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ABSTRACT
Background: Drug-eluting stent(DES) implantation is the main interventional treatment for
coronary artery disease, and dual antiplatelet therapy(DAPT) remains the gold standard
strategy to prevent ischemic events. However, the optimal duration of DAPT after DES
implantation remains controversial. Therefore, we aimed to evaluate the best duration of
DAPT following DES implantation.
Method: We searched PubMed, Embase, Cochrane Library, and clinicaltrials.gov for all ran-
domized clinical trials(RCTs) that compared different durations of DAPT after DES implanta-
tion. Major adverse cardiac events(MACE) and major bleeding were the primary and
secondary outcomes, respectively.
Results: We included 16 RCTs (n = 42,993). The mean age of included patients was
63.1 ± 10.1. The primary outcome was statistically significant for lower MACE in patients
who received DAPT for 24–48 months (mo) following DES when compared with those who
received 3–6 mo of DAPT (odds ratio [OR] 0.75; 95% credible interval [CI] 0.58–0.97). There
was nonstatistically significant difference in MACE when comparing those who received
12 mo of DAPT to those taking either 3–6 mo of DAPT (OR 0.86; 95% CI 0.69–1.08) or
24–48 mo of DAPT (OR 0.87; 95% CI 0.72–1.05). In contrast, major bleeding was significantly
lower in those who received 3–6 mo of DAPT (OR 0.32; 95% CI 0.17–0.54) and 12 mo of DAPT
(OR 0.43; 95% CI 0.27–0.63) than in those who received 24–48 mo of DAPT.
Conclusion: In patients who undergo DES implantation, a longer duration of DAPT is
associated with lower MACE, despite the increased risk of major bleeding events. Therefore,
individualizing the duration of DAPT after DES according to the patient’s risk of bleeding and
recurrent ischemia is recommended.
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1. Introduction

The efficacy of percutaneous coronary intervention
(PCI) has improved significantly with the use of drug-
eluting stents (DESs). However, the concern regarding
their safety, specifically stent thrombosis, is rising.
Although the rate of stent thrombosis is generally low,
its occurrence is potentially fatal [1–3]. Current PCI
guidelines recommend dual antiplatelet therapy
(DAPT) with aspirin and thienopyridine as the corner-
stone of treatment after DES implantation [4,5]. The
first 6–12 months (mo) post–coronary stent implanta-
tion hold the highest risk of thrombotic complications
[1,6,7]. Therefore, DAPT is recommended during this
‘ischemic phase’. The use of DAPT during the ‘main-
tenance phase’, however, is associated with an increased
bleeding risk [5]. Strategies to reduce bleeding risk, such
as reducing the DAPT duration, have emerged, espe-
cially with the establishment of a new, safer generation

of DESs [8,9]. In contrast, patients with a stenosed stent,
diabetes, or low bleeding risk may experience the ben-
efit of prolonged (more than a year) DAPT without
a similar bleeding risk [8–11].

Multiple randomized clinical trials (RCTs) have eval-
uated the safety and efficacy of different DAPT durations
with conflicting results [12–15]. Previous meta-analyses
and systematic review have also shown mixed results
[16–19]. Therefore, we conducted our network meta-
analysis to evaluate the safety and efficacy of various
DAPT durations in patients undergoing DES
implantation.

2. Methodology

2.1. Literature search and data source

An electronic literature search was performed inde-
pendently by two authors (A.A. and Y.Z.) according
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to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P)
Statement 2015. We comprehensively searched
PubMed, Embase, Cochrane Library, and clinical-
trials.gov from inception to 8 March 2018. Any dis-
agreement was resolved by a discussion between the
two authors and in consultation with a third author
(M.B.). Neither language nor demographic restric-
tions were applied. Furthermore, references of the
relevant studies and meta-analyses were reviewed
for possible eligibility. The search terms were: ‘drug
eluting stent*’, ‘DES’, ‘stent’, ‘dual antiplatelet’,
‘DAPT’, ‘aspirin’, ‘clopidogrel’, ‘Plavix’, ‘P2Y12’, ‘thie-
nopyridines’, ‘ticagrelor’, ‘prasugrel.’

Studies were first screened by their titles and abstracts
for eligibility. Then, full texts of the eligible studies were
reviewed before exclusion. The search process is detailed
in Figure 1. The electronic search was archived through
Mendeley and is available on request. Our study was
a systematic review and meta-analysis and thus did not
require institutional review board (IRB) approval.

2.2. Study selection and data extraction

We included only RCTs that compared long-term
versus short-term DAPT after PCI and their effect on
various clinical outcomes. The duration of DAPT was

classified into three categories: 3–6 mo, 12–24 mo, and
24–36 mo. Retrospective studies were excluded to
reduce biases and eliminate confounding variables.
The main outcome of each included RCT and the
baseline patient characteristics are shown in Tables 1
and 2.

2.3. Quality assessment

We performed a quality assessment for the included
RCTs. We assessed the included RCTs for random
sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
reporting and other biases. We classified studies as
low-risk for bias only if all the described items were
adequately described as low-risk. Quality assessment
results are attached in the online supplemental data.

2.4. Data extraction

Two authors (A.A., M.B.) independently and sepa-
rately extracted the data from the included studies
into a predesigned form. Any disagreement was
resolved by a discussion between the two reviewers
and a third investigator (Y.Z.).

Figure 1. Preferred reporting items for systematic reviews and meta-analyses chart of the studies selection process.
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2.5. Outcomes

The primary outcome was the incidence of major
adverse cardiac events (MACE) and incidence of
major bleeding between different durations of DAPT.
The definitions of MACE and major bleeding events
are shown in supplementary material Tables S1.

2.6. Data synthesis

We conducted our network meta-analysis using the
Markov Chain Monte Carlo (MCMC) simulation
with a little informative prior distributions and like-
lihood function to derive the posterior distribution of
the parameter. We assessed convergence using the
Brooks-Gelman-Rubin method as well as the Monte-
Carlo error to check if the error was <5% of the
standard deviation of the effect estimates and
between-study variance. Random effects for the con-
sistency model were reported as odds ratios (ORs)
and Bayesian 95% credible intervals (CI). We con-
verted the relative treatment effects to a probability of
the best, second best, third best, and so on, as well as
the ranking of each treatment. We combined both
results to estimate the surface under the cumulative
ranking curve (SUCRA). Inconsistency was assessed
by comparing the deviance residuals and deviance
information criteria (DIC) statistics in fitted consis-
tency and inconsistency models to identify any loops
in the treatment network where inconsistency was

present. We analyzed our data using NetMetaXL
v1.6.1 and WinBUGS software v1.4.3 (Imperial
College and Medical Research Council).

3. Results

Sixteen RCTs were included in the analysis with
a total of 42,993 patients; 30.1% were treated for
3–6 mo, 46.9% for 12 mo, and 23% for 24–48 mo.
The baseline demographics are shown in Table 2. The
mean age of patients included in the trials was
63.1 ± 10.1 years. Overall, 31.3% of patients had
diabetes and 67.3% had hypertension. The procedural
characteristics of each RCT are shown in supplemen-
tary material Tables S2. The most stented artery was
the left anterior descending (LAD) artery. Both first-
and second-generation stents were used, in various
proportions, in these RCTs.

There was a significant improvement in MACE in
patients treated with DAPT for 24–48 mo following
DES when compared with those treated for 3–6 mo
(OR 0.75; 95% CI [0.58–0.97]). In contrast, improve-
ment in MACE was not significantly different when
those treated with 24–48 mo of DAPT following DES
were compared with those treated with 12 mo of
DAPT (OR 0.86; 95% CI [0.69–1.08]). Also, there
was no significant improvement in MACE in patients
treated with 12 months of DAPT when compared with
patients treated with DAPT for 3–6 months (OR 0.87,
95% CI [0.72–1.05]), as illustrated in Figure 2.

Figure 2. Forest plots summarizing the major adverse cardiac events between the competing treatments duration. Random
effects model was used to report the odds ratios (ORs) with 95% credible intervals (CIs).
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The effect of duration of DAPT following DES on
the bleeding risk was also studied. Compared with
patients treated with 24–48 mo of DAPT following
DES, those treated with either 3–6 mo (OR 0.32, 95%
CI [0.17–0.54]) or 12 months of DAPT (OR 0.43, 95%
CI [0.27–0.63]) experienced lower bleeding risk. On
the other hand, there was no significant improvement
in risk of major bleeding when 12 months of DAPT
was compared with 3–6 months of DAPT (OR 0.75,
95% CI [0.50–1.10]), as illustrated in Figure 3.

4. Discussion

In the present network meta-analysis of 16 RCTs to
evaluate the safety and efficacy of variousDAPTdurations
in DES-treated PCI patients, we had several notable find-
ings [12–15,20–31]. First, long-duration DAPT (≥24 mo)
reduces the composite ischemic vascular events signifi-
cantly when compared with short-duration DAPT
(3–6 mo). Second, there is a trend of improved composite
ischemic vascular events with longer DAPT as 12 mo was
better than 3–6 mo and ≥24 mo was better than both
3–6 mo and 12 mo. Third, there is a higher bleeding risk
when longer duration DAPT is used, as there was
a significant increase in major bleeding with long-
duration DAPT (≥24 mo) when compared with shorter
duration DAPT (3–6 mo and 12 mo). Thus, our findings
support the use of long-duration DAPT in patients with

high risk of thrombotic events and short-duration DAPT
in high bleeding-risk patients.

Despite the advances in the treatment of coronary
artery disease, recurrent stent thromboses remain proble-
matic [32,33]. The introduction of DAPT (aspirin and
a P2Y12 receptor antagonist) has mitigated the risk of
early and late thrombosis after coronary stent implanta-
tion, yet the duration ofDAPT remains controversial [34].
Although most of the previously published meta-analyses
have supported the use of short-duration DAPT because
of the lower associated bleeding risk without an apparent
increase in ischemic vascular events, some meta-analyses
were consistent with our finding and supported the use of
longer durations of DAPT after DES implantation to
reduce ischemic vascular events [19,35]. The time-
dependent nature of DAPT on risk of ischemic vascular
events has also been demonstrated in a previous meta-
analysis [36].

Six trials evaluated the efficacy of DAPT when used
for more than 12 mo [12,13,23,24,27,31]. All of them
showed a lower incidence of composite ischemic events
compared to shorter durations of DAPT with the excep-
tion of Lee et al and Valgimigli et al, who showed
a higher incidence of these events with long DAPT
[12,27]. A recently published individual data meta-
analysis by Lee et al may explain the unexpected findings
in these two studies, however [37]. The majority of
deaths in these trials were associated with a higher rate
of Type II MI, a condition that is not affected by DAPT,

Figure 3. Forest plots summarizing the major bleeding events between the competing treatments duration. Random effects
model was used to report the odds ratios (ORs) with 95% credible intervals (CIs).
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indicating that many of these deaths may not have been
related to a true cardiac event [38]. It should be noted
that theDAPTTrial – the largest of these trials – reported
a significantly lower incidence of vascular events with
long DAPT [13]. Furthermore, a subgroup analysis of
patients treated by everolimus-eluting stents – the most
commonly used stent – resulted in significant reduction
of stent thrombosis and MI [39].

In our study, there was no significant difference in the
rate of ischemic events with 12mo of DAPT, which is the
current recommended duration after DES implantation,
when compared with using DAPT for 6 mo or less
following DES [5]. This result was inconsistent with
three of the included trials [21,22,28]. This incongruity
could be explained by the inclusion of low-risk patients
and short duration of follow-up implemented by these
trials. Also, several trials were limited by low event rates,
which raise the possibility of bias [22,28]. In contrast,
Hahn et al included only patients with acute coronary
syndrome (ACS) and showed a lower rate of composite
ischemic events in the 12 mo DAPT group [15]. This
may highlight the importance of longer duration DAPT
in patients with ACS, as they have a higher rate of
recurrent ischemic events than patients with stable cor-
onary artery disease [32,33]. More trials with exclusively
ACS patients are required, however, before solid conclu-
sions can be made regarding the optimal duration of
DAPT after DES implantation in such patients.

In our meta-analysis, the benefit of prolonging DAPT
was precluded by a higher risk of bleeding, which was
consistent across all of the included trials. Although
bleeding risk has been associated with higher mortality,
both a recently published analysis by Udell et al and
Mauri et al concluded that the risk of fatal bleeding was
not significantly higher in a longer duration DAPT arm
when compared with a shorter duration DAPT arm
[13,16,40]. Furthermore, one study showed
a comparable risk of noncardiac death between 6 mo
and 12 mo of DAPT, even though the major bleeding
risk was higher with longer DAPT [37]. Thus, it remains
controversial as to whether or not reported bleeding risk
should affect clinical decision-making when it comes to
duration of DAPT following DES.

Although our results support longer duration
DAPT after DES implantation to reduce risk of
ischemic events, it is important to note that there
has been a recent influx of new generation DESs,
which inherently carry different thrombosis risks, as
well as several different combinations of DAPT.

4.1. Limitations

Our analysis has some limitations that should be
acknowledged. First, we did not have access to
patient-level data. Second, the definition of MACE
varied between the clinical trials; however, we
could not find any significant heterogeneity in the

analysis (I2 < 15). Third, there were inconsistencies
in the definition of bleeding events among the
included studies. Fourth, the included trials
assessed different CAD presentations (stable vs
ACS). Finally, clopidogrel was the main thienopyr-
idine used in most of the included trials; therefore,
generalizability of the current results to other
P2Y12 blockades is limited.

5. Conclusions

In patients who undergo DES implantation, longer
durations of DAPT after DES implantation are asso-
ciated with lower rates of composite ischemic vascu-
lar events, especially with durations longer than
24 mo. Longer duration DAPT is associated with
a higher rate of bleeding, however.
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