.

P. Barragan, J.L. Bouvier, P.O. Roquebert, et al., Resistance
to thienopyridines: clinical detection of coronary stent
thrombosis by monitoring of vasodilator-stimulated
phosphoprotein phosphorylation, Catheterization and
Cardiovascular Interventions 59 (2003) 295-302.

D. Sibbing, S. Braun, S. Jawansky, et al., Assessment of
ADPinduced platelet aggregation with light transmission
aggregometry and multiple electrode platelet
aggregometry before and after clopidogrel treatment,
Thrombosis and Haemostasis 99 (2008) 121-126.

J.M. Siller-Matula, G. Christ, .M. Lang, et al., Multiple
electrode aggregometry predicts stent thrombosis

better than the vasodilator-stimulated phosphoprotein
phosphorylation assay, Journal of Thrombosis and
Haemostasis 8 (2010) 351-359.

S. Rajendran, D. Perikh, I. Shugman, et al., High on
treatment platelet reactivity and stent thrombosis, Heart,
Lung & Circulation 20 (2011) 525-531.

P.A. Gurbel, K.P. Bliden, S. Waiel, et al., Clopidogrel effect
on platelet reactivity in patients with stent thrombosis:
results of the CREST Study, Journal of the American
College of Cardiology 46 (2005) 1827-1832.

A.R. Hobson, G. Petley, G. Morton, et al., Point-of-

-care platelet function assays demonstrate reduced
responsiveness to clopidogrel, but not aspirin, in patients
with Drug-Eluting Stent Thrombosis whilst on dual
antiplatelet therapy, Thrombosis Journal 6 (2008) 1.

C. Varenhorst, S. Koul, D. Erlinge, et al., Relationship
between clopidogrel-induced platelet P2Y 12 inhibition
and stent thrombosis or myocardial infarction after
percutaneous coronary intervention — a case-control
study, American Heart Journal 162 (2011) 363-371.

P. Buonamici, R. Marcucci, A. Migliorini, et al., Impact of
platelet reactivity after clopidogrel administration on
drug-eluting stent thrombosis, Journal of the American
College of Cardiology 49 (2007) 2312-2317.



E. Ricottini, F. Mangiacapra, G. Di Sciascio

195

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

D. Sibbing, S. Braun, T. Morath, et al., Platelet reactivity after
clopidogrel treatment assessed with point-of-care analysis and
early drug-eluting stent thrombosis, Journal of the American
College of Cardiology 53 (2009) 849-856.

A.M. Gori, R. Marcucci, A. Migliorini, et al., Incidence and
clinical impact of dual non-responsiveness to aspirin and
clopidogrel in patients with drug-eluting stents, Journal of the
American College of Cardiology 52 (2008) 734-739.

M.J. Price, P.B. Berger, P.S. Teirstein, et al.; GRAVITAS
investigators, Standard- vs high-dose clopidogrel based

on platelet function testing after percutaneous coronary
intervention: the GRAVITAS randomized trial, JAMA: The
Journal of the American Medical Association 305 (2011)
1097-1105.

F. Mangiacapra, J. Bartunek, N. Bijnenes, et al., Periprocedural
variations of platelet reactivity during elective percutaneous
coronary intervention, Journal of Thrombosis and Haemostasis
10 (2012) 1-10.

D. Aradi, O. Rideg, A. Vorobcsuk, et al., Justification of 150
mg clopidogrel in patients with high on-clopidogrel platelet
reactivity, European Journal of Clinical Investigation 42 (2012)
384-392.

H. Ari, H. Ozkan, A. Karacinar, et al., The EFFect of high-dose
Clopldogrel treatmENT in patients with clopidogrel resistance
(the EFFICIENT trial), International Journal of Cardiology 157
(2012) 374-380.

L. Bonello, L. Camoin-Jau, S. Arques, et al., Adjusted
clopidogrel loading doses according to vasodilator-stimulated
phosphoprotein phosphorylation index decrease rate of major
adverse cardiovascular events in patients with clopidogrel
resistance: a multicenter randomized prospective study,
Journal of the American College of Cardiology 51 (2008)
1404-1411.

L. Bonello, L. Camoin-Jau, S. Armero, et al., Tailored
clopidogrel loading dose according to platelet reactivity

[58]

[59]

[60]

[61]

[62]

[63]

monitoring to prevent acute and subacute stent thrombosis,
American Journal of Cardiology 103 (2009) 5-10.

S.D. Wiviott, E. Braunwald, C.H. McCabe, et al.; TRITON-TIMI
38 Investigators, Prasugrel versus clopidogrel in patients
with acute coronary syndromes, The New England Journal
of Medicine 357 (2007) 2001-2015.

L. Wallentin, R.C. Becker, A. Budaj, et al.; PLATO
Investigators, Ticagrelor versus clopidogrel in patients with
acute coronary syndromes, The New England Journal of
Medicine 361 (2009) 1045-1057.

D. Trenk, G.W. Stone, M. Gawaz, et al., A randomized

trial of prasugrel versus clopidogrel in patients with high
platelet reactivity on clopidogrel after elective percutaneous
coronary intervention with implantation of drug-eluting
stents: results of the TRIGGER-PCI (Testing Platelet Reactivity
In Patients Undergoing Elective Stent Placement on
Clopidogrel to Guide Alternative Therapy With Prasugrel)
study, Journal of the American College of Cardiology 59
(2012) 2159-2164.

P.A. Gurbel, K.P. Bliden, K. Butler, et al., Response to ticagrelor
in clopidogrel nonresponders and responders and effect of
switching therapies: the RESPOND study, Circulation 121 (2010)
1188-1199.

D. Aradi, A. Komdcsi, M.J. Price, et al.; On behalf of the
Tailored Antiplatelet Treatment Study Collaboration,

Efficacy and safety of intensified antiplatelet therapy on

the basis of platelet reactivity testing in patients after
percutaneous coronary intervention: Systematic review and
meta-analysis, International Journal of Cardiology 2012

Jun 15. [Epub ahead of print] http://dx.doi.org/10.1016/j.
ijcard.2012.05.100

J.P. Collet, T. Cuisset, G. Rangé, et al.; the ARCTIC
Investigators, Bedside monitoring to adjust antiplatelet
therapy for coronary stenting, The New England Journal of
Medicine 367 (2012) 2100-2109.



