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Abstract
Triple anti-thrombotic therapy combining oral anticoagulation and dual anti-platelet therapy following percutaneous coronary 
intervention in patients with atrial fibrillation was considered as standard and recommended by guidelines. While bleeding 
risk is considerable with that approach, data for efficacy are scare. Several trials assessed the possibility of reducing anti-
thrombotic treatment by mainly shortening the exposure to acetylsalicylic acid. Dropping one of the anti-platelet components 
might increase the risk of stent thrombosis, myocardial infarction or stroke. Despite that fear, the recent trials’ primary end-
point was major and/or clinically-relevant non-major bleeding. We review data on major bleedings, intracranial bleedings 
and major adverse cardiovascular events from the published reports. We demonstrate that Non-Vitamin K oral anticoagulant 
(NOAC)-based strategies compared to VKA-based triple therapies significantly reduce the risk for TIMI-major bleedings 
by 39% and for intracranial bleedings by 66%, while they did not increase the risk for overall ischemic or embolic events. 
However, recent meta-analyses indicate an increased risk for stent thrombosis with less intense anti-thrombotic therapy. While 
the overall incidence rate for stent thrombosis is rather low, relative increases by about 30–60% are reported, but they did not 
translate into adverse clinical net-benefit ratios. This review highlights that using certain NOAC regimens proven effective 
for stroke prevention in AF can reduce the rate of bleeding without increasing ischemic or embolic events. Furthermore, 
additive ASA in triple anti-thrombotic regimens should be limited to 1 month and individual weighing of ischemic versus 
bleeding risk during the first 30 days seems to be reasonable.
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Introduction

Anti-thrombotic treatment in patients with atrial fibrillation 
(AF) undergoing percutaneous coronary intervention (PCI) 
harbours the risk of inducing relevant bleeding complica-
tions when an oral triple therapy is prescribed to prevent 
embolic stroke and coronary stent thrombosis at the same 
time [1]. Oral anticoagulation is highly efficient in reduc-
ing stroke risk in AF [2, 3], but inefficiently prevents stent 
thrombosis following PCI [4, 5]. On the contrary, dual 

anti-platelet therapy (DAPT) is highly efficient in prevent-
ing stent thrombosis following PCI [4, 5], but inefficiently 
reduces stroke risk in AF [6]. The dilemma is that for a long 
time, guidelines recommended triple anti-thrombotic treat-
ment as the default strategy following PCI in AF to reduce 
the ischemic and embolic risks [7–9], but that strategy bears 
an enormous risk of relevant bleeding complications [10]. 
Over the last years, several studies have shown that more 
intense anti-thrombotic treatment in patients with acute cor-
onary syndromes (ACS) does not automatically lead to fewer 
ischemic events [11–14] and less intense anti-thrombotic 
regimens were specifically tested after PCI in AF patients 
[15–18]. As most of the studies are not comparable between 
each other, we want to highlight the individual specificities 
of the trials and to compare similar outcome data where 
available.
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Preventing stent thrombosis 
following percutaneous coronary 
intervention

Anti-platelet therapy is a corner stone in acute and chronic 
treatment of ischaemic cardiovascular diseases comprising 
stable coronary artery disease (CAD) as well as ACS. DAPT 
is required for a defined period of time following stent implan-
tation during elective (usually 6 months) as well as urgent 
(usually 12 months) PCI to prevent stent thrombosis and sub-
sequent myocardial infarction [19]. Generally, clopidogrel is 
the most commonly used P2Y12 inhibitor prescribed together 
with acetylsalicylic acid (ASA) for DAPT following elective 
PCI. The European Society of Cardiology (ESC) published a 
“Focused Update DAPT 2017”, which summarises the cur-
rent standard in individualised anti-platelet therapy [19]. Cur-
rent ESC guidelines (2018 myocardial revascularisation [8], 
2015 NSTE-ACS [20], 2017 STEMI [21], 2017 DAPT [19]) 
demand an increasingly differentiated anti-thrombotic treat-
ment for ACS patients to maximise treatment efficacy and to 
reduce bleeding risk. Nevertheless, triple therapy is still the 
default option following PCI in patients on oral anticoagula-
tion (OAC), at least in European recommendations [8].

When bleeding is a serious concern, shortening DAPT 
duration even to only 1 month while using modern drug-
eluting stents, did not increase the rate of stent thrombosis 
or myocardial infarction in the ZEUS trial compared to short 
DAPT duration with the use of bare-metal stents [22]. There-
fore, operators are encouraged to use drug-eluting stents also 
in patients with uncertain ability for longer DAPT treatment. 
Current guidelines recommend to shorten DAPT duration, if 
clinical co-variables indicate a potential bleeding risk, e.g. if 
the PRECISE-DAPT score is ≥ 25 [8, 19].

In the early times of PCI, several trials documented that 
OAC using vitamin K antagonists (VKA) even with target 
INRs above 2.0–3.0 were not as efficient as DAPT consist-
ing of ASA and ticlopidine in preventing stent thrombosis but 
caused much higher rates of severe bleeding [4, 5]. Therefore, 
when a patient has an indication for OAC, OAC alone might 
not be sufficient to prevent stent thrombosis after PCI. How-
ever, it is often forgotten that those older trials did not use 
VKA alone, but combined VKA with ASA indicating that 
ASA might not have such a great effect on the prevention of 
stent thrombosis as it was used in both groups, those with and 
those without stent thrombosis occurring [4, 5].

Preventing strokes and systemic embolism 
in atrial fibrillation

Ischemic or embolic strokes are the major disabling com-
plications in patients with atrial fibrillation (AF). OAC can 
prevent most of these events and is, therefore, widely used 
for stroke prevention in AF (SPAF) [23]. Excluding patients 
with very low stroke risks, the superiority of OAC compared 
to non-treatment is overwhelming, and based on current 
ESC “2016 Guidelines for the management of atrial fibril-
lation”, should be used in SPAF [9]. Furthermore, the Euro-
pean Heart Rhythm Association (EHRA) published their 
“2018 EHRA Practical Guide on the use of non-vitamin K 
antagonist oral anticoagulants in patients with atrial fibril-
lation”, which elucidates the advantage of non-vitamin K 
oral anticoagulants (NOACs) compared to vitamin K antago-
nists (VKA) [24]. Previously, a potential benefit of certain 
NOACs compared to VKA has been described in a meta-
analysis including differing indications for anticoagulation 
[25]. NOACs are safe and effective during cardioversion 
[26–28], AF ablation [29–32], following transcatheter aortic 
valve implantation [33] and even when left atrial appendage 
thrombi have been formed on OAC their resolution appears 
to be not different on NOACs and VKA [28, 34, 35]. Upon 
availability of NOACs in Germany, AF patients were more 
frequently anticoagulated and stroke rate decreased without 
an increase in bleeding complications [36] and may exert 
differential effects on cardiac function than VKA [37].

ASA had previously been considered as a potential alter-
native to OAC in elderly patients due to a presumed lower 
bleeding risk than VKA. In the AVERROES trial randomis-
ing 5,599 patients to apixaban vs ASA, apixaban had a simi-
lar bleeding risk compared to ASA, but reduced stroke and 
systemic embolism (SSE) by 55% [38]. More specifically, 
in elderly patients apixaban had a similar bleeding risk and 
reduced embolic risk compared to ASA dramatically (e.g. 
86% risk reduction for patients ≥ 85 years of age) [39]. Con-
sequently, current guidelines clearly state that single anti-
platelet treatment is not recommended for SPAF [9]. DAPT 
is not an option to replace OAC for SPAF in general due 
to its limited efficacy resulting in a 44% higher ischemic 
event rate than VKA in the ACTIVE W trial randomising 
6706 patients either to DAPT combining acetylsalicylic acid 
(ASA) plus clopidogrel or VKA [6]. DAPT with more potent 
P2Y12 inhibitors has not been evaluated for SPAF.
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Incremental harm of conventional triple 
anti‑thrombotic therapy

When a patient with AF requires PCI with consecutive 
DAPT, combining ASA + OAC + clopidogrel can increase 
the risk of bleeding by 3–4-fold compared to OAC alone 
[10, 40]. Thus, there had been a quest for alternative 
anti-thrombotic combination therapies with less bleeding 
risk. First, gastrointestinal bleeding is reduced by proton-
pump inhibitors whenever a combination of anti-platelet 
and OAC medications is prescribed [41, 42]. Second, a 
combination of OAC with either prasugrel or ticagrelor is 
not recommended due to an increased bleeding risk [19, 
43, 44]. Third, choosing a NOAC instead of VKA might 
reduce the bleeding risk as all four NOAC strategies tested 
in and approved for SPAF use an anti-thrombotic intensity 
that is comparable to sub-therapeutic dosing of low-molec-
ular weight heparins or VKA. Fourth, dropping one out of 
three anti-thrombotic drugs early after PCI might further 
reduce bleeding risk, if it is safe regarding prevention of 
stent thrombosis. As trials mentioned in the upcoming 
sections have different bleeding definitions, the different 
definitions are summarized in Table 1.

There have been several trials comparing additive 
NOACs in addition to DAPT in patients with PCI for 
ACS, and the results are diverse. In RE-DEEM, adding 
dabigatran to DAPT was associated with an increased 
ischaemic event rate despite more intense anti-thrombotic 
therapy on lower doses and more ISTH-major bleedings 
on the usual dabigatran doses [14]. The mechanism of 
increased rates of myocardial infarctions on dabigatran 
as described in the RE-LY trial for SPAF [45] or in meta-
analyses including other direct thrombin inhibitors [46] is 
still under debate, however, functional experiments sug-
gest that there is a distinct mechanism in direct thrombin 
inhibitors which contributes to increased platelet activa-
tion and adhesion [47]. In ATLAS-ACS 2 TIMI 51 adding 
rivaroxaban 2 × 2.5 mg/day or 2 × 5 mg/day to DAPT, 
ischaemic events were lower on additive rivaroxaban, 
but non-CABG-associated TIMI-major bleedings were 
increased to a similar extent as ischaemic events were low-
ered. It is important to note that neither of the two bi-daily 
dosing regimens had ever been proven effective for SPAF 
[48]. The APPRAISE-2 trial adding full-dose apixaban to 
DAPT was terminated prematurely because of an increase 
in major bleeding events with apixaban in the absence of 
a counterbalancing reduction in recurrent ischemic events 
[12]. In summary, there is no evidence of clinical net-
benefit by adding OAC with NOACs on top of DAPT in 
ACS patients. In most studies, there is even an increase in 
harm measured by major bleeding complications.

De‑escalating platelet inhibition in patients 
anticoagulated for SPAF

Five studies have investigated strategies of early discon-
tinuation or even only peri-procedural application of ASA 
in patients receiving a P2Y12 inhibitor with OAC: WOEST 
[49] dropped ASA on a VKA background, whereas PIO-
NEER AF [16], RE-DUAL PCI [15], AUGUSTUS [17], 
and ENTRUST-AF PCI [18] evaluated dual strategies on 
the different NOAC backgrounds (Fig. 1, Table 2) [50, 51]. 
However, all studies were not sufficiently powered to dem-
onstrate efficacy regarding stroke prevention. Using a net-
work meta-analysis of these trials, there was no indicator 
of increased ischaemic risk when using a NOAC in com-
bination with only a P2Y12 inhibitor. In particular, there 
was no increase in stroke risk when using a NOAC-based 
dual anti-thrombotic regimen compared to a VKA-based 
triple regimen [18, 52]. The specific trials are discussed 
in more detail:

VKA in WOEST

The WOEST trial, an open-label, randomised, controlled 
trial in 15 centres in Belgium and the Netherlands, investi-
gated 573 patients (mean age 70 years; 36% PPI) requiring 
OAC (11% mechanical valve prosthesis; 20% apical aneu-
rysm, pulmonary embolism, peripheral arterial disease or 
left-ventricular ejection fraction < 30%; 69% AF; mean 
CHADS2-score: 1.6). Following PCI, they were treated 
either with triple therapy consisting of VKA, clopidogrel 
and ASA or with the combination of OAC with clopi-
dogrel; patients not pre-treated with ASA received a load-
ing-dose of 320 mg ASA at the time of PCI. Randomisa-
tion occurred prior to or within 4 hours following PCI. The 
primary safety endpoint was any bleeding within one year. 
Any bleeding occurred in 44.4% of patients on triple ther-
apy, but only in 19.4% on dual therapy (risk reduction 64%, 
p < 0.0001). The rate of severe and moderate bleedings 
according to GUSTO-criteria was significantly reduced 
from 12.3% to 5.4% (risk reduction 58%, p = 0.003). The 
rate of major- and minor-bleedings according to TIMI cri-
teria was significantly reduced from 31.3% to 14.0% (risk 
reduction 60%, p < 0.0001). Due to the rather low number 
of study participants, the effect on severe bleedings was 
statistically not significant, but showed a similar numeric 
trend: major bleeding by TIMI criteria were lowered from 
5.6 to 3.2% (reduction by 44%, p =0.159), severe bleed-
ings according to GUSTO-criteria were lowered from 3.5% 
to 1.4% (reduction by 60%, p=0.119). The rate of blood 
transfusion was significantly reduced from 9.5% to 3.9% 
(reduction by 61%, p = 0.011). Dropping ASA did not 
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Fig. 1   Design of the four NOAC trials using less intense anti-throm-
botic strategies following PCI and/or ACS in patients with indica-
tion for anticoagulation for stroke prevention in atrial fibrillation. 
ACS acute coronary syndrome, ASA acetylsalicylic acid, INR inter-
national normalised ratio, NOAC non-vitamin K oral anticoagulant, 

PCI percutaneous coronary intervention, sc AC subcutaneous antico-
agulation, VKA vitamin K antagonist. In PIONEER AF-PCI and RE 
DUAL-PCI the average duration from PCI to randomisation has not 
been reported

Table 2   Characteristics of trials combining anticoagulants and platelet inhibitors after percutaneous coronary interventions

Triple anti-
thrombotic 
treatment

Dual anti-thrombotic 
treatment

Additional arm Patients 
(n)

Mean 
age 
(years)

Male 
sex, n 
(%)

Previous 
stroke, n 
(%)

CHA2DS2-
VASc

HAS-
BLED

Pioneer 
AF 
[16]

VKA INR 
2–3 + P2Y12 
inhibi-
tor + ace-
tylsalicylic 
acid

Rivaroxaban 
1 × 15 mg + P2Y12 
inhibitor

Rivaroxaban 
2 × 2.5 mg + acetyl-
salicylic acid + P2Y12 
inhibitor

2124 70 1582 
(74%)

0 (0%) 3.7 ± 1.6 3.0 ± 0.9

Re-dual 
PCI 
[15]

VKA INR 
2–3 + P2Y12 
inhibi-
tor + ace-
tylsalicylic 
acid

Dabigatran 
2 × 150 mg + P2Y12 
inhibitor

Dabigatran 
2 × 110 mg ×  + P2Y12 
inhibitor

2725 69/72* 2070 
(76%)

226 
(8.3%)

3.7 ± 1.5 2.7 ± 0.7

Augus-
tus 
[17]

VKA INR 
2–3 + P2Y12 
inhibitor

Apixaban 2 × 5 mg + 
P2Y12 inhibitor

Second randomisa-
tion ± acetylsalicylic 
acid

4614 71 3277 
(71%)

633 
(13.8%)

3.9 ± 1.6 2.9 ± 0.9

Entrust-
AF 
[18]

VKA INR 
2–3 + P2Y12 
inhibi-
tor + ace-
tylsalicylic 
acid

Edoxaban 
1 × 60 mg + P2Y12 
inhibitor

– 1506 70 1120 
(74%)

189 
(12.5%)

4.0 
(3·0–5·0)

3.0 
(2·0–
3·0)
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increase ischemic events, in contrast the dual combination 
of OAC + clopidogrel significantly reduced the secondary 
endpoint consisting of death, myocardial infarction, stroke, 
target-lesion revascularisation and stent thrombosis from 
17.6 to 11.1% (reduction by 40%, p=0.025) compared to 
conventional triple therapy. Mortality was significantly 
reduced (6.3% vs. 2.5%, reduction by 61%, p = 0.027) on 
dual therapy and stent thrombosis was numerically lower 
(3.2% on triple vs. 1.4% on dual therapy, reduction 56%, 
p=0.165) [49].

In summary, WOEST encouraged that dropping ASA 
very soon after peri-procedural application might lower 
bleeding rates and is most probably not associated with 
increase in ischemic events. In contrast to the subsequent 
NOAC trials, however, OAC was uninterrupted as patients 
had an indication for OAC, were on VKA prior to PCI and 
were all continued on VKA thereafter. While this trial was 
the first to investigate dual compared to triple anti-throm-
botic treatments, it was also by far the smallest. Therefore, 
conclusions on ischemic event rates have to be considered 
with caution.

Rivaroxaban in PIONEER AF‑PCI

The PIONEER AF-PCI trial, an open-label, randomised, 
multicentre trial compared triple therapy consisting of VKA, 
P2Y12 inhibitor (mainly clopidogrel) and ASA to the factor 
Xa-antagonist rivaroxaban (with a lower dose than approved 
for SPAF of 1 × 15mg/day instead of 1 × 20mg/day for dura-
tion of combination therapy, or 1 × 10mg/day if creatinine 
clearance was impaired at 30–50 ml/min) in combination 
with a P2Y12 inhibitor or rivaroxaban in a low dose of 2 × 
2.5mg/day in combination with ASA and a P2Y12 inhibi-
tor in 2124 patients. All patients not pre-treated with ASA 
received at least one dose at the time of PCI. The primary 
safety endpoint was clinically significant bleeding within 
one year (a composite of major bleeding or minor bleed-
ing according to TIMI criteria [53] or bleeding requiring 
medical attention). This occurred in 26.7% of patients on 
triple therapy, in 16.8% (risk reduction vs VKA 41%, p < 
0.0001) on dual therapy with rivaroxaban 1x15mg/day plus 
P2Y12 inhibitor, and in 18.0% (risk reduction vs VKA 37%, 
p<0.0001) on triple therapy with rivaroxaban 2 × 2.5mg/day 
plus ASA plus P2Y12 inhibitor. Due to the low number of 
study participants, the effect on major bleedings was statis-
tically not significant, but showed a similar numeric trend. 
Ischemic and embolic events (death, MI, stroke) occurred 
to a similar extent, but due to the low number of study par-
ticipants and low ischemic event rates, a statistically valid 
analysis cannot be made. Nevertheless, there are two major 
safety concerns regarding the PIONEER AF-PCI trial: 
first, as the investigated doses of rivaroxaban had not been 
proven to be effective for SPAF before, highest risk patients 

with a history of stroke or TIA were excluded from the 
trial; second, in patients with moderate-high risk for stroke 
(CHADS2-score ≥ 2), ischemic strokes were increased from 
0.3% on VKA-based triple therapy to 1.5% on the dual strat-
egy using rivaroxaban 1 × 15mg/day plus clopidogrel and 
1.4% on the triple strategy using rivaroxaban 2 × 2.5mg/day 
plus DAPT [16].

In summary, PIONEER AF-PCI did evaluate dose 
regimes of rivaroxaban, which had not been proven effec-
tive for SPAF before. Patients at moderate-high risk showed 
a trend towards more ischemic strokes. Therefore, at least in 
AF patients at moderate-to-high risk for stroke the investi-
gated strategies cannot be considered as an adequate alter-
native to VKA-based triple therapy due to lack of proven 
equivalent in stroke prevention.

Dabigatran in RE‑DUAL PCI

The RE-DUAL PCI trial, an open-label, randomised, mul-
ticentre trial compared triple therapy consisting of VKA, 
ASA (1 month after bare-metal-stent, 3 months after drug-
eluting stent) and a P2Y12 inhibitor (mainly clopidogrel) to 
the thrombin antagonist dabigatran (2 × 150mg/day or 2 × 
110mg/day randomised to VKA in a 1:1:1 fashion) in com-
bination with a P2Y12 inhibitor in 2725 patients. All patients 
not pre-treated with ASA received at least one dose at the 
time of PCI. All patients in the US as well as non-elderly 
patients (< 70 years in Japan, < 80 years outside Japan 
and US) were randomised 1:1:1 to the groups mentioned 
above, elderly patients outside the US were randomised 
1:1 to either VKA-based triple therapy or dabigatran 2 × 
110mg/day. Based on these differing age criteria, there are 
two different VKA-triple therapy groups in comparison to 
either dose of dabigatran. The primary safety endpoint was 
clinically significant bleeding within one year according 
to ISTH criteria [54]. It was lower on dual therapy with 
dabigatran 2 × 110mg/day plus P2Y12 inhibitor occurring 
in 15.4% compared to VKA-based triple therapy in 26.9% 
of patients, (risk reduction by 48%, p < 0.0001). On dual 
therapy with dabigatran 2 × 150mg/day plus P2Y12 inhibi-
tor, the primary safety endpoint occurred in 20.2% com-
pared to 25.7% on VKA-based triple therapy, (risk reduc-
tion by 28%, p = 0.002). Using dabigatran 2 × 110mg/day 
in dual therapy lowered the primary endpoint from 26.9% 
on VKA-based triple therapy to 15.4% (risk reduction by 
48%, p < 0.001). The rate of major bleedings according 
to ISTH- and TIMI criteria was significantly reduced by 
both dual anti-thrombotic dabigatran regimes. Ischemic 
or embolic events occurred more often on dabigatran 2 × 
110mg/day compared to VKA-based triple therapy. Patients 
on dabigatran 2 × 110mg/day had numerically higher rates 
of death (5.6% vs. 4.9%), myocardial infarction (4.5% vs. 
3.0%), stroke (1.7% vs. 1.3%) and stent thrombosis (1.5% 
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vs. 0.8%); more specifically, the predefined criterion for non-
inferiority regarding a composite ischemic endpoint was not 
met on dabigatran 2 × 110mg [15].

In summary, RE-DUAL PCI showed a potential of lower 
bleeding with similar ischemic risk when using the higher 
of the two approved doses of dabigatran. The lower dose 
indicated a potentially increased ischemic risk. As elderly 
patients were treated with the lower dose, potentially there 
might be a useful indication for younger patients treated with 
the higher dose of dabigatran, but dabigatran should not be 
the default anti-thrombotic combination strategy in elderly 
patients.

Apixaban in AUGUSTUS

The AUGUSTUS trial, an open-label, randomised, multicen-
tre trial first randomised patients to either OAC with VKA 
or the factor Xa-antagonist apixaban (in the dose approved 
for SPAF of 2 × 5mg/day or dose reduction to 2 × 2.5mg/
day, if the usual dose reduction criteria applied [55]) in 
4614 patients. In a second step, patients were then addi-
tionally randomized to receive ASA 100 mg/day or placebo 
on maintenance therapy. All patients not pre-treated with 
ASA received at least one dose at the time of PCI prior to 
randomisation. Elective PCI was performed in 38.8%, PCI 
in ACS in 37.3%, and conservatively treated ACS occurred 
in 23.9% of study participants. The primary safety endpoint 
was clinically significant bleeding within 6 months (a com-
posite of major bleeding or clinically-relevant non-major 
bleeding according to ISTH criteria [54]). This occurred in 
10.5% on apixaban compared to 14.7% on VKA (risk reduc-
tion 31%, p < 0.001). The rate of ISTH- and TIMI-major 
bleedings was lower on apixaban than on VKA. Ischemic 
and embolic events occurred in similar rates on both anti-
coagulant strategies. Regarding the randomisation to ASA 
vs. placebo, the primary safety endpoint occurred in 16.1% 
on ASA compared to 9.0% on placebo (risk increase 89%, p 
< 0.001). The rate of ISTH- and TIMI-major bleedings was 
increased by additive treatment with ASA, while ischemic 
and embolic events were not significantly reduced [17].

When analysing the combined randomisations, the low-
est rate for major or clinically-relevant, non-major bleeding 
according to ISTH criteria was observed on apixaban with-
out ASA (7.3%), followed by VKA without ASA (10.9%), 
Apixaban with ASA (13.8%) and VKA with ASA (18.7%). 
The lowest rate of major bleeding according to ISTH criteria 
was observed on apixaban without ASA (2.0%), followed 
by VKA without ASA (3.9%), apixaban with ASA (4.2%) 
and VKA with ASA (5.5%). The lowest rate of death and 
ischemic events was observed on VKA with ASA (5.7%), 
followed by apixaban with or without ASA (each 6.2%) 
and VKA without ASA (7.3%). Most interestingly, there 
appeared to be no difference in ischemic/embolic events with 

or without ASA, if apixaban was used as the anticoagulant 
in contrast to VKA [17]. Of note, a P2Y12 inhibitor was used 
in all groups.

Within the first 30 days in AUGUSTUS there was a bal-
ancing of more severe bleedings [fatal, intracranial, and 
other ISTH-major; absolute risk difference +0.97 (95% 
CI 0.23–1.70)] compared to fewer severe ischemic events 
[CV death, stent thrombosis, myocardial infraction, stroke 
(absolute risk difference − 0.91 (95% CI − 1.74 to − 0.08)] 
on additive ASA. Beyond 30 days, additional ASA did not 
reduce severe ischemic events [− 0.17 (95% CI − 1.33 
to 0.98)], but increased severe bleedings [+1.25 (95% CI 
0.23–2.27)] [56].

In summary, AUGUSTUS demonstrated good safety 
for the approved SPAF dose of apixaban in comparison to 
VKA. Overall ischemic events were not meaningfully higher 
on apixaban + P2Y12 inhibitor as on apixaban-based triple 
therapy. However, the pure PCI data have not been shown 
yet. The window from qualifying event to randomisation is 
the longest in all studies.

Edoxaban in ENTRUST‑AF PCI

The ENTRUST-AF PCI trial, an open-label, randomised, 
multicentre trial compared triple therapy consisting of VKA, 
P2Y12 inhibitor (mainly clopidogrel) and ASA (for 1–12 
months guided by clinical presentation with either stable 
coronary artery disease or ACS) to the factor Xa-antagonist 
edoxaban (in the dose approved for SPAF of 1 × 60mg/day or 
with dose reduction to 1 × 30mg/day, if creatinine clearance ≤ 
50 ml/min, body weight ≤ 60 kg, or concomitant therapy with 
certain P-glycoprotein inhibitors [57]) in combination with a 
P2Y12 inhibitor in 1506 patients. All patients not pre-treated 
with ASA received at least one dose at the time of PCI. The 
primary safety endpoint was clinically significant bleeding 
within 1 year (a composite of major bleeding or clinically-
relevant non-major bleeding according to ISTH criteria [54]).

This occurred in 25.6%/years on triple therapy and in 
20.7%/year on dual therapy with edoxaban 1x60mg/day plus 
P2Y12 inhibitor (risk reduction vs VKA 17%, p < 0.001 for 
non-inferiority, p = 0.1154 for superiority). ISTH-major 
bleedings occurred in 7.2%/year on VKA-based triple 
therapy and in 6.7%/year on edoxaban-based dual therapy 
(reduction by 5%, p = 0.7865). Ischemic and embolic events 
(death, MI, stroke, systemic embolism, definite stent throm-
bosis) occurred in 6.9%/year on triple therapy using VKA 
and in 7.3%/year on dual therapy with edoxaban (hazard 
ratio 1.06 (0.71–1.69), no p value reported).

The ENTRUST-AF PCI trial had about the shortest 
time from PCI to randomisation of the modern trials, most 
patients were randomised in less than 48 h. 94% had an INR 
< 2.0 at randomisation, even after one week, 42% of VKA-
treated patients were below an INR of 2.0. Therefore, during 
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the initial days the edoxaban dual-therapy group actually 
had still some ASA effect, whereas the labelled VKA-triple 
therapy group was a DAPT group in about half the patients. 
This might have influenced the primary endpoint of major or 
clinically-relevant, non-major bleeding, which was higher in 
the edoxaban group early during the trial and substantially 
lower than VKA-triple therapy after day 14.

In summary, on the long observation period of 1 year dual 
treatment with a factor Xa-antagonist in a SPAF-approved 
dose and P2Y12 inhibitor caused less bleeding as VKA-
based triple therapy. These findings are consistent between 
AUGUSTUS and ENTRUST-AF PCI. Whether ASA should 
be given for some days early on was intensely debated after 
the numerically higher incidence of ischemic events during 
the first week in ENTRUST-AF PCI.

Dual strategies in elderly patients

In elderly patients, NOACs may be related to less side effects 
due to medication interaction than VKA. For most of the 
above mentioned trials, the primary bleeding endpoint has 
been reported for elderly patients, but for major bleedings or 
ischemic events there is yet insufficient data reported [58]. 
In general, clinically significant bleedings in elderly patients 
were lower on NOAC/dual compared to VKA/triple strate-
gies [15–18, 49]. In summary, it seems reasonable for elderly 
patients with AF, who require PCI, to administer ASA peri-
procedurally followed by OAC plus clopidogrel. OAC can 
principally mean NOAC, but limitations apply to the cur-
rently published studies with dabigatran (trend towards more 
ischemic events in lower dose, only lower dose for elderly 
patients) and rivaroxaban (excluding patients with higher 
stroke risk, dose reduction without proven clinical efficacy) 
[59]. Data for apixaban do suggest that full-dose NOAC 
instead of VKA is safe and efficient in elderly patients. Cur-
rent ESC recommendations emphasize that if NOACs are used 
they should be given without empiric dose reduction [19]. The 
advantage of all combinations of NOAC and clopidogrel are 
significantly lower bleeding rates compared to conventional 
triple therapy using VKA [59]. Another important contribu-
tion to prophylaxis of bleeding especially for elderly patients 
is to avoid permanent combinations of ASA or clopidogrel 
with (N)OAC for CAD and AF following the usual post PCI 
duration of DAPT or additive P2Y12 inhibition [9, 19].

Risk–benefit evaluation

Due to the rather low number of participants in most of the 
trials, the primary endpoint was relatively soft considering 
the composite of major bleeding and clinically-relevant non-
major bleedings, which could potentially cause some bias 

when trying to balance risk and benefit from the primary 
endpoints. In contrast to previous analyses [60] we focused 
on primarily reported data on TIMI-major bleedings (Fig. 2). 
Similarly, efficacy was not even evaluated as a primary end-
point, but in most cases only considered hypothesis gen-
erating. Even then, the composite ischemic endpoint was 
not always restricted to major adverse cardiovascular events 
(MACE: CV death, non-fatal myocardial infarction and 
non-fatal stroke), but often included hospitalisations and/
or revascularisation. Therefore, we collected data on major 
bleedings according to TIMI classification (Table 1) with a 
separate note on intracranial bleedings as well as on MACE 
(Table 3) from the four trials. The reassuring information on 
aggregate was that NOAC- compared to VKA-based strate-
gies first reduced the risk for TIMI-major bleeding by 39%, 
second reduced intracranial bleedings by 66%, and third did 
not increase MACE rate (Fig. 3). To balance the absolute 
risk over all trials, we calculated the incremental risk and the 
incremental benefit over all trials for less intense (NOAC-
based dual) compared to more intense (VKA-based triple) 
anti-thrombotic treatments [61]. While NOAC-based dual 
strategies were associated overall with an absolute 0.4% 
incremental risk for MACE, they were also associated with 
an absolute 1.1% benefit for TIMI-major bleedings com-
pared to VKA-based triple strategies. Therefore, there was 
an absolute 0.7% risk–benefit [62] in favour of NOAC-based 
dual strategies based on the higher impact of preventing 
TIMI-major bleedings compared to MACE, which occurred 
more often in the population, but did not increase as much 
during less intense anti-thrombotic treatment. When looking 
into the randomisation strata of the individual trials, there 
appears to be a modest risk benefit in most of the analysed 
strategies (Table 3).  

As the primary data from AUGUSTUS compared VKA 
to NOAC and independently ASA to placebo, we provide 
the same calculation for the VKA-triple compared to the 
apixaban-dual group from data published in a meta-analysis 
by the AUGUSTUS group [52]. Again, the NOAC-dual arm 
inherits some risk for more MACE, however, reduction of 
TIMI-major bleedings was even stronger (Table 3). Recently, 
a subanalysis from AUGUSTUS indicated that the major 
prevention of MACE by triple therapy occurred during 
the first 30 days, whereas triple anti-thrombotic treatment 
beyond 30 days was related to more significant bleeding 
events without reducing MACE [56].

Duration of acetylsalicylic acid and the risk 
for stent thrombosis

The very early discontinuation of ASA raised the question 
about an inherent risk of stent thrombosis. PIONEER AF 
was the only of the four trials that did not have a proper 



768	 Clinical Research in Cardiology (2021) 110:759–774

1 3

Fig. 2   Event rates for TIMI-major bleedings the four NOAC trials 
using less intense anti-thrombotic strategies following PCI and/or 
ACS in patients with indication for anticoagulation for stroke pre-
vention in atrial fibrillation. ASA acetylsalicylic acid, DAT dual anti-

thrombotic treatment, HR hazard ratio as reported in the trial, INR 
international normaliszed ratio, NOAC non-vitamin K oral anticoagu-
lant, TAT​ triple anti-thrombotic treatment, VKA vitamin K antagonist

Table 3   TIMI-major bleeding, intracranial bleeding and major adverse cardiovascular effects (MACE)

a Incremental risk indicates the absolute difference in MACE for NOAC-dual vs. VKA-triple anti-thrombotic strategies
b Incremental benefit indicates the absolute difference in TIMI-major bleedings for NOAC-dual vs. VKA-triple anti-thrombotic strategies
c Risk-benefit is calculated by subtracting the incremental benefit from incremental risk. Positive values indicate higher event rates, negative val-
ues indicate lower event rates on NOAC-dual compared to VKA-triple strategies

Trial n TIMI major ICH MACE Incremental 
riska ΔMACE

Incremental 
benefitb ΔTIMI-
major

Risk benefitc

Re-dual PCI [15] VKA INR 2–3 981 37 (3.77%) 10 (1.02%) 83 (8.46%)  + 2.5%  − 2.3%  + 0.2%
Dabigatran 110 mg 981 14 (1.43%) 3 (0.31%) 108 (11.01%)
VKA INR 2–3 764 30 (3.93%) 8 (1.05%) 60 (7.85%)  ± 0.0%  − 1.8%  − 1.8%
Dabigatran 150 mg 763 16 (2.10%) 1 (0.13%) 60 (7.86%)

Pioneer AF [16] VKA INR 2–3 706 20 (2.83%) 4 (0.57%) 36 (5.1%)  + 0.7%  − 0.9%  − 0.2%
Rivaroxaban 15 mg 709 14 (1.97%) 2 (0.28%) 41 (5.78%)

Augustus [17] VKA INR 2–3 2259 48 (2.12%) 13 (0.58%) 150 (6.64%)  − 0.4%  − 0.5%  − 0.9%
Apixaban 5 mg 2290 38 (1.66%) 5 (0.22%) 143 (6.24%)
ASA 2277 55 (2.42%) 8 (0.35%) 137 (6.02%)  + 0.8%  − 1.1%  − 0.3%
Placebo 2279 29 (1.27%) 10 (0.44%) 156 (6.85%)

Entrust-AF [18] VKA INR 2–3 755 24 (3.18%) 9 (1.19%) 46 (6.09%)  + 0.4%  − 1.1%  − 0.7%
Edoxaban 60 mg 751 15 (2.00%) 4 (0.53%) 49 (6.52%)

Augustus [52] Apixaban/placebo 1153 13 (1.13%) 1 (0.09%) 72 (6.24%)  + 0.5%  − 1.4%  − 0.9%
VKA/ASS 1154 29 (2.51%) 4 (0.35%) 66 (5.72%)
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definition and adjudication of stent thrombosis events. Given 
that limitations, no significant differences were reported 
between the rivaroxaban dual and the VKA-triple group 
[0.8% vs 0.7%, HR 1.20 (0.32–4.45)] [16]. RE DUAL-PCI 
reported definite stent thrombosis to be increased by 86% on 
the dual dabigatran 110 mg regime [1.5% vs. 0.8%, HR 1.86 
(0.79–4.40)] and to be similar on the dual dabigatran 150 mg 
regime [0.9% vs. 0.9%, HR 0.99 (0.35–2.81)] compared to 
VKA-triple therapy [15]. AUGUSTUS reported definite 
or probable stent thrombosis with no relevant difference 
between apixaban and VKA [1.3%/year vs. 1.6%/year, HR 
0.77 (0.38–1.56)] and a marked difference between ASA and 
placebo [1.0%/year vs. 1.9%/year, HR 0.52 (0.25–1.08)] [17]. 
Regarding stent thrombosis in AUGUSTUS, at no time had 
the NOAC been inferior to VKA regarding the occurrence 
of stent thrombosis and most stent thromboses occurred in 
the placebo (compared to ASA) group and did so within 
the first 30 days [63]. ENTRUST AF-PCI reported definite 
stent thrombosis with some difference between edoxaban 
dual and VKA-triple regimens [1.16%/year vs. 0.88%/year, 
HR 1.32 (0.46–3.79)] [18]. Given the low event rates result-
ing in all trials being underpowered to detect a significant 
difference, several meta-analyses have been performed [18, 
52, 60]. However, the major problem is the reporting of dif-
ferent definitions of stent thrombosis. Some studies do not 

report probable events, the ones reported from PIONEER 
AF-PCI as “any” are most likely “definite” ones. If mixing 
all strategies the question remains whether the lower dose 
of dabigatran in RE-DUAL PCI should be included in such 
comparisons. The differing numbers and definitions of stent 
thrombosis are provided in Table 4. Given the limitations in 
different definitions of stent thrombosis and mixing those 
for meta-analyses, there is signal about a hazard ratio of 
1.5, which in some analyses is just significant, in others just 
misses significance. Nevertheless, these aggregate results 
would suggest that immediate dual anti-thrombotic therapy 
with ASA only given at the time of procedure might indeed 
pose some risk regarding stent thrombosis.

Still the picture remains obscure, as the original AUGUS-
TUS publication reports two more events than the subse-
quent publication on stent thrombosis, one each for apixa-
ban and VKA, but both in the placebo group [17, 63]. 
If one would compare only the full-dose NOAC-based 
dual to VKA-based triple anti-thrombotic therapies from 
AUGUSTUS and ENTRUST AF-PCI for definite or prob-
able stent thrombosis, the resulting relative risk ratio is 1.32 
(0.69–2.51). When additively including the reported defi-
nite stent thrombosis from RE-DUAL PCI in the high-dose 
group, which is recommended to be used by guidelines now 
[8], the resulting relative risk ratio for stent thrombosis on 

Fig. 3   Based on the trials individual events on TIMI-major bleed-
ing, intracranial bleeding as a subgroup of TIMI-major, and MACE 
were calculated [absolute (n) and relative (%) events, patients at risk 
(N), relative risk (RR)] from all NOAC-based strategies compared to 
VKA-based strategies using less intense anti-thrombotic strategies 
following PCI and/or ACS in patients with indication for anticoagula-

tion for stroke prevention in atrial fibrillation. DAT dual anti-throm-
botic treatment, MACE major adverse event consisting of cardiovas-
cular death, myocardial infarction (incl. stent thrombosis) and stroke, 
NOAC non-Vitamin K oral anticoagulant, RR relative risk, TAT​ triple 
anti-thrombotic treatment; VKA vitamin K antagonist
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full-dose NOAC-based dual compared to VKA-based triple 
anti-thrombotic therapies is 1.22 (0.70–2.11). The overall 
rate of stent thrombosis in all trials is reassuringly low. The 
number needed to treat to prevent one stent thrombosis by 
adding ASA in AUGUSTUS was 250. The number needed 
to harm to induce one major bleeding by adding ASA in 
AUGUSTUS was 55 using the ISTH definition and 91 using 
the TIMI definition [17]. Therefore, even eventually signifi-
cant increases in relative risk for stent thrombosis by NOAC-
based dual compared to VKA-based triple anti-thrombotic 
therapies might not translate into clinical net harm as more 
major bleedings are prevented at the same time by dual anti-
thrombotic regimens. This thought is supported by the clini-
cal net-benefit analyses.

In summary, the accumulated data suggest that ASA 
beyond 30 days is not required in patients on OAC plus a 
P2Y12 inhibitor following PCI. For the first month, however, 
severe bleeding and ischemic events have to be weighed 
against each other and the treatment regimen has to be 
adopted on an individual basis including patient-specific 
ischemic and bleeding risk.

The influence of more potent P2Y12 
inhibition

Current guidelines state that “the use of ticagrelor or prasu-
grel is not recommended as part of triple anti-thrombotic 
therapy with aspirin and an OAC” [8]. However, there is 
no clear recommendation regarding those P2Y12 inhibitors, 
which are more potent than clopidogrel, in the context of 
dual anti-thrombotic therapy, e.g. when ASA is dropped 
very early. Their use in the contemporary OAC PCI trials 
was low (Fig. 1) and most probably the patients treated with 
them might have had different baseline characteristics (e.g. 
younger, lower bleeding risk) compared to patients being 
treated with clopidogrel. Therefore, one has to be very cau-
tious when interpreting reported bleeding rates, which were 
sometimes higher, sometimes lower on more potent P2Y12 
inhibitors added to OAC (Suppl. Table 1). One major con-
sistent finding through all four trials, however, was that the 
bleeding on the more potent P2Y12 blockers was always 
lower in the NOAC/dual compared to the VKA/triple 
strategy,

Conclusion

In general the available data from all studies suggest that 
bleeding can be lowered significantly by reducing the 
intensity of anti-thrombotic treatment. In PCI patients with 
AF as an indication for OAC, NOACs in the same dose as 
approved for stroke prevention have shown the most reliable 

protection regarding stroke prevention and coronary ischae-
mia. NOAC-based strategies inherit a lower risk for major 
bleedings than VKA-based regimes and should, therefore, 
be preferred. Beyond 30 days, there are no conclusive data 
supporting triple therapy with additive ASA. For the first 
month, there are concerns regarding potential stent throm-
bosis, even so the rates appear to be low. Dedicated analy-
ses from AUGUSTUS suggest that individual balancing of 
ischaemic vs bleeding risk is required to tailor the optimal 
anti-thrombotic regimen for AF-PCI patients requiring OAC 
for stroke prevention. Regarding elderly patients with higher 
stroke risk, strategies with deliberate dose reductions should 
be avoided as they pose a higher risk for ischemic/ embolic 
events.
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