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Aims To investigate the safety and efficacy of double vs. triple antithrombotic therapy (DAT vs. TAT) in patients with

atrial fibrillation (AF) and acute coronary syndrome or who underwent percutaneous coronary intervention (PCI).
Methods A systematic review and meta-analysis was performed using PubMed to search for non-vitamin K antagonist oral
and results anticoagulant (NOACQC)-based randomized clinical trials comparing DAT vs. TAT in AF patients undergoing PCI.

Four trials encompassing 10 234 patients (DAT = 5496 vs. TAT =4738) were included. The primary safety endpoint
(ISTH major or clinically relevant non-major bleeding) was significantly lower with DAT compared with TAT
[risk ratio (RR) 0.66, 95% confidence interval (Cl) 0.56-0.78; P<0.0001; [*=69%], which was consistent across all
available bleeding definitions. This benefit was counterbalanced by a significant increase of stent thrombosis (RR
1.59, 95% Cl 1.01-2.50; P=0.04; P= 0%) and a trend towards higher risk of myocardial infarction with DAT. There
were no significant differences in all-cause and cardiovascular death, stroke and major adverse cardiovascular
events. The comparison of NOAC-based DAT vs. vitamin K antagonist (VKA)-TAT yielded consistent results and a
significant reduction of intracranial haemorrhage (RR 0.33, 95% Cl 0.17-0.65; P=0.001; I* = 0%).

Conclusion Double antithrombotic therapy, particularly if consisting of a NOAC instead of VKA and a P2Y12 inhibitor, is
associated with a reduction of bleeding, including major and intracranial haemorrhages. This benefit is however
counterbalanced by a higher risk of cardiac—mainly stent-related—but not cerebrovascular ischaemic occurrences.
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Introduction

Most patients with atrial fibrillation (AF) and risk factors for stroke re-
quire oral anticoagulation (OAC) to prevent cerebrovascular or sys-
temic embolism." Frequently AF coincides with coronary artery
disease (CAD) and microcirculatory flow abnormalities,” so many of
these patients present with acute coronary syndrome (ACS) or sta-
ble CAD requiring percutaneous coronary intervention (PCI)."* The
optimal antithrombotic treatment regimen for patients with AF
undergoing PCl is a clinical conundrum. Dual antiplatelet therapy
(DAPT) is recommended to reduce the risk of ischaemic complica-
tions in patients undergoing PCl and the combination of OAC with
DAPT, a strategy generally called triple antithrombotic therapy
(TAT), increases the bleeding risks compared with the use of OAC
or DAPT alone." Therefore, research has focused on choosing a
treatment strategy that provides the optimal balance between
ischaemic and bleeding occurrences. Extensive evidence has shown
that, compared with vitamin K antagonists (VKAs), non-VKA oral
anticoagulants (NOAG:s), including dabigatran, rivaroxaban, apixaban,
or edoxaban, decrease the risk of bleeding in patients with AF,3‘7
and most recent trials have investigated the safety of double
antithrombotic therapy (DAT) consisting of an OAC plus a P2Y12 in-
hibitor in comparison with TAT in the setting of patients with AF
undergoing PCl or with ACS. In particular, Open-Label, Randomized,
Controlled, Multicenter Study Exploring Two Treatment Strategies
of Rivaroxaban and a Dose-Adjusted Oral Vitamin K Antagonist
Treatment Strategy in Subjects with Atrial Fibrillation who Undergo
Percutaneous Coronary Intervention (PIONEER-AF  PCI)2
Randomized Evaluation of Dual Antithrombotic Therapy With
Dabigatran vs. Triple Therapy With Warfarin in Patients With
Nonvalvular Atrial Fibrillation Undergoing Percutaneous Coronary
Intervention (RE-DUAL PCl),” Open-Label, 2x2 Factorial,
Randomized, Controlled Clinical Trial to Evaluate the Safety of
Apixaban vs. Vitamin K Antagonist and Aspirin vs. Aspirin Placebo in
Patients with Atrial Fibrillation and Acute Coronary Syndrome and/
or Percutaneous Coronary Intervention (AUGUSTUS),'® and
EdoxabaN TReatment versUS VKA in paTients with AF undergoing
PCI (ENTRUST-AF PCI)"" trials have explored the role of NOACs in
AF patients undergoing PCl or with ACS. However, none of these
studies was powered to assess the effect of treatment on cerebrovas-
cular or cardiac ischaemic events.

We conducted a meta-analysis of NOAC-based randomized trials
comparing DAT vs. TAT in patients with AF and PCl or ACS.

Methods

Protocol

We followed PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) reporting guidelines. We developed a
protocol which was submitted to PROSPERO on 16 July 2019 and regis-
tered with the number CRD42019142779.

Search strategy and selection criteria

We performed a systematic search on PubMed from inception to 13
August 2019. The following keywords were used in different combina-
tions: ‘percutaneous coronary intervention’, ‘PCI’, ‘coronary stenting’,
‘acute coronary syndrome’, ‘ACS’, ‘atrial fibrillation’, ‘AF’, ‘apixaban’,

‘rivaroxaban’, ‘edoxaban’, ‘dabigatran’, ‘vitamin k antagonist’, ‘warfarin’,
‘phenprocoumon’, ‘oral anticoagulation’, ‘oral anticoagulants’, ‘dual antith-
rombotic therapy’, ‘dual therapy’, ‘triple therapy’, ‘triple antithrombotic
therapy’, ‘dual antiplatelet therapy’, ‘clopidogrel’ and ‘aspirin’, ‘randomised
trial. Relevant websites (i.e. clinicaltrialresult.org; clinicaltrials.gov;
tctmd.com; cardiosource.com; theheart.org; escardio.org) and references
of prior systematic reviews/meta-analyses were also screened for related
studies. All randomized controlled trials in patients with AF who received
PClin at least 50% of the sample and were allocated to DAT consisting of
any NOAC in combination with a P2Y12 inhibitor or TAT consisting of
any VKA in combination with DAPT were included. Observational stud-
ies, registry data, ongoing trials without results, editorials, case series, and
duplicate studies were excluded.

Citations were screened at the title and abstract level by two inde-
pendent reviewers (G.G., M.V.), and full text was retrieved for those po-
tentially eligible. The same authors extracted data of interest (from the
published articles of PIONEER AF-PCI, RE-DUAL PCI, and AUGUSTUS
as well as their Supplementary material online; while data from
ENTRUST-AF-PCI were internally available after database lock was
achieved) into a structured dataset, and rated the risk of bias at the study
level® " All data were finally reviewed with other authors (A.G. and
P.V.) and discrepancies, if any, were resolved by consensus.

Study outcomes

The primary safety bleeding endpoint was defined as International Society
on Thrombosis and Haemostasis (ISTH) major bleeding or clinically rele-
vant non-major bleeding (CRNMB) at longest available follow-up (be-
tween 6 and 14 months). Secondary safety outcomes included bleeding
endpoints according to various definitions (trial-defined primary safety
bleeding endpoint; ISTH major bleeding, ISTH CRNMB, thrombolysis in
myocardial infarction (TIMI) major bleeding, TIMI major or minor bleed-
ing, intracranial haemorrhage).

Secondary efficacy endpoints included all-cause death; cardiovascular
death; trial-defined major adverse cardiovascular event (MACE); myocar-
dial infarction (MI); stroke; and stent thrombosis (ST). Main endpoint defi-
nitions are displayed in Supplementary material online, Table S7.

Data synthesis and analysis

Effect sizes were calculated with the Mantel-Haenszel random-effects es-
timator and expressed as risk ratios (RRs) and 95% confidence intervals
(Cls). Number needed to treat for benefit (NNTB) or harm (NNTH)
were also calculated according to Cochrane’s recommendations: [1/
ACRx(1-RR)] where ACR is the assumed control risk. Heterogeneity
was assessed by [* tests, with substantial heterogeneity defined as I
greater than 50%. Sensitivity analyses were conducted to investigate the
robustness of our results to assess whether any of the included studies
had a large influence on the results. Given the peculiar design of the
AUGUSTUS trial, we also conducted a secondary analysis to compare
NOAC-based DAT vs. VKA-based TAT from the included trials (by
excluding the VKA-based DAT and NOAC-based TAT arms from the
AUGUSTUS). Analyses were also performed with a fixed-effect model
to confirm results. An additional analysis was conducted to analyse separ-
ately the doses of dabigatran 110 mg and 150 mg b.i.d. for the RE-DUAL
PCl trial.

The methodological quality of the randomized trials was assessed by
Cochrane’s Collaboration tool for assessing risk of bias. For each trial,
bias was assessed qualitatively as low, unclear, or high risk of bias by inde-
pendent investigators. Due to the small number of studies (<10) included
in the analysis, publication bias was not assessed. Statistical significance
was set at P<0.05 (two-tailed). Data were analysed by using Reviewer
Manager (RevMan, version 5.3; Cochrane).
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Clinical outcomes of DAT vs. TAT in patients with AF undergoing PCI

A ISTH MAJOR OR CLINICALLY RELEVANT NONMAJOR BLEEDING
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 204 2279 367 2277 26.8% 0.56 [0.47, 0.65] -
ENTRUST AF-PCI 128 751 152 755 22.3% 0.85 [0.68, 1.05] -
PIOMEER AF-PCI 117 696 178 697 22.7% 0.66 [0.53, 0.81] -
RE-DUAL PCI 305 1744 264 981 28.2% 0.65 [0.56, 0.75] =-
Total (95% CI) 5470 4710 100.0% 0.66 [0.56, 0.78] 4
Total events 754 961
Heterogeneity. Tau? = 0.02; Chi® = 9.65, df = 2 (P = 0.02); I = 69% I f : {
Test for overall effect: Z = 5.03 (P < 0.00001) Dol ?éj\;ours DAT LFavours Ti? 30
B ISTH MAJOR BLEEDING
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
AUGUSTUS 65 2279 108 2277 29.6% 0.60[0.44, 0.81) -
ENTRUST AF-PCI 45 751 48 755 21.2% 0.94 [0.64, 1.40] —a—
PIONEER. AF-PC| 27 696 48 697 17.0% 0.56 [0.36, 0.89] e
RE-DUAL PCI 92 1744 90 981 32.2% 0.57 [0.43, 0.76] -
Total (95% CI) 5470 4710 100.0% 0.64 [0.52, 0.80] &
Total events 229 294
Heterogeneity: Tau? = 0.02; Chi® = 4.72, df = 3 (P = 0.19); ? = 37% I + } {
Test for overall effect: Z = 3.94 (P < 0.0001) 0.01 ?&iﬁurs DAT LFavours Ti? 100
C CLINICALLY RELEVANT NONMAIJOR BLEEDING
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
AUGUSTUS 148 2279 275 2277 27.1% 0.54 [0.44, 0.65] -
ENTRUST AF-PCI 97 751 114 755 22.4% 0.86 [0.67, 1.10] -
PIOMNEER AF-PCI 90 696 130 697 22.7% 0.69[0.54, 0.89] -
RE-DUAL PCI 213 1744 174 981 27.7% 0.69[0.57, 0.83] -
Total (95% CI) 5470 4710 100.0% 0.68 [0.56, 0.82] k3
Total events 548 693
Heterogeneity: Tau? = 0.02; Chi* = 8.87, df = 3 (P = 0.03); I = 66% I f } {
Test for overall effect: Z = 4.12 (P < 0.0001) 201 2510“5 DAT LFavours Ti? 59
D INTRACRANIAL HAEMORRHAGE
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 10 2279 8 2277 30.6% 1,25 [0.49, 3.16] ——
ENTRUST AF-PCI 4 751 9 755 24.2% 0.45 [0.14, 1.44)] —
PIOMEER AF-PCI 3 696 7 697 20.6% 0.43 [0.11, 1.65] —
RE-DUAL PCI 4 1744 10 981 24.6% 0.23 [0.07, 0.72] —_—
Total (95% CI) 5470 4710 100.0% 0.51 [0.24, 1.11] il
Total events 21 34
i 2 _ . T - — _ T - : { } {
Heterogeneity: Tau® = 0.29; Chi* = 5.55, cf = 3 (P = 0.14); |I* = 46% bo1 o ) 1 100

Test for overall effect: 2 = 1.69 (P = 0.09)

Favours DAT Favours TAT

Figure | Main bleeding endpoints in double vs. triple antithrombotic therapy. (A) ISTH Major or clinically relevant non-major bleeding; (B) ISTH
major bleeding; (C) clinically relevant non-major bleeding; (D) intracranial haemorrhage. Random-effects risk ratios and 95% confidence intervals for
main bleeding endpoints. CRNMB, clinically relevant non-major bleeding; DAT, double antithrombotic therapy; ISTH, International Society on
Thrombosis and Haemostasis; M—H, Mantel-Haenszel; PCl, percutaneous coronary intervention; TAT, triple antithrombotic therapy.

Note: PIONEER AF-PCI provided individual endpoints of ISTH major and CRNMB but not the composite that was derived by the sum of these two.
Re-DUAL PCI did not provide CRNMB that was derived by subtracting ISTH major by the composite.

Results

Search results and study details
A total of 249 studies were screened for eligibility, out of which four

randomized trials® !

including 10 234 patients (DAT =5496 vs.

TAT =4738) in AF patients following PCl were included in the final
analysis (Supplementary material online, Figure S1).

The What is the Optimal antiplatElet and anticoagulant therapy in
patients with oral anticoagulation and coronary StenTing
(WOEST)" trial was excluded because only VKA was investigated
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A ISTH MAJOR OR CLINICALLY RELEVANT NONMAJOR BLEEDING
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALUGUSTUS 84 1143 210 1123 23.7% 0.39[0.31, 0.50] -
ENTRUST AF-PCI 128 751 152 755 24.7% 0.85 [0.68, 1.05] -
PIOMNEER. AF-PCI 117 696 178 697 24.8% 0.66 [0.53, 0.81] -
RE-DUAL PCI 205 1744 264 981 26.8% 0.65 [0.56, 0.75] -
Total (95% CI) 4334 3556 100.0% 0.62 [0.47, 0.81] E 3
Total events 634 804
i - M . r . ol 12 = I 4 4 4
Heterogeneity. Tau? = 0.07; Chi® = 22.84, df = 3 (P < 0.0001); ¥ = 87% b o1 o 5 100
Test for overall effect: Z = 3.47 (P = 0.0005) Favours NOAC DAT Favours VKA TAT
B ISTH MAJOR BLEEDING
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
ALUGUSTUS 23 1143 62 1123 222% 0.36[0.23, 0.58] ——
ENTRUST AF-PCI 45 751 48 755 25.2% 0.94 [0.64, 1.40] —a—
PIOMNEER. AF-PCI 27 696 48 697 22.6% 0.56 [0.36, 0.89] ——
RE-DUAL PCI 92 1744 90 981 30.0% 0.57 [0.43, 0.76] -
Total (95% CI) 4334 3556 100.0% 0.59 [0.41, 0.83] e
Total events 187 248
Heterogeneity Tau? = 0.09; Chi? = 952, df = 3 (P = 0.02); I = 68% k . . |
Test for overall effect: Z = 2.99 (P = 0.003) i Favou?élNOAC DAT Favours VKiOTAT s
Cc CLINICALLY RELEVANT NONMAJOR BLEEDING
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 62 1143 158 1123 23.6% 0.39[0.29, 0.51] -
ENTRUST AF-PCI 97 751 114 755 24.7% 0.86 [0.67, 1.10] =
PIOMNEER. AF-PCI S0 696 130 697 24.8% 0.69[0.54, 0.89] -
RE-DUAL PCI 213 1744 174 981 26.9% 0.69[0.57, 0.83] -
Total (95% CI) 4334 3556 100.0% 0.63 [0.47, 0.85] @
Total events 462 576
i 2 . r S _ _ 12 e - b i i
Heterogeneity. Tau " 0.08; Chi* = 1850, df = 2 (P = 0.0003); I = 84% ho1 o1 o 100
Test for overall effect: Z2 = 3,02 (P = 0.003) Favours NOAC DAT Favours VKA TAT
D INTRACRANIAL HAEMORRHAGE
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALUGUSTUS 1 1143 4 1123 9.3% 0.25 [0.03, 2.19]
ENTRUST AF-PCI 4 751 9 755 325% 0.45 [0.14, 1.44) — T
PIOMNEER. AF-PCI 3 696 7 697 24.6% 0.43 [0.11, 1.65] —_—
RE-DUAL PCI 4 1744 10 981 33.5% 0.23 [0.07, 0.72] —
Total (95% CD 4334 3556 100.0% 0.33 [0.17, 0.65] P
Total events 12 30
i 2. i [ 5 - R = ; . : |
Heterogeneity. Tau® = 0.00; Chi* = 0.89, df = 3 (P = 0.83); I = 0% b o1 o1 0 100

Test for overall effect: Z = 3.22 (P = 0.001)

Favourﬁ NOAC_DAT Favours VKA_TAT

Figure 2 Main bleeding endpoints in non-vitamin K antagonist oral anticoagulant-based double antithrombotic therapy vs. vitamin K antagonist-
based triple antithrombotic therapy. (A) ISTH Major or clinically relevant non-major bleeding; (B) ISTH major bleeding; (C) clinically relevant non-

major bleeding; (D) intracranial haemorrhage. Random-effects risk ratio

s and 95% confidence intervals for main bleeding endpoints. DAT, double

antithrombotic therapy; ISTH, International Society on Thrombosis and Haemostasis; M—H, Mantel-Haenszel; NOAC, non-vitamin K antagonist oral
anticoagulant; PCl, percutaneous coronary intervention; TAT, triple antithrombotic therapy; VKA, vitamin K antagonist.

and it included 31% of the patients without AF. We also excluded the
Triple Therapy in Patients on Oral Anticoagulation After Drug
Eluting Stent Implantation (ISAR-TRIPLE)" trial because only VKA
was investigated and no DAT regimen was implemented. Finally, the
TAT arm of PIONEER AF-PCI® composed of aspirin plus P2Y12 in-
hibitor plus low-dose rivaroxaban (n=709 patients) was excluded

because rivaroxaban 2.5mg b.i.d. is not an approved regimen for
thromboembolic protection in patients with AF.

Since the RE-DUAL PCI° included two dabigatran-based DAT
arms, at either 110 mg b.i.d or 150 mg b.i.d., the two dabigatran
arms were pooled including a total of 1744 patients for the main
analysis.
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Clinical outcomes of DAT vs. TAT in patients with AF undergoing PCI

A ALL-CAUSE DEATH
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALGUSTUS 79 2307 72 2307 38.9% 1.10 [0.80, 1.50] -
ENTRUST AF-PCI 46 751 37 755 21.6% 1.25 [0.82, 1.90] T
FIOMEER AF-PCI 16 694 13 695 7.3% 123 [0.60, 2.54] ——
RE-DUAL PCI 85 1744 48 981 32.2% 1.00[0.71, 1.41]
Total (95% CI) 5496 4738 100.0% 1.10 [0.91, 1.34] _I
Total events 226 170
Heterogeneity. Tau® = 0.00; Chi® = 0.77, df = 3 (P = 0.86); I’ = 0% ) |

Test for overall effect: Z = 0.98 (P = 0.22)

0.01 01 1 10 100
Favours DAT Favours TAT

B CARDIOVASCULAR DEATH
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AJCUSTUS 58 2307 53 2307 44.2% 1.09[0.76, 1.58] .
ENTRUST AF-PCI 17 751 16 755 13.1% 1.07 [0.54, 2.10] ——
PIONEER. AF-PC| 15 694 11 695 10.1% 1.37 [0.63, 2.95] o
RE-DUAL PCI 58 1744 31 981 32.5% 1.05 [0.69, 1.62]
Total (95% CI) 5496 4738 100.0% 1.10 [0.86, 1.41] T
Total events 148 111
Heterogeneity. Tau? = 0.00; Chi? = 0.35, df = 3 (P = 0.95); I’ = 0% ; |

Test for overall effect: Z = 0.77 (P = 0.44)

0.01 0.1 1 10 100
Favours DAT Favours TAT

C TRIAL-DEFINED MACE
DAT TAT Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 168 2307 149 2307 37.1% 1.13 [0.91, 1.40]

ENTRUST AF-PCI 49 751 46 755 11.1% 1.07 [0.73, 1.58])

PIONEER AF-PCI 41 694 36 695 8.9% 1.14 [0.74, 1.76]

RE-DUAL PCI 239 1744 131 981 42.9% 1.032 [0.84, 1.25]

Total (95% CI) 5496 4738 100.0% 1.08 [0.95, 1.23]

Total events 497 362

Heterogeneity. Tau? = 0.00; Chi? = 0.47, df = 3 (P = 0.92);, I’ = 0%

Test for overall effect: Z = 1.13 (P = 0.26)

001 01 1 10 100
Favours DAT Favours TAT

Figure 3 Death and major adverse cardiovascular events in double vs. triple antithrombotic therapy. Random-effects risk ratios and 95%
confidence intervals for all-cause death (A), cardiovascular death (B), and major adverse cardiovascular events (C). Abbreviations as Figure 1.

The characteristics of the four included trials are reported in
Supplementary material online, Table S1, whilst patient characteristics by
treatment arm are reported in Supplementary material online, Table S2.

All trials enrolled AF patients undergoing PCI, but AUGUSTUS,®
which included also AF patients with medically managed ACS
(23.9%). Yet, the AUGUSTUS was the only study based on a factorial
2 x 2 design whereby aspirin (TAT) or placebo (DAT) was also ran-
domly allocated in both OAC groups.

Across the four studies, DAT regimen consistently started at
the time of randomization, which occurred from immediately
after PCl up until 14 days after PCl and aspirin was used as stand-
ard of care at the time of intervention (Supplementary material
online, Table S7). Clopidogrel was the most frequently used
P2Y12 inhibitor (overall 90.1%). The duration of follow-up ranged
from 6 to 14 months.

Study quality was high across all four studies (Supplementary ma-
terial online, Table S3).

Safety endpoints

The primary safety bleeding endpoint of ISTH major bleeding or
CRNMB was significantly reduced with DAT compared with TAT
(13.4% vs. 20.8%; RR 0.66, 95% Cl 0.56-0.78; P<0.0001; I*=69%;
Figure 1A). This benefit was driven by reduction of both major (4.1%
vs. 6.4%; RR 0.64, 95% Cl 0.52-0.80; P < 0.0001; I* = 37%; Figure 1B)
and CRNMB (9.8% vs. 14.9%; RR 0.68, 95% Cl 0.56-0.82; P < 0.0001;
[ = 66%; Figure 1C). The results remained consistent when the ana-
lysis was restricted to NOAC-based DAT vs. VKA-based TAT (Figure
2A—C) or when different bleeding definitions were implemented
(Supplementary material online, Figures S2 and S3). DAT was associ-
ated with a non-significant 49% reduction of intracranial haemorrhage
compared with TAT (0.40% vs. 0.74%; RR 0.51, 95% CI 0.24-1.11;
P=0.09; I>=46%; Figure 1D), and this benefit became greater (67%
reduction) and statistically significant when the analysis was restricted
to NOAC-based DAT vs. VKA-based TAT (0.28% vs. 0.86%; RR
0.33,95% CI 0.17-0.65; P= 0.001; I* = 0%; Figure 2D).
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A STROKE
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUCUSTUS 19 2307 20 2307 352% 0.95[0.51, 1.78) .
ENTRUST AF-PCI 10 751 12 755 19.8% 0.84 [0.26, 1.93] — -
PIONEER. AF-PCI 8 694 7 895 13.5% 1.14[0.42, 2.14) ——
RE-DUAL PCI 26 1744 13 981 315% 1.13 [0.58, 2.18]
Total (95% CI) 5496 4738 100.0% 1.00 [0.69, 1.45] T
Total events 63 52
Heterogeneity: Tau? = 0.00; Chi* = 0.39, df = 3 (P = 0.94); I = 0% ; |

Test for overall effect: Z = 0.01 (P = 0.99)
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DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUCUSTUS 84 2307 68 2307 46.5% 1.24 [0.90, 1.69] -
ENTRUST AF-PCI 29 751 23 755 15.9% 1.27 [0.74, 2.17] -1
PIONEER. AF-PCI 19 694 21 695 12.3% 0.91[0.49, 1.67] —-
RE-DUAL PCI 70 1744 29 981 25.4% 1.36 [0.89, 2.08] T
Total (95% CI) 5496 4738 100.0% 1.22 [0.99, 1.52] 4
Total events 202 141
Heterogeneity Tau? = 0.00; Chi? = 1.18, df = 3 (P = 0.76); I? = 0% I | } |
Test for overall effect: Z = 1.84 (P = 0.07) 0.01 ?éﬁours DATlFavours 0 =
. STENT THROMBOSIS
DAT TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI
AUGUSTUS 21 2307 11 2307 385% 1.91[0.92, 3.95] —i—
ENTRUST AF-PCI g 751 6 755 18.3% 1.34[0.47, 3.84] R
PIONEER. AF-PCI 5 694 4 895 118% 1.25 [0.34, 4.64] —
RE-DUAL PCI 22 1744 8 981 31.4% 1.55 [0.69, 3.46] T
Total (95% CI) 5496 4738 100.0% 1.59 [1.01, 2.50] -
Total events 56 29
Heterogeneity Tau? = 0.00; Chi? = 0.48, df = 3 (P = 0.92); I? = 0% bs1 sh T 75 160

Test for overall effect; Z = 2.02 (P = 0.04)
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Figure 4 |schaemic endpoints in double vs. triple antithrombotic therapy. Random-effects risk ratios and 95% confidence intervals for stroke (A),

myocardial infarction (B), and ST (C).

Note: stent thrombosis definitions were not overlapping, and numbers refer to definite ST for the RE-DUAL PCl and ENTRUST AF-PCl trials, likely
definite ST also for PIONEER-AF PCl (not clearly reported, but low numbers suggest this), and definite or probable ST for AUGUSTUS.

Abbreviations as Figure 1.

Efficacy endpoints

There was no significant difference between DAT and TAT in terms
of all-cause death (4.0% vs. 3.7%; RR 1.10, 95% C1 0.91-1.34; P=0.32;
[>= 0%; Figure 3A), cardiovascular death (2.6% vs. 2.4%; RR 1.10, 95%
Cl 0.86-1.41; P=0.44; [>= 0%; Figure 3B), MACE (8.6% vs. 8.0%; RR
1.08, 95% C1 0.95-1.23; P=0.26; I = 0%; Figure 3C), and stroke (1.1%
vs. 1.1%; RR 1.00, 95% CI 0.69-1.45; P = 0.99; I* = 0%; Figure 4A), while
DAT was associated with a borderline higher risk of Ml (3.6% vs.
3.0%; RR 1.22, 95% Cl 0.99-1.52; P=0.07; [*= 0%, Figure 4B), and a
nominally significantly higher risk of ST (1.0% vs. 0.6%; RR 1.59, 95%
Cl11.01-2.50; P=0.04; P= 0%; Figure 4C). These results were consist-
ent when the analysis was restricted to NOAC-based DAT vs.
VKA-based TAT (Figures 5 and 6).

Additional analyses
Bleeding endpoints remained consistent for both comparisons of
DAT vs. TAT and NOAC-based DAT vs. VKA-based TAT when

dabigatran  110mg or 150mg were analysed separately
(Supplementary material online, Figures $4-59). There was a slightly
greater signal of higher cardiac ischaemic risk in the DAT or NOAC-
based DAT groups, mainly in terms of higher Ml or ST, when dabiga-
tran 110 mg, but not dabigatran 150 mg, was included in the analysis
(Supplementary material online, Figures S10-S15).

The primary bleeding endpoint of this meta-analysis remained
consistent removing one study at a time (Supplementary material
online, Table $4).

Overall results remained entirely consistent when pooled RRs
were estimated though a fixed-effect model (Supplementary material
online, Table S5).

The NNTB and NNTH were calculated for safety and efficacy end-
points, respectively (Supplementary material online, Table $6). We
also calculated NNTB and NNTH for multiple risk strata for both
ISTH major bleeding and MI and analysed the net benefit (NNTB <
NNTH) or harm (NNTB > NNTH) (Figure 7; Supplementary mater-
ial online, Table S7).
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Clinical outcomes of DAT vs. TAT in patients with AF undergoing PCI

A ALL-CAUSE DEATH
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 39 1153 34 1154 23.4% 1.15[0.73, 1.81] i
ENTRUST AF-PCI 46 751 37 755 27.1% 1.25[0.82, 1.90] N L
PIOMNEER. AF-PCI 16 694 12 695 9.2% 1.23 [0.60, 2.54] o i
RE-DUAL PCI 85 1744 48 981 40.3% 1.00[0.71, 1.41]
Total (95% CI) 4342 3585 100.0% 1.12 [0.90, 1.39] I
Total events 186 132
Heterogeneity Tau? = 0.00; Chi® = 0.78, df = 3 (P = 0.85); I? = 0% }O o1 041 1l0 100!

Test for owverall effect: Z = 0.99 (P = 0.32)

Favouré NOAC_DAT Favours VKA_TAT

B CARDIOVASCULAR DEATH
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 32 1153 28 1154 30.0% 1.14 [0.69, 1.89] ——
ENTRUST AF-PCI 17 751 16 755 16.5% 1.07 [0.54, 2.10] ——
PIONEER. AF-PCI 15 694 11 695 12.7% 1.37[0.63, 2.95] S i
RE-DUAL PCI 58 1744 31 981 40.9% 1.05 [0.69, 1.62] —r
Total (95% CI) 4342 3585 100.0% 1.12 [0.85, 1.47]
Total events 122 86

i 2 - Chi2 = - - 12 = | | t {
Heterogeneity: Tau® = 0.00; Chi* = 0.36, df = 3 (P = 0.95), I° = 0% o1 o1 o 100

Test for overall effect: Z = 0.80 (P = 0.42)
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Cc TRIAL-DEFINED MACE
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALGUSTUS 72 1153 66 1154 20.3% 1.09[0.79, 1.51)
ENTRUST AF-PCI 49 751 46 755 14.1% 1.07 [0.73, 1.58]
PIONEER. AF-PCl 41 694 36 695 113% 1.14[0.74, 1.76]
RE-DUAL PCI 239 1744 131 981 543% 1.03 [0.84, 1.25]
Total (95% CI) 4342 3585 100.0% 1.06 [0.91, 1.22]

Total events 401 279
Heterogeneity: Tau? = 0.00; Chi? = 0.25, df = 3 (P = 0.97); > = 0%
Test for owverall effect: Z = 0.76 (P = 0.45)
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Figure 5 Death and major adverse cardiovascular events in non-vitamin K antagonist oral anticoagulant-based double antithrombotic therapy vs.
vitamin K antagonist-based triple antithrombotic therapy. Random-effects risk ratios and 95% confidence intervals for all-cause death (A), cardiovas-
cular death (B), and major adverse cardiovascular events (C). Abbreviations as Figure 1.

Discussion

The present systematic review and meta-analysis of all of the so far
planned and executed large international NOAC studies examined
the role of DAT vs. TAT in 10 234 patients AF patients undergoing
PCl or with ACS. Our main findings can be summarized as follows:

® Double antithrombotic therapy, compared with TAT, significantly
reduced major and CRNMB, but only NOAC-based DAT was
associated with a significant decrease of intracranial haemorrhage.

® Double antithrombotic therapy was associated with similar rates
of trial-defined MACE, all-cause or cardiovascular death and stroke
when compared with TAT; however, it increased the risk of myo-
cardial infarction and ST, with a statistical borderline and significant
effect, respectively. These risks appeared slightly greater when
dabigatran 110 mg, but not dabigatran 150 mg, was separately
appraised in the DAT group.

The WOEST study was the first to assess the effect of aspirin re-
moval after intervention on bleeding endpoints as compared to

standard VKA-based TAT.'? This pivotal trial included 573 patients
and showed that the combination of clopidogrel and VKA was associ-
ated with a significant reduction of any bleeding without an apparent
increase, and actually with a numerical decrease, of thrombotic events
such as Ml or ST when compared with standard TAT. A nominally sig-
nificant reduction of overall mortality was similarly observed in favour
of DAT. However, this study included 31% of patients with indications
to OAC other than AF (i.e. mechanical valves, apical aneurysm, etc.),
it did not include NOAC-based therapy, and 67% of patients received
TAT for 1-year in the control arm, which is a TAT duration no longer
supported by guidelines."** Then, ISAR-TRIPLE was performed, but
it did not include patients treated with NOACs and did not compare
a DAT vs. TAT regimen but rather two different TAT regimens.

Four NOAC:s have been tested in head-to-head studies against
VKA in AF patients and a pooled analysis showed lower bleeding
risks, including intracranial but not gastrointestinal occurrences,
as well as thromboembolic and mortality risks associated with the
former as compared to the latter.”
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A STROKE
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AUGUSTUS 5 1153 12 1154 16.4% 0.42 [0.15, 1.18] —_—
ENTRUST AF-PCI 10 751 12 755 25.6% 0.84 [0.36, 1.92] —
PIONEER. AF-PCI 8 694 7 695 17.4% 1.14 [0.42, 3.14] —_——
RE-DUAL PCI 26 1744 13 981 40.6% 1.13 [0.58, 2.18]
Total (95% CI) 4342 3585 100.0% 0.89 [0.58, 1.36]
Total events 49 44

i 2= - Chi? = = = = ; f ; f
Heterogeneity: Tau® = 0.00; Chi* = 2.79, df = 3 (P = 0.43), I° = 0% D01 10 100

Test for overall effect: Z = 0.55 (P = 0.58)
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B MYOCARDIAL INFARCTION
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
AUGUSTUS 38 1153 34 1154 293% 1.12[0.71, 1.76] ——
ENTRUST AF-PCI 29 751 23 755 21.0% 1.27 [0.74, 2.17] e
PIOMEER AF-PCI 19 694 21 695 16.2% 0.91[0.49, 1.67] —-
RE-DUAL PCI 70 1744 29 981 335% 1.36 [0.89, 2.08] T
Total (95% CI 4342 3585 100.0% 1.18 [0.93, 1.52] kS
Total events 156 107
Heterogeneity, Tau? = 0.00; Chi? = 1.25, df = 3 (P = 0.74); I? = 0% I f ¢ {
Test for overall effect: Z = 1.324 (P = 0.18) 00l Favou?élNDAC DAT Favours VKiOTAT 100
c STENT THROMBOSIS
NOAC_DAT VKA_TAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALUCUSTUS 21 1153 12 1154 40.0% 1.75 [0.87, 2.54] ——
ENTRUST AF-PCI 8 751 6 755 17.9% 1.34[0.47, 3.84] —T—
PIONEER. AF-PCI D 694 4 695 11.6% 1.25[0.34, 4.64] e L —
RE-DUAL PCI 22 1744 8 981 306% 1.55 [0.69, 2.46] —
Total (95% CI) 4342 3585 100.0% 1.55 [0.99, 2.41) =
Total events 56 30
Heterogeneity: Tau? = 0.00; Chi® = 0.29, df = 3 (P = 0.96); 1> = 0% bo1 o % o0

Test for overall effect; Z = 1.92 (P = 0.086)
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Figure 6 Ischaemic endpoints in non-vitamin K antagonist oral anticoagulant-based double antithrombotic therapy vs. vitamin K antagonist-based tri-
ple antithrombotic therapy. Random-effects risk ratios and 95% confidence intervals for stroke (A), myocardial infarction (B), and stent thrombosis (C).
Note: number of events of stent thrombosis stratified by NOAC-DAT vs. VKA-TAT for the AUGUSTUS come from a recent meta-analysis and likely

correspond to definite or probable or possible ST.

All four NOACs were then investigated in context of WOEST-
like studies, where each of them was tested in combination
with a P2Y12 inhibitor, largely consisting of clopidogrel, against
VKA-based TAT, with the only exception of the AUGUSUTUS
study.®""

When separately appraised, each of these four studies showed evi-
dence for lower bleeding risks in the DAT group, without apparent
trade-off for ischaemic events. However, ischaemic events, both
cerebrovascular or cardiac, are roughly 10-fold less prevalent in con-
temporary practice as compared to the bleeding occurrences which
were captured in the primary endpoint of these studies® "' As a re-
sult, each of these individual studies is largely underpowered to de-
tect a potentially clinically meaningful difference in cardiac or
cerebrovascular ischaemic events between treatment strategies.

Even in a prior meta-analysis, which included only two of the four
available NOAC studies, the upper boundary of the 95% Cl entails a

two-fold higher risks of Ml with DAT when compared with TAT."*">
Our meta-analysis, at least partially, overcomes this issue; it includes
all of the so far planned and executed multinational NOAC AF/PCI
or ACS trials and is based on roughly twice as many events as com-
pared to the previous one, particularly for individual ischaemic end-
points such as myocardial infarction and ST or the key safety
endpoint of intracranial bleeding.

Our current analysis confirms previous findings on the advantage
of DAT over TAT with respect to bleeding complications.® >4
However, this is the first pooled analysis to show a significant
decrease of intracranial haemorrhage with DAT as compared to
TAT."*'¢" This finding is consistent with prior NOAC studies
focusing on AF but non-PCl patients.” This effect seems indeed to
mainly (if not exclusively) come from the comparison of NOAC
vs. VKA, as suggested by the fact that it reaches statistical
significance only when the VKA-based DAT and the NOAC-based
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Outcome Pooled Risk Ratio, M-H Random, 95% Cl
ISTH major or CRNM bleeding 0.66 [0.56-0.78] o
ISTH major bleeding 0.64 [0.52-0.80] -
CRNM bleeding 0.68 [0.56-0.82] B

Intracranial haemorrhage 0.51[0.24-1.11] e
Primary bleeding trial-defined 0.66 [0.56-0.78]

E
0.54[0.420.71] i~
-

TIMI major or minor bleeding 0.62 [0.45-0.85]

TIMI major bleeding

All-cause death 1.10[0.91-1.34]

Cardiovascular death 1.10 [0.86-1.41]

MACE trial-defined 1.08 [0.95-1.23]

Stroke 1.00 [0.69-1.45]
Myocardialinfarction 1.22[0.99-1.52] —
Stent thrombosis 1.59[1.01-2.50] £
0 0,5 1 1,5 2 25
Favours DAT Favours TAT

Take home figure The summary of safety and efficacy end-
points in double vs. triple antithrombotic therapy demonstrating
that double antithrombotic therapy is associated with reduction of
bleeding events but with a trade-off of cardiac ischaemic complica-
tions. Pooled random-effects risk ratios with 95% confidence inter-
vals for safety and efficacy endpoints. CRNM, clinically relevant non-
major; DAT, double antithrombotic therapy; ISTH, International
Society on Thrombosis and Haemostasis; MACE, major adverse
cardiovascular events; TAT, triple antithrombotic therapy; TIMI,
thrombolysis in myocardial infarction.

TAT in AUGUSTUS study is excluded from the analysis.
Interestingly, there was high heterogeneity across trials with re-
spect to the primary safety bleeding endpoint, which largely came
from non-major bleeding events. Indeed, no heterogeneity was
observed across trials with respect to intracranial bleeding when
the VKA-based DAT and the NOAC-based TAT in AUGUSTUS
study is excluded from the analysis.

A second novel and similarly clinically relevant finding from our
meta-analysis is the observation that the bleeding benefit associated
with DAT comes with a trade-off of cardiac, but not cerebrovascular,
ischaemic events (Take home figure and Supplementary material on-
line, Figure S16). This signal was missed in previous meta-analyses,
which apparently supported the conclusion that DAT was not only
safer but also as effective as TAT with respect to cardiac ischaemic
endpoints.”'“"17 This finding carries relevant clinical and patho-
physiological implications and reinforces the notion that the upfront
selection between TAT or DAT and/or the optimal timing for aspirin
discontinuation after invention or ACS should be individualized. The
analysis of NNTB and NNTH based on individual risks of major
bleeding and MI may help identifying the net benefit/harm for each
individual patient (Figure 7). This analysis, however, highlights the
concept that individual risks of bleeding and Ml influence the overall
risk/benefit ratio of each therapeutic strategy and should be taken

Intermediate
1 1.5 2.0 2.5 3.0 3.54.0 4.5 5.0 5.5 6.06.57.0 7.5 8.08.5 9.09.510.0

MYOCARDIAL INFARCTION RISK (%)

1 15202530354045505560657.07.5 80859095100

Low Intermediate High
MAJOR BLEEDING RISK (%)

Figure 7 Number needed to treat for benefit or harm for double
vs. triple antithrombotic therapy according to risk of major bleeding
and myocardial infarction. At each risk (%) ranging from 1% to 10%
for both major bleeding and myocardial infarction, the difference
between NNTB and NNTH was calculated. Red indicates that the
net benefit of double vs. triple antithrombotic therapy is in favour of
bleeding (NNTB < NNTH, thus reduction of bleeding is higher than
the risk of myocardial infarction) and its intensity refers to greater
(dark red) or lower (light red/pink) benefit (with the cut-off range
selected arbitrarily to be -100 to 100), while blue indicates a net is-
chaemic harm (NNTB > NNTH, thus the reduction of bleeding is
lower than the risk of myocardial infarction) and its intensity refers
to greater (dark blue) or lower (light blue) harm (with the cut-off
range selected arbitrarily to be -100 to 100). Orange indicates a
neutral effect (NNTB = NNTH; we arbitrarily selected a range
from -10 to 10 to consider the effect as neutral).

into account, rather than providing a specific decision tool to select
between DAT or TAT.

The mechanisms through which early aspirin discontinuation
exposes patients to higher ischaemic risks remain speculative.
From one side, it emphasizes the importance of COX-1 inhibition in
the prevention of cardiovascular ischaemic events.'®'” On the other
hand, dropping aspirin may expose clopidogrel poor- or non-metab-
olizers to insufficient P2Y12 inhibition early after index PCl or index
ACS.?° Whether the use of ticagrelor or prasugrel in the context of
DAT may minimize the ischaemic risks while preserving the bleeding
benefit as compared to TAT remains to be studied.

When both dabigatran doses were separately appraised, the Ml or
ST risks observed with DAT were apparently slightly increased with
the low (110 mg b.i.d.), but not the high (150 mg b.i.d.) dabigatran
dose. This observation might suggest a lower protective effect of
low-dose dabigatran on spontaneous or stent-related coronary
thromboembolic occurrences, which is consistent with the results of
the RE-LY trial>" Alternatively, it may reflect a chance finding related
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to the low number of cardiovascular events in each dabigatran arm,
when separately appraised.

Study limitations

This is an aggregate data meta-analysis, but individual patient data are
not publicly available at the time, therefore, subgroup analyses
exploring specific subsets of patients or the role of different variables
across the trials is highly desirable. Stent thrombosis definition imple-
mented was not fully uniform across trials. Specifically, definite ST
was not available from the AUGUSTUS (definite/probable ST was
available for the main comparison of DAT vs. TAT, while for the
comparison of NOAC-based DAT vs. VKA-based TAT data
were extracted by a recent meta-analysis which seems to include def-
inite/probable/possible ST). Additionally, being a study-level meta-
analysis, we do not have data on timing of ST occurrence. Finally, we
could not run a secondary analysis on PCl-only patients because full
outcome data from the AUGUSTUS in this population (by excluding
23.9% of medically-managed patients with ACS) are not yet available;
however, we do not believe this might affect the concerns raised
by the increased ST, rather the dilution due to ACS patients should
reinforce the caution towards this DAT-related higher risk.

Conclusion

Compared with TAT, DAT, particularly when based on
NOAGC:sS, is associated with a reduction in bleeding complications,
including major and intracranial haemorrhages. However, this
benefit is counterbalanced by a higher risk of ischaemic, mainly
stent-related, events.

Supplementary material

Supplementary material is available at European Heart Journal online.

Funding

The ENTRUST-AF PCI study was sponsored and funded by Daiichi
Sankyo Pharma Development and Daiichi Sankyo Europe. The present
study did not receive any direct or indirect funding.

Conflict of interest: A.G. discloses honoraria and speaker fees from
Astra Zeneca, Bayer Health Care, Berlin-Chemie, Bristol-Myers Squibb/
Pfizer, Boehringer Ingelheim, Boston Scientific, Daiichi Sankyo,
Medtronic, Novartis, and Omeicos. Research has been supported by
Josef-Freitag Stiftung and Deutsche Herzstiftung e.V. outside the submit-
ted work. |.T. reports personal fees from AstraZeneca, Bayer, and
Boehringer Ingelheim outside the submitted work. L.E. discloses consult-
ant fees, speaking honoraria, and travel expenses from Abbott, Bayer
Healthcare, Biosense Webster, Biotronik, Boehringer, Boston Scientific,
Bristol-Myers Squibb, Daiichi Sankyo, Medtronic, Pfizer, and Sanofi
Aventis. Research has been supported by German Research Foundation
(DFG) and German Heart Foundation outside the submitted work. T.L.
reports personal fees from Abbott, Boston Scientific, Bayer, Boehringer,
Daiichi Sankyo, and Pfizer outside the submitted work. P.V. discloses per-
sonal fees from Daiichi Sankyo, AstraZeneca, Bayer Health Care, and
Terumo outside the submitted work. M.V. reports grants and personal
fees from Abbott, Alvimedica, Amgen, Bayer, Bristol-Myers Squibb SA,
Coreflow, Daiichi Sankyo, Vifor, Idorsia, Terumo, and iVascular; grants

and personal fees from grants from AstraZeneca and Medicure, outside
the submitted work. G.G. has nothing to disclose.

References
1. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M,

Diener H-C, Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren |,

Popescu BA, Schotten U; ESC Scientific Document Group. 2016 ESC Guidelines

for the management of atrial fibrillation developed in collaboration with EACTS.

Eur Heart | 2016;37:2893-2962.

Goette A, Bukowska A, Dobrev D, Pfeiffenberger |, Morawietz H, Strugala D,

Wiswedel I, Rohl FW, Wolke C, Bergmann S, Bramlage P, Ravens U, Lendeckel

U. Acute atrial tachyarrhythmia induces angiotensin Il type 1 receptor-mediated

oxidative stress and microvascular flow abnormalities in the ventricles. Eur Heart

J2009;30:1411-1420.

. Capodanno D, Huber K, Mehran R, Lip GYH, Faxon DP, Granger CB, Vranckx

P, Lopes RD, Montalescot G, Cannon CP, Ten Berg |, Gersh BJ, Bhatt DL,

Angiolillo D). Management of antithrombotic therapy in atrial fibrillation patients

undergoing PCl: JACC state-of-the-art review. | Am Coll Cardiol 2019;74:83-99.

Lip GYH, Collet JP, Haude M, Byrne R, Chung EH, Fauchier L, Halvorsen S, Lau

D, Lopez-Cabanillas N, Lettino M, Marin F, Obel I, Rubboli A, Storey RF,

Valgimigli M, Huber K; ESC Scientific Document Group. 2018 Joint European

consensus document on the management of antithrombotic therapy in atrial fib-

rillation patients presenting with acute coronary syndrome and/or undergoing
percutaneous cardiovascular interventions: a joint consensus document of the

European Heart Rhythm Association (EHRA), European Society of Cardiology

Working Group on Thrombosis, European Association of Percutaneous

Cardiovascular Interventions (EAPCI), and European Association of Acute

Cardiac Care (ACCA) endorsed by the Heart Rhythm Society (HRS), Asia-

Pacific Heart Rhythm Society (APHRS), Latin America Heart Rhythm Society

(LAHRS), and Cardiac Arrhythmia Society of Southern Africa (CASSA). Europace

2019;21:192-193.

. Neumann F-J, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,

Byrne RA, Collet J-P, Falk V, Head S, Juni P, Kastrati A, Koller A, Kristensen SD,

Niebauer ], Richter D), Seferovi¢ PM, Sibbing D, Stefanini GG, Windecker S,

Yadav R, Zembala MO; ESC Scientific Document Group. 2018 ESC/EACTS

Guidelines on myocardial revascularization. Eur Heart | 2019;40:87-165.

Valgimigli M, Bueno H, Byrne RA, Collet |P, Costa F, Jeppsson A, Juni P, Kastrati

A, Kolh P, Mauri L, Montalescot G, Neumann FJ, Petricevic M, Roffi M, Steg PG,

Windecker S, Zamorano JL, Levine GN; ESC Scientific Document Group, ESC

Committee for Practice Guidelines (CPG), ESC National Cardiac Societies. 2017

ESC focused update on dual antiplatelet therapy in coronary artery disease

developed in collaboration with EACTS: the Task Force for dual antiplatelet

therapy in coronary artery disease of the European Society of Cardiology (ESC)
and of the European Association for Cardio-Thoracic Surgery (EACTS). Eur

Heart | 2018;39:213-260.

Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz

MD, Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita T, Antman EM.

Comparison of the efficacy and safety of new oral anticoagulants with warfarin in

patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet 2014;

383:955-962.

Gibson CM, Mehran R, Bode C, Halperin ], Verheugt FW, Wildgoose P,

Birmingham M, lanus J, Burton P, van Eickels M, Korjian S, Daaboul Y, Lip GY,

Cohen M, Husted S, Peterson ED, Fox KA. Prevention of bleeding in patients

with atrial fibrillation undergoing PCI. N Engl | Med 2016;375:2423-2434.

Cannon CP, Bhatt DL, Oldgren J, Lip GYH, Ellis SG, Kimura T, Maeng M,

Merkely B, Zeymer U, Gropper S, Nordaby M, Kleine E, Harper R, Manassie J,

Januzzi JL, Ten Berg M, Steg PG, Hohnloser SH; RE-DUAL PCI Steering

Committee and Investigators. Dual antithrombotic therapy with dabigatran after

PCl in atrial fibrillation. N Engl | Med 2017;377:1513-1524.

10. Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran R, Goodman SG,
Windecker S, Darius H, Li J, Averkov O, Bahit MC, Berwanger O, Budaj A, Hijazi
Z, Parkhomenko A, Sinnaeve P, Storey RF, Thiele H, Vinereanu D, Granger CB,
Alexander JH; AUGUSTUS Investigators. Antithrombotic therapy after acute
coronary syndrome or PCl in atrial fibrillation. N Engl | Med 2019;380:
1509-1524.

. Vranckx P, Valgimigli M, Eckardt L, Tijssen J, Lewalter T, Gargiulo G, Batushkin V,
Campo G, Lysak Z, Vakaliuk I, Milewski K, Laeis P, Reimitz PE, Smolnik R,
Zierhut W, Goette A. Edoxaban-based versus vitamin K antagonist-based antith-
rombotic regimen after successful coronary stenting in patients with atrial fibrilla-
tion (ENTRUST-AF PCI): a randomised, open-label, phase 3b trial. Lancet 2019;
394:1335-1343.

12. Dewilde W), Oirbans T, Verheugt FW, Kelder JC, De Smet B), Herrman JP,
Adriaenssens T, Vrolix M, Heestermans AA, Vis MM, Tijsen ]G, van 't Hof AW,
ten Berg JM; WOEST study investigators. Use of clopidogrel with or without as-
pirin in patients taking oral anticoagulant therapy and undergoing percutaneous

N

w

&

(S}

o

~

&

o

-
-

6102 1200190 Gz uo 1sanb Aq /82/095/2€ /Zys/ueayina/ce0 1 "0 | /Iop/1oelisqe-a|oiie-aoueApe/luesyina/wod dno-olwapeoe//:sdiy Wwolj papeojumo(]


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz732#supplementary-data

Clinical outcomes of DAT vs. TAT in patients with AF undergoing PCI

11

coronary intervention: an open-label, randomised, controlled trial. Lancet 2013;
381:1107-1115.

. Fiedler KA, Maeng M, Mehilli ], Schulz-Schupke S, Byrne RA, Sibbing D,

Hoppmann P, Schneider S, Fusaro M, Ott |, Kristensen SD, Ibrahim T, Massberg
S, Schunkert H, Laugwitz KL, Kastrati A, Sarafoff N. Duration of triple therapy in
patients requiring oral anticoagulation after drug-eluting stent implantation: the
ISAR-TRIPLE trial. / Am Coll Cardiol 2015;65:1619—1629.

. Golwala HB, Cannon CP, Steg PG, Doros G, Qamar A, Ellis SG, Oldgren J, Ten

Berg JM, Kimura T, Hohnloser SH, Lip GYH, Bhatt DL. Safety and efficacy of dual
vs. triple antithrombotic therapy in patients with atrial fibrillation following per-
cutaneous coronary intervention: a systematic review and meta-analysis of
randomized clinical trials. Eur Heart | 2018;39:1726—1735a.

. Gragnano F, Calabro P, Valgimigli M. Is triple antithrombotic therapy, or rather

its duration and composition, the true culprit for the excess of bleeding events
observed in patients with atrial fibrillation undergoing coronary intervention? Eur
Heart | 2019;40:216-217.

. Haller PM, Sulzgruber P, Kaufmann C, Geelhoed B, Tamargo ], Wassmann S,

Schnabel RB, Westermann D, Huber K, Niessner A, Gremmel T. Bleeding and is-
chemic outcomes in patients treated with dual or triple antithrombotic
therapy—systematic review and meta-analysis. Eur Heart | Cardiovasc
Pharmacother 2019;5:226-236.

. Lopes RD, Hong H, Harskamp RE, Bhatt DL, Mehran R, Cannon CP, Granger

CB, Verheugt FWA, Li J, Ten Berg M, Sarafoff N, Gibson CM, Alexander |H.
Safety and efficacy of antithrombotic strategies in patients with atrial fibrillation

18.

19.

20.

21.

undergoing percutaneous coronary intervention: a network meta-analysis of
randomized controlled trials. JAMA Cardiol 2019;4:747.

Antithrombotic Trialists” (ATT) Collaboration, Baigent C, Blackwell L, Collins R,
Emberson ], Godwin ], Peto R, Buring ], Hennekens C, Kearney P, Meade T,
Patrono C, Roncaglioni MC, Zanchetti A. Aspirin in the primary and secondary
prevention of vascular disease: collaborative meta-analysis of individual partici-
pant data from randomised trials. Lancet 2009;373:1849-1860.

Gargiulo G, Windecker S, Vranckx P, Gibson CM, Mehran R, Valgimigli M. A crit-
ical appraisal of aspirin in secondary prevention: is less more? Circulation 2016;
134:1881-1906.

Valgimigli M, Campo G, de Cesare N, Meliga E, Vranckx P, Furgieri A, Angiolillo
D), Sabate M, Hamon M, Repetto A, Colangelo S, Brugaletta S, Parrinello G,
Percoco G, Ferrari R; Tailoring Treatment With Tirofiban in Patients Showing
Resistance to Aspirin and/or Resistance to Clopidogrel (3T/2R) Investigators.
Intensifying platelet inhibition with tirofiban in poor responders to aspirin, clopi-
dogrel, or both agents undergoing elective coronary intervention: results from
the double-blind, prospective, randomized Tailoring Treatment with Tirofiban in
Patients Showing Resistance to Aspirin and/or Resistance to Clopidogrel study.
Circulation 2009;119:3215-3222.

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue |,
Reilly PA, Themeles E, Varrone |, Wang S, Alings M, Xavier D, Zhu J, Diaz R,
Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin L; RE-LY Steering
Committee and Investigators. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl | Med 2009;361:1139-1151.

6102 1200190 Gz uo 1sanb Aq /82/095/2€ /Zys/ueayina/ce0 1 "0 | /Iop/1oelisqe-a|oiie-aoueApe/luesyina/wod dno-olwapeoe//:sdiy Wwolj papeojumo(]



