
IJC Heart & Vasculature 36 (2021) 100850
Contents lists available at ScienceDirect

IJC Heart & Vasculature

journa l homepage: www. journals .e lsevier .com/ i j c -hear t -and-vascula ture
Optimisation of oral anticoagulants for patients with atrial fibrillation
within 12 months after percutaneous coronary intervention:
A meta-analysis and systematic review
https://doi.org/10.1016/j.ijcha.2021.100850
2352-9067/� 2021 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: OACs, Oral anticoagulants; AF, Atrial fibrillation; PCI, Percutaneous coronary intervention; RR, Risk ratios; 95% CI, 95% confidence interva
Thrombolysis In Myocardial Infarction; ISTH, International Society on Thrombosis and Hemostasis; VKA, Vitamin K antagonist; NOACs, Novel oral anticoagulants; I
IIa; Xa, Factor Xa; DAT, Oral anticoagulants plus single antiplatelet therapy; TAT, Vitamin K antagonist plus a P2Y12 inhibitor and aspirin; SD, Standard devia
Myocardial infarction; SUCRA, Surface under the cumulative ranking curve.
⇑ Corresponding author.

E-mail address: yetian@ems.hrbmu.edu.cn (Y. Tian).
1 These authors contributed equally to this work.
Shuo Wang a,b,1, Ying Liu b,c,1, Linxin Wang b,c,1, Haiqi Zuo b,c, Yanfeng Tian c, Yimeng Wang a,b,
Dechun Yin c, Haiyu Zhang c, Ye Tian a,b,c,⇑
aDepartment of Pathophysiology and Key Laboratory of Cardiovascular Pathophysiology, Harbin Medical University, Key Laboratory of Cardiovascular Research (Harbin
Medical University), Ministry of Education, Harbin 150086, PR China
bHeilongjiang Academy of Medical Sciences, Harbin, China
cDepartment of Cardiology, The First Affiliated Hospital, Cardiovascular Institute, Harbin Medical University, Harbin 150001, PR China

a r t i c l e i n f o a b s t r a c t
Article history:
Received 13 July 2021
Received in revised form 23 July 2021
Accepted 24 July 2021

Keywords:
Atrial fibrillation
Percutaneous coronary intervention
Antithrombotic therapy
Oral anticoagulant
Background: The optimal antithrombotic strategy, especially regarding oral anticoagulants (OACs) for
atrial fibrillation (AF) patients with bleeding and thrombosis risk after percutaneous coronary interven-
tion (PCI), remains unknown. This study explored the optimal oral anticoagulants for AF patients after PCI
using a meta-analysis.
Methods: Randomised controlled trials were identified from PubMed, Embase, and the Cochrane Library
through December 2020. Risk ratios, 95% confidence intervals, and random-effects models were used to
compare different antithrombotic strategies through network meta-analysis, and the combination of
antithrombotic agents was ranked according to the surface under the cumulative ranking curve and
rankograms. Interval plots were drawn to observe pairwise comparisons between the different strategies.
Results: Five studies of 11,532 patients were included. Factor IIa inhibitor 110 mg bid plus a P2Y12 inhi-
bitor had the greatest advantage for reducing Thrombolysis In Myocardial Infarction (TIMI) major or
minor bleeding; Factor Xa inhibitor plus a P2Y12 inhibitor had the greatest advantage for reducing
International Society on Thrombosis and Hemostasis major bleeding. For patients at risk of stroke plus
all-cause death, factor IIa inhibitor 150 mg bid plus a P2Y12 inhibitor should be prioritised, and for those
at risk of myocardial infarction and stent thrombosis, vitamin K antagonists plus a P2Y12 inhibitor were
preferred.
Conclusion: Factor IIa inhibitor 110 mg, factor IIa inhibitor 150 mg, factor Xa inhibitor and vitamin K
antagonists should be selected in different situations.

� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Atrial fibrillation (AF) is always associated with an increased
risk of thromboembolic complications, including ischemic stroke
and extracranial systemic embolic events [1–4]. Among AF
patients, approximately 20% to 40% also have coronary artery dis-
ease, and these patients most likely require percutaneous coronary
intervention (PCI) to restore coronary blood flow [5]. In such cases,
patients should take both oral anticoagulants (OACs) and antiplate-
let therapy to decrease the risk of stent thrombosis and other
thrombotic events [6–8].

Currently, the 2018 North American perspective [9] proposes
that PCI for AF patients with high thrombosis and low bleeding
risks should be replaced with dual antithrombotic therapy (OAC
+ single antiplatelet therapy; DAT) after 1 month of triple
antithrombotic therapy (vitamin K antagonist [VKA] plus a P2Y12
inhibitor and aspirin; TAT). Moreover, DAT should be replaced with
OAC alone 12 months after surgery, while patients with a high risk
of bleeding and low thrombotic risk can directly undergo DAT for
6 months followed by OAC treatment (preferred novel OACs
[NOACs] over VKA if no contraindication). The 2019 American
Heart Association/American College of Cardiology/Heart Rhythm
Society guidelines for the management of patients with atrial fib-
rillation [10] stress that if patients are in the peri-PCI period, they
should use TAT, and if the patients have a high thrombotic risk and
low bleeding risk, they can use TAT for 1 month. For DAT, i.e., OAC
and a P2Y12 inhibitor, initiating therapy as soon as possible after
discharge is the preferred strategy.

OACs include VKA and NOACs [11,12]. NOACs are mainly
divided into factor Xa and factor IIa inhibitors [13–15]. The former
includes apixaban, rivaroxaban, and edoxaban, while the latter
includes dabigatran. Although the advantages of DAT have been
proven in many studies, due to the lack of direct comparisons
between different OACs in dual antithrombotic strategies, it is still
not possible to determine which OAC is suitable for AF patients
after PCI.

Our study is dedicated to exploring the optimal OACs for AF
patients with different risk factors for bleeding and thrombosis
after PCI using network meta-analysis.
2. Methods

2.1. Protocol and registration

This meta-analysis was registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO; ID:
CRD42020198662, https://www.crd.york.ac.uk/prospero/display_
2

record.php?ID = CRD42020198662). We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines [16] for the systematic review and meta-
analysis. Supplementary Table S1 shows the position of each
PRISMA guideline indicator in our meta-analysis.

2.2. Search strategy and study selection

A number of main databases were searched systematically,
including PubMed, Embase, and Cochrane Library, from the earliest
possible search date through December 2020. For a more compre-
hensive search, ‘atrial fibrillation’, ‘percutaneous coronary inter-
vention’, ‘stents’, ‘bare-metal stents’, ‘drug-eluting stents’, ‘oral
anticoagulants’, ‘warfarin’, ‘apixaban’, ‘rivaroxaban’, ‘edoxaban’,
‘dabigatran’, ‘dual anti-platelet therapy’, ‘aspirin’, ‘clopidogrel’,
‘ticagrelor’, ‘prasugrel’, ‘purinergic P2Y receptor antagonists’, and
‘fibrinolytic agents’ were set as keywords, and we searched the
entry terms of the keywords through MeSH in the NCBI. Detailed
retrievals can be found at https://www.crd.york.ac.uk/PROSPERO-
FILES/198662_STRATEGY_20200714.pdf. The retrieval work was
completed independently by two researchers (Shuo Wang and
Ying Liu), and the literature was retrieved again before data extrac-
tion to ensure the accuracy of our retrieval results as far as possi-
ble. To ensure the authority of the search, only English randomised
controlled trials were included in our meta-analysis. After discus-
sion, we decided to include patients taking NOAC + a P2Y12 inhibi-
tor + aspirin in our study to ensure the comprehensiveness of the
analysis. In Supplementary Table S2, we show the inclusion and
exclusion criteria for the studies and patients.

2.3. Quality assessment and data extraction

Two researchers (Shuo Wang and Ying Liu) independently eval-
uated the included studies and extracted the data. We evaluated
the included studies using the Newcastle Ottawa Scale [17] for
quality assessment (http://www.ohri.ca/programs/clinical_epi-
demiology/oxford.asp).

The following data were extracted from the included literature
as the baseline characteristics of the patients: (1) author or name
of the trial, (2) publication year, (3) age of the patients (mean [s-
tandard deviation {SD}]), (4) antithrombotic drug strategy (compo-
sition of antithrombotic drug strategy), (5) the number of people
with different drug strategies (n), (6) proportion of men and
women (%), (7) follow-up time (months) (8) stent type (e.g.,
drug-eluting stent, bare metal stent, or drug-eluting stent plus bare
metal stent; n [%]), (9) median time in therapeutic range (interna-
tional normalised ratio 2�0–3�0) (%) (mean [standard deviation

https://www.crd.york.ac.uk/prospero/display_record.php?ID
https://www.crd.york.ac.uk/prospero/display_record.php?ID
https://www.crd.york.ac.uk/PROSPEROFILES/198662_STRATEGY_20200714.pdf
https://www.crd.york.ac.uk/PROSPEROFILES/198662_STRATEGY_20200714.pdf
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


Fig. 1. Literature screening procedure and exclusion criteria for meta-analysis. RCT, randomized controlled trial.
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{SD}]), (10) HAS-BLED score (mean [SD]), (11) CHA2DS2-VASc
score (mean [SD]), (12) creatinine clearance (mL/min; n [%]), (13)
type of index event (n [%]), (14) diabetes mellitus (n [%]), (15)
hypertension (n [%]), (16) prior myocardial infarction (MI; n [%]),
(17) prior stroke (n [%]), and (18) use of P2Y12 inhibitors (clopido-
grel, ticagrelor, and prasugrel; n [%]).

To obtain more comprehensive raw data, e-mails were sent to
the authors of the included literature. The definitions of ISTHmajor
bleeding and TIMI major or minor bleeding events are shown in
Supplementary Table S3.
2.4. Network meta-analysis and statistical analyses

Stata MP 14 software [18] was used for the network meta-
analysis to detect the best combination of DAT. Risk ratio (RR)
and 95% confidence interval (CI) were chosen as the effect mea-
sures. Six different antithrombotic strategies were selected to
investigate the best strategy for most AF patients (TAT, Xa inhibi-
tor + P2Y12 inhibitor, Xa inhibitor + P2Y12 inhibitor + aspirin,
VKA + P2Y12 inhibitor, IIa inhibitor 110 mg bid + P2Y12 inhibitor,
and IIa inhibitor 150 mg bid + P2Y12 inhibitor). We set TIMI major
or minor bleeding and ISTH major bleeding as safety outcomes; MI,
3

stent thrombosis, and stroke plus all-cause death as efficacy out-
comes to evaluate the therapeutic effects.

Before using the consistency model in the network meta-
analysis, we used an inconsistency model to check for global incon-
sistency; if the P-value of the inconsistency model exceeded 0.05,
the inconsistency model was considered insignificant, and then
the consistency model was used for further analysis. The node-
splitting method [19] was also used to identify local inconsisten-
cies. If the P-value of the inconsistency model was less than 0.05,
investigators would explore the inconsistencies in the results
caused by each study by removing single studies. When the source
of the inconsistencies was found, group members would consider
removing this study from the results of the subsequent analysis.
If there was no source of inconsistency, follow-up analysis would
still be conducted; however, these results were considered to be
potentially unreliable.

After the consistency model processing, the data were used to
create a network map. The combinations of antithrombotic agents
were ranked according to the surface under the cumulative ranking
curve (SUCRA) [19,20] and rankograms. Finally, interval plots were
drawn to observe pairwise comparisons between the different
strategies.



Table 1
Characteristics of studies included in the meta-analysis

AUGUSTUS ENTRUST AF-PCI PIONEER AF-PCI RE-DUAL PCI WOEST

First author/ Publication year Renato D. Lopes /2019 Pascal Vranckx /2019 C. Michael Gibson/2016 Christopher P. Cannon/2017 Willem J M
Dewilde/2013

Antithrombotic drug strategy
(composition of antithrombotic
drug strategy)

Apixaban + P2Y12 inhibitor and Aspirin/
Apixaban + P2Y12 inhibitor and Placebo/
VKA + P2Y12 inhibitor and Aspirin/ VKA
+ P2Y12 inhibitor and Placebo Or :
Apixaban/VKA /Aspirin / Aspirin-Matched
Placebo

Edoxaban + a P2Y12
inhibitor for 12 months/
a VKA in combination
with a P2Y12 inhibitor
and aspirin for 1–
12 months

Low-dose rivaroxaban + a P2Y12
inhibitor for 12 months/ very-low-
dose rivaroxaban + DAPT for 1, 6, or
12 months/ a dose-adjusted VKA
(once daily) + DAPT for 1, 6, or
12 months

Dual therapy with dabigatran (110 mg twice
daily) + a P2Y12 inhibitor (clopidogrel or
ticagrelor)/ Triple therapy with warfarin plus a
P2Y12 inhibitor (clopidogrel or ticagrelor) and
aspirin (for 1 to 3 months)/ Dual therapy with
dabigatran (150 mg twice daily) + a P2Y12
inhibitor (clopidogrel or ticagrelor)/
Corresponding triple therapy with warfarin
with dual therapy with dabigatran (150 mg
twice daily) group

OAC
+ clopidogrel
alone (double
therapy)/ OAC
+ clopidogrel
+ aspirin (triple
therapy)

The number of people with different
drug strategies (n = )

1153/1153/1154/1154 Apixaban/ VKA/
Aspirin/ Aspirin-Matched Placebo (2306/
2308/2307/2307)

751/755 709/709/706 981/981/763/764 279/284

Follow-up time (month) 6 (additional visit at month 7) 12 12 Median: 14 12
Creatinine clearance (ml/min) [mean

(SD)] (experimental group/ control
group)

NR 71.8(53.7–91.1)/71.7
(54.0–90.9)

78.3 ± 31.3/77.5 ± 31.8/80.7 ± 30.0 76.3 ± 28.9/75.4 ± 29.1/83.7 ± 31.0/81.3 ± 29.6 NR

Type of index event [n(%)] ACS and PCI:873(38.0)/841(36.6)/844
(36.8)/870(37.8) Medically managed ACS:
547(23.8)/550(23.9)547(23.9)/550(23.9)
Elective PCI: 877(38.2)/907(39.5) 902
(39.3)/882(38.3)

ACS: 388(52)/389(52)
Stable coronary artery
disease: 363(48)/366
(48)

Non-ST elevation myocardial
infarction: 130(18.5)/129(18.3)/123
(17.8) ST elevation myocardial
infarction: 86(12.3)/97(13.8)/74(10.7)
Unstable angina : 145(20.7)/148
(21.1)/164(23.7)

Stable angina or positive stress test: 433
(44.1)/429(43.7)/320(41.9)/339(44.4) ACS:
509(51.9)/475(48.4)/391(51.2)/369(48.3)
Staged procedure: 156(15.9)/168(17.1)/138
(18.1)/134(17.5) Other: 43(4.4)/62(6.3)/65
(8.5)/50(6.5)

ACS: 69(25)/86
(30)

Diabetes mellitus [n(%)]
(experimental group/ control
group)

842(36.5)/836(36.2)/842(36.5)/836(36.2) 259(34)/258(34) 204(28.8)/199(28.1)/221(31.3) 362(36.9)/371(37.9)/260 (34.1)/303(39.7) 68(24)/72(25)

Hypertension [n(%)] (experimental
group/ control group)

2042(88.6)/2031(88.0)/2031(88.0)/2042
(88.5)

674(90)/687(91) 520(73.3)/519(73.2)/532(75.4) NR 193(69)/193(68)

Prior myocardial infarction [n(%)]
(experimental group/ control
group)

NR 188(25)/177(23) 140(19.8)/180(25.4)/157(22.2) 237(24.2)/268(27.3)/194(25.4)/211(27.6) 96(34)/100(35)

Prior stroke [n(%)] (experimental
group/ control group)

NR 97(13)/92(12) NR 74(7.5)/100(10.2)/52(6.8)/77(10.1) 49(18)/50(18)

NR: not reported. OAC: oral anticoagulant. VKA: vitamin K antagonist. DAPT: dual antiplatelet therapy. ACS: acute coronary syndrome
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Table 2
Quality evaluation of the included studies using Newcastle Ottawa scale

Authors Selection Comparability Outcome Total

Representativeness
of the exposed
cohort

Selection of
the
nonexposed
cohort

Ascertainment
of exposure

Demonstration
that outcome of
interest was not
present at start
of

Studies
controlling
the most
important
factors

Studies
control-
ling the
other
main
factors

Assessment
of outcome

Was
follow-up
long
enough
for
outcomes
to

Adequacy
of cohorts

AUGUSTUS * * * * * * * * 8
ENTRUST-

AF PCI
* * * * * * * * * 9

PIONEER
AF-PCI

* * * * * * * * * 9

RE-DUAL
PCI

* * * * * * * * * 9

WOEST * * * * * * * * * 9
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2.5. Risk of bias analysis

The Cochrane Collaboration’s tool in Review Manager version
5.3 [21] was used to do risk of bias analysis. Investigators created
risk-of-bias graphs and a risk-of-bias summary in which green rep-
resented a low risk of bias, yellow an unclear risk of bias, and red a
high risk of bias. The work was performed by two researchers
(Shuo Wang and Ying Liu), and the results were checked by all
the researchers.
3. Results

3.1. Study selection and characteristics

As shown in Fig. 1, 1059 articles were retrieved from the data-
bases, of which five were eventually included in our study
(AUGUSTUS [22], ENTRUST-AF PCI [23], PIONEER AF-PCI [24], RE-
DUAL PCI [25], and WOEST [26]). After evaluation using the New-
castle Ottawa Scale, all the included studies had a score of � 7
(Table 2), that is, the studies were of high quality. The five articles
contained a total of 11,532 patients (Table 1). Among the studies,
VKA + clopidogrel compared with traditional TAT were investi-
gated in the WOEST study. In the AUGUSTUS, ENTRUST-AF PCI,
and PIONEER AF-PCI studies, patients took a P2Y12 inhibitor
and X factor inhibitors (apixaban, edoxaban, and rivaroxaban) as
DAT, while the RE-DUAL PCI study defined 110 mg and 150 mg
bid factor IIa inhibitor + P2Y12 inhibitors as DAT. Importantly, in
the WOEST study, not all patients had AF (only 69%). Most studies
comparing DAT with TAT had a follow-up period of approximately
12 months (AUGUSTUS: 6 months, RE-DUAL PCI: 14 months on
average). Other baseline data are shown in Supplementary
Table S4.
3.2. Exploration of the optimal OAC within 12 months of PCI according
to safety outcomes

TIMI major and minor bleeding events can be seen in the net-
work map in Fig. 2a. After further analysis through SUCRA and
interval plots (Fig. 2a), compared to TAT, Xa inhibitor + P2Y12 inhi-
bitor (RR: 0.75, 95% CI: 0.57–0.99), VKA + P2Y12 inhibitor (RR:
0.45, 95% CI: 0.28–0.71), IIa inhibitor 110 mg bid + P2Y12 inhibitor
(RR: 0.42, 95% CI: 0.25–0.72), and IIa inhibitor 150 mg bid + P2Y12
inhibitor (RR:0.56, 95% CI: 0.32–0.99) showed a significant reduc-
tion in TIMI major and minor bleeding events. Importantly, of all
the combinations of antithrombotic strategies, IIa inhibitor
110 mg bid + P2Y12 inhibitor showed the greatest advantage in
reducing the occurrence of these events, while VKA + P2Y12 inhibi-
5

tor ranked second, IIa inhibitor 150 mg bid + P2Y12 inhibitor
ranked third, Xa inhibitor + P2Y12 inhibitor ranked fifth. (Supple-
mentary Table S5).

Similarly, in the comparison of ISTH major bleeding events,
compared to TAT, Xa inhibitor + P2Y12 inhibitor (RR: 0.56, 95%
CI: 0.33–0.94) significantly reduced the occurrence of ISTH major
bleeding events. The interval plot shows the comparison between
different drug groups (Fig. 2b). The specific RRs and 95% CIs in
the comparison are shown in Supplementary Table S6. Of all the
combinations of antithrombotic strategies, Xa inhibitor + P2Y12
inhibitor was slightly safer than IIa inhibitor 110 mg bid + P2Y12
inhibitor and had the highest SUCRA ranking, IIa inhibitor
150 mg bid + P2Y12 inhibitor ranked third, while VKA + P2Y12
inhibitor ranked fifth.

There was no source of inconsistency in TIMI major and minor
bleeding events, and the inconsistency in ISTH major bleeding
events was only reflected in the local inconsistency of traditional
TAT and Xa inhibitor + P2Y12 inhibitor + aspirin, Xa inhibitor
+ P2Y12 inhibitor and VKA + P2Y12 inhibitor, and Xa inhibitor
+ P2Y12 inhibitor + aspirin and VKA + P2Y12 inhibitor, indicating
that the major local inconsistency of the results was derived from
the group containing factor Xa.

In summary, IIa inhibitor 110 mg bid + P2Y12 inhibitor and Xa
inhibitor + P2Y12 inhibitor have the greatest advantage for reduc-
ing TIMI major and minor bleeding and ISTH major bleeding,
respectively.

3.3. Exploration of the optimal OAC within 12 months of PCI according
to efficacy outcomes

For stroke plus all-cause death, among all the groups, IIa inhibi-
tor 150 mg bid + P2Y12 inhibitor was slightly more effective than
traditional TAT, which is reflected in the highest SUCRA ranking
(Fig. 3a). SUCRA ranking revealed that Xa inhibitor + P2Y12 inhibi-
tor ranked fourth, IIa inhibitor 110 mg bid + P2Y12 inhibitor
ranked fifth, whereas VKA + P2Y12 inhibitor ranked the lowest
(Supplementary Table S7). The comparison of the efficacy of differ-
ent drugs is demonstrated in the interval plot.

For acute MI events, among all the groups, VKA + P2Y12 inhibi-
tor ranked the highest, Xa inhibitor + P2Y12 inhibitor ranked
fourth, and IIa inhibitor 150 mg bid + P2Y12 inhibitor ranked fifth
and IIa inhibitor 110 mg bid + P2Y12 inhibitor ranked last (Supple-
mentary Table S8). The detailed RRs and 95% CIs of the comparison
are shown in Fig. 3b.

For stent thrombosis events, VKA + P2Y12 inhibitor ranked first
and showed a significant advantage compared to IIa inhibitor
110 mg bid + P2Y12 inhibitor, (RR: 0.23, 95% CI: 0.05–0.96). IIa
inhibitor 150 mg bid + P2Y12 inhibitor ranked third and Xa inhibi-



Fig. 2. Network meta-analysis of (a) TIMI major and minor bleeding events and (b) ISTH major bleeding events for the therapeutic effect evaluation of antithrombotic drugs
within 12 months after PCI. TIMI, Thrombolysis In Myocardial Infarction; ISTH, International Society on Thrombosis and Hemostasis; PCI, percutaneous coronary
intervention; CI, confidence interval; 1 or TAT, warfarin + P2Y12 inhibitor + aspirin; 2 or XaD, Xa inhibitor + P2Y12 inhibitor; 3 or XaT, Xa inhibitor + P2Y12 inhibitor + aspirin;
4 or VKAD, VKA + P2Y12 inhibitor; 5 or IIaD110, IIa inhibitor 110 mg bid + P2Y12 inhibitor; 6 or IIaD150, IIa inhibitor 150 mg bid + P2Y12 inhibitor.
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Fig. 3. Network meta-analysis of (a) stroke plus all-cause death events, (b) acute myocardial infarction events, and (c) stent thrombosis events for the therapeutic effect
evaluation of antithrombotic drugs within 12 months after PCI. PCI, percutaneous coronary intervention; CI, confidence interval; 1 or TAT, warfarin + P2Y12 inhibitor
+ aspirin; 2 or XaD, Xa inhibitor + P2Y12 inhibitor; 3 or XaT, Xa inhibitor + P2Y12 inhibitor + aspirin; 4 or VKAD, VKA + P2Y12 inhibitor; 5 or IIaD110, IIa inhibitor 110 mg bid
+ P2Y12 inhibitor; 6 or IIaD150, IIa inhibitor 150 mg bid + P2Y12 inhibitor.
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Fig. 3 (continued)
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tor + P2Y12 inhibitor ranked fourth, whereas IIa inhibitor 110 mg
bid + P2Y12 inhibitor ranked last. (Fig. 3c and Supplementary
Table S9).

There was no source of inconsistency in acute MI events and
stent thrombosis events. In stroke plus all-cause death results,
there was global inconsistency. Through the analysis of each
included study, we found that the inconsistency originated from
the WOEST study. Not all patients in the WOEST study had AF,
and the sample size of the included patients was also small. After
a group discussion, we decided to remove WOEST from the stroke
plus all-cause death analysis. Because it did not cause obvious
heterogeneity or inconsistency in the other results, we retained
the WOEST study in the other analyses.

In summary, for stroke plus all-cause death events, doctors can
select IIa inhibitor 150 mg bid + P2Y12 inhibitor as DAT; for acute
MI or stent thrombosis, VKA + P2Y12 inhibitor can be selected as
the best DAT combination.

3.4. Risk of bias analysis

Since the included studies were all open-label studies, there
was a risk of selection bias. Some articles were not blinded or
did not describe the blinding of participants and personnel; thus,
there was a risk of performance bias; the risk of other biases was
low (Fig. 4a, b).
4. Discussion

Our research led to the following conclusions. For reducing TIMI
major or minor bleeding events, factor IIa inhibitor 110 mg bid
+ P2Y12 inhibitor had the greatest advantage. For reducing ISTH
major bleeding events, Xa inhibitor + P2Y12 inhibitor was best.
For stroke plus all-cause death, factor IIa inhibitor 150 mg bid
8

+ P2Y12 inhibitor should be prioritised, and for MI and stent
thrombosis, VKA + P2Y12 inhibitor was most beneficial.

NOACs are increasingly recognised as the drug of choice for the
prevention of stroke in AF patients [27]. Both factor IIa inhibitors
[28] and factor Xa inhibitors [29] were non-inferior to warfarin
in reducing the incidence of stroke. Moreover, there is evidence
that rivaroxaban can reduce the rate of MI in patients with AF com-
pared to VKAs, and low-dose rivaroxaban can reduce mortality and
atherothrombotic events in patients with coronary artery disease
[30]. However, do the benefits of NOACs apply to AF patients
who have undergone PCI?

In AF patients who have undergone PCI, the predominance of
DAT has been demonstrated compared with TAT [22–26], espe-
cially after the publication of the AUGUSTUS study in which it
was revealed that the apixaban-containing group had reduced
bleeding events compared to the VKA-containing group, providing
an intuitive comparison between NOAC and VKA. Regardless, it
was still unclear which class of NOACs has more advantages in
terms of efficacy and safety. Therefore, we performed a network
meta-analysis of the results.

For our research, firstly, the literature included in this study was
analyzed. The average CHA2DS2-VASC score of patients included in
each study was mostly between 3 and 4, but some patients’ score
was 2–3 or 4–5. Similarly, most of the patients in various studies
had a HAS-BLED median score between 2 and 3, but some patients
had a score close to 4. Partial differences in thrombosis and bleed-
ing profiles may cause additional heterogeneity and affect the
results. However, due to the small span of CHA2DS2-VASC and
HAS-BLED score differences, and the mean values of the two scores
in each study were similar, the results of our meta-analysis based
on the data from these studies were relatively reliable. In addition,
VKA rather than NOAC was used in the WOEST study. The fact that
patients in the PIONEER AF-PCI study received rivaroxaban in the



Fig. 4. (a) Risk-of-bias graph (b) Risk-of-bias summary of the included studies with the help of Cochrane Collaboration’s tool.
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very low-dose rivaroxaban + DAPT group, rather than the NOAC
dose for stroke prevention used in other trials, may also have influ-
enced the results. However, since our meta-analysis was based on
different antithrombotic strategies, we need to fully analyze its
advantages and disadvantages to achieve the purpose of compre-
hensive analysis, so we made a cross-sectional comparison of all
drug groups included in the literature.

Next, we analyze our results. Bleeding events are a common
safety outcome when evaluating antithrombotic therapy [31–33].
Thus, to avoid bleeding events, which antithrombotic strategy
should we choose? We found that for TIMI major and minor bleed-
ing events, the advantage of factor IIa 110 mg bid + P2Y12 inhibitor
compared with factor Xa inhibitor + P2Y12 inhibitor approached
statistical significance (RR: 0.56, 95% CI: 0.31–1.02), and the same
result was shown for the SUCRA score (84.5 vs. 31.6). For ISTH
major bleeding events, the SUCRA score of factor Xa inhibitor
+ P2Y12 inhibitor was only slightly higher than that of factor IIa
110 mg bid + P2Y12 inhibitor (73.3 vs. 69.5). Therefore, we
believed that factor IIa 110 mg bid + P2Y12 inhibitor was more
advantageous in reducing bleeding events.
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Regarding efficacy outcomes, although many studies have
shown that NOAC dual therapy can significantly reduce bleeding
events compared with traditional TAT, there may be no difference
in the occurrence of stent thrombosis events and MI events [34,35].
The same results were observed in our meta-analysis: although
there was no statistical difference between each DAT group, VKA
+ P2Y12 inhibitor had the highest SUCRA score. This result was
mainly due to the WOEST study: four patients (1.4%) in the VKA
dual therapy group had stent thrombosis, and nine (3.2%) had
MI. The sample size of the WOEST study was the smallest among
the five studies. However, due to its low cost and wider treatment
range [36,37], we can still consider using VKAs in patients with low
bleeding risk and a relatively high financial burden, even if NOACs
have obvious advantages.

Moreover, our results revealed that factor IIa (150 mg bid
+ P2Y12 inhibitor) had the greatest benefit for reducing stroke
and all-cause death. However, in the included studies, we were
only able to obtain stroke and cardiovascular death in the PIONEER
AF-PCI study. Therefore, it may have influenced the overall data of
the factor Xa group. However, although the difference between fac-



Fig. 5. Summary of results of meta-analysis. ISTH, International Society on Thrombosis and Hemostasis; TIMI, Thrombolysis In Myocardial Infarction; PCI, percutaneous
coronary intervention; bid, bis in die; NOAC, novel oral anticoagulant.
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tor IIa 150 mg bid + P2Y12 inhibitor and factor Xa + P2Y12 inhibi-
tor was not statistically significant (RR: 0.79, 95% CI: 0.49–1.27),
the SUCRA score of factor IIa 150 mg bid + P2Y12 inhibitor was
greater than that of factor Xa + P2Y12 inhibitor (80.8 vs. 43.1);
thus, we can consider that factor Xa + P2Y12 inhibitor had little
influence on the result, and the result remains valuable.

Finally, we created a representative figure to summarise our
findings (Fig. 5).
5. Limitations

Our study has some limitations. First, because of the literature
itself, not all of the patients included in the literature had AF. Sec-
ond, as for the baseline data of patients in the included literatures,
there were certain differences in the bleeding profiles and throm-
bosis profiles of patients in the 4 NOAC antithrombotic therapy
studies. This might have some influence on our results. Besides,
some of the results may have potential risks. For example, the
source of inconsistency could not be identified in some of the
results of the networkmeta-analysis or the inconsistency was high.
Finally, due to incomplete raw data, it was not possible to analyse
the specific factor Xa to develop a more comprehensive treatment
plan for AF patients. Clinical studies that directly compare different
10
antithrombotic strategies are needed to facilitate more optimised
treatments for AF patients.

6. Conclusions

In conclusion, factor IIa inhibitor 110 mg bid + P2Y12 inhibitor
had the greatest advantage in reducing TIMI major or minor bleed-
ing and may have the greatest advantage in reducing bleeding
events; Xa inhibitor + P2Y12 inhibitor had the greatest advantage
in reducing ISTH major bleeding. For stroke plus all-cause death,
factor IIa inhibitor 150 mg bid + P2Y12 inhibitor should be priori-
tised, and for MI and stent thrombosis, VKAs + P2Y12 inhibitors
should be preferred.
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