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Background: Few data are available about safety of second generation drug eluting stents in an all-comer ST
elevation myocardial infarction (STEMI) population. We sought to investigate the predictors and clinical impli-
cations of 1-year stent thrombosis (ST) in patients with STEMI, included in the EXAMINATION trial.
Methods and results: The EXAMINATION trial is an all-comer prospective, randomized 1:1 controlled trial, testing
everolimus-eluting stent (EES) vs. cobalt chromium bare metal stent (BMS) in STEMI patients. It included 1498
patients, randomized to EES (n = 751) or BMS (n = 747). At 1 year, definite/probable stent thrombosis, de-
fined according to ARC criteria, occurred in 26 patients (1.73%), including 18 definite and 8 probable events.
The incidence of ST was lower in patients treated with EES than in those treated with BMS (HR 0.16, 95% CI
0.03–0.29, p = 0.017). Patients with ST have higher 1-year rates of cardiac death (30.8% vs. 2.5%, p b 0.001),

myocardial infarction (30.8% vs. 0.5%, p b 0.001) and target vessel revascularization (65.4% vs. 4.2%, p b 0.001)
compared with those without. Independent predictors of 1-year definite/probable ST were BMS implantation
at the index procedure (HR 3.41, 95% CI 1.35–8.60), ST segment resolution of at least 70% in the EKG post-PCI
(HR 0.30, 95% CI 0.13–0.70) and Killip class on admission (HR 2.57, 95% CI 1.70–3.90).
Conclusions: ST had low frequency in the first year after implantation of EES/BMS in STEMI patients, but it is as-
sociated with adverse events. BMS implantation, lack of ST-segment resolution and high Killip class on admis-
sion were independent predictors of 1-year ST.
© 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Primary percutaneous coronary intervention (PCI) with stent implan-
tation is the treatment of choice formost patientswith ST-segment eleva-
tion myocardial infarction (STEMI) [1]. Compared with bare metal stents
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(BMS), first generation drug-eluting stents (DES) have been shown to re-
duce restenosis and target lesion revascularization in such patients [2,3].
However, safety concerns emerged regarding an increased risk of stent
thrombosis (ST) with DES, especially in STEMI patients with a high
thrombotic burden [4–7]. Endothelization and healing at the site of DES
implantation in patients with STEMImay be indeed substantially delayed
[8,9].

All these data, however, have been obtained from first-generation
DES, such as sirolimus-eluting and paclitaxel-eluting stents [10,11].
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Table 1
Baseline clinical characteristics.

Variable Stent
thrombosis
(n = 26)

No stent
thrombosis
(n = 1472)

p-value

Age-yr 64.5 ± 11.0 61.4 ± 12.4 b0.001
Male sex, n (%) 22 (84.6) 1222 (83.0) 1.000
BMI 27.2 (3.8) 27.4 (3.9)
Coronary risk factors, n (%):

(Previous) smoker 16 (61.5) 538 (72.4) 0.387
Diabetes mellitus 5 (19.2) 253 (17.2) 0.793
Arterial hypertension 16 (61.5) 709 (48.2) 0.235
Hyperlipidemia 13 (50.0) 642 (43.6) 0.544
Family history 2 (7.7) 251 (17.1) 0.332

Cardiovascular history, n (%):
Prior MI 3 (11.5) 77 (5.2) 0.158
Prior PCI 1 (3.8) 60 (4.1) 1.000
Prior CABG 1 (3.8) 9 (0.6) 0.161
Prior stroke 1 (3.8) 30 (2.0) 0.422

Clinical condition, n (%): 0.870
Primary PCI (b12 h) 22 (84.6) 1246 (84.7)
Rescue PCI 2 (7.7) 96 (6.5)
PCI post successful TBL 0 (0) 34 (2.3)
Latecomer (>12 h b 48 h) 2 (7.7) 95 (6.5)

Clinical status on admission, n (%): b0.001
Killip I 17 (65.4) 1320 (90.0)
Killip II 5 (19.2) 110 (7.5)
Killip III 2 (7.7) 21 (1.4)
Killip IV 2 (7.7) 16 (1.1)

Multivessel disease, n (%) 5 (19.2) 183 (12.4) 0.362
Ejection fraction at discharge 45.0 ± 11.8 51.2 ± 10.4 0.013

BMI = body mass index; MI = myocardial infarction; PCI = percutaneous coronary
intervention; CABG = coronary artery by-pass graft. TBL = thrombolysis.
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Subsequently, second generation DESs have been developed, using
novel materials and designs, with improved biocompatible polymers
and new antiproliferative drugs. These second generation DESs have
shown better performance as compared to first generation DES and
BMS with low rate of ST in on- and off-label lesions [12–16]. The
COMPARE trial, in particular, showed the safety and efficacy of EES
in unselected patients, including 25% of STEMI [13].

The EXAMINATION trial has recently tested the performance of the
everolimus-eluting stent (EES) for the first time in an all comer STEMI
population [17]. In particular it demonstrated equivalence in the com-
posite endpoint of all-cause death, myocardial infarction and all revas-
cularization as compared to BMS. In addition, despite not powered for
this aim, it showed significantly low rates of ST of EES compared with
BMS at 1 year follow-up [17].

Previous analyses, aimed to identify predictors of ST in patients with
STEMI, who received first generation DES implantation, demonstrated
the crucial role of antiplatelet and antithrombotic regimens [18]. We
sought therefore to evaluate the clinical implications and the predictors
of ST occurringwithin the first year after second generation DES implan-
tation versus BMS in patients with STEMI included in the EXAMINATION
trial.

2. Methods

The EXAMINATION trial design has been previously described in detail [19]. In brief, it
was a prospective, randomized, multicenter trial that enrolled all-comer patients with
STEMI. As per inclusion criteria the patient could fall into one of the following categories:
STEMI b 12 h after the onset of symptoms (namely, primary PCI); rescue PCI after failed
thrombolysis; PCI indicated early (b24 h) after effective thrombolysis; and, patients pre-
senting late (“latecomers”) with STEMI (>12 h to b48 h after the onset of symptoms). A
total of 1504 patients at 12 centers in 3 countries were randomized (1:1) to EES (Xience™
V stent) vs. Cobalt–Chromium BMS (Multilink-Vision® stent). The primary endpoint of
the studywas the patient-oriented combined endpoint of all-cause death, anymyocardial
infarction or any revascularization at 1 year according to the Academic Research Consor-
tium (ARC) [20]. The studywas approvedby the institutional reviewboards or ethics com-
mittee at each participating center and all patients signed an informed consent form.

2.1. Index procedure

At the index procedure, patients received appropriate anticoagulation and other
antiplatelet therapies according to standard hospital practice. Either unfractionated
heparin or bivalirudin might be used for procedural anticoagulation. The use of glyco-
protein IIb/IIIa inhibitors was left to the discretion of the investigator. Aspirin (loading
dose 250–500 mg) and clopidogrel (loading dose of at least 300 mg) had to be admin-
istered before PCI for those patients not on chronic antiplatelet treatment. Neither
prasugrel nor ticagrelor was approved during the recruitment period. Clopidogrel
was prescribed for at least one year (75 mg per day) and aspirin (100 mg) indefinitely.
Manual thrombectomy followed by direct stenting was the recommended technique in
this setting, although other devices could also be used if considered necessary. Opera-
tors were instructed to use only the assigned stent type at the index procedure. An EKG
was by protocol collected within 30 min post-PCI for the evaluation of ST-segment res-
olution as compared to the EKG pre-PCI. All the data were analyzed by an independent
CoreLab (Cardialysis BV, Rotterdam, The Netherlands).

2.2. Stent thrombosis

Stent thrombosis was classified according to the Academic Research Consortium def-
inition as definite or probable [20]. Stent thrombosis occurringwithin 24 hwas defined as
acute; >24 h to 30 days was defined as subacute; and from >30 days to 1 year was de-
fined as late. All adverse events, including stent thromboses, were adjudicated by an inde-
pendent clinical events committee, blinded to stent assignment after review of original
source documentation. Definitions of death (all-cause and cardiac), myocardial infarction
(MI) and target vessel revascularization (TVR) have been already reported [17,19].

2.3. Statistical analysis

Categorical variables were expressed as number and percentage and were compared
by chi-square analysis or Fisher exact test, as appropriate. Continuous variables were
expressed as mean ± standard deviation or median and interquartile range and were
compared by the Wilcoxon rank sum test. Cox proportional hazards analysis was used
to identify the independent predictors of stent thrombosis via stepwise regression. In
model 1 all the following covariates were considered: 1) clinical: age, diabetes mellitus,
and Killip class on admission; 2) procedural variables: ST segment resolution > 70%,
BMS implanted at the index procedure; peri-procedural use of IIb/IIIa, total stent length
and maximum stent diameter. Due to the few number of ST, however, a maximum of 3
predictive variables were allowed into the final model (model 2) in order to avoid any
overfitting. Various models were therefore developed and compared in order to select
the best variables. The goodness-of-fit of all the models developed was compared
according to the Akaike information criterion (AIC) in order to identify the best model,
usually characterized by a low AIC [21].

A two-tailed p-value b0.05was considered statistically significant. Statistical analyses
were performed with SPSS statistical package, version 19.0 (SPSS Inc., Chicago IL, USA).

3. Results

3.1. Population

Six patients out of the 1504 initially recruited withdrew the consent
after randomization. Therefore, the final study cohort comprised a total
of 1498 patients, 751 of them allocated to the EES arm and 747 to the
BMS arm. Among these patients, 26 definite or probable stent thrombo-
ses (1.73%, 18 definite and 8 probable stent thromboses) occurredwith-
in the 1-year follow-up. Acute stent thrombosis occurred in 9 patients
(34.6%), sub-acute in 12patients (46.1%) and late in the remaining 5 pa-
tients (19.3%). In particular, acute stent thromboses were 7 (77.8%) in
the BMS arm vs. 2 (22.2%, p = 0.108) in the EES arm; subacute stent
thromboses were 8 in the BMS arm (66.6%) vs. 3 (33.4%, p = 0.177)
in the EES arm; late stent thromboses were 3 (60.0%) in the BMS arm
vs. 2 (40.0%, p = 0.686) in the EES arm.

3.2. Predictors of stent thrombosis

Patients with stent thrombosis were older, with a worse Killip
class and a lower ejection fraction at discharge than patients without
stent thrombosis. No other differences with regards to clinical charac-
teristics were found between the groups (Table 1).

Regarding procedural characteristics, patients who developed a
stent thrombosis received more BMS than EES and had less ST-
resolution > 70% in the EKG post-PCI as compared with patients who
did not.

No differenceswere found in terms of anticoagulant and antiplatelet
regimens during the index procedure or at the various time points of



Table 2
Procedural characteristics.

Variable Stent
thrombosis
(n = 26)

No stent
thrombosis
(n = 1472)

p-value

TIMI flow pre-PCI, n (%): 0.777
0 17 (68.0) 861 (58.8)
1 2 (8.0) 113 (7.7)
2 2 (8.0) 197 (13.5)
3 4 (16) 293 (20.0)

TIMI flow post-PCI, n (%): 0.319
0 0 (50 · 5) 26 (1.8)
1 1 (3.8) 11 (0.7)
2 1 (3.8) 58 (4.0)
3 24 (92.3) 1372 (93.5)

ST-resolution > 50%, n (%) 17 (70.8) 1106 (83.3) 0.162
ST-resolution > 70%, n (%) 8 (33.3) 844 (63.6) 0.004
Anticoagulation regimen, n (%):

Unfractioned heparin 20 (76.9) 1169 (79.4) 0.756
Low molecular weight heparin 4 (15.4) 129 (8.8) 0.239
Bivalirudin 2 (7.7) 103 (7.0) 0.891

Antiplatelet regimen, n (%):
Peri-PCI

ASA 25 (96.2) 1363 (92.6) 0.492
Clopidogrel 25 (96.2) 1393 (94.6) 0.732
IIb/IIIa inhibitor 9 (34.6) 560 (38.0) 0.721

At discharge
ASA 19 (100) 1446 (99.9) 0.909
Clopidogrel 19 (100) 1451 (99.9) 0.871

At 1 month
ASA 17 (89.5) 1339 (93.0) 0.639
Clopidogrel 16 (88.9) 1346 (93.1) 0.360

At 6 months
ASA 17 (89.5) 1300 (91.5) 0.674
Clopidogrel 16 (88.9) 1266 (91.3) 0.667

At 12 months
ASA 16 (94.1) 1301 (92.8) 1.000
Clopidogrel 14 (93.3) 1250 (92.6) 1.000

Manual thrombectomy, n (%): 18 (69.2) 958 (65.1) 0.836
Everolimus-eluting stent, n (%) 7 (26.9) 744 (50.5) 0.018
Direct stenting, n (%) 18 (69.2) 867 (60.1) 0.421
Post-dilatation, n (%) 5 (19.2) 216 (14.7) 0.573
Overlapping stent, n (%) 9 (34.6) 395 (26.8) 1.000
Number of stents implanted
at index procedure, mean ± SD

1.42 ± 0.58 1.38 ± 0.65 0.489

Max stent diameter (mm), mean ± SD 3.35 ± 0.41 3.20 ± 0.45 0.091
Total stent length, mean ± SD 28.31 ± 11.34 27.50 ± 14.05 0.317

PCI = percutaneous coronary interventions; ASA = aspirin; SD = standard deviation.

Table 3
Cases of definite stent thrombosis.

Case Type of
stent

Location
MI

Timing of ST
(days after the primary procedure)

1 BMS LAD 1
2 BMS LAD 1
3 BMS RCA 0
4 BMS RCA 0
5 EES LCx 35
6 EES RCA 1
7 BMS LAD 8
8 BMS LAD 6
9 BMS RCA 10
10 EES RCA 0
11 BMS LAD 29
12 BMS RCA 255
13 EES LAD 28
14 BMS LAD 0
15 BMS LAD 7
16 BMS RCA 25
17 BMS RCA 1
18 BMS LAD 141

BMS = bare metal stent; EES = everolimus eluting stent; MI = myocardial infarction; LAD
artery; ST = stent thrombosis; ASA = aspirin.

2634 S. Brugaletta et al. / International Journal of Cardiology 168 (2013) 2632–2636
follow-up (Table 2). ASA (290 ± 154 vs. 291 ± 121 mg, p = 0.934)
and clopidogrel loading doses (471 ± 167 vs. 479 ± 158 mg; p =
0.843) before the index procedure were also not different between pa-
tientswith vs. without stent thrombosis. In particular either in the acute
or in the subacute stent thrombosis, clopidogrel loading dose was not
different. At the time of ST, all patients were taking regularly double
antiplatelet therapy (Table 3).

Independent predictors of 1-year definite/probable ST were BMS
implantation at the index procedure (HR 3.41, 95% CI 1.35–8.60), ST
segment resolution of at least 70% in the EKG post-PCI (HR 0.30,
95% CI 0.13–0.70) and Killip class on admission (HR 2.57, 95% CI
1.70–3.90) (Table 4).

3.3. Clinical impact of stent thrombosis

Patients with stent thrombosis have higher 1-year rates of cardiac
death (30.8% vs. 2.5%, p b 0.001), target-vessel related MI (30.8% vs.
0.5%, p b 0.001) and TVR (65.4% vs. 4.2%, p b 0.001) compared with
those without (Fig. 1).

4. Discussion

Our analysis showed that 1) at 1-year follow-up incidence of ST in
patients with STEMI treated with second generation DES or Cobalt–
Chromium BMS is relatively low; 2) nevertheless, it represents a dev-
astating complication, being associated with high rate of cardiac
events; and 3) BMS implantation at the index procedure, lack of ST
segment resolution of at least 70% and Killip class appear as indepen-
dent predictors of ST in this population.

STEMI presentation is known to be one of themost powerful predic-
tors of ST, due to the thrombotic burden, which can enhance inflamma-
tory response and stent malapposition with subsequent thrombosis
[22]. In the Swedish Coronary Angiography and Angioplasty Registry,
for example, the risk of stent thrombosis in STEMI was increased 2.5
fold relative to patients without STEMI [23]. For all these reasons,
much attention has been focused on stent thrombosis rate in various
STEMI trials comparing coronary stents. Overall, within STEMI patients
the reported 1-year rate of stent thrombosis from several modest-sized
randomized trials of DES vs. BMS ranged from 1% to as high 3–4%
[2,24,25]. In particular, in the HORIZONS-AMI, one of the largest trials
Killip
class on admission

Antiplatelet
regimen at the time of ST

Ejection fraction (%)

1 ASA + clopidogrel 61
2 ASA + clopidogrel 50
2 ASA + clopidogrel 39
4 ASA + clopidogrel 69
1 ASA + clopidogrel 55
2 ASA + clopidogrel 35
1 ASA + clopidogrel 50
4 ASA + clopidogrel 55
1 ASA + clopidogrel 45
1 ASA + clopidogrel 50
1 ASA + clopidogrel 63
1 ASA + clopidogrel 54
1 ASA + clopidogrel 50
1 ASA + clopidogrel 59
1 ASA + clopidogrel 38
1 ASA + clopidogrel 42
3 ASA + clopidogrel 40
1 ASA + clopidogrel 58

= left anterior descending artery; LCx = left circumflex artery; RCA = right coronary



Table 4
Predictors of definite/probable stent thrombosis at 1 year.

Variables Hazard ratio p-value

Model 1 (AIC: 242.56)
Age 1.01 [0.98–1.04] 0.492
Diabetes mellitus 0.73 [0.24–2.22] 0.581
Killip class on admission 2.52 [1.65–3.85] b0.001
ST-resolution > 70% 0.29 [0.12–0.68] 0.005
BMS implanted at the index procedure 3.41 [1.34–8.67] 0.010
Use of IIb/IIIa at the index procedure 0.83 [0.36–1.90] 0.658
Total stent length 0.99 [0.96–1.03] 0.800
Maximum stent diameter 1.90 [0.73–4.95] 0.189

Model 2 (AIC: 65.17)
Killip class on admission 2.57 [1.70–3.90] b0.001
ST-resolution > 70% 0.30 [0.13–0.70] 0.005
BMS implanted at the index procedure 3.41 [1.35–8.60] 0.010

AIC = Akaike information criterion; BMS = bare metal stent.
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comparing first generation DES vs. BMS, the definite/probable stent
thrombosis rate within 1 year was 3.4% [26].

Compared to these previous observations, the EXAMINATION trial
was the first trial randomly comparing second generation everolimus-
eluting DES vs. Cobalt–Chromium BMS, enrolling a wide all-comer
STEMI population (70% of all the STEMI screened) with high usage of
thrombectomydevice (65%). Under these conditions, it showed anoverall
1-year definite/probable stent thrombosis rate of 1.7%, lower than that
previously reported [17]. The high use of thrombectomy devices, the
usage of second generation coronary devices either drug eluting or not,
and the difference in polymer matrix, in anti-proliferative drug dose and
in release kinetics between 1st and 2nd generation DES may explain
these differing findings as compared to previous reports [27].

Nevertheless, despite very low occurrence, stent thrombosis con-
firmed to be a devastating complication, being significantly associated
with high rate of cardiac death, myocardial infarction and target vessel
revascularization (Fig. 1) [28,29]. Identification of safety factors, which
can prevent stent thrombosis with subsequent reduction of its clinical
meaning, appears therefore appealing. Although the EXAMINATION
trial was not powered to demonstrate difference in ST between EES
and BMS, it showed a significant unadjusted difference in ST rate be-
tween the two stents compared [17]. Thisfindingwas already important,
especially in light of a previousmeta-analysis comparingfirst-generation
DES with BMS in STEMI patients, which failed to show a difference in ST
rate between groups [30]. In the present report, we showed that in a sta-
tistically adjusted analysis three factors appear to be independent pre-
dictors of ST in STEMI population from the EXAMINATION trial: high
Killip class at the admission, lack of ST-segment resolution > 70% and
use of BMS.

Killip class has been previously associated to early ST in patients
with acute coronary syndromes [31,32]. Our finding confirms therefore
Fig. 1. One-year incidence of the various endpoints, according to the presence of stent thro
clinical endpoints as compared to its absence. All p-value are b0.001. MI = myocardial infa
that STEMI patients with a bad clinical profile at admission, resulting in
a low ejection fraction and badmyocardial perfusion, have a high risk of
STwithin 1-year follow-up. The association between lack of ST-segment
resolution > 70% in the EKG post-primary PCI and stent thrombosis
supports furthermore the role of myocardial perfusion in primary PCI,
which should aim to obtain a TIMI 3 flow, avoiding the no-reflow phe-
nomenon and therefore ensuring a good outcome to STEMI patients.

In addition to these two factors, BMS implantation, as compared to
EES, at the index procedure resulted in the most powerful independent
predictor of ST. Recent reports support the low thrombogenicity of EES
in comparison not only to BMS, but also to 1st generation DES [33,34].
These findings, however, come from studies and meta-analysis in-
cluding every type of patients either with stable angina or with
acute coronary syndromes [13,33–36]. In addition, it is noteworthy
that in contrast to previous reports comparing EES with other DES
or BMS, the EXAMINATION trial compared two stents (Xience™ V
andMultilink® Vision), which share the same stent platform and dif-
fer only for the presence of polymer and drug. Through speculative,
the mechanisms underlying this lower risk of ST with EES in STEMI
patients may be therefore related to these characteristics of
manufacturing. In particular, Kolandaivelu et al. showed that drug/
polymer coating does not increase acute stent clotting, but converse-
ly decrease thrombosis: the fluorinated copolymer, present in the
EES, may indeed confer a certain degree of thromboresistance, re-
ducing inflammatory reactions and improving endothelialization
[37]. This can be especially relevant in the context of STEMI where
the presence of the copolymermay neutralize the detrimental effects
due to the eventual dissolution of the thrombus behind the struts,
which leads to a high incidence of late acquired malapposition and
stent thrombosis [37,38]. The copolymer may also potentially neu-
tralize any possible toxic effects of the everolimus, whose dose and
release kinetics are however known as better than other drugs previ-
ously used in stent manufacture. A significantly lower rate of uncov-
ered struts and of intracoronary masses, compatible with thrombus
has been, for example, reported in a non randomized optical coher-
ence tomography comparison between EES and sirolimus-eluting
stents [39].

Of note is that compliance to dual antiplatelet therapy was very
high in both groups and none of the patients with stent thrombosis
have prematurely stopped the dual antiplatelet therapy. No differ-
ences were also found in terms of peri-procedural antithrombotic or
antiplatelet (e.g. clopidogrel loading dose) regimen between groups.

4.1. Limitations

This analysis has several limitations. First, as it is a post-hoc anal-
ysis, it has all the limitation inherently to it. Second, the trial was not
powered to detect differences in ST between the two groups, which
could be play of chance. In addition, although only three variables
mbosis. Development of stent thrombosis is associated with higher rate of the various
rction; TV = target vessel; TVR = target vessel revascularization.
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were included in the final model of the multivariate analysis due to
the few number of events, the model may be overfitted. Nevertheless,
it currently represents the only data existing on ST of EES in the clin-
ical context of STEMI patients and corroborates data recently pub-
lished in other scenarios [31–34]. Third, a longer follow-up would
be needed to rule out all late safety concerns specific to EES in STEMI.
5. Conclusions

In STEMI patients undergoing primary PCI, BMS implantation,
ST-segment resolution > 70% and Killip class, represent independent
predictors of 1-year stent thrombosis. The concept of a polymer-coated
DES being safer than a BMS in STEMI patients may represent a paradigm
shift in their treatment and need to be confirmed in a trial adequately
powered with longer follow-up.
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