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Objective  The benefit of short-term dual antiplatelet therapy (DAPT) following second-generation 

drug-eluting stents implantation has not been systematically evaluated. To bridge the knowledge gap, we did a 
meta-analysis to assess the efficacy of ≤6 months versus ≥12 months DAPT among patients with 
second-generation drug-eluting stents. 

Methods  We searched online databases and identified randomized controlled trials that assess the 
clinical impact of short-term DAPT (≤6 months) published before March 3, 2016. The efficacy endpoints 
included the incidence of all-cause death, myocardial infarction, cerebrovascular accidents, and definite or 
probable stent thrombosis. Safety endpoint defined as major bleeding was also evaluated and discussed. 

Results  We included 5 trials that randomized 9473 participants (49.8%, short-term DAPT duration vs. 
50.2%, standard duration). A total of 9445 (99.7%) patients reported the efficacy endpoints, and the safety 
endpoint was available from 4 studies (n=8457). There was no significant difference in efficacy endpoints 
between short-term and standard DAPT duration (≥12 months) [risk ratio (RR) 0.96; 95% confidence 
intervals (CI), 0.80-1.15]. Short-term DAPT duration did not significantly increase the individual risk of 
all-cause death, myocardial infarction, cerebrovascular accidents, or definite or probable stent thrombosis. 
Although short-term DAPT obviously reduced risk of major bleeding compared with standard DAPT (RR 
0.53; 95% CI, 0.29-0.96), significant publication bias was found when accessing the safety endpoint of the 4 
studies (Egger’s test, P=0.009). 

Conclusions  The efficacy of short-term DAPT was comparable with that of standard duration DAPT. 
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DAPT less than 6 months may be appropriate for patients receiving second-generation drug-eluting stents 
implantation. 

Chin Med Sci J 2017; 32(1):1-12 
 

 
UAL antiplatelet therapy (DAPT) has been the 
cornerstone in secondary prevention after 
percutaneous coronary intervention (PCI) 
procedures. At first, extended DAPT was con- 

sidered to be associated with a significant reduction in late 
and very late stent thrombosis in patients undergoing PCI 
with the first-generation drug-eluting stent (DES) implantation. 
However, prolonged DAPT could lead to a significant 
increase in bleeding events, which may offset the potential 
benefit.1 In the second-generation DESs’ era, with superior 
safety due to improved vascular healing and stent strut 
intimal coverage properties,2-4 the new DESs raise the 
possibility to shorten DAPT duration while maintaining the 
efficacy.5 Current European Society of Cardiology (ESC) 
and American Heart Association/American College of 
Cardiology (AHA/ACC) guidelines recommend a minimum 
duration of DAPT of 6 to 12 months and 12 months 
respectively,6-7 for such circumstance. While neither of 
them provided specific recommendation of the DAPT for the 
second-generation DESs, despite they account for the vast 
majority of stents used nowadays.  

In recent years, several randomized trials evaluated 
the outcome of short-term DAPT in patients undergoing PCI 
with the second-generation DESs, including zotarolimus- 
eluting stent (ZES) and everolimus-eluting stent (EES). 
Due to the rarity of ischemic and bleeding events, each trial 
had limited statistical power to conclude the noninferiority 
on shorter duration of DAPT. One newly published 
meta-analysis concluded it was safe with DAPT no more 
than 6 months in patients receiving second-generation 
DESs.8 While it actually did not exclude randomized controlled 
trials enrolling patients undergoing bare metal stents (BMS) 
and the first-generation DESs. So far, barely systematic 
evidences particularly based on the second-generation DESs 
are available in the current cardiology practice. 

Therefore, we sought to assess the efficacy of short- 
term DAPT (≤6 months) compared with that of standard 
DAPT (≥12 months) by doing a comprehensive meta-analysis 
of randomized controlled trials among patients undergoing 
the second-generation DESs implantation. 

MATERIALS AND METHODS 

Database search 
The literature searches were performed in Medline (with the 

Ovid interface), EMBASE, Cochrane Central Register of 
Controlled Trials (CENTRAL) and China National Knowledge 
Internet (CNKI) database to identify relevant randomized 
clinical trials published up to March 3, 2016. We also 
screened the ClinicalTrials. gov. The following search terms 
were used: “randomized controlled trial”, “random”, 
“placebo”, “random allocation”, “single-blind”, “double-blind”, 
“triple-blind”, “DES”, “drug- eluting stent”, “DAPT”, “dual 
antiplatelet therapy”, “aspirin”, “ASA”, “acetylsalicylic acid”, 
“clopidogrel”, “Plavix”, “prasugrel”, “Effient”, “ticagrelor”, 
“Brilinta”, “thienopyridine”, “short term”, “short duration”, 
“3-month”, and “6-month”. Manually searching for 
additional relevant studies was done until no further 
citations were available. Searches were restricted to trials 
of human participants with full text published in English or 
Chinese.  
 
Inclusion and exclusion criteria 
We selected all randomized controlled trials that analyzed 
the efficacy of ≤6 months DAPT vs. ≥12 months after im- 
plantation of second-generation DESs. Two investigators 
(Peisen Huang and Yuan Yu) independently assessed all 
potentially relevant studies to identify studies that satisfied 
the following criteria: 1) human subjects underwent 
implantation of the second-generation DESs to treat 
coronary artery disease, 2) participants were randomly 
assigned to receive either short-term DAPT, defined as 
management with aspirin and a P2Y12 receptor inhibitor 
(clopidogrel, prasugrel, or ticagrelor) for no more than 6 
months, or standard duration DAPT, defined as DAPT 
treatment given for at least 12 months after index PCI, and 
3) follow up for at least 12 months. Exclusion criteria were: 
1) a non-randomized controlled design, editorial comments, 
reviews, and conference abstracts, 2) a repeated report on 
the same study population or duplicated data. Discre- 
pancies between the two reviewers in study selection were 
resolved by a third independent investigator. 
 
Data collection and assessment of risk of bias 
Two investigators (Peisen Huang and Yuan Yu) indepen- 
dently reviewed the full text of included trials and did the 
data collection. Efficacy endpoint (all-cause death, myocardial 
infarction, cerebrovascular accidents, and definite or 
probable stent thrombosis) and safety endpoint (major 
bleeding) were analyzed. In trials where participants were 
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randomly divided to implant the first- or second-generation 
stents, we only extracted subjects’ data referred to the 
second-generation DES.  

Risk of bias was evaluated by the same two authors, in 
accordance with the Cochrane Collaboration’s method based 
on the following methodological items: adequacy of 
random sequence generation, allocation concealment, 
blinding (at participants or outcome assessors level), 
incomplete outcome data reporting, selective outcome 
depiction, adequate description of sample size calculation, 
detailed funding sources disclosure and other important 
bias.9 
 
Statistical analysis 
Data were analyzed with RevMan version 5.3 (The Coch- 
rane Collaboration, Copenhagen, Denmark). The summary 
risk ratio (RR) and 95% confidence intervals (CIs) were 
estimated using fixed effects method (Mantel- Haenszel) 
for dichotomous outcomes. Breslow-Day χ2 test (P<0.1) 
and I2 statistic were used to assay the heterogeneity 
among the trials: I2 values <25% indicating low, 25%-50% 
indicating moderate, and >50% indicating high hetero- 
geneity.10 Funnel plot asymmetry was visually inspected to 
address for possible small study effects, together with 
Egger’s and Begg’s test to access publication bias, over and 
above any subjective evaluation.11 A P value of <0.05 was  
 

considered as statistically significant. Meta-regression 
was done according to difference in DAPT duration and 
proportion of patients with acute coronary syndrome 
(ACS) between study arms. The sensitivity analysis was 
performed to investigate the robustness of our results by 
repeated data analysis omitting one study at a time to 
assess whether any of the included studies had a dominated 
effect on the results. The study was performed in compliance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) statement. 

RESULTS 

Description of studies 
We screened the title, abstract and/or full text of 180 
eligible publications (Fig. 1). Of these, 175 studies were 
excluded and only 5 trials (9473 participants) met the 
inclusion criteria for this analysis.12-16 All studies were 
multicenter with relatively low bias (Table 1). 

The main characteristics of the studies included are 
reported in Table 2. Briefly, the subjects enrolled in the 
trials were PCI suitable and underwent the second- 
generation DESs (ZES or EES) implantation. In the Real 
Safety and Efficacy of 3-month Dual Antiplatelet Therapy 
Following Endeavor Zotarolimus-eluting Stent Implantation 
(RESET) study, 16.1% of eligible patients randomly allocated  

 
Figure 1. PRISMA flow chart for the trial selection process.  

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses; RCT: randomized controlled trial; DES: 
drug-eluting stent. 
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Table 1. Results of bias risk assessment of the 5 included studies 

Methodological items ITALIC12 OPTIMIZE14 RPRODIGY15 RESET16 SECURITY13 

Random sequence generation Yes (Web-based) Yes Yes (Computer- 

generated) 

Yes (Web-based) Yes 

Allocation concealment Yes (Centralized  

randomization) 

Unclear Yes (Sealed  

envelopes) 

Unclear Unclear 

Blinding of participants* Yes Yes Yes Yes Yes 

Blinding of outcome assessment Yes Yes Yes Yes Yes 

Incomplete outcome data  Yes Yes Yes Yes Yes 

Selective outcome reporting Yes Yes Yes Yes Yes 

Sample size calculation Yes Yes 

(Non-inferiority 

design) 

Yes Yes 

(Non-inferiority 

design) 

Yes 

(Non inferiority 

design) 

Funding sources disclosure Yes 

(Industry-funded) 

Yes  

(Industry-funded) 

Yes (Investigator-

driven) 

Yes (Public Health- 

and Industry-funded ) 

Yes (Public  

Health-funded )

Other bias Yes (Prematurely 

terminative) 

No No No Yes (Prematurely 

terminative) 

ITALIC: Is There a Life for DES after Discontinuation of Clopidogrel; OPTIMIZE: Optimized Duration of Clopidogrel Therapy 
Following Treatment with the Zotarolimus-Eluting Stent in Real-World Clinical Practice; PRODIGY: Prolonging Dual Antiplatelet 
treatment after Grading Stent-induced Intimal Hyperplasia Study; RESET: Real Safety and Efficacy of a 3-month Dual Antiplatelet 
Therapy Following Endeavor Zotarolimus-eluting Stents Implantation; SECURITY: Second Generation Drug-Eluting Stent 
Implantation Followed by Six- Versus Twelve-month Dual Antiplatelet Therapy. 

*Open-label studies may possess low risk of bias if outcome assessment was blinded and/or if lack of blinding is unlikely to influence 
outcome. 

 
to Sirolimus-eluting stent were also included.16 The 
percentage of patients with stable coronary artery disease 
ranged from 25.2% to 59.2%, and acute coronary 
syndrome from 23.5% to 74.8%. All trials compared dual 
antiplatelet therapy with aspirin alone. DAPT in all trials 
consisted of aspirin and thienopyridine, which is 
dominantly clopidogrel, with only 1.8% and 0.1% of 
patients receiving prasugrel or ticagrelor in the Is There a 
Life for DES after Discon- tinuation of Clopidogrel (ITALIC)12 
and Second Generation Drug-eluting Stent Implantation 
Followed by Six- Versus Twelve-month Dual Antiplatelet 
Therapy (SECURITY)13 studies, respectively. In 3 studies, 
the randomization to DAPT regimens took place at the time 
of index PCI,13-14, 16 and in 1 month after the index 
procedure in another trial15 and 6 months after the index 
procedure in the remaining trial.12 The duration of DAPT 
therapy was 3 or 6 months in short-term DAPT group. All 
trials assessed 12-month DAPT therapy as the standard 
group, apart from the Prolonging Dual Antiplatelet Treatment 
after Grading Stent-induced Intimal Hyperplasia study 
(PRODIGY),15 in which patients received 24 months of 
DAPT therapy. 
 
Efficacy and safety endpoints 
All 5 trials consisted of 9445 (99.7%) patients, reporting 

the efficacy endpoints. We found no significant heterogeneity 
among trials as assessed by χ2= 4.64 (P=0.33), and I2 
value was 14% (Fig. 2). In a Mantel-Haenszel fixed-effects 
model, no significant difference in terms of efficacy was 
found between short-term and standard DAPT duration (RR 
0.96; 95% CI, 0.80-1.15; Fig. 2).  

Short-term DAPT was not associated with all-cause 
death when compared with standard duration treatment 
(RR 0.91; 95% CI, 0.69-1.21; I2=0; Fig. 3A). Similarly no 
significantly increased risk of myocardial infarction (RR 1.06; 
95% CI, 0.78-1.43; I2=0; Fig. 3B), definite or probable 
stent thrombosis (RR 0.96; 95% CI, 0.53-1.73; I2=0; 
Fig. 3C) or cerebrovascular accidents (RR 0.81; 95% CI, 
0.46-1.45; I2=34%; Fig. 3D) was observed in short-term 
DAPT. The safety endpoint was available from 4 studies (n= 
8457).12-14,16 In a Mantel-Haenszel fixed-effects meta- 
analysis, patients with short-term DAPT were at signifi- 
cantly reduced risk of major bleeding compared with ones 
with standard DAPT (RR 0.53; 95% CI, 0.29-0.96; I2=0; 
Fig. 4). 

 
Bias risk 
Funnel plots and the Egger’s test assessing the efficacy 
endpoints suggested no evidence of publication bias (Figs. 
5A-E). In the subanalysis, short-term DAPT did not increase   
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Figure 2. Comparison of total efficacy of short-term dual antiplatelet therapy (DAPT) vs. standard DAPT.  

The squares and the horizontal lines indicate the risk ratio and the (95% CI) for each trial included; the size of each 
square is proportional to the statistical weight of a trial in the meta-analysis; diamond indicates the effect estimate 
derived from meta-analysis, with the center indicating the point estimate and the left and the right ends of the (95% CI). 
 
 

the all-cause death, myocardial infarction, stent 
thrombosis, and cerebrovascular accidents, which was 
consistent with the overall results. Moreover, meta- 
regression showed neither the difference in DAPT duration 
(Figs. 6A-E) nor proportion of patients with ACS (Figs. 7A-E) 
had significant effects on both overall efficacy results and 
individual indicator. However, there was significant publi- 
cation bias when accessing safety endpoints of the 4 
studies (Fig. 5F). Egger’s test (P=0.0094) could validate 
the bias due to small study effects. Meta-regression 
analysis showed there was interaction between efficacy 
and ACS component (pint=0.04), but not DAPT duration 
(pint=0.06). 

DISCUSSION 

This is a meta-analysis specifically focusing on patients 
receiving the second-generation DESs to evaluate the 
benefit of short-term (≤6 months) DAPT compared with 
standard (≥12 months) DAPT. It included 5 RCTs of more 
than 9400 participants. We did not detect a significant 
difference in the overall efficacy endpoint, as well as 
individual risk of all-cause death, myocardial infarction, 
stent thrombosis and cerebrovascular events between the 
two groups. The meta-analysis findings were not sensitive 
to the exclusion of any trial, and no substantial heterogeneity 
was observed in trial results with respect to the efficacy 
endpoints. 

It is well recognized that DAPT plays an important role 
in patients undergoing PCI procedure.17 However, benefit 
from shorter or longer duration of DAPT remains a matter 
of considerable controversy. Previous observational studies 
favored DAPT beyond 1 year,18-20 for prolonged dual 
antiplatelet regimen can reduce the occurrence of very late 
stent thrombosis after PCI.21 However, prolonged duration 
of DAPT accompanied with higher risk of bleeding.1, 22-24  

The expected benefit with prolonged DAPT was offset 
by an increased risk in major bleeding and a significantly 
higher non-cardiovascular mortality in the recently completed, 
large DAPT trial, which changed the perspective on 
extended thienopyridine use.1 If true, the increase in death 
associated with prolonged DAPT among the diverse 
population of cardiovascular patients could have profound 
consequences on public health. A previous systematic 
analysis of 32 135 participants after implantation of various 
DESs showed that the increased risk of short-term DAPT on 
stent thrombosis was attenuated with the use of second- 
generation DESs.25 This indicated a better performance in 
preventing stent thrombosis when compared with the 
first-generation counterparts. Therefore, with second- 
generation DES dominantly used in contemporary practice, 
a short-term of DAPT strategy of less than 6 months seems 
to be more acceptable when evaluating the trade-off 
between ischemic and bleeding risk. 

Currently, neither guidelines nor published meta- 
analysis specifically focused on the duration of DAPT after 
second-generation DESs implantation. There were several 
trials evaluated the safety and efficacy of interrupted DAPT 
at 3 or 6 months compared with long-term DAPT at 12 or 
24 months, and were particularly enrolling patients under- 
going second-generation DESs implantation.12-16 However, 
the wide confidence intervals and low rate of events 
accrued in each of RCT made it underpowered to detect 
clinically-meaningful differences in hard endpoints such as 
stent thrombosis and MI.26 Although a recent analysis 
reported by Ziada et al8 claimed that abbreviated-duration 
of DAPT (≤6 months) following second-generation DESs 
associated with a significant reduction in major bleeding 
complications compared with standard-duration DAPT. The 
subgroup analyses which excluded studies that first- 
generation DES use ≥25% still contained a certain part of 
patients undergoing BMS or first-generation DES. Thus, a  
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Figure 3. Comparison of individual safety indicator of short-term DAPT vs. standard DAPT.  

A. Odds ratio with (95% CI) for all-cause death; B. myocardial infarction; C. definite or probable stent thrombosis; D. 
cerebrovascular accidents. 

 
systematic examination of the short-term DAPT on efficacy 
and safety after second-generation DES implantation was 
still in a great need for the evolving DESs’ era. 

The results of the present meta-analysis, which 
included all of the randomized trials particularly evaluating 
optimal DAPT duration after PCI with second-generation 
DESs (The RESET trial16 is also included because only 
16.1% of eligible patients randomly allocated to first- 
generation DESs), offered the first insight into the 

efficacy and safety of short-term DAPT after second- 
generation DESs implantation. Despite a conventional 
association was found between DAPT cessation and an 
increased risk of ischemic events, we did not detect a 
significant increase or reduction in efficacy endpoints 
including all-cause mortality and risk of stent thrombosis. 
The specifical inclusion of second-generation DESs in our 
meta-analysis may account for the relatively lower 
prevalence of such events. 
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Figure 4. Comparison of major bleeding risk of patients receiving short-term DAPT vs. standard DAPT.  
The squares and the horizontal lines indicate the risk ratio and the (95% CI) for each trial included; the size of each 
square is proportional to the statistical weight of a trial in the meta-analysis; diamond indicates the effect estimate 
derived from meta-analysis, with the center indicating the point estimate and the left and the right ends of the (95% CI). 

 
 

 
Figure 5. Funnel plots were done to access the probable publication bias.  

A. Funnel plot for efficacy effect; B. all-cause death; C. myocardial infarction; D. definite or probable stent thrombosis; 
E. cerebrovascular accidents; F. safety effect.  
RR: relative risk. 
 

Previous studies showed that extended duration of 
DAPT increased the occurrence of bleeding events.1, 22-24 
Here we observed that short-term DAPT was associated 
with a significant reduction in major bleeding complications, 
but there was significant publication bias when accessing 
the safety endpoint (Egger’s test, P=0.009). Thus, there is 
still no enough evidence to support that short-term DAPT 
after second-generation DES implantation can further 
reduce the bleeding risk compared with standard DAPT. 

Our study has important limitations. First, the total 
number of events remained relatively low despite pooling 
the data from 9445 patients, which would limit the strength 
to conclude on rare events such as cerebrovascular events, 

stent thrombosis, or major bleeding. And two trials—the 
ITALIC12 and SECURITY13 prematurely terminated (fulfilled 
74.7% and 51.1%, respectively, of their designed sample 
size), decreasing the power of conclusion. Additionally, 
most of trials reported the endpoints in 12-month follow-up, 
that we cannot exclude a significant difference may emerge 
in the long run. Whereas, the PRODIGY study successfully 
proved the non-inferiority of shorter duration of DAPT in 
24-month observation.15 What’s more, new thienopyridine, 
such as prasugrel and ticagrelor, which has been widely 
used in real-world treatment, while we barely include these 
prescriptions in current analysis. Although we cannot draw 
conclusions on them, novel thienopyridine with improve- 
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ment in safety and efficacy27-28 would not likely change the 
results. Finally, as none of these trials specialized on acute 
coronary syndrome and data on this subgroup was not 
available, we can only presume the efficacy of short-term 
DAPT on the high-risk patients from 3768 subjects with ACS. 

In this meta-analysis of more than 9400 participants 

receiving second-generation DESs implantation, short-term 
DAPT was associated with similar rates of efficacy endpoints 
compared with standard DAPT. These data suggest that a 
short-term DAPT strategy is appropriate for patients 
undergoing second-generation DESs implantation in the 
contemporary era. Future efforts focus on duration for new  

 

 
Figure 6. Sensitivity analysis of all studies assessing association of difference in DAPT duration between study arms on meta- 

analysis results for overall efficacy endpoint and individual endpoints. 
A. Meta-regression for efficacy effect; B. all-cause death; C. myocardial infarction; D. definite or probable stent 
thrombosis; E. cerebrovascular accidents.  
RR: relative risk. 

 

 
Figure 7. Sensitivity analysis of all studies assessing association of proportion of patients with acute coronary syndrome (ACS%) 

between study arms on meta-analysis results for overall efficacy endpoint and individual endpoints. 
A. Meta-regression for efficacy effect; B. all-cause death; C. myocardial infarction; D. definite or probable stent thrombosis; E. 
cerebrovascular accidents. 
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antiplatelet drugs after DESs implanting with longer 
follow-up are needed, and the duration of DAPT among 
patients with acute coronary syndrome post-DESs should 
be defined. 
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