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Abstract
Background: Cilostazol added to Dual Antiplatelet Therapy (DAT: aspirin, clopidogrel) reduces revascularization 

without increased bleeding in patients after Drug-Eluting Stent (DES) implantation. However, doubts remain about 
which patients benefit most from cilostazol-based Triple Antiplatelet Therapy (TAT) after DES.

Materials and Results: PubMed, EMBASE, CENTRAL databases were systematically searched. Randomized 
Controlled Trials (RCTs) comparing TAT and DAT for patients with high risk of restenosis (defined as obesity, diabetes, 
and long and/or multivessel coronary lesions) were included. Five RCTs were included, involving 2442 patients. The 
TAT group showed a significant reduction in MACEs (4.16% vs. 8.86%, RR: 0.47, 95% CI: 0.32 to 0.68,  p<0.001), 
in-stent late loss (0.34 vs. 0.46, SMD: -0.22, 95% CI: -0.32 to -0.11,  p<0.001), TVR (3.36% vs. 6.80%, RR: 0.49, 
95% CI: 0.34 to 0.71, p<0.001), and in-stent restenosis (6.86% vs. 11.45%, RR: 0.60, 95% CI: 0.43 to 0.84, p=0.003) 
compared with the DAT group. There was no difference in all-cause mortality (1.56% vs. 0.82%, RR: 1.82, 95% CI: 
0.87 to 3.77, p=0.110), bleeding (3.52% vs. 3.28%, RR: 1.07, 95% CI: 0.71 to 1.63, p=0.745) and stent thrombosis 
(0.82% vs. 0.66%, RR: 1.4, 95% CI: 0.50 to 3.06, p=0.641) between the two groups, whereas the incidence of other 
adverse reactions (11.38% vs. 6.39%, RR: 1.78, 95% CI: 1.37 to 2.33,  p<0.001) and drug discontinuation (16.29% 
vs. 5.15%, RR: 4.60, 95% CI: 1.24 to 17.08, p=0.023) was greater in the TAT group than in the DAT group.

Conclusions: Compared with DAT, patients with a high risk of restenosis benefited from TAT in reduced stent 
restenosis and revascularization after DES implantation, without increases in all-cause mortality and bleeding, but 
accompanied by a higher incidence of other adverse reactions and drug discontinuation.

Keywords: Cilostazol; Triple antiplatelet therapy; Dual antiplatelet
therapy; Drug-eluting stent

Introduction
The implantation of Drug-Eluting Stents (DES) implantation and 

Dual Antiplatelet Therapy (DAT: aspirin, clopidogrel) are indispensable 
treatments for patients undergoing Percutaneous Coronary 
Intervention (PCI). However, this treatment combination carries a 
risk of stent thrombosis and restenosis [1-3], which is associated with 
unresponsiveness to clopidogrel (clopidogrel resistance) [4,5] and High 
on-Treatment Platelet Reactivity (HTPR) [3,6]. Although DES reduces 
the incidence of restenosis and repeat revascularization compared to 
Bare-Metal Stents (BMS), DES-associated restenosis and clinical events 
remain notable clinical problems, especially in patients with long and/
or multivessel coronary lesions [7], obesity [8,9] or diabetes [10]. 

Cilostazol is a selective and reversible inhibitor of phosphodiesterase 
III that is primarily used to relieve intermittent claudication due to 
its antiplatelet and vasodilating effects [11]. In vitro, the drug affects 
different cell lines, including endothelial cells, vascular smooth 
muscular cells, and platelets, by augmenting intraplatelet cyclic 
adenosine monophosphate levels [12,13]. Furthermore, cilostazol 
exerts pleiotropic effects, such as inhibiting the progression of carotid 
atherosclerosis [14].

Recently, several meta-analyses of Randomized Controlled Trials 
(RCTs) have reported a benefit of TAT for long-term mortality and 
reducing revascularization without increased bleeding in patients 
undergoing PCI [15-17]. However, which patients benefit most from 
TAT after DES implantation, in terms of restenosis, remains unknown. 
Although several RCTs [18-20] have suggested that TAT benefits 
patients with a high risk of restenosis after DES implantation, those 
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involved small numbers of patients, and the data are inconsistent. To 
investigate the effects of TAT in patients with a high risk of restenosis 
after DES implantation, we conducted a meta-analysis of RCTs.

Methods
Data sources and searches

We systematically searched all published studies that compared 
DAT, with and without cilostazol, in patients with a high risk of 
restenosis with DES (including those with obesity, diabetes, and long 
and/or multivessel coronary lesions) using the Cochrane Central 
Register of Controlled Trials (CENTRAL), PubMed and Embase. The 
literature search was updated on 31 October 2014 during the final 
revision process without any language restriction using the medical 
subject headings and text words, such as “cilostazol”, “dual antiplatelet 
therapy”, “triple antiplatelet therapy”, “stent implantation”, “drug-
eluting stent”, “stent restenosis”, “diabetes”, “obese”, “long lesions”, 
“multivessel lesions”, and “randomized controlled trials”. In addition 
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The heterogeneity of the data was assessed visually by L’Abbe plots 
[23] and Galbraith plots [24]. The Q test and I2 statistic were also used 
to evaluate heterogeneity between studies, and we considered a p value 
less than 0.1 as statistically significant. A fixed-effects model (Mantel-
Haenszel method) was used for analysis in the case of low or moderate 
heterogeneity among trials (I2≤50%, p<0.1). If there indicated high 
heterogeneity (I2≥50%, p<0.1), we tried to find clinical heterogeneity 
across the studies first and addressed it by sensitivity analysis 
meanwhile, a random-effect model (DerSimonian-Laird method) was 
used.

Publication bias was estimated by the use of funnel plots, as well 
as Begg’s rank correlation test [25] and Egger’s linear regression test 
[26]. A value of p≤0.05 (two-sided) was considered to be statistically 
significant. If publication bias seemed to be present through this 
process, the Duval and Tweedie’s trim-and-fill [27] procedure was used 
to estimate the possible impact of unpublished studies on the pooled 
estimate.

Results
Eligible studies

A total of 127 potential relevant articles were retrieved by database 
and manual searching. Forty-eight duplicates and 50 irrelevant articles 
were excluded by title and abstract assessment. Twenty-four articles 
were excluded for not fulfilling our inclusion criteria after a more 
detailed assessment. As a result, five RCTs that met the inclusion 
criteria were included in this meta-analysis, involving 2442 patients 
(TAT: DAT=1221: 1221) [18,20,28-30]. The process, with reasons for 
exclusion, was described in Figure 1.

Study characteristics and study quality

The baseline characteristics of each RCT were described in Table 1. 
All five RCTs were conducted in Asia (four RCTs in South Korea and 
one RCT in China) and published in English between 2007 and 2014. 
The duration of follow-up ranged from 6 to 12 months.

A summary of the quality assessment of each RCTs was shown in 
Table 2. The methods of randomization and reasons for withdrawals, 
and dropout were described in all the RCTs. One [18] of the five RCTs 
was performed with concealed treatment allocation; only Declare-
Long II was performed in a double-blinded fashion. According to the 
modified Jadad score, four RCTs were classified as high quality and 1 
RCT was classified as low quality.

Major efficacy outcomes

All-cause mortality: Five RCTs reported all-cause deaths in 
the TAT group (1221 patients’ total) and the DAT group (1221 
patients total). A heterogeneity test showed no statistical evidence of 
heterogeneity among these studies (I2=0%, p=0.501). Pooled analysis 
showed no difference between the TAT group and the DAT group in 
all-cause mortality (1.56% vs. 0.82%, RR: 1.82, 95% CI: 0.87 to 3.77, 
p=0.110) (Figure 2A).

MACEs: Four RCTs reported MACEs in the TAT group (with 913 
patients) and the DAT group (with 914 patients). A heterogeneity test 
showed no statistical evidence of heterogeneity among these studies 
(I2=0%, p=0.744). The pooled analysis showed a significantly lower 
incidence of MACEs in the TAT group than in the DAT group (4.16% 
vs. 8.86%, RR: 0.47, 95% CI: 0.32 to 0.68, p<0.001) (Figure 2B).

Bleeding: Five RCTs reported bleeding in both groups (with 
1221 patients total for each group). The heterogeneity test showed 

to searching databases, the reference lists of all the identified studies 
were manually searched. Internet-based sources of information 
(Google Scholar, Microsoft Academic Search, Web of Knowledge and 
www.clinicaltrial.gov) were also searched for more trials.

Study selection

Two reviewers (HB.C. and X. Z.) independently performed study 
selection and assessed the eligibility of RCTs identified by searching the 
relevant databases, with disagreements resolved by consensus or by the 
opinion of a third reviewer (J. X.), if necessary. Studies were considered 
for inclusion if they were RCTs involving patients with a high risk 
of restenosis after DES implantation (including those with obesity, 
diabetes, and long and/or multivessel lesions) and randomly assigned 
patients to TAT and DAT groups. Additional studies were evaluated 
if they included at least one of the following interesting outcomes: all-
cause death, MACEs, TVR, TLR, stent restenosis, in-stent late loss, in-
segment late loss, stent thrombosis, bleeding, other adverse reactions, 
and drug discontinuation.

Data extraction and quality assessment

The data were extracted and presented according to the Providing 
Innovative Service Models and Assessment (PRISMA) criteria [21]. 
Two reviewers (HB.C. and X. Z.) independently extracted data from all 
the included studies and assessed the data quality, with disagreements 
resolved by consensus or by the opinion of a third reviewer (J. X.), if 
necessary. The extracted data were first author, the year of publication, 
country, follow-up duration, number of participants and drug 
protocol, the pooled efficacy outcomes, including all-cause death, 
MACEs, in-stent late loss, in-segment late loss, stent restenosis, stent 
thrombosis, TVR, TLR, bleeding, and other adverse reactions (such 
as rash, gastrointestinal trouble, thrombocytopenia, neutropenia, 
hepatic dysfunction, or headache) and drug discontinuation during 
the treatment period. The authors may be contacted by e-mail for more 
detailed information.

The study methodology quality assessment was undertaken 
by a validated scale (modified Jadad score, according to the Jadad 
scoring method) [22] based on the following items: randomization, 
concealment of allocation, double blinding, withdrawals and dropouts. 
A score of 1 point was given for each item satisfied, and 1 additional 
point was given for high quality of randomization, concealment and 
double blinding. A high quality study was defined by a score greater 
than three.

Outcomes definitions

We accepted original trial definitions for all outcomes. Major 
efficacy outcomes were all-cause mortality, MACEs and bleeding. 
Minor efficacy outcomes were stent thrombosis, in-stent late loss, in-
segment late loss, TLR, TVR, binary angiographic restenosis (stenosis 
diameter >50%) both in-stent and in-segment (stented segment and 
margins 5 mm proximal and distal to the stent), other adverse reactions 
and drug discontinuation. 

Statistical analyses

Review-Manager software (RevMan, version 5.2 for Windows) and 
STATA12.0 software (STATA Corp. College Station, TX, USA) were 
used to perform this analysis. We determined the pooled Standard 
Mean Difference (SMD) and corresponding 95% Confidence Intervals 
(CI) for the continuous data and pooled Risk Ratios (RR) for the 
dichotomous data. 
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Binary angiographic restenosis: Three RCTs reported binary 
angiographic restenosis in the TAT group (700 patients) and DAT 
group (699 patients). The heterogeneity test showed no statistical 
evidence of heterogeneity among these studies (I2=0%, p=0.734 for 
in-stent restenosis and I2=0%, p=0.880 for in-segment restenosis). The 
pooled analysis showed significantly fewer reports of in-stent restenosis 
in the TAT group than in the DAT group (6.86% vs. 11.45%, RR: 0.60, 
95% CI: 0.43 to 0.84, p=0.003), with a similar outcome for in-segment 
restenosis (7.57% for TAT vs. 13.16% for DAT, RR: 0.56, 95% CI: 0.42 
to 0.80, p=0.001) (Figure 2H1 and Figure 2H2).

Other adverse reactions: Five RCTs reported other adverse 
reactions in the TAT group, with 1221 patients, and the DAT group, 
with 1221 patients. The heterogeneity test showed no statistical 
evidence of heterogeneity among these studies (I2=20.4%, p=0.285). 
The pooled analysis showed a significantly higher number of other 
adverse reactions in the TAT group and in the DAT group (11.38% vs. 
6.39%, RR: 1.78, 95% CI: 1.37 to 2.33, p<0.001) (Figure 2I).

Drug discontinuation

Three RCTs reported drug discontinuation in the TAT group, with 
700 patients, and the DAT group, with 699 patients. The heterogeneity 
test showed statistical evidence of heterogeneity among these studies 
(I2=87.0%, p<0.001). The pooled analysis uncovered a significantly 
greater incidence of drug discontinuation in the TAT group than in 
the DAT group (16.29% vs. 5.15%, RR: 4.60, 95% CI: 1.24 to 17.08, 
p=0.023) (Figure 2J).

Sensitivity analysis and major sources of heterogeneity

The heterogeneity tests showed significant statistical evidence 
of heterogeneity only for the drug discontinuation data (I2=87.0%, 
p<0.001), and the results of the L’Abbe and Galbraith plots are shown 
in the supplemental data (Figure S1). The sensitivity analysis of the drug 
discontinuation data showed the Declare-Diabetes study appeared to 
be different from the rest of the studies (Figure 3).

Publication bias

Egger’s linear regression test revealed the presence of publication 
bias only for drug discontinuation (p=0.036, 95% CI: 1.485 to 9.007) 
(Table 3). Other outcomes seem to have no publication bias through 
Begg’s rank correlation test and Egger’s linear regression test; however, 
a funnel plot for MACEs, bleeding and ST seemed to be asymmetric 
(Figure 4). Therefore, the Duval and Tweedie’s trim-and-fill procedure, 
which conservatively imputes hypothetical negative unpublished 
studies to mirror the positive studies that cause funnel plot asymmetry, 
was conducted for these endpoints; the results suggest the presence of a 
publication bias for drug discontinuation (Figure 5).

Discussion
Despite optimal therapy, such as dual antiplatelet therapy and 

DES implantation which are recommended in the current guidelines, 
patients undergoing PCI still suffer a significant risk of restenosis 
and deleterious clinical events [1,31], especially in patients with 
obesity, diabetes, and long and/or multivessel coronary lesions [7-10]. 
Intensified antiplatelet therapy appears to be more important for these 
high risk patients. Recently, some clinical trials have demonstrated that 
consolidated antiplatelet therapy could decrease platelet activation and 
aggregation to give patients a lower incidence of ischemic events [14,17]. 
Several previous meta-analyses of TAT supported the application of 
TAT in patients with PCI; however, most of them involved RCTs that 
were limited to relatively low-risk candidates, which may bias effect 

   

Figure 1: Flow diagram of the trial selection process.

no statistical evidence of heterogeneity among these studies (I2=0%, 
p=0.803). The pooled analysis revealed no difference between the TAT 
group and the DAT group in bleeding (3.52% vs. 3.28%, RR: 1.07, 95% 
CI: 0.71 to 1.63, p=0.745) (Figure 2C).

Minor efficacy outcomes 

Stent thrombosis (ST): Five RCTs reported ST in the TAT group 
(with 1221 patients) and the DAT group (with 1221 patients). The 
heterogeneity test showed no statistical evidence of heterogeneity 
among these studies (I2=0%, p=0.504). The pooled analysis showed no 
difference between the TAT group and the DAT group in ST (0.82% vs. 
0.66%, RR: 1.4, 95% CI: 0.50 to 3.06, p=0.641) (Figure 2D).

Late loss: Three RCTs reported late loss in both groups, with 700 
patients in the TAT group, and 699 patients in the DAT group. The 
heterogeneity test uncovered no statistical evidence of heterogeneity 
among these studies (I2=0%, p=0.951 for in-stent late loss and I2=0%, 
p=0.647 for in-segment late loss). The pooled analysis showed a 
significant difference between the TAT group and the DAT group in 
either in-stent late loss (0.34 mm vs. 0.46 mm, SMD: -0.22, 95% CI: 
-0.32 to -0.11, p<0.001) or in-segment late loss (0.36 mm vs. 0.50 mm, 
SMD: -0.29, 95% CI: -0.39 to -0.18, p<0.001) (Figure 2E1 and Figure 
2E2).

TLR: Five RCTs reported TLR in both the TAT group, with 1221 
patients, and the DAT group, with 1221 patients. The heterogeneity test 
showed no statistical evidence of heterogeneity among these studies 
(I2=0%, p=0.944). The pooled analysis revealed significantly fewer 
occurrences of TLR in the TAT group than in the DAT group in TLR 
(2.79% vs. 5.98%, RR: 0.47, 95% CI: 0.31 to 0.69, p<0.001) (Figure 2F).

TVR: Five RCTs reported TLR in the TAT group, with 1221 
patients, and the DAT group, with 1221 patients. The heterogeneity test 
showed no statistical evidence of heterogeneity among these studies 
(I2=0%, p=0.990). The pooled analysis revealed a significantly lower 
incidence of TVR in the TAT group than in the DAT group (3.36% vs. 
6.80%, RR: 0.49, 95% CI: 0.34 to 0.71, p<0.001) (Figure 2G).
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Figure 2: Meta-analysis of efficacy outcomes A: All-cause mortality.

   

Figure 2: B: Major adverse events, MACEs.

   

   

Figure 2: C: Bleeding;

Figure 2: D: Stent thrombosis. 
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Figure 2: E1: In-stent late loss.

Figure 2: E2: In-segment late loss.

Figure 2: F: Target lesion revascularization, TLR. 

Figure 2: G: Target vessel revascularization, TVR.

Figure 2: H1: In-stent restenosis.
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Figure 2: H2: In-segment restenosis.

Figure 2: I: Other adverse reactions. 

Figure 2: J: Drug discontinuation.

   

Figure 3: Funnel plot of efficacy outcomes A: All-cause mortality. 
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Figure 3: B: Major adverse events, MACEs. 

   

   

   

Figure 3:C: Bleeding.

Figure 3: D: Stent thrombosis.

Figure 3: E1: In-stent late loss.

   

   

   

   

Figure 3: E2: In-segment late loss.

Figure 3: F: Target lesion revascularization, TLR.

Figure 3: G: Target vessel revascularization, TVR. 

Figure 3: H1: In-stent restenosis.
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Figure 3: H2: In-segment restenosis.

Figure 3: I: Other adverse reactions.

Figure 3: J: Drug discontinuation.

Figure 4: Results of sensitivity analyses for drug discontinuation. 

   

Figure 5: The Duval and Tweedie’s trim-and-fill procedure for drug 
discontinuation. S.E. = standard error

for those with a high risk of restenosis. As no evidence was found 
for cilostazol therapy in left-main disease, graft-vessel disease, or 
Chronic Total Occlusion (CTO), we just defined patients at high risk 
of restenosis after DES implantation as the populations with obesity, 
diabetes, and long and/or multivessel coronary lesions in this study.

The results from 2242 patients incorporating 5 RCTs also showed 
benefits of TAT to patients with a high risk of restenosis after DES 
implantation. The main findings in our meta-analysis were the 
following: (1) the TAT group was associated with a significantly lower 
number of occurrences of MACEs, binary angiographic restenosis, late 
loss of MLD, and incidences of TVR and TLR compared with DAT 
group; (2) there was no difference between the two groups in bleeding 
and stent thrombosis; and (3) the incidence of other adverse reactions, 
such as rash, gastrointestinal trouble, thrombocytopenia, neutropenia, 
hepatic dysfunction, headache, and drug discontinuation, was higher 
for the TAT group than the DAT group. These results are consistent 
with previous meta-analyses. 

As a phosphodiesterase III inhibitor, cilostazol plays a significant 
role in hydrolyzing cyclic adenosine monophosphate (cAMP) within 
platelets, by a different mechanism from that of aspirin and clopidogrel 
[13], which leads to reduced aggregation of platelets. In addition to the 
drug’s antiplatelet function, its upregulation of p53, p21 and hepatocyte 
growth factor through altering the cAMP levels in vascular smooth 
muscle cells has an antiproliferative effect [32]. Cilostazol also has anti-
restenosis effects by inhibiting stent-induced P-section expression in 
platelets and upregulating leukocyte Mac-1, which triggers restenosis 
after PCI surgery [33], possibly explaining the reduced rates of TLR 
and TVR. TAT group patients benefited from a lower incidence of 
MACEs, mainly driven by reduced repeat revascularization. Rizzo et al. 
[34] found that cilostazol improved the pro-atherogenic lipid profile in 
patients with type 2 diabetes. In addition, Ahn et al. [35] demonstrated 
that TAT had a better anti-inflammatory effect than DAT, which 
may be another mechanism benefitting MACEs. However, in that 
meta-analysis, TAT failed to reduce the incidence of stent thrombosis 
because the small sample size was underpowered to detect a significant 
difference between TAT and DAT due to the low incidence of stent 
thrombosis in the real world.

The clinical benefit of intensified antiplatelet therapy may be offset 
by an associated increase in bleeding complications; however, when 
cilostazol was administered as an adjunctive to aspirin and clopidogrel, 
the intensified antiplatelet effect could lead to a lessened HTPR, but 
did not increase the risk of bleeding events, which was demonstrated 
in previous meta-analyses and was consistent with all the included 
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Declare-Long II Declare-Long Youn et al. Declare-Diabetes Gao et al.
Study design RCT RCT RCT RCT RCT

Country South Korea South Korea South Korea South Korea China
Numbers of centers 10 5 18 5 1
Follow-up period (m) 12 9 12 6 12

Follow-up proportion (%) 100 100 100 100 100
Numbers of patients (n) TAT/DAT=250/249 TAT/DAT=250/250 TAT/DAT=308/307 TAT/DAT=200/200 TAT/DAT=213/215

Age (years) TAT/DAT=61/62 TAT/DAT=60.9/61.2 TAT/DAT=64/65 TAT/DAT=61/61 TAT/DAT=58/53
Male (%) TAT/DAT=70/71.5 TAT/DAT=64.8/63.6 TAT/DAT=64.2/63 TAT/DAT=59/57 TAT/DAT=78.9/81.9

Hypertension (%) TAT/DAT=58.4/64.7 TAT/DAT=54.8/55.2 TAT/DAT=65.8/68.2 TAT/DAT=59.5/59.5 TAT/DAT=56.3/54.4
Smoking (%) TAT/DAT=30.4/30.1 TAT/DAT=37.6/37.2 TAT/DAT=44/48.4 TAT/DAT=24/31.5 TAT/DAT=38.5/42.3

Diabetes mellitus (%) TAT/DAT=36.8/33.7 TAT/DAT=34/32.4 TAT/DAT=30.9/32.5 TAT/DAT=100/100 TAT/DAT=19.2/16.2
LCL (%) TAT/DAT=100/100 TAT/DAT=100/100 NA NA NA

Lesion length (mm) TAT/DAT=33.6/34.7 ≥25 ≥28 TAT/DAT=26.7/26.3 NA
Stent length (mm) TAT/DAT=37.3/39.1 ≥32 TAT/DAT=30.4/30.8 TAT/DAT=33.5/32.1 NA

Multivessel disease (%) TAT/DAT=34.8/37.3 TAT/DAT=66.8/58.6 TAT/DAT=65.8/73.4 TAT/DAT=65.5/62.5 TAT/DAT=91.1/78.6
Multivessel stenting (%) TAT/DAT=34.8/37.3 TAT/DAT=44.8/37.2 TAT/DAT=53.4/58.1 TAT/DAT=36.5/30 NA

Clinical diagnosis
Stable angina (%) TAT/DAT=44/50.6 TAT/DAT=47.2/43.6 TAT/DAT=35.5/34.7 TAT/DAT=41.5/42.5 NA

Unstable angina (%) TAT/DAT=44.8/40.2 TAT/DAT=34/36.4 TAT/DAT=41.4/46.8 TAT/DAT=38/35.5 NA
AMI (%) TAT/DAT=11.2/9.2 NA TAT/DAT=20.2/16.6 TAT/DAT=20.5/22 NA

LVEF (%) TAT/DAT=60.7/59.8 TAT/DAT=59/58 TAT/DAT=53.3/57.6 TAT/DAT=59/58 TAT/DAT=50/48.6
Aspirin (mg) 200(loading and qd) 200 (daily) 300(loading)+100(qd) 200 (qd) 100 (qd)

Clopidogrel (mg) 300(loading)+75(qd) 300 (loading)+75 (qd) 300-600(loading)+75(qd) 300 (loading)+75 (qd) 75 (qd)
Cilostazol (mg) 200 (loading and qd) 200 (qd) 200(loading)+100(bid) 200 (daily) 200 (qd)

Duration of DAT (m) 12 9 12 6 12
Duration of cilostazol (m) 8 6 3 6 12

Notes: RCT=Randomized Controlled Trial; TAT=cilostazol based Triple Antiplatelet Therapy; DAT=Dual Antiplatelet Therapy (aspirin+ clopidogrel); LCL= Long Coronary 
Lesion; AMI=Acute Myocardial Infarction; LVEF=Left Ventricular Ejection Fraction; m=months; qd=once a day; bid=twice a day; NA= Not Available

Table1: Characteristics of included studies

Declare-Long II Declare-Long Youn et al. Declare-Diabetes Gao et al.

Trials described as randomized Yes Yes Yes Yes Yes

Trial described method to generate randomization Yes Yes Yes Yes No

Trials described as double blind Yes No No No No

Adequate description of double blinding method Yes No No No No

Description of withdrawal and dropout Yes Yes Yes Yes Yes

Concealed treatment allocation CC CC CC CC UC

Sum of Jadad score 7 5 5 5 2

Notes: CC= Clearly Concealed; UC= Unclearly Concealed
Table 2: Quality of included studies

Begg's test (p) Egger's test (p)
All-cause mortality 0.462 0.252
MACEs 1.000 0.073
Bleeding 0.462 0.111
Stent thrombosis 0.462 0.335
In-stent late loss 0.117 0.129
In-segment late loss 0.602 0.404
TLR 0.806 0.968
TVR 0.462 0.583
In-stent restenosis 0.117 0.609
In-segment restenosis 0.602 0.652
Other adverse reactions 0.086 0.007
Drug discontinuation 0.117 0.036

MACEs= Major Adverse Events; TLR= Target Lesion Revascularization; 
TVR= Target Vessel Revascularization

Table3: Begg’s and Egger’s tests for publication bias
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trials comparing TAT versus DAT in this meta-analysis. However, we 
cannot ignore the higher incidence of other adverse reactions, such 
as rash, gastrointestinal trouble, thrombocytopenia, neutropenia, 
hepatic dysfunction, and headache, which could lead to more drug 
discontinuation in patients after DES implantation compared with 
DAT. 

Currently, new generation ADP-receptor antagonists, such as 
prasugrel and ticagrelor, have received great attention, because large 
RCTs such as PLATO [36] and ATLANTIC [37], demonstrated that 
prasugrel or ticagrelor was superior to clopidogrel for the prevention of 
ischemic events in ACS patients who accepted PCI treatment. Further 
studies are needed in this area, which will be helpful in updating future 
antiplatelet treatment strategies for reducing the high risk of restenosis 
after DES implantation.

Our study has potential limitations. First, only five RCTs were 
involved in this meta-analysis, and most of the subjects enrolled were 
from South Korea. Thus, caution should be taken when generalizing 
the findings to more diverse patient populations. Further studies in 
this field should be performed to determine whether similar clinical 
results can be achieved in different ethnic groups, especially in Western 
populations. Second, only Declare-Long II was double-blinded, so 
further high quality articles are warranted to perform in this field. 
Finally, we limited our analysis to RCTs only. The Generalization of 
our findings could be improved by including non-randomized designs 
such as cohort and case-control studies, which may increase the risk 
of bias and heterogeneity that could make data interpretation more 
difficult. 

Conclusions
Compared with DAT, patients with a high risk of restenosis 

benefited from TAT in reduced stent restenosis and revascularization 
after DES implantation, without increases in all-cause mortality and 
bleeding, but these outcomes were accompanied by a higher incidence 
of other adverse reactions and drug discontinuation.
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