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Background: The efficacy and safety of dual therapy (dual antiplatelet therapy [DAPT] and warfarin plus single 
antiplatelet [WS]) versus triple therapy (TT, DAPT plus warfarin) are still debated in patients with atrial fibrillation 
(AF) undergoing percutaneous coronary intervention (PCI). The purpose of this study was to determine the 
optimal antithrombotic strategy. Methods: Electronic databases (PubMed, Embase, Cochrane Library, CNKI and 
WanFang Data) were searched to retrieve studies on the efficacy and safety of TT vs. dual therapy in patients 
with AF undergoing PCI until August 2017. A meta-analysis was conducted using a random-effects model. The 
primary efficacy and safety endpoints were major adverse cardiac events (MACEs) and major bleeding events. 
Results: Twenty-four studies involving 21,167 patients were included. The TT group had a significantly lower 
risk of MACEs (P=0.024) but a higher risk of major bleeding (P<0.001). In TT vs. DAPT subgroup, TT was 
associated with a lower risk of MI and stent thrombosis in Asian patients and a lower risk of stroke in non-Asian 
patients. Furthermore, TT did not decrease MACEs incidence (P=0.458) but increased the risk of major bleeding 
(P=0.008) relative to WS. The same trends were observed in Asian and non-Asian patients. Conclusion: Patients 
with AF undergoing PCI who received TT had significant reduction in MACEs but increased the risk of major 
bleeding compared with DAPT. However, WS had a similar efficacy but reduced the risk of major bleeding 
compared with TT. Current evidence suggests that TT might not be required and might be replaced by WS.

1. Introduction
Atrial fibrillation (AF) is the most common clinical arrhythmia, 
and increases the mortality and stroke risk by 1.5- and 2.5-fold, 
respectively (Benjamin et al. 1998; Go et al. 2001). Long-term oral 
anticoagulant (OAC) therapy is the cornerstone that was recom-
mended to prevent ischemic events in patients with AF with a high 
risk of thrombosis (Cho and Angiolillo 2015; Halvorsen et al. 
2017). Up to 30% of these patients with AF have coronary artery 
disease (CAD) and may be required to undergo percutaneous coro-
nary intervention (PCI) to treat acute coronary syndromes (ACS) 
(Lip et al. 2014). 
Despite direct acting oral anticoagulants (DOACs) appear to be 
equivalent to warfarin at preventing stroke in patients with atrial 
fibrillation and to carry a reduced risk of bleeding (Lopez-Lopez 
et al. 2017), because of the cost of DOACs, their acceptance in 
developing countries has been low (Pirmohamed 2018). In addi-
tion, evidence on DOACs plus antiplatelet in patients with AF 
undergoing PCI is limited. Therefore, warfarin remains the main 
choice in patients requiring long-term antithrombotic therapy for 
AF (Hirsh et al. 2003). Dual antiplatelet therapy (DAPT) usually 
consists of aspirin and P2Y

12
 receptor inhibitors to reduce recurrent 

cardiovascular and cerebrovascular events in patients with ACS, 
especially after undergoing PCI (Levine et al. 2016). However, 
when AF is combined with PCI, vitamin K antagonist (VKA) 
cannot effectively prevent stent thrombosis (ST), and DAPT is 
inferior to VKA in preventing thromboembolism in patients with 
AF (Lee et al. 2017; Moser et al. 2014; Nikolsky et al. 2012). 
Currently, the most widely used antithrombotic strategies in the 
prevention of AF are triple therapy (TT, warfarin, aspirin, and 
clopidogrel), DAPT, and warfarin plus single antiplatelet (WS) 

therapy. The optimal anticoagulation strategy is controversial. TT 
was associated with an increased risk of major bleeding (Andrade 
et al. 2013; Smith et al. 2012). Moreover, a study of 4959 patients 
with AF undergoing PCI revealed that TT had higher rates of 
major bleeding without decreasing major adverse cardiac events 
(MACEs) rates compared with DAPT (Hess et al. 2015). However, 
a nationwide cohort study reported that TT was not associated with 
major bleeding but had a lower incidence of thrombotic events than 
DAPT (Jin-hua and Ling 2017). An effective method to combine 
these remains unclear. The European Society of Cardiology (ESC) 
guidelines recommended that TT (OAC, aspirin, and clopidogrel) 
or dual therapy (VKA and clopidogrel) should be given in the short 
term, following which OAC and clopidogrel should be continued 
up to 12 months in patients with AF undergoing PCI (Lip et al. 
2014). The 2012 American College of Chest Physicians (ACCP) 
guidelines suggested TT from 1 month (bare metal stents [BMS]) 
to 3–6 months (drug-eluting stents [DES]) followed by VKA plus 
a single antiplatelet until 12 months (Lansberg et al. 2012). In 
addition, 2014 American College of Cardiology/American Heart 
Association/Heart Rhythm Society (ACC/AHA/HRS) guidelines 
recommended warfarin for patients with ACS and AF (CHA

2
DS

2
–

VASc score ≥2) unless contraindicated (January et al. 2014). 
However, in clinical practice, the guideline for antithrombotic 
therapy in patients with AF undergoing PCI is poorly followed. 
OAC and antiplatelet therapy underuse increased the risk of death 
and MACEs in these patients (Ancedy et al. 2016). The optimal 
antithrombotic strategy in patients with AF undergoing PCI is still 
uncertain.
To assess this issue, multiple meta-analyses were performed 
(Bavishi et al. 2016; Chen et al. 2015; Saheb et al. 2013). However, 
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they pooled the unadjusted odds ratio or risk ratio (RR) directly 
without considering potential confounding factors of studies 
which may affect the accuracy of the results. Moreover, published 
meta-analyses compared TT with dual therapy (DAPT or WS) in 
patients with AF, deep venous thromboembolism, and pulmonary 
embolism and those who underwent mechanical valve surgery. The 
major limitation could be the difference in disease characteristics 
that resulted in heterogeneity. At present, specific meta-analyses 
on TT vs. DAPT/WS in patients with AF undergoing PCI are 
limited. In addition, the results of some studies (Amano et al. 2017; 
Choi et al. 2017; De Vecchis et al. 2016; Feng and Tianchang 2017; 
Jin-hua and Ling 2017; Rilinger et al. 2016; Sambola et al. 2016b) 
were published in the past 3 years, parts of which were inconsistent 
with the previous meta-analyses (Amano et al. 2017; De Vecchis 
et al. 2016; Jin-hua and Ling 2017). Therefore, we completed a 
new meta-analysis to evaluate the three antithrombotic strategies 
in order to investigate the optimal treatment for patients with AF 
undergoing PCI. 

2. Investigations, results and discussion

2.1. Literature search
We identified 1059 potentially eligible articles in our initial elec-
tronic search. In total, 85 duplicate articles were eliminated, and 
975 irrelevant citations were excluded by reading the abstract. 
A total of 29 studies were evaluated in detail. Finally, 24 studies 
(Amano et al. 2017; Choi et al. 2017; Dabrowska et al. 2013; De 
Vecchis et al. 2016; Fang and Dong-xian 2012; Feng and Tian-
chang 2017; Fosbol et al. 2013; Gao et al. 2010; Goto et al. 2014; 
Hess et al. 2015; Ho et al. 2013, Jin-hua and Ling 2017; Kang et 
al. 2015; Kawai et al. 2015; Lamberts et al. 2012; Maegdefessel 
et al. 2008; Mennuni et al. 2015; Pilgrim et al. 2013; Rilinger et 
al. 2016; Rubboli et al. 2014; Ruiz-Nodar et al. 2008; Sambola et 
al. 2016a, b; Suh et al. 2014) were included in our meta-analysis 
after excluding 5 studies (2 studies were warfarin alone antithrom-
botic therapy (Fauchier et al. 2015; Seivani et al. 2013), 2 studies 
compared patients with AF and those without AF (Bramlage et al. 
2013; Lopes et al. 2009), and 1 study compared octogenarian and 
non-octogenarian patients with AF undergoing PCI (Caballero et 
al. 2013). A manual search did not find any new eligible studies. 
The flowchart of study selection is shown in Fig. 1.

10 studies were performed in Asia (Amano et al. 2017; Choi et 
al. 2017; Fang and Dong-xian 2012; Feng and Tianchang 2017; 
Gao et al. 2010; Goto et al. 2014; Jin-hua and Ling 2017; Kang et 
al. 2015; Kawai et al. 2015; Suh et al. 2014), 4 in North America 
(Fosbol et al. 2013; Hess et al. 2015; Ho et al. 2013; Mennuni et 
al. 2015), and 11 in Europe. The methodological quality of the 
included studies was assessed using the NOS. Of the included 
studies, 18 studies were of high quality (NOS ≥7), whereas 6 
studies were of low quality (NOS ≤6). The follow-up period of 
studies was more than 1 month. The main characteristics of the 
study populations are shown in Table 1, including previous hyper-
tension, stroke, heart failure, stent type, MACEs definition, and 
methodological quality assessment scores.

2.3. Main analysis for TT (warfarin plus DAPT) versus 
DAPT
The main analysis included 22 studies (Choi et al. 2017; Dabrowska 
et al. 2013; De Vecchis et al. 2016; Fang and Dong-xian 2012; Fosbol 
et al. 2013; Gao et al. 2010; Goto et al. 2014; Hess et al. 2015; Ho 
et al. 2013; Jin-hua and Ling 2017; Kang et al. 2015; Kawai et al. 
2015, Lamberts et al. 2012; Maegdefessel et al. 2008; Mennuni et 
al. 2015; Pilgrim et al. 2013; Rilinger et al. 2016; Rubboli et al. 
2014; Ruiz-Nodar et al. 2008; Sambola et al. 2016a,b; Suh et al. 
2014) accounting for 18686 patients with AF undergoing PCI. TT 
significantly decreased MACEs by 16%, from 25% with DAPT to 
21% with TT (pool RR, 0.85; 95% CI, 0.74–0.98; P=0.024; ARR, 
4.0%; 95% CI, 3.36%–4.64%; NNT=25); had moderately reduced 
ST (1.1% vs. 2%; RR, 0.55 [0.31–1.00]; P=0.05; ARR, 0.9% 
[0.51%–1.29%]; NNT=112); and decreased the risk of MI (RR, 
0.76 [0.57–1.01]; P=0.06; ARR, 0.7% [0.18%–1.22%]; NNT=143). 
Safety analysis showed that TT increased the risk of major bleeding 
by 35% (12% vs. 7.8%; RR, 1.59 [1.27–1.94]; P<0.001; ARR, 
4.2% [3.49%–4.91%]; NNT=24) compared with DAPT. There 
was no difference regarding the risk of death (P=0.212) and stroke 
(P=0.403). All results are shown in Table 2.
The potential evidence of heterogeneity was indicated in MACEs 
(P=0.001) and major bleeding (P=0.001) across the studies. A 
sensitivity analysis was performed, and the results showed that 
the conclusion was not affected after excluding each study. The 
pooled estimate effect size for the study omitted changed from 
0.83 (0.72–0.97) to 0.90 (0.82–0.99) in MACEs and from 1.46 
(1.18–1.80) to 1.61 (1.30–1.98) in major bleeding. All results were 
confirmed by the fixed-effects model. 

2.4. Meta-regression and subgroup analysis for TT 
(warfarin plus DAPT) versus DAPT
The meta-regression model showed a linear relationship between 
the RR of MACEs and publication year (R2 = 0.94, P<0.001 by 
meta-regression). We performed the subgroup analysis according 
to the publication year of MACEs analysis, divided into the earlier 
subgroup (year ≤2012) (P=0.950 for heterogeneity), mid-year 
subgroup (2012 > year ≤ 2014) (P= 0.502), and recent subgroup 
(year >2014) (P= 0.870). 
A cumulative meta-analysis of MACEs, which sorts trials chrono-
logically, was performed. The result indicated that TT significantly 
reduced the incidence of MACEs compared with DAPT until adding 
a 2013 publication (Dabrowska et al. 2013) (RR, 0.92 [0.80–1.06]). 
Thereafter, when data from the studies by Suh et al. (2014), Hess et 
al. (2015), De Vecchis et al. (2016) and Sambola et al. (2016b) were 
included in the input, the resultant difference was not statistically 
significant. In contrast, an essential change was observed when data 
from some other studies (Choi et al. 2017; Jin-hua and Ling 2017; 
Rilinger et al. 2016) were added (RR, 0.83 [0.77–0.89]).
Moreover, we conducted some subgroup analyses in accordance with 
risk factors of AF and PCI, including Asian and non-Asian people, age 
≥65 years, CHA

2
DS

2
 score ≥2, and HAS-BLED score ≥3 subgroups. 

The results of the subgroup analyses are shown in Table 3. 
In the publication year subgroup, TT significantly decreased 
MACEs compared with DAPT in the earlier subgroup (RR, 

Fig. 1: Flow chart of study selection

2.2. Study characteristics
A total of 21167 patients from 24 studies were included (9144 
patients who received TT, 9790 patients who received DAPT, and 
2233 patients who received WS). There was no RCT meeting the 
inclusion criteria, 4 prospective studies were included (Dabrowska 
et al. 2013; Rubboli et al. 2014; Sambola et al. 2016a, b), and 
the rest were retrospective studies. Among the included studies, 
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0.57 [0.49–0.66]; P<0.001) and mid-year subgroup (RR, 0.88 
[0.79–0.98], P=0.016), but no difference in recent subgroup was 
observed (P=0.919). Furthermore, in the Asian subgroup, TT 
was associated with a lower risk of MI (RR, 0.46 [0.29–0.73]; 
P=0.001; ARR, 2.6% [1.10%–4.10%]; NNT=39) and ST (RR, 
0.46 [0.21–1.00]; P=0.05; ARR, 1.1% [0.2%–2.0%]; NNT=91) 
but a significantly higher risk of major bleeding (RR, 2.46 [1.20–
5.04]; P=0.014; ARR, 7.0% [4.7%–9.3%]; NNT=15) compared 
with DAPT. There was no significant difference in MACEs 
(P=0.094), death (P=0.223), and stroke (P=0.403) between TT 
and DAPT. However, in the non-Asian subgroup, TT numerically 
reduced the risk of stroke (P=0.068) but had a greater risk of 
major bleeding (RR, 1.44 [1.23–1.69]; P<0.001; ARR, 1.8% 
[0.1%–3.5%]; NNT=56). The pooled RR showed no significant 
difference in MACEs (P=0.189), MI (P=0.658), death (P=0.547), 
and ST (P=0.476). Moreover, TT did not improve the incidence 
of MACEs in the age ≥65 years subgroup (P=0.970) and high-
er-risk thrombosis (CHA

2
DS

2
 score ≥2) subgroup (P=0.537), 

but increased the incidence of major bleeding in the higher-risk 
bleeding (HAS-BLED score ≥3) subgroup (RR, 1.79 [1.37–2.32]; 
P<0.001) relative to DAPT.
Heterogeneity was observed in the magnitude of effect (MACEs, 
P=0.001 for the non-Asian subgroup and P=0.000 for age ≥65 
years subgroup, and major bleeding, P=0.000 for the Asian 
subgroup). According to the meta-influence analysis, we sequen-
tially excluded the individual study from each subgroup, the results 

were not affected. The pooled estimate effect size changed from 
0.85 (0.69–1.04) to 0.97 (0.87–1.08) for MACEs in the non-Asian 
subgroup, from 0.82 (0.54–1.25) to 1.12 (0.72–1.73) for MACEs 
in the age ≥65 years subgroup, and from 2.11 (1.01–4.41) to 3.03 
(1.22–7.51) for major bleeding in the Asian subgroup. All results 
were confirmed by the fixed-effects model.

2.5. TT versus WS in patients with AF undergoing PCI
The main analysis included 8 studies (Amano et al. 2017; De 
Vecchis et al. 2016; Feng and Tianchang 2017; Gao et al. 2010; 
Jin-hua and Ling 2017; Kawai et al. 2015; Lamberts et al. 2012; 
Rubboli et al. 2014) accounting for 4822 patients with AF under-
going PCI, of which 2575 patients received TT and 2247 patients 
treated with WS. The pooled RR showed no significant difference 
in ischemic endpoint, including MACEs (P=0.458), MI (P=0.679), 
death (P=0.313), stroke (P=0.976), and ST (P=0.683) but an 
increased risk of major bleeding (RR, 1.55 [1.12–2.13]; P=0.008; 
ARR, 4.8% [3.63%–5.97%]; NNT=21). Moreover, TT did not 
improve the incidence of ischemic events in both Asian (MACEs, 
P=0.68; MI, P=0.484; death, P=0.647; stroke, P=0.847; and ST, 
P=0.772) and non-Asian (MACEs, P=0.372; MI, P=0.725; death, 
P=0.171; stroke, P=0.575; and ST, P=0.489) subgroups compared 
with WS but had significantly increased the risk of major bleeding 
in the non-Asian subgroup (P=0.004; ARR, 4.6% [3.24%–5.96%]; 
NNT=22). The results are shown in Fig. 2 and Table 4.

Table 2: Results of TT vs. DAPT in patients with AF undergoing PCI

Endpoint Study n P 
(Q test)

Pool RR(95%CI) P value ARR (95%CI) NNT

MACEs 22 0.001 0.85 (0.74 – 0.98) 0.024* 4.0% (3.36%-4.64%) 25

MI 14 0.193 0.76 (0.57 – 1.01) 0.060 0.7% (0.18%-1.22%) 143

Death 16 0.269 0.91 (0.77 – 1.06) 0.212 2.4% (1.64%-3.16%) 42

Stroke 14 0.251 0.88 (0.66 – 1.18) 0.403 1.2% (0.76%-1.96%) 83

ST 9 0.979 0.55 (0.31 – 1.00) 0.05* 0.9% (0.51%-1.29%) 112

Major bleeding 21 0.001 1.57 (1.27 – 1.94) <0.001* 4.2% (3.49%-4.91%) 24

Note: RR = relative risk; CI = confidence interval; *= statistically significant; ARR = absolute risk reduction; NNT = the number needed to treat

Table 3: Results of TT vs. DAPT in the subgroups

Subgroup Endpoint P
Q test

Pool RR(95%CI) P value ARR(95%CI) NNT

Asian MACEs 0.116 0.82(0.65–1.04) 0.094 3.5% (0.5%-6.5%) 29

MI 0.933 0.46(0.29–0.73) 0.001* 2.6% (1.1%-4.1%) 39

Death 0.646 0.87(0.70–1.09) 0.223 3.5% (0.7%-6.3%) 29

Stroke 0.412 1.13(0.84–1.53) 0.403 2.0% (-0.2%-4.2%) 50

ST 0.870 0.46(0.21–1.00) 0.05* 1.1% (0.2%-2.0%) 91

Major bleeding 0.000 2.46(1.20-5.04) 0.014* 7.0% (4.7%-9.3%) 15

Non-Asian MACEs 0.001 0.88(0.65–1.04) 0.189 4.5% (3.2%-5.8%) 23

MI 0.325 0.94(0.72–1.23) 0.658 0.2% (-0.9%-1.3%) 500

Death 0.104 0.93(0.72–1.19) 0.547 5.0% (3.2%-6.8%) 20

Stroke 0.424 0.74(0.53–1.02) 0.068 2.0% (1.1%-2.9%) 50

ST 0.961 0.72(0.28–1.80) 0.476 0.8% (-0.9%-2.5%) 125

Major bleeding 0.246 1.44(1.23–1.69) <0.001* 1.8% (0.1%-3.5%) 56

CHA2DS2≥2 MACEs 0.415 1.05(0.90–1.23) 0.537 3.2% (1.2%-5.2%) 32

Age≥65 MACEs 0.000 0.99(0.61–1.62) 0.970 - -

HAS-BLED≥3 Major bleeding 0.611 1.79(1.37–2.32) <0.001* - -

year≤2012 MACEs 0.950 0.57(0.49–0.66) <0.001* - -

2012<year≤2014 MACEs 0.502 0.88(0.79–0.98) 0.016* - -

year>2014 MACEs 0.870 0.99(0.88–1.12) 0.919 - -

Note: RR = relative risk; CI = confidence interval; ARR = absolute risk reduction; NNT = the number needed to treat; *= statistically significant
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ysis, the results were not affected. All results were confirmed by 
the fixed-effects model.

2.6. Publication bias
Visual inspection of the funnel plots did not show any evidence 
of obvious asymmetry for MACEs and major bleeding in the TT 
vs. WS group and for MACEs in the TT vs. DAPT group. Egger’s 
and Begg’s tests revealed no significant publication bias for study 
outcomes (TT vs. WS, MACEs, Egger’s test P=0.964, Begg’s 
test P=0.902; major bleeding, Egger’s test P=0.213, Begg’s test 
P=0.230; TT vs. DAPT, MACEs, Egger’s test P=0.961, Begg’s test 
P=0.102). However, Egger’s test showed potential publication bias 
for major bleeding (Egger’s test, 0.049) in the TT vs. DAPT group. 
The result was not affected after adding eight possible missing 
studies using the trim and fill method.

2.7. Conclusion
Patients with AF undergoing PCI who received TT showed a 
significant reduction in the risk of MACEs but an increased risk 
of major bleeding compared with those who received DAPT. 
However, compared with TT, the WS therapy, which had a similar 
efficacy but reduced the risk of major bleeding, might be more 
appropriate for these patients. Current evidence suggests that 
warfarin plus DAPT might not be required and might be replaced 
by warfarin plus single antiplatelet.

3. Discussion
Our systematic review and meta-analysis including 21167 patients 
in 24 observational studies explored the optimal anticoagulant 
strategy in patients with AF undergoing PCI. The comprehensive 
results indicated that TT significantly reduced the incidence of 
MACEs, ST, and MI compared with DAPT. However, TT clearly 
increased the risk of major bleeding specially for patients with a 
HAS-BLED score ≥3. Moreover, our subgroup analysis demon-
strated that TT significantly reduced the risk of MACEs, ST, and 
MI in Asian patients and the risk of stroke in non-Asian patients. 
In addition, whether in the Asian or non-Asian subgroup or main 
analysis, TT did not decrease the incidence of thrombotic compli-
cations and mortality but increased the risk of bleeding in patients 

Table 4: Results of TT vs. WS in patients with AF undergoing PCI

Group Endpoint P 
Q test

Pool RR(95%CI) P value ARR(95%CI) NNT

Main MACEs 0.062 1.13(0.82– 1.55) 0.458 0.9% (-0.1%-1.90%) 112

MI 0.522 0.88(0.47- 1.64) 0.679 1.3% (0.27%-2.33%) 77

Death 0.193 1.35(0.75 -2.43) 0.313 4.3% (3.11%-5.49%) 24

Stroke 0.968 1.01(0.52– 1.97) 0.976 0.2% (-0.62%-0.82%) 500

ST 0.400 0.80(0.27 -2.38) 0.683 0.07% (-0.79%-0.93%) 1429

Major bleeding 0.368 1.55(1.12- 2.13) 0.008* 4.8% (3.63%-5.97%) 21

Asian MACEs 0.026 1.21(0.65–1.94) 0.680 1.2% (-1.97%-4.37%) 84

MI 0.332 0.71(0.27–1.86) 0.484 1.4% (-0.60%-3.40%) 72

Death 0.123 1.20(0.55–2.64) 0.647 2.1% (-0.26%-4.46%) 48

Stroke 0.904 0.93(0.15–1.92) 0.847 1.2% (-0.91%-3.31%) 84

ST 0.162 1.48(0.10–21.3) 0.772 0.5% (-0.88%-1.88%) 200

Major bleeding 0.196 2.63(0.93–7.44) 0.069 6.6% (4.03%-9.17%) 16

Non-Asian MACEs 0.313 1.16(0.84-1.60) 0.372 1.2% (0.16%-2.24%) 84

MI 0.935 1.18(0.47-2.94) 0.725 2.2% (0.93%-3.37%) 46

Death 0.400 1.80(0.78-4.15) 0.171 6.6% (5.34%-7.86%) 16

Stroke 0.892 1.63(0.30–8.94) 0.575 1.3% (0.61%-1.99%) 77

ST 0.433 0.62(0.16-2.40) 0.489 0.5% (-0.91%-1.91%) 200

Major bleeding 0.989 1.41(1.11-1.79) 0.004* 4.6% (3.24%-5.96%) 22

Note: RR = relative risk; CI = confidence interval; ARR = absolute risk reduction; NNT = the number needed to treat; *= statistically significant

Fig. 2: TT compared with WS in AF patients undergoing PCI: (A) MACE; (B) Ma-
jor Bleeding

No significant heterogeneity was observed in evaluated endpoints 
(P>0.05). When we sequentially omitted each study from the anal-
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with AF undergoing PCI compared with WS therapy. WS might be 
a better anticoagulation strategy because it had a similar antithrom-
botic effect and reduced the risk of major bleeding.
To date, the recommendations of the guidelines for TT are based 
on some observational studies rather than large RCTs. Therefore, 
the optimal antithrombotic regimen is uncertain in patients with 
AF undergoing PCI. The “What is the Optimal antiplatElet and 
anticoagulant therapy in patients with oral anticoagulation and 
coronary StenTing” (WOEST) study, which is the first open-label, 
multicenter RCT to evaluate antithrombotic strategy, enrolled 573 
patients with stent implantation requiring anticoagulation therapy 
within 12 months of follow-up. The study indicated that treatment 
with warfarin and clopidogrel was associated with a significantly 
lower risk of bleeding complications than TT (warfarin, aspirin, 
and clopidogrel) without increasing the risk of thrombotic events 
(Dewilde et al. 2013). Although the WOEST study included only 
69% of patients with AF undergoing PCI, the overall results were 
consistent with our meta-analysis. The “Antithrombotic Strategy 
Variability In ATrial Fibrillation and Obstructive Coronary Disease 
Revascularized with PCI” (AVIATOR 2) observational registry 
enrolled 2500 patients with non-valvular AF undergoing PCI and 
compared the safety and efficacy of an antithrombotic regimen 
including WS versus DAPT alone or TT (Chandrasekhar et al. 
2015). The study is ongoing and will provide new insights for the 
physician to manage the anticoagulant therapy. Currently, there is 
an urgent need for high-quality controlled clinical trials to deter-
mine the optimal antithrombotic therapy for these patients. A large 
number of patients need optimized treatment. Therefore, when 
we focus on preventing ischemic events, care should be taken for 
reducing the risk of bleeding.
At present, several studies have been published evaluating the effi-
cacy and safety of antithrombotic therapy to investigate the optimal 
regimens. Four previous meta-analyses compared TT and DAPT 
in patients undergoing PCI requiring chronic OAC (Chen et al. 
2015; Deshmukh et al. 2013; Grant 2014; Saheb et al. 2013). Their 
limitation was combining patients with different diseases which 
have different antithrombotic characteristics, which resulted in 
heterogeneity. Moreover, one article which compared TT and DAPT 
in patients with AF undergoing PCI combined the unadjusted odds 
ratio directly without considering potential confounding factors 
(Chaudhary et al. 2016). In addition, the specific meta-analysis on 
TT vs. WS in patients with AF undergoing PCI is limited. Our study 
combined the adjusted effect estimates to reduce the effect of poten-
tial confounding factors. We then strictly limited the type of disease 
to include all studies involving patients with AF undergoing PCI. 
Finally, we performed a subgroup analysis for Asian and non-Asian 
patients considering the influence of race on disease and efficacy of 
warfarin to evaluate the antithrombotic regimens.
Considering the influence of race/ethnicity on anticoagulation 
and AF, we performed subgroup analyses by examining Asian 
and non-Asian populations separately. The results showed that TT 
significantly reduced the risk of MI and ST in Asian patients and 
slightly decreased the incidence of stroke in non-Asian patients 
but increased the risk of major bleeding in Asian and non-Asian 
patients compared with DAPT. Although anticoagulant therapy had 
been shown to prevent AF-related thrombotic events, the evidence 
in the Asian population was limited (Ma 2012). The prevalence 
of cerebrovascular disease (CVD) in Asian populations may be 
different from those in European and American populations (Goto 
et al. 2011). A study reported that warfarin-related intracranial 
hemorrhage (ICH) in Asian patients were significantly higher than 
in Caucasian patients (Shen et al. 2007). In addition, Asian patients 
might be more sensitive to warfarin, because Asian patients with AF 
required a lower dose to maintain the target international normal-
ized ratio (INR) than non-Asian patients (Rieder et al. 2005). 
Several factors may have contributed to the failure of warfarin to 
significantly reduce the risk of stroke in Asian patients, including 
a rich diet culture, experience of adjusting warfarin doses, inade-
quate education of patients, and ethnic gene (Limdi and Veenstra 
2008). When comparing TT with WS, no significant differences in 
ischemic events were observed between the Asian and non-Asian 

subgroups, including MACEs, MI, ST, death, and stroke. However, 
TT posed a higher risk of major bleeding for non-Asian than Asian 
patients. This may be related to the range of warfarin-adjusted INR 
across Asian and non-Asian populations. In elderly patients with 
AF, the target range of INR should be maintained at 1.8–2.5 based 
on the Chinese guidelines (Zhang et al. 2015) and 1.6–2.6 based 
on the Japanese guidelines (2014). Therefore, the risk of major 
bleeding may be lower in Asian patients.
Of note, from 2013 to 2016, a temporal trend in the effect size 
(RR) was observed between TT and DAPT in the cumulative 
meta-analysis for MACE. Possible reasons for this result are as 
follows. First, the recommended duration of TT varies across 
different sets of guidelines. The 2012 ACCP guidelines suggested 
that the duration of TT ranges from 1 month (BMS) to 3–6 months 
(DES) depending on the stent type (Guyatt et al. 2012). The 2013 
ACC/AHA/HRS Task Force Recommendations suggested that TT 
should be given for 1 month (BMS), 3 months, (sirolimus-eluting 
stent), and 6 months (paclitaxel-eluting stent) (Anderson et al. 
2013). However, the 2014 ESC guidelines for patients with AF 
at a high risk of stroke (e.g., CHADS

2 
score ≥2) undergoing PCI 

recommended that TT should be prolonged to 6 months irrespec-
tive of the stent type implanted (Lip et al. 2014). Second, the range 
of target INR was different. The 2012 ACCP and 2013 ACC/AHA 
guidelines recommended a target INR of 2.5 (range, 2.0–3.0) 
during combination of VKA and antiplatelet therapy, whereas 
the ESC guidelines reduced the target INR to 2.0–2.5. Moreover, 
in older patients (age ≥75 years), a lower target INR was recom-
mended (range, 1.6–2.5 for ACC/AHA guidelines; 1.8–2.5 in 
China (Zhang et al. 2015); 1.6–2.6 in Japan (2014)). Therefore, the 
differences in practice might result in the effect size shift.
The limitations of our meta-analysis should be considered. The 
main limitation was that our study included several retrospective 
observational studies which inevitably introduced selection bias 
and confounding bias. Second, CHADS

2
 scores for the included 

studies were inconsistent. Although a subgroup analysis of high 
thrombotic risk was performed, some studies did not report the 
stratification of thrombotic risk. Moreover, the range of target INR 
was not uniform among the studies, of which it is 1.6–2.6 (Amano 
et al. 2017; Fang and Dong-xian 2012; Gao et al. 2010; Goto et al. 
2014; Jin-hua and Ling 2017) in the Asian controls and 2.0–3.0 in 
other patients (Choi et al. 2017; Kang et al. 2015; Rubboli et al. 
2014). The difference in antithrombotic intensity will affect the 
endpoint outcomes. In addition, the time in therapeutic range (TTR) 
was related to the risk of thromboembolism and bleeding with 
VKA (De Caterina et al. 2013; Senoo and Lip 2016). The Atrial 
Fibrillation Undergoing Coronary Artery Stenting (AFCAS) study 
had shown that a higher TTR was associated with better bleeding 
outcomes during follow-up in patients with AF undergoing PCI 
receiving TT (Proietti et al. 2017). Finally, the duration of TT was 
different between studies. Although the ISAR-TRIPLE trial indi-
cated that short-term TT (6 weeks) did not substantially reduce the 
risk of bleeding (Fiedler et al. 2015), an extended duration of TT 
(>6 months) might have the potential to cause considerable harm 
in patients with AF undergoing PCI (Piccini and Jones 2017).

4. Experimental

4.1. Data sources, search strategy, and selection criteria
We conducted and reported this systematic review and meta-analysis in accordance 
with the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group 
(Stroup et al. 2000) and the Cochrane Handbook (Cochrane 2011). To identify all 
eligible studies of TT vs. dual therapy in patients with AF undergoing PCI, we 
performed a systematic search, without language restrictions, on PubMed, Embase, 
Cochrane Library, WanFang Data, and CNKI databases from January 1980 to August 
2017. The following keywords were used: (“Dual therapy” OR “Anticoagulation” OR 
“warfarin” OR “Dual antiplatelet therapy” OR “DAPT”) AND (“Anticoagulation” OR 
“warfarin” OR “Triple therapy”) AND (“Atrial fibrillation” OR “AF”) AND (“percu-
taneous coronary intervention” OR “PCI” OR “stents”) as search terms (Figure S1 
for the search strategy). We also performed a manual search of the reference lists of 
studies, reviews, and pertinent meta-analyses on this topic.
The literature search was independently undertaken by two authors (Y.D. and Y.W.) 
using a standardized approach. Any disagreements between the two authors were 
settled by the primary author (R.L.M) until a consensus was reached. The studies were 
included following the inclusion criteria: (1) the studies were case-control or cohort 
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studies or randomized controlled trials (RCTs); (2) the studies compared TT (DAPT 
plus warfarin) with dual therapy (DAPT or WS); (3) the risk estimates and 95% 
confidence intervals (CIs) were reported, and the ischemic and/or bleeding outcomes 
required to calculate them were available; (4) the patients with AF undergoing PCI 
were enrolled in the studies; (5) the study included outcomes measured in a follow-up 
period of ≥1 month. The primary efficacy endpoint was MACEs rate, which used the 
definitions of the studies concerned (Table 1). The primary safety endpoint was the 
rate of major bleeding (defined according to the studies concerned). The studies that 
met the following criteria were excluded: (1) repeated publication; (2) incomplete 
original data or relevant data cannot be obtained by contacting authors; and (3) basic 
science studies, review, or case reports.

4.2. Data extraction and quality assessment
Independent data selection, extraction, and evaluation by the two researchers (Y.D. 
and Y.W.) were designed in accordance with the inclusion and exclusion criteria. The 
following details were recorded from each study: the first author, publication year, 
study design, country, number, and mean age. Clinical characteristics including clinical 
outcomes, diabetes, previous MI (as defined by the American College of Cardiology/
American Heart Association definitions), previous stroke, length of follow-up, and stent 
type were also extracted (Table 1). The methodological quality of the included studies 
was assessed using the Newcastle-Ottawa Scale (NOS) (Wells et al. 2012).

4.3. Statistical analysis
We first conducted a global meta-analysis for TT vs. DAPT and TT vs. WS in patients 
with AF undergoing PCI, separately. Some subgroup meta-analyses for TT vs. DAPT 
were performed, involving Asian and non-Asian, CHA

2
DS

2
-VASc ≥2, HAS-BLED 

≥3, and age ≥65 year subgroups. In the presence of heterogeneity, we used a 
random-effects model because its assumptions account for the presence of variability 
among studies. Heterogeneity among studies was investigated using the Q test and I2 
statistic (Demets 1987); a P-value of <0.05 for the Q test was considered indicative 
of significant heterogeneity (DerSimonian and Laird 1986). The adjusted effect esti-
mates (odds ratios, RRs, and hazard risks [HR]) between TT and dual therapy were 
extracted. The reported event frequencies were used to calculate RRs with 95% CI 
in each study. Because the endpoint outcomes were relatively uncommon and the 
odds ratios in the case-control studies were close to 1, odds ratios were considered 
approximations of RR (Grant 2014). We calculate the absolute risk reduction (ARR), 
95% CI, and number needed to treat (NNT) of the endpoint events. We also performed 
a sensitivity analysis by removing each individual study from the meta-analysis and 
used qualitative Egger’s (Egger et al. 1997) or Begg’s (Begg and Mazumdar 1994) 
test to check for potential publication bias. All reported P-values are two sided, and 
a P-value <0.05 was considered statistically significant. Statistical analysis was 
performed using STATA 12.0 software (StataCorp LP, College Station, TX).
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