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About 20% of all atrial fibrillation (AF) patients develop coronary artery disease,
which requires coronary stenting [percutaneous coronary intervention (PCI)]. Thus,
this subcohort of AF patients may require aggressive antithrombotic therapy encom-
passing vitamin K antagonist (VKA) or non-vitamin K antagonist oral anticoagulants
(NOAC) plus aspirin and a P2Y12 inhibitor. At present, four clinical Phase IIIb trials us-
ing dabigatran, rivaroxaban, apixaban, or edoxaban, were published. These studies
assessed the impact of NOACs as a part of DAT therapy vs. triple therapy. Compared
with triple therapy, NOAC-based DAT has been shown to be associated with reduced
major bleeding as well as intracranial haemorrhages. The benefit, however, is some-
what counterbalanced by a higher risk of stent-related ischaemia during the early
phase of dual therapy. Thus, triple therapy after stenting is appropriate for at least
14 days with a maximum of 30 days. Thereafter, DAT including a NOAC is the therapy
of choice in AF PCI patients to reduce the risk of bleeding during a 1 year of follow-
up compared to VKA-based regimes. The present review summarizes the published
study results and demonstrates differences in trial design and reported outcomes.

Introduction

Non-vitamin K antagonist oral anticoagulants (NOACs) have
been proven in patients with atrial fibrillation (AF) to pre-
vent stroke and peripheral embolism.1 The risk for stroke in
AF depends on concomitant clinical factors, which are rep-
resented in the CHA2DS2-Vasc risk score.2 In most patients
with AF, the arrhythmia appears to be the consequence of
an atrial cardiomyopathy, which triggers atrial thrombo-
genesis at the endocardium. The thrombogenic endocardial

remodelling is characterized by expression of adhesion
molecules and inflammatory markers in particular in the
left atrial appendage.2–6 About 20% of all AF patients de-
velop coronary artery disease, which may require coronary
stenting [percutaneous coronary intervention (PCI)]. After
coronary stenting dual antiplatelet therapy (aspirin and
P2Y12 inhibitors; DAPT) is necessary to prevent stent
thrombosis.7–9 In AF patients with recent stent implanta-
tion, triple antithrombotic regime (TAT) encompassing vita-
min K antagonist (VKA) or NOAC plus aspirin and P2Y12
inhibitor was considered to be therapy of choice to prevent
stroke and stent thrombosis. Recently, the so called dual
therapy (DAT) consisting of VKA/NOAC plus a P2Y12
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inhibitor has been found as safe alternative in this clinical
setting.10 At present, four clinical trials using dabigatran,
rivaroxaban, apixaban, or edoxaban, were published.8,11–13

These trials assessed the impact of NOACs as a part of DAT
therapy vs. TATencompassing VKA. However, none of these
studies was powered to assess the effect of treatment on
mortality or ischaemic events (Table 1).

Study outcomes of atrial fibrillation
percutaneous coronary intervention trials
The four NOAC AF PCI trials used safety parameters as main
endpoint (Table 1). The primary bleeding endpoint was typ-
ically defined as major bleeding or clinically relevant non-
major bleeding (CRNMB) at longest available follow-up.
Secondary safety endpoints consisted of bleeding end-
points according to various definitions. Secondary efficacy
endpoints included all-cause death; cardiovascular death;
trial-defined major adverse cardiovascular event (MACE);
myocardial infarction (MI); stroke; and stent thrombosis
(ST).

PIONEER-AF PCI trial
The PIONEER-AF trial was an open-label, randomized, con-
trolled, multicentre trial assessing two treatment strate-
gies of rivaroxaban and a dose-adjusted VKA strategy in AF
patients who undergo PCI.12 A total of 2124 AF patients
were assigned after PCI to low-dose rivaroxaban (15mg
once daily) plus a P2Y12 inhibitor for 12months, very-low-
dose rivaroxaban (2.5mg twice daily) plus DAPT for 1, 6, or
12months, or standard therapy with a dose-adjusted VKA
plus DAPT for 1, 6, or 12months. The rates of clinically sig-
nificant bleeding were lower in the rivaroxaban groups
compared to VKA-based TAT.12 The rates of death from car-
diovascular causes, myocardial infarction, or stroke were
6.5% in the 15mg rivaroxoban group, 5.6% in the 2� 2.5 mg
rivaroxaban group, and 6.0% in the VKA-triple therapy arm.
Thus, the administration of either low-dose rivaroxaban
plus a P2Y12 inhibitor for 12months or very-low-dose rivar-
oxaban plus DAPT for 1, 6, or 12months was associated
with a lower rate of clinically significant bleeding than was
standard therapy with a VKA plus DAPT during follow-up.

RE-DUAL PCI
The RE-DUAL PCI trial was a randomized evaluation of DAT
with dabigatran vs. triple therapy (TAT) with warfarin in
patients with non-valvular AF undergoing PCI,11 In this mul-
ticentre trial, 2725 patients with AF who had undergone
PCI to TATwith warfarin plus a P2Y12 inhibitor (clopidogrel
or ticagrelor) and aspirin (for 1–3months) (TAT group) or
dual therapy with dabigatran (110 or 150mg twice daily)
plus a P2Y inhibitor (clopidogrel or ticagrelor) and no aspi-
rin (DAT groups). There was no individualized dabigatran
dose adjustment in this trial. The primary endpoint oc-
curred in 15.4% in the 110-mg DAT group as compared with
26.9% in the TAT group and in 20.2% in the 150-mg DAT
group as compared with 25.7% in the corresponding TAT
group. The incidence of the composite efficacy Endpoint
was 13.7% in the two DAT groups combined as compared
with 13.4% in the TAT group. Thus, among AF PCI patients,
the risk of bleeding was lower among those who received

DATwith dabigatran and a P2Y12 inhibitor than among those
who were assigned to TATwith warfarin, a P2Y12 inhibitor,
and aspirin.

AUGUSTUS trial
The AUGUSTUTS trial was randomized controlled clinical
trial to evaluate the safety of apixaban vs. VKA and aspirin
vs. aspirin placebo in patients with AF and acute coronary
syndrome and/or PCI.13 The AUGUSTUS trial had a two-by-
two factorial design. Atrial fibrillation patients with an
acute coronary syndrome (ACS) or PCI were randomly
assigned to receive apixaban or a VKA and to receive aspi-
rin or matching placebo for 6months. The primary end-
point was major or CRNM bleeding. Secondary endpoints
encompassed death or hospitalization and a composite of
ischaemic events. However, the Augustus trial randomized
patients 6.6 days after the coronary event. Thus, the first
week of antithrombotic therapy was not covered in the
trial. Furthermore, several AF patients did not receive a
PCI and the follow-up was rather short (6months), al-
though TATwas applied for 6months, which appears to be
rather aggressive. Of note, there were no significant inter-
actions between the two randomization factors on the pri-
mary or secondary outcomes. Major or CRNM bleeding was
noted in 10.5% of the patients receiving apixaban, as com-
pared with 14.7% of those receiving VKA. Bleeding events
occurred in 16.1% of the patients receiving aspirin, as com-
pared with 9.0% of those receiving placebo. Patients in the
apixaban group had a lower incidence of death or hospitali-
zation than those treated with VKA.13 Patients in the aspi-
rin group had an incidence of death or hospitalization and
of ischaemic events that was similar to that in the placebo
group. The AUGUSTUS investigators concluded that an
antithrombotic regimen that included apixaban, without
aspirin, resulted in less bleeding and fewer hospitalizations
without significant differences in the incidence of ischae-
mic events.13

ENTRUSTAF PCI trial
The EdoxabaN TReatment versUS VKA in paTients with AF
undergoing PCI (ENTRUST-AF PCI) trial examined the role of
edoxaban in AF patients undergoing PCI with and without
ACS.8 The study was a randomized, multicentre, open-
label, non-inferiority Phase 3b trial with masked outcome
evaluation. Atrial fibrillation patients were included in the
study if they were at least 18 years, and had a successful
PCI for stable coronary artery disease or acute coronary
syndrome. Patients were randomly assigned from 4h to
5days after PCI to either edoxaban (60mg once daily) plus
a P2Y12 inhibitor for 12months or a VKA in combination
with a P2Y12 inhibitor and aspirin (100mg once daily, for 1–
12months). A total of 1506 patients were enrolled. Time
from PCI to randomization was rather short (median:
45.1 h). Major or CRNM bleeding events occurred in 17% of
patients with the edoxaban and to 20% of patients with
VKA. Thus, in AF PCI patients DATwith edoxaban was non-
inferior for bleeding compared with VKA-based TAT.
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Differences between non-vitamin K antagonist
oral anticoagulant atrial fibrillation percutaneous
coronary intervention trials
All trials were designed differently and used various treat-
ment strategies encompassing low and very low dose of
NOAC, different duration of TAT in the control arm,

possibility to adjustment NOAC dose if appropriate and
time points of randomization after PCI. Of note, not all
patients in the NOAC AF PCI trials received a stent. In par-
ticular, the AUGUSTUS trial included a large group of
patients with conservative management of an acute coro-
nary syndrome.13 These differences must be considered if

Table 1 NOAC AF PCI trials

Dabigatran Rivaroxaban Apixaban Edoxaban

RE-DUAL PCI (completed) PIONEER AF-PCI
(completed)

AUGUSTUS (completed) ENTRUST-AF PCI
(completed)

Patients (n)
Randomization

2725
1:1:1

2124
1:1:1

4600
2 � 2 factorial design

ffi1500
1:1

Treatment arms Warfarin þ P2Y12 inhibitor
þ aspirin

Dabigatran (110 mg or 150
mg BID) þ P2Y12
inhibitor

Rivaroxaban (15 mg OD) þ
P2Y12 inhibitor

Rivaroxaban (2.5 mg BID)
þ P2Y12 antagonist þ as-
pirin

Vitamin K antagonist þ
P2Y12 antagonist þ aspi-
rin (standard therapy)

Warfarin þ P2Y12 inhibitor
Apixaban þ P2Y12 inhibitor
combined with aspirin or

without aspirin
(placebo)

Vitamin K antagonistþ
P2Y12 antagonist þ aspi-
rin (standard therapy)

Edoxaban þ P2Y12
antagonist

Primary endpoint First ISTH major or CRNM
bleeding

Composite of major bleed-
ing or minor bleeding
according to TIMI crite-
ria or bleeding requiring
medical attention

Time to first occurrence of
ISTH major or CRNM
bleeding

ISTH major and CRNM
bleeding

Secondary
endpoint

Composite of thrombo-em-
bolic events (MI, stroke,
or SEE), death, or
unplanned
revascularization

The incidence of each
component of the pri-
mary safety endpoint,
and the following effi-
cacy end points: the oc-
currence of MACE, each
component of MACE and
stent thrombosis

Composite of all-cause
death, stroke, MI, stent
thrombosis, urgent re-
vascularization, and first
hospitalization for any
cause

Composite of CV death,
stroke, SEE, spontaneous
MI, and definite stent
thrombosis

Key inclusion • Patients �18 years with
paroxysmal, persistent,
or permanent NVAF

• ACS successfully treated
by PCI and stenting

• Stable CAD with �1 le-
sion eligible for PCI suc-
cessfully treated by
elective PCI and
stenting

• Patients �18 years with
paroxysmal, persistent,
or permanent NVAF

• ACS successfully treated
by PCI and stenting

• Stable CAD with �1 le-
sion eligible for PCI suc-
cessfully treated by
elective PCI and
stenting

• Patients �18 years with
history of AF or flutter
with planned or existing
use of OAC

• ACS and/or PCI within
prior 14 days

• Planned use of P2Y12 in-
hibitor for �6 months

• Patients �18 years with
paroxysmal, persistent,
or permanent NVAF

• OAC indication for AF
for at least 12 months

• Successful PCI with stent
placement

Key exclusion • Cardiogenic shock dur-
ing current
hospitalization

• Use of fibrinolytics
within 24 h of randomi-
zation that would put
patient at high risk of
bleeding

• Stroke or major bleeding
event within 1 month
before screening

• CrCl <30 mL/min

• History of stroke or TIA
• Clinically significant GI

bleeding within 12 M be-
fore randomization

• CrCL <30 mL/min
• Anaemia of an unknown

cause with a haemoglo-
bin concentration <10
g/dL, or any other con-
dition known to increase
the risk of bleeding

• Condition other than AF
for chronic
anticoagulation

• Serum creatinine >2.5
or CrCL <30 mL per
minute

• History of ICH, ongoing
bleeding, or
coagulopathies

• Recent or planned CABG
surgery for index ACS

• Patients with mechani-
cal heart valves, moder-
ate to severe mitral
stenosis

• Known bleeding
diathesis

• End-stage renal disease
(CrCl < 15 mL/min)

ACS, acute coronary syndrome; AF, atrial fibrillation; BMI, body mass index; BMS, bare-metal stent; CAD, coronary artery disease; DAPT, dual anti-
platelet therapy (P2Y12 inhibitor þaspirin); DES, drug-eluting stent; MI, myocardial infarction; PCI, percutaneous coronary intervention; VKA, vita-
min K antagonist.
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trials and trial results are compared with each other
(Tables 2, 3, and 4). Time in therapeutic range (TTR) during
VKA therapy differed between trials (RE-Dual PCI TTR:
mean 64%, PIONEER AF-PCI TTR: mean 656 25%;
AUGUSTUS TTR: mean 566 31%; ENTRUST AF PCI TTR:
mean 606 21%), which may have contributed to differen-
ces in bleeding events.

Meta-analyses
A recent meta-analysis encompassing all patients (10 234
AF patients) from the four AF PCI trials showed that there
was no significant difference between DATand TAT in terms

of all-cause death, cardiovascular death, MACE, and
stroke, while DATwas associated with a borderline higher
risk of MI, and a higher risk of coronary stent thrombosis.8,9

Of note, the results were still consistent when the analysis
was restricted to NOAC-based DAT vs. VKA-based TAT
(Figures 1, 2, and 3). Another, meta-analysis, which in-
cluded the WOEST trial plus the four AF PCI trials showed
included a total of 11 542 patients.14 The primary safety
outcome of that study was thrombolysis in myocardial in-
farction (TIMI) major bleeding and the primary efficacy
outcome was trial-defined major adverse cardiovascular
events (MACE). Compared with VKA plus dual antiplatelet
therapy (TAT), odds ratios for TIMI major bleeding were

Figure 1 Main bleeding endpoints in dual antithrombotic therapy vs. triple antithrombotic therapy. Random-effects risk ratios for main bleeding end-
points. DAT, dual antithrombotic therapy; ISTH, International Society on Thrombosis and Haemostasis; M–H, Mantel–Haenszel; TAT, triple antithrombotic
therapy. With permission Gargiulo et al.9
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0.57 for VKA plus P2Y12 inhibitor, 0.69 for NOAC-based TAT,
and 0.52 for NOAC-based DAT. The findings of this meta-
analysis suggest that VKA-based TATshould be avoided, be-
cause DAT in which aspirin is discontinued lowers bleeding
rates without an increase in ischaemic risk. Therefore, the
use of a NOAC-based DATwithout aspirin was considered to
be the favourable treatment in AF patients undergoing PCI.

Thus, the four NOAC AF PCI trials show that DAT, com-
pared to VKA-TAT, reduces major and CRNM bleeding.
Furthermore, NOAC-based DATare associated with reduced
rates of intracranial haemorrhage. DAT is not associated
with higher rates of trial-defined MACE, all-cause or

cardiovascular death, and stroke as compared with TAT
throughout the follow-up period. However, the risk of myo-
cardial infarction and stent thrombosis is increased in AF
patients if aspirin therapy (despite ongoing therapy with
clopidogrel) is stopped early after stenting. Thus, TAT is of
importance in all AF patients after coronary artery stenting
for some weeks to prevent stent thrombosis.8,9,15 The
mechanism through which early aspirin discontinuation ex-
pose AF patients to more ischaemic events remains un-
known. Whether ticagrelor or prasugrel reduce the
ischaemic risks in DAT warrants further investigations.
Nevertheless, the results of the four AF PCI trials will

Figure 2 Main bleeding endpoints in non-vitamin K antagonist oral anticoagulant-based dual antithrombotic therapy vs. vitamin K antagonist-based tri-
ple antithrombotic therapy. Random-effects risk ratios for main bleeding endpoints. DAT, dual antithrombotic therapy; ISTH, International Society on
Thrombosis and Haemostasis; M–H, Mantel–Haenszel; TAT, triple antithrombotic therapy; NOAC, non-vitamin K antagonist oral anticoagulant; VKA, vita-
min K antagonist. With Gargiulo et al.9
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influence clinical routine (Figure 4). Further sub-studies
are warranted to access differences between various sub-
groups of AF patients like ACS and stable coronary artery
disease. A post hoc study from AUGUSTUS suggests that as-
pirin should be provided up to 30days in AF patients at high
risk for stent thrombosis.15 Of note, many patients stent in
the AUGUSTUS trial did not receive a, and therefore, stent
thrombosis is not a good outcome parameter for the total
study population. In addition, a recent substudy from
AUGUSTUS could show that incidence of bleeding events
tend to differ between patients undergoing elective PCI
and ACS patients with AF. Furthermore, the ENTRUST AF
PCI trial suggests that rates of bleeding after PCI differ be-
tween radial and femoral artery puncture.8 The periproce-
dural antithrombotic regime might address this aspect: in
case of femoral artery puncture, VKA and NOACs might be
paused 24h prior to the procedure. Re-initiation of therapy
might start about 24h after the procedure to reduce bleed-
ing from the femoral access site. This temporary pause of
VKA/NOACs might not be necessary if the radial route is
used for PCI.8

In addition to the NOAC AF PCI trials, all other published
Phase III trials (RE-LY, ROCKET-AF, ARISTOTLE, ENGAGE AF-

TIMI 48, ENSURE AF, X-VERT, and PIONEER AF-PCI) have also
shown that NOACs are not inferior to VKA therapy.16–21

Nevertheless, the study results are based on the correct in-
take of the NOACs. Thus, adherence and persistence to
medical therapy appears ofmajor importance for adequate
anticoagulation.22,23 Recently, Andrade et al.24 published a
study on self-reported adherence to various NOACs. Non-
adherence, however, is likely to be a significant problem
and a reason for concern when prescribing NOACs for long-
term anticoagulation.24

Conclusion

Compared with TAT, NOAC-based DAT has been shown to be
associated with reducedmajor bleeding as well as intracra-
nial haemorrhages. The benefit is somewhat counterbal-
anced by a higher risk of stent-related ischaemia during
the early phase of DAT. Thus, TATafter stenting is appropri-
ate for at least 14days with a maximum of 30 days.
Thereafter, DAT including a NOAC is the therapy of choice
in AF PCI patients to reduce the risk of bleeding during a 1
year of follow-up (Figure 4).

Figure 3 Ischaemic endpoints in dual antithrombotic therapy vs. triple antithrombotic therapy. Random-effects risk ratios for stroke, myocardial infarc-
tion and stent thrombosis. With permission Gargiulo et al.9
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