
icine®

ONAL STUDY
Med
OBSERVATI
It Is Not Mandatory to Use Triple Rather Than Dual
Anti-Platelet Therapy After a Percutaneous Coronary

Intervention With a Second-Generation Drug-Eluting Stent
, MD, Woo-Baek Ch -Soo Park, MD,
n-
Ju-Youn Kim, MD, Yun-Seok Choi, MD, Ami Kwon
Hee-Yeol Kim, MD, Kiyuk Chang, MD, Ma
S

percutaneous coronary intervention, TLR = target lesion

revascularization, TVR = target vessel revascularization.

therapy has been decre

previously used a fir
approved by Catholic I
got a informed consen

Editor: Hsueh Wang.
Received: September 21, 2015; revised: October 15, 2015; accepted:
October 17, 2015.
From the Division of Cardiology, Department of Internal Medicine,
College of Medicine, The Catholic University of Korea, Seoul, Korea.
Correspondence: Yun-Seok Choi, Division of Cardiology, Department of

Internal Medicine, St. Mary’s Hospital, The Catholic University of
Korea, #10 Yuksamro Youngdungpo-gu, Seoul 150-713, Korea (e-mail:
cys71@catholic.ac.kr).

The authors have no funding and conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution,
commercial and non-commercial, as long as it is passed along unchanged
and in whole, with credit to the author.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000002062

Medicine � Volume 94, Number 46, November 2015
ung, MD, Chul
ook-Sung Chu
ased. Therefore, we compared the effi-
and Ki-Bae

Abstract: It has been shown that triple antiplatelet therapy with

cilostazol results in better clinical outcomes than dual therapy in patients

treated with a first-generation drug-eluting stent (DES); however, it is

unclear whether triple antiplatelet therapy has a similar efficacy after the

implantation of second-generation DES.

In the COACT (Cath Olic medical center percutAneous Coronary in

Tervention) registry, 1248 study subjects who underwent percutaneous

coronary intervention with an everolimus- or zotarolimus-eluting stent

(Endeavor, Xience V, or Promus) were analyzed. The patients were

divided into 2 groups after propensity score matching (n¼ 724; M¼ 422

[58.3%]; mean age¼ 66.1� 11.0 years): Group 1: patients treated with

dual antiplatelet drugs (aspirin and clopidogrel; n¼ 362; M¼ 213

[58.8%]; mean age¼ 65.6� 11.7 years); Group 2: patients treated with

triple antiplatelet drugs (aspirin, clopidogrel, and cilostazol; n¼ 362;

M¼ 209 [57.7%]; mean age¼ 65.6� 11.7 years). The mean follow-up

duration was 13� 10 months, and the cumulative incidence of major

cardiovascular events (MACE) was 6.3% in Group 1 and 7.7% in Group

2. There were no significant differences in MACE (death, nonfatal

myocardial infarction, and stroke) between the 2 groups (OR, 1.210;

95% CI: 0.772–1.898; P¼ 0.406). Kaplan–Meier curves for MACE did

not show any survival benefit for triple antiplatelet therapy, even in

patients with acute coronary syndrome.

In patients treated with a second-generation DES implantation, there

is no added clinical benefit to using triple rather than dual antiplatelet

therapy.

(Medicine 94(46):e2062)

Abbreviations: CABG = coronary artery bypass graft, DESd =

rug-eluting stents, IPTW = inverted probability of treatments

weighing, MACE = major adverse cardiac events, PCI =
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INTRODUCTION

D ual antiplatelet therapy with aspirin and clopidogrel is
recommended after a percutaneous coronary intervention

(PCI) related to stent thrombosis. In addition, newer antiplatelet
agents, such as prasugrel, ticagrelor, or cilostazol, are con-
sidered for high-risk patients to prevent repeat revasculari-
zation. Cilostazol is a phosphodiesterase-3 inhibitor that
inhibits platelet aggregation and causes an antiplatelet effect
and vasodilation.1,2 Research has demonstrated improved
clinical outcomes when triple rather than dual antiplatelet
therapy is used with a first-generation drug-eluting stent
(DES).3,4 Triple antiplatelet therapy has significantly reduced
the rates of major adverse cardiac events (MACE, including
with death, myocardial infarction, and stroke) by inhibiting
neointima formation.3,4 In patients with acute coronary syn-
drome, triple-antiplatelet therapy has been shown to reduce
long-term cardiac and cerebral events after a PCI.5 However, it
remains unclear whether triple antiplatelet therapy has a similar
additive efficacy after implantation with a second-generation
DES. Recently, concerns have been raised regarding platelet
reactivity as a result of cytochrome p450 polymorphisms. Some
investigators have suggested that double- or triple-dose anti-
platelet therapy can combat this platelet resistance.6 With
improvements in pharmacologic management and the evolving
mechanical attributes of drug stents, the need for antiplatelet
cacy of triple antiplatelet therapy and dual antiplatelet therapy
in patients undergoing PCI with a second-generation DES.

METHODS

Study Population
The COACT (CathOlic medical center percutAneous

Coronary inTervention) registry is a multicenter, observational
registry of clinical data on patients who underwent PCI at the
Catholic University of Korea between January 2004 and
December 2009. A total of 1248 patients were eligible for this
study. All subjects had angina pectoris or documented myo-
cardial ischemia and an angiographically proven stenosis of
�50% diameter. These patients received a PCI with 1 of the
following second-generation DESs: Xience V everolimus-elut-
ing stent (EES) (Abbott Vascular, Santa Clara, CA), Promus
everolimus-eluting stent (EES) (Boston Scientific, Natick,
MA), or Endeavor zotarolimus-eluting stent (ZES) (Medtronic
Inc., Santa Rosa, CA). In addition, we did not include patients
who had received repeated revascularizations, those who had
st-generation DES. Study was firmly
nstitutional Review Board. And we also
t.
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Study Procedure
All patients received a loading dose of 250 to 500 mg of

aspirin and 300 to 600 mg of clopidogrel before the procedure.
Following the procedure, maintenance doses of 100 mg/day of
aspirin and 75 mg/day of clopidogrel were administered for at
least 6 months. At the physician’s discretion, 200 mg/day of
cilostazol (Otsuka Pharmaceutical, Seoul, Republic of Korea)
was added and continued for at least 3 months days after the
PCI. Patients were placed into a dual therapy group (aspirin and
clopidogrel; n¼ 873) or a triple therapy group (aspirin, clopi-
dogrel, and cilostazol; n¼ 375). All interventions were per-
formed in a conventional manner, and the infusion of
glycoprotein IIb/IIIa inhibitors was performed according to
the operator’s discretion. All patients were given unfractionated
heparin during the procedure. In addition, all patients were
provided with unrestricted, optimal pharmacological therapy,
including statins. A successful PCI was defined as a residual
stenosis of �30% and recovery of normal flow.

Study End Points
The primary end point was the incidence of major adverse

cardiovascular events, defined as death, nonfatal myocardial
infarction (MI), or stroke during the follow-up period. Death
was defined as death from any cause. MI was defined as a
cardiac enzyme elevation (creatine kinase-myocardial band
elevation >3 times normal) with an ST change in consecutive
leads. Stroke was defined as a new neurologic deficit of vascular
origin lasting at least 24 hr. The secondary end point was the
occurrence of target lesion revascularization (TLR) or target
vessel revascularization (TVR). TLR was defined as a �50%
diameter stenosis confirmed with quantitative coronary angio-
graphy at the target lesion and requiring repeat revasculari-
zation. TVR was defined as any revascularization involving the
target vessel. All the patients were monitored at the out-patients
clinics periodically. We performed the routine angiographic
follow up at 9 months (72%). The patients who declined to
get a routine angiographic follow up were tested by noninvasive
stress test such as exercise treadmill or coronary CT imaging.

Statistical Analysis
Baseline characteristics were summarized as the mean �

SD for continuous variables and as frequency with percentages
for categorical variables. Comparisons between the 2 groups
were analyzed by the Student t test or Mann–Whitney U test for
continuous variables and the Chi-squared test or Fisher’s exact
test for categorical variables as appropriate. To reduce the effect
of selection bias and potential confounding effects in an obser-
vational study, we performed rigorous adjustments for differ-
ences in baseline patient characteristics by propensity score
matching. The propensity scores were estimated without regard
to outcome using multiple logistic regression analysis. Adjusted
covariates, including 23 variables, were used for the calculation
of propensity scores (Table 1). All model discriminations using
23 variables and calibration were assessed (c-statistic¼ 0.658;
Hosmer and Lemeshow statistic P¼ 0.791). We used the
Greedy matching algorithm to create propensity score-matched
pairs (1:1 match). After propensity score matching, we reas-
sessed the balance in baseline covariates between the 2 groups
with the paired t-test or the Wilcoxon signed rank test for
continuous variables and McNemar’s test for categorical vari-
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ables. The comparisons between 2 groups were analyzed with
Cox regression models for overall populations and propensity
score-matched pairs. For the inverse probability of treatment
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weighting (IPTW), the weights for the dual therapy group were
the inverse of (1-the propensity score), and the weights for the
triple therapy group were the inverse of the propensity score.
Cumulative incidence rates were obtained by Kaplan–Meier
analysis and compared with the log-rank test for propensity
score-matched pairs. All statistical tests were performed
using SAS software, version 9.2 (SAS Institute Inc., Cary,
NC) and were 2-sided. Results were considered significant at
a P value <0.05.

RESULTS

Baseline Characteristics
The baseline characteristics of the overall populations are

listed in Table 1. The prevalence of diabetes, hypertension, and
a history of previous coronary artery bypass graft were signifi-
cantly greater in the triple therapy group. The triple therapy
group had more complex lesions, including multivessel disease,
longer stent length per lesion, and left main disease. The
patients were divided into the following 2 groups after propen-
sity score matching (n¼ 724; M¼ 422 [58.3%]; mean
age¼ 66.1� 11.0 years): Group 1: patients treated with dual
antiplatelet drugs (aspirin and clopidogrel; n¼ 362; M¼ 213
[58.8%]; mean age¼ 65.6� 11.7 years); Group 2: patients
treated with triple antiplatelet drugs (aspirin, clopidogrel, and
cilostazol; n¼ 362; M¼ 209 [57.7%]; mean age¼ 65.6� 11.7
years). Mean duration of cilostazol was 8� 4 months. The
propensity model included multiple factors that could influence
coronary artery disease. After propensity matching, there were
no significant differences in any of the covariates (Table 1).

Comparison of Clinical Outcomes in the Dual
and Triple Therapy Groups

The mean follow-up duration was 13� 10 months, and the
cumulative incidence of MACE was 55 (6.3%) in Group 1 and
29 (7.7%) in Group 2 (P¼ 0.354). There were no significant
differences in MACE (death, nonfatal MI, and stroke) between
the 2 groups (odds ratio [OR]: 1.210; 95% CI: 0.772–1.898;
P¼ 0.406).

Multivariable Analysis
After multivariate adjustment, there was no difference in

the risk of MACE between the 2 groups (OR: 0.987; 95% CI:
0.617–1.578; P¼ 0.955). In addition, the IPTW-adjusted risk of
MACE did not differ between the 2 groups (OR: 1.464; 95% CI:
0.919–2.332; P¼ 0.109; Table 2).

Similar clinical outcomes were observed in the propensity
score-matched groups, with no differences in death, nonfatal
MI, or stroke (OR: 0.911; 95% CI: 0.549–1.512; P¼ 0.719;
Table 3). In addition, similar results were obtained for each of
the following: death (OR: 0.720; 95% CI: 0.404–1.284;
P¼ 0.265), recurrent nonfatal MI (OR: 3.886; 95% CI:
0.434–34.770; P¼ 0.225), and stroke (OR: 2.297; 95% CI:
0.594–8.881; P¼ 0.288). The Kaplan–Meier curves for MACE
did not demonstrate any survival benefit for triple antiplatelet
therapy (Figure 1).

Acute Coronary Syndrome
We performed a subgroup analysis for patients with acute
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coronary syndrome (n¼ 565; M¼ 354 [62.6%]; mean
age¼ 64.7� 12.2 years). Patients were divided into 2 groups:
Group 1 (dual therapy; n¼ 391; M¼ 245 [62.7%]; mean

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Characteristics of the Overall Population and Propensity Score-Matched Population According to Antiplatelet
Therapy

Overall Population Propensity-Matched Population

Total Group 1 Group 2
P

Total Group 1 Group 2
PTotal 1248 873 (70) 375 (30) 724 362 (50) 362 (50)

Age 64.11 64� 10 65� 11 0.11 66� 11 66� 10 65� 11 0.19
Gender 0.06 0.76

Male 758 (60.7) 545 (62.4) 213 (56.8) 422 (58.3) 213 (58.8) 209 (57.7)
Female 490 (39.3) 328 (37.6) 162 (43.2) 302 (41.7) 149 (41.2) 153 (42.3)

BMI 24.6� 3.2 24.6� 3.2 24.5� 3.3 0.67 24.5� 3.2 24.5� 3.1 24.5� 3.3 0.73
Coexisting conditions

Diabetes mellitus 475 (38.1) 308 (35.3) 167 (44.5) 0.002
�

333 (46.0) 173 (47.8) 160 (44.2) 0.33
Hypertension 762 (61.1) 504 (57.7) 258 (68.8) 0.0002

�
494 (68.2) 248 (68.5) 246 (68.0) 0.87

Current smoker 140 (11.2) 107 (12.3) 33 (8.8) 0.08 68 (9.4) 35 (9.7) 33 (9.1) 0.80
Previous PCI 23 (1.8) 12 (1.4) 11 (2.9) 0.06 17 (2.4) 9 (2.5) 8 (2.2) 0.81
Previous CABG 15 (1.2) 6 (0.7) 9 (2.4) 0.02

�
11 (1.5) 5 (1.4) 6 (1.7) 0.76

Renal failure 62 (5.0) 41 (4.7) 21 (5.6) 0.50 45 (6.2) 27 (7.5) 18 (5.0) 0.17
CVA Hx 107 (8.6) 67 (7.7) 40 (10.7) 0.08 77 (10.6) 40 (11.1) 37 (10.2) 0.72

Indication for PCI 0.04
�

0.46
Stable angina 598 (47.9) 412 (47.2) 186 (49.6) 358 (49.4) 181 (50.0) 177 (48.9)
Unstable angina 295 (23.6) 210 (24.0) 85 (22.7) 160 (22.1) 75 (20.7) 85 (23.5)
NSTEMI 123 (9.9) 88 (10.1) 35 (9.3) 70 (9.7) 36 (9.9) 34 (9.4)
STEMI 147 (11.8) 93 (10.7) 54 (14.4) 96 (13.3) 45 (12.4) 51 (14.1)
Silent ischemia 85 (6.8) 70 (8.0) 15 (4.0) 40 (5.5) 25 (6.9) 15 (4.1)

LV EF, % 60� 11 59� 10 60� 12 0.48 59� 11 59� 11 60� 12 0.47
LV EF < 40% 69 (6.1) 45 (5.8) 24 (6.8) 0.52 47 (6.9) 24 (7.0) 23 (6.7) 0.90
Medications

Former aspirin 472 (37.8) 336 (38.4) 136 (36.3) 0.46 263 (36.3) 132 (36.5) 131 (36.2) 0.94
Former statin 286 (22.9) 205 (23.5) 81 (21.6) 0.47 149 (20.6) 72 (19.9) 77 (21.3) 0.65
Glycoprotein inhibitor 37 (3.0) 26 (3.0) 11 (2.9) 0.97 20 (2.8) 10 (2.8) 10 (2.8) 0.99
Heparin 469 (37.6) 331 (37.9) 138 (36.8) 0.71 267 (36.9) 131 (36.2) 136 (37.6) 0.71
Thrombolytics 9 (0.7) 6 (0.7) 3 (0.8) 0.99 6 (0.8) 3 (0.8) 3 (0.8) 0.99
Statin 1076 (86.2) 761 (87.2) 315 (84.0) 0.14 609 (84.1) 303 (83.7) 306 (84.5) 0.76

Procedural variables
Multivessel disease 235 (18.8) 147 (16.8) 88 (23.5) 0.006

�
168 (23.2) 86 (23.8) 82 (22.7) 0.73

Stent diameter 3.2� 1.0 3.3� 1.2 3.2� 0.4 0.43 3.2� 0.4 3.2� 0.4 3.2� 0.4 0.18
Stent length 27.0� 12.8 26.1� 11.9 29.2� 14.4 0.0002

�
28.9� 13.8 28.9� 13.8 28.8� 13.8 0.92

Bifurcation lesion 183 (14.7) 129 (14.8) 54 (14.4) 0.86 103 (14.2) 51 (14.1) 52 (14.4) 0.92
LM disease 43 (3.5) 22 (2.5) 21 (5.6) 0.006

�
31 (4.3) 15 (4.1) 16 (4.4) 0.85

The data represent the mean�SD for continuous variables or n (%) for categorical variables. BMI ¼ body mass index; CABG ¼ coronary artery
bypass graft; CVA¼ cerebrovascular accident; LM¼ left main; LV EF¼ left ventricular ejection fraction; NSTEMI¼ non ST segment elevation

sta
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age¼ 64.8� 12.2 years) and Group 2 (triple therapy; n¼ 174;
M¼ 109 [62.6%]; mean age¼ 64.3� 12.3 years). No signifi-
cant differences were observed in the composite event rate
(11.0% vs 10.3%; P¼ 0.818; Table 4). A 1:1 propensity
matching analysis (n¼ 322; M¼ 206 [64.0%]; mean
age¼ 65.1� 11.8 years) demonstrated no difference in MACE
(12.4% vs 10.6%, P¼ 0.600; OR, 0.798 [0.418–1.525],

myocardial infarction; PCI ¼ percutaneous coronary intervention; SD ¼�
P< 0.05.
P¼ 0.495) and in TLR or TVR (6.2% vs 11.8%, P¼ 0.080;

OR: 1.725 [0.801–3.717], P¼ 0.164) between the 2 groups
(Figure 2).
DISCUSSION
The implantation of a DES is more effective and stable

than a bare metal stent (BMS), which suppresses restenosis and

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
adverse cardiac events; however, there are still unresolved
clinical issues, such as very late stent thrombosis.7 Some stent
thrombosis symptoms are fatal, especially in patients with acute
coronary syndrome and/or other high-risk conditions (long stent
length per lesion, small vessels, diabetes). Some studies have
indicated that cilostazol-based triple antiplatelet therapy
decreases MACE in these patient groups.3–5 To resolve these
issues, researchers have begun to investigate the use of second-
generation DESs; for example, novel drugs and stent materials
(cobalt–chromium or platinum–chromium alloy) and biocom-
patible polymer undergoing laboratory and clinical tests to
improve the effectiveness and safety of second-generation

ndard deviation; STEMI ¼ ST segment elevation myocardial infarction.
DESs.8,9 A recent meta-analysis,10 which included 22 random-
ized trials with 12,453 STEMI patients, compared the 1-year
event rate (mortality, MI, and TVR) of BMSs, first-generation

www.md-journal.com | 3



TABLE 2. Hazards Ratio for Clinical Outcomes in the Overall Population According to Antiplatelet Therapy

Outcome Rate Unadjusted Multivariate Adjusted Adjusted by IPTW
Outcome
(n¼ 1248) Dual Triple P HR (95% CI) P HR (95% CI) P HR (95% CI) P

MACE 55 (6.3) 29 (7.7) 0.35 1.21 (0.77–1.90) 0.41 0.99 (0.62–1.58) 0.96 1.46 (0.92–2.33) 0.11

CI ¼ confidence interval, HR ¼ hazards ratio, IPTW¼ inverse probability of treatment weighting, MACE¼major adverse cardiac event.

TABLE 3. Hazard Ratios for Clinical Outcomes in the Propensity-Matched Patients According to Antiplatelet Therapy

Outcome Rate Dual vs Triple

Outcome (n¼ 724) Dual Triple P HR (95% CI) P

MACE 31 (8.6) 29 (8.0) 0.79 0.91 (0.55–1.51) 0.72
Death 27 (7.5) 20 (5.5) 0.29 0.72 (0.40–1.28) 0.27
Stroke 3 (0.8) 7 (1.9) 0.20 2.30 (0.59–8.88) 0.29
Recurrent MI 1 (0.3) 4 (1.1) 0.18 3.89 (0.43–34.77) 0.23

Comparisons were analyzed using Cox regression models for propensity
MACE¼major adverse cardiac event, MI ¼ myocardial infarction.

FIGURE 1. Kaplan–Meier curves for outcomes in propensity
matched patients who underwent dual antiplatelet therapy or
triple antiplatelet therapy.

TABLE 4. Hazard Ratios for Clinical Outcomes in Patients With A

Outcome Rate Unadju

Outcome (n¼ 565) Dual Triple P HR (95% CI

MACE 43 (11.0) 18 (10.3) 0.82 0.88 (0.51–1.5
TLR/TVR 23 (5.9) 21 (12.1) 0.01

�
1.92 (1.06–3.4

CI ¼ confidence interval, HR ¼ hazards ratio, IPTW¼ inverse probabili
TVR¼ target lesion revascularization/target vessel revascularization.
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DESs and second-generation DESs. The results showed that
cobalt–chromium everolimus-eluting stents (CoCr-EES) were
associated with significantly lower rates of cardiac death or MI
and stent thrombosis than BMSs. In addition, first-generation
DESs resulted in a significant reduction in TVR compared with
BMSs; however, there were no significant differences in the risk
of overall cardiac death and MI, which demonstrated the safety
and efficacy of second-generation DESs.11

Based on these results, we hypothesized that there is no
additive benefit when triple rather than dual antiplatelet therapy
is used with a second-generation DES. To the best of our
knowledge, this is the first study comparing the effectiveness
of triple versus dual antiplatelet therapy using second-gener-
ation DESs. It has been reported that triple antiplatelet therapy
is superior to dual antiplatelet therapy with first-generation
DESs; however, even in patients with acute coronary syndrome,
there was no benefit to using triple antiplatelet therapy with a
second-generation DES. In the present study, patients were
followed for a mean of 13 months with no evidence of a
decrease in the risk of very late stent thrombosis for patients

score-matched pairs. CI ¼ confidence interval, HR ¼ hazards ratio,
treated with triple therapy. These findings suggest that triple
antiplatelet therapy is less attractive of using with second-
generation stents.

cute Coronary Syndrome According to Antiplatelet Therapy

sted Multivariate Adjusted Adjusted by IPTW

) P HR (95% CI) P HR (95% CI) P

3) 0.66 0.78 (0.43–1.40) 0.40 0.94 (0.52–1.69) 0.83
7) 0.03

�
1.64 (0.85–3.17) 0.14 2.39 (1.25–4.59) 0.01

�

ty of treatment weighting, MACE¼major adverse cardiac event, TLR/
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After evolving the coronary drug coated stent, the duration

FIGURE 2. Kaplan–Meier curves for outcomes in propensity
matched patients who underwent dual antiplatelet therapy or
triple antiplatelet therapy in acute coronary syndrome population.
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Study Limitations
This study was based on observational, nonrandomized

trials. Therefore, there may be confounding factors, such as
methodological biases and unmeasured covariates. It might be
true that physician who attended in this study chose triple
therapy for higher risk patients. Considering these limitations,
we performed a propensity matching analysis; therefore, the
number of patient groups was relatively small. So the confi-
dence intervals of the primary endpoint are therefore quite wide.
Recruitment into this registry was spread out over a 6-year
period. One could imagine that the Endeavor stent was used
more frequently during the early years, and the Xience and
Promus more frequently later on. Is it also possible that the
annual percentage of patients treated with triple antiplatelet
therapy changed over time? Clinical symptoms and objective
signs were observed, collected, and analyzed. However, routine
angiography follow up was only performed for a limited number
of subjects during the follow-up period, making it difficult to
diagnose TLR and TVR. A longitudinal randomized study with
a larger number of subjects will be necessary to further inves-
tigate the use of triple versus dual antiplatelet therapy in patients
treated with a second-generation DES.

CONCLUSION
no added clinical benefit to using triple rather than dual
antiplatelet therapy.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Key Message

Triple Antiplatelet Therapy in Evolving Stent
and number of antiplatelet therapy are going to be more simple
without any additional risk even in high risk patients.
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