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Introduction

Despite the remarkable advances in the management of
cardiac diseases during the last decades, coronary artery
disease (CAD) remains the leading cause of death world-

wide.1 The various clinical presentations of CAD can be
classified into chronic coronary syndrome (CCS) and acute
coronary syndromes (ACSs).2,3 The three main categories of
ACS are unstable angina, non-ST-elevation myocardial in-
farction, and ST-elevation myocardial infarction.2–4
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Abstract The prevention of atherothrombotic events is the primary goal in the treatment of
patients with arteriosclerotic disorders. Despite recent improvements in the manage-
ment of coronary artery disease (CAD) with revascularization techniques and anti-
platelet therapy, some patients remain at risk of recurrent cardiovascular events. This
could be related to additional thrombin generation. As a result, there has been interest
in developing novel therapies to prevent thromboembolic events, targeting thrombin-
mediated pathways. These include non–vitamin K antagonist oral anticoagulants
(NOACs). This article aims to summarize the recent clinical studies that investigated
the role of NOACs in CAD.
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Zusammenfassung DiePräventionatherothrombotischer Ereignisse istdasprimäreZiel bei der Behandlungvon
Patienten mit arteriosklerotischen Erkrankungen. Trotz aktueller Fortschritte bei der
Behandlung der koronaren Herzkrankheit mit Revaskularisationstechniken und Thrombo-
zytenaggregationshemmung leiden einige Patienten weiterhin unter kardiovaskulären
ischämischen Ereignissen. Dies könnte mit einer übermäßigen Thrombinbildung zusam-
menhängen. Infolgedessen bestand Interesse an der Entwicklung neuer Therapien zur
Verhinderung thromboembolischer Ereignisse, die auf Thrombin-vermittelte Signalwege
abzielen. Dazu gehören Nicht-Vitamin-K-Antagonist-orale Antikoagulantien (NOAKs). Die-
ser Artikel soll die aktuellen klinischen Studien zusammenfassen, in denen die Rolle von
NOACs bei koronarer Herzerkrankung untersucht wurde.
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Thromboembolic events in patients with CAD are attributed
not only to platelet accumulation but also to plasma coagu-
lation with thrombin-mediated fibrin production.5 Thus,
anticoagulation agents such as vitamin K antagonists
(VKAs) have been administered as secondary preventive
treatment to reduce atherothrombotic recurrences in
patients with recent ACS.6,7 However, VKAs are reported to
increase risk of hemorrhage in these patients.8 Moreover,
VKAs present many limitations such as dietary restrictions
and extensive interactions with other agents,9 engendering
the development of non–vitamin K antagonist oral antico-
agulants (NOACs). NOACs offer many advantages compared
with VKAs, achieving a dose-dependent direct inhibition of
thrombin or activated factor Xa, key enzymes in the path-
ways of coagulation, which qualifies their administration of
fixed doses.8,9 Four NOACs have been comparedwith VKAs in
recent years: rivaroxaban, apixaban, and edoxaban act by
blocking the activated factor X, while dabigatran directly
inhibits thrombin. NOACs are generally safer than VKAs, as
they are associated with significant reduction of intracranial
hemorrhage and mortality.10,11 This article presents an
overview of the potential role of NOACs in patients with
CAD and summarizes the recent clinical studies on antith-
rombotic therapy for CAD (►Table 1).

Potential Interactions between Plasmatic
and Cellular Hemostasis

Cellular and plasmatic coagulationwork in tandem to achieve
hemostasis and clot formation.12 The intrinsic and extrinsic
pathwayswithin thecoagulationcascadecreate theprothrom-
binase complex formed by FXa and its cofactor FVa, which
drives the enzymatic cleavage of prothrombin into throm-
bin.12 Thrombin’s primary role is to catalyze the conversion of
fibrinogen to fibrin, which is primarily responsible for throm-
busstabilization.12,13Moreover, thrombin is themosteffective
platelet activator and one of the most important methods of
attracting platelets into a developing hemostatic plug.13

NOACs inhibit thrombin either directly (dabigatran) or indi-
rectly by inhibiting activated factor X (Xa) (rivaroxaban,
apixaban, and edoxaban). However, whether NOACs affect
platelet hemostasis remains incompletely known.14 A recent
study showed that the thrombin-induced aggregation of pla-
telets is decreased in patients with nonvalvular atrial fibrilla-
tion (AF) receiving edoxaban.15 These results are in line with
other published studies showing that edoxaban is a potent
inhibitor of tissue factor–induced platelet aggregation and
clot-bound FXa.16,17 Similar results regarding the aggregation
of platelets in patients with AF have also been published for

Table 1 Summary of the recent clinical studies on the role of NOACs for coronary artery disease

Indication Study NOAC Comparison

Chronic coronary syndrome COMPASS Rivaroxaban (two arms)
• 2.5mg BD and aspirin 100mg OD
• 5mg BD andþ aspirin-matched placebo

Rivaroxaban-matched place-
bo BD and aspirin 100mg OD

Acute coronary syndrome RE-DEEM Dabigatran (four arms)
• 50mg BDþDAPT
• 75mg BDþDAPT
• 110mg BDþDAPT
• 150mg BDþDAPT

Dabigatran-matched placebo
BDþDAPT

APPRAISE-2 Apixaban (two arms)
• Normal renal function: 5mg BDþDAPT
• CrCl<40mL/min: 2.5mg BDþDAPT

Apixaban-matched placebo
BDþDAPT

ATLAS-ACS Rivaroxaban (two arms)
• 2.5mg BDþDAPT
• 5mg BDþDAPT

Rivaroxaban-matched place-
bo BDþDAPT

Atrial fibrillation patients
undergoing PCI

PIONEER AF-PCI Rivaroxaban (two arms)
• Low dose: 15mg ODþ SAPT
• Very low dose: 2.5mg BDþDAPT

WarfarinþDAPT

RE-DUAL-PCI Dabigatran (two arms)
• Low dose: 110mg BDþ SAPT
• High dose: 150mg BDþ SAPT

WarfarinþDAPT

AUGUSTUS Apixaban (5mg BD)þ P2Y12 inhibitor
andþ either:
• Aspirin or
• Placebo

Warfarinþ P2Y12 inhibitor
andþ either:
• Aspirin or
• Placebo

ENTRUST PCI Edoxaban (60mg OD)þ P2Y12 inhibitor WarfarinþDAPT

Abbreviations: BD, twice daily; DAPT, dual-antiplatelet therapy; NOAC, non–vitamin K antagonist oraanticoagulant; OD, once daily; PCI,
percutaneous coronary intervention; SAPT, single-antiplatelet therapy.
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dabigatran,18,19 while platelet activation with other agonists
rather than thrombin was not found to be affected by dabiga-
tran.20 On the contrary, a study by Olivier et al reported an
enhancedplatelet aggregation inpatients receivingdabigatran
and no effect in patients treated with rivaroxaban.21 The
antiplatelet effects of ASA and clopidogrel measured by AA-
or ADP-induced platelet aggregation were not substantially
altered by NOAC therapy with neither dabigatran nor rivarox-
aban in patients with AF receiving both NOACs and platelet
inhibitors.22More in-depth study is clearly required to further
explore the situation.

Role of NOACs in Chronic Coronary
Syndrome

The prevention of atherothrombotic events is the primary
goal in the treatment of patients with arteriosclerotic dis-
orders. Platelet aggregation inhibitors, acetylsalicylic acid
(ASA) and clopidogrel, were until recently the only available
agents used in the primary and secondary prophylaxis of
patients with CCS.8 However, ASA reduces the risk of serious
cardiovascular events by 19% and cardiovascular death by 9%
only.23 Previous efforts to enhance the efficiency of antith-
rombotic treatment in CCS using combinations of antiplate-
let drugs with or without warfarin have had little
success.24,25 There is evidence for a persistent hypercoagu-
lable state in CCS, which may explain the elevated risk of
cardiovascular events in some patients.23 Therefore, it was
hypothesized that patients with CCS would benefit from a
long-term therapy with oral anticoagulants. Monotherapy
with VKAs significantly reduced cardiovascular events. How-
ever, VKAs were associated with an increased risk of bleed-
ing.26 Similarly, VKAs in combination with ASA have not
consistently demonstrated a benefit on cardiovascular
events and have shown a significant increase in major
bleeding comparedwithmonotherapywith ASA.3 As a result,
the use of VKAs in CCS was abandoned in clinical practice.
The role of NOACs in CCS has been investigated in a recent
randomized clinical trial.

COMPASS Trial

The COMPASS study in 2017 randomly assigned 27,395
patients with CCS (91%) and/or peripheral artery disease
(27%) into threecohorts, treating themwitheither rivaroxaban
2.5mg twice daily in combinationwith ASA 100mg once daily
or rivaroxaban 5mg twice daily or a standard therapy consist-
ing of aspirin 100mg once daily alone. The trial included high-
risk patients with relevant primary arteriosclerotic disease
(i.e., multivessel disease, prior MI). To be included into the
study, patients had to be either 65 years or older or to match
two of the following criteria: smoking, diabetes mellitus,
creatinine clearance less than 60mL/minute, heart failure
NYHA I/II, or prior ischemic stroke. Key exclusion criteria
were a high risk of bleeding, severe cardiac insufficiency
(NYHA III/IV), renal failure (creatinine clearance<15mL/min),
and an indication for dual-antiplatelet therapy or therapeutic
anticoagulation (especially AF).27 The trial was terminated

prematurely due to the significantly superior results in the
rivaroxaban 2�2.5mgþASS 100mg arm. Over a medium of
23months, the primaryendpoint (composedof cardiovascular
death, stroke, or myocardial infarction) occurred only in 4.1%
of patients in the aspirinþ rivaroxaban 2�2.5mg group com-
pared with 5.4% in the aspirin group.

Similarly, the overall mortality (4.1% in the ASS 100 group
vs. 3.4% in the ASS 100þ rivaroxaban 2�2.5mg group) and
the incidence of ischemic strokes (1.4% ASS 100 group vs.
0.7% in the ASS 100þ rivaroxaban 2�2.5mg group) were
reduced. On the contrary, there was an increase in major
bleeding events in the aspirinþ rivaroxaban cohort to 3.1%
from 1.4% in the group treated only with aspirin. Although
half of those bleedings were of gastrointestinal origin, a
treatment with a proton-pump inhibitor had no significant
effect on reducing these bleedings.28

The number of fatal bleedings did not increase signifi-
cantly (0.1% in the aspirin group vs. 0.2% in the aspirinþ
rivaroxaban group) and the incidence of intracranial bleed-
ings was equally common in both groups (0.3%).14 Further-
more, the combined endpoint consisting of cardiovascular
death, stroke, myocardial infarction, fatal bleeding, and
symptomatic bleeding in a critical organ was reduced from
5.9% in the group treated only with aspirin to 4.7% in the
group with combined treatment. Treatment with rivaroxa-
ban alone did not decrease cardiovascular events and the
overall mortality but resulted in a higher risk of bleeding.29

The trial showed a substantial net benefit with a 20%
relative risk reduction. However, the reported net benefit did
not include the primary safety endpoint of major bleeding
defined bymodified criteria of ISTH (International Society on
Thrombosis and Haemostasis) but only fatal or critical organ
bleeding. Due to the inclusion of a high number of less severe
bleeding events, substituting life-threatening and fatal
bleeding events with all major bleeding events according
to the modified ISTH criteria resulted in no significant
difference in net clinical benefit outcomes between the
two trial groups.30

Role of NOACs in Acute Coronary Syndrome

Following an ACS, the plasma coagulation cascade becomes
more active than usual months after the initial coronary
event.5–8 In addition to platelet aggregates, large amounts of
fibrin can also be stained in aspirated coronary thrombi of
patients with acute myocardial infarction, which illustrates
the importance of plasmatic anticoagulation for the preven-
tion of atherothrombotic events.8 Despite platelet inhibition
after ACS, there remains a risk of recurrent ischemic events
due to thrombin formation.5–8 The addition of VKAs toASA to
reduce atherothrombotic recurrences after ACS is according-
ly effective and prevents reinfarction, but it also leads to
relevant bleeding complications.8 Consequently, NOACs
were examined for treatment after ACS.

The phase II RE-DEEM trial showed no clinical benefit of
dabigatran in combination with dual-antiplatelet therapy
(DAPT) in patients with a recent myocardial infarction at
high risk of new ischemic cardiovascular events. Dabigatran
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(in different doses ranging between 50 and 150mg twice
daily), in addition to DAPT, was associated with an increase
in bleeding events without reducing the incidence of major
adverse cardiac events, as compared with DAPT alone.31

These findings are similar to those noted in the APPRAISE-2
study with apixaban. The addition of 5-mg apixaban twice
daily to DAPTwith ASA and clopidogrel significantly increased
the risk of bleeding without additional protection against
ischemic events. The use of full-dose apixaban and the inclu-
sion of a high-risk populationmay explain the negative results
of this trial.32

ATLAS-ACS Trial

The ATLAS-ACS2-TIMI 51 trial investigated thehypothesis that
inhibiting factor Xa, and thereby the thrombotic cascade,
would help prevent cardiovascular events in patients after
ACS. For this purpose, the authors randomized 15.526 ACS
patients (50.3%—ST-segment elevation myocardial infarction
[STEMI], 25.6%—non-STEMI [NSTEMI], 24%—unstable angina)
into three cohorts. All patients received the standard medical
treatment of the time consisting of a low dose of aspirin and a
thienopyridine (clopidogrel or ticlopidine). In addition to that,
the first group was treated with 2�2.5mg rivaroxaban,
the second group received 2�5mg rivaroxaban, and the third
group was given a placebo twice per day. The study included
patients older than 55 years. Patients younger than 55 years
must also have had either diabetes mellitus or a prior MI in
addition to the presenting ACS event. Major exclusion criteria
were medical conditions contraindicating anticoagulant ther-
apy or an increased risk of bleeding as well as severe renal or
liver disease.33 Both rivaroxaban doses showed a significant
reduction in the primary efficacy endpoint defined as a
composite of death from cardiovascular causes, myocardial
infarction, or stroke (9.1% in the 2�2.5mg group, 8.8% in the
2�5mg group vs. 10.7% in the placebo group). In the same
way, the rate of the secondaryendpoint (death fromanycause,
myocardial infarction, or stroke) was significantly reduced in
the 2�2.5mg rivaroxaban (9.3%) and the 2�5mg rivaroxa-
ban cohort (9.1%) as compared with the placebo arm (11.0%).
On the other hand, both rivaroxaban doses increased the
number of major bleedings (1.8% in the 2�2.5mg group,
2.4% in the 2�5mg group vs. 0.6% in the placebo arm) as
well as intracranial hemorrhages (0.4% in the 2�2.5 rivarox-
aban, 0.7% in the 2�5mg rivaroxaban vs. 0.2% in the placebo
group). However, thenumberof fatal bleedingswas0.1% in the
patients treated with the lower rivaroxaban group, as com-
pared with 0.2% in the placebo group and 0.4% in the higher
dose rivaroxaban group. More importantly, the 2�2.5mg
rivaroxabandosealso showeda significant reduction inoverall
mortality. Death from any causes occurred in only 2.9% of
patients in the2�2.5mgrivaroxabangroupas comparedwith
4.4% in the 2�5mg group and 4.5% in the placebo group.34,35

A subgroup analysis of patients with STEMI showed a
reduction in the overall mortality from 4.2 to 2.0% in the
2�2.5mg rivaroxaban group. Based on these findings, rivar-
oxaban was approved in 2013 by the European Medicines
Agency (EMA) for secondary prophylaxis of ACS. The current

European guidelines recommend the addition of a very low
dose of rivaroxaban to the standard DAPT therapy with
aspirin and clopidogrel in high-risk patients at low risk of
bleeding following STEMI (class IIb recommendation).2

In summary, these trials have demonstrated that there is a
very small ideal therapeutic window between enhanced
antithrombotic activity and elevated bleeding events in
CCS patients. The risk–benefit profile tended to be unfavor-
able at therapeutic NOACs doses (equivalent to VKAs at the
international standardized ratio of 2.0–3.0). It is important to
mention that the potent P2Y12 inhibitors (prasugrel and
ticagrelor) were not widely available when the ATLAS trial
was conceived. Therefore, rivaroxaban has rarely been used
after ACS, as ticagrelor or prasugrel is largely preferred for
DAPT in ACS patients.

Role of NOACs in AF Patients Undergoing PCI

Percutaneous coronary intervention (PCI) is the most com-
mon invasive procedure performed inpatientswith coronary
heart disease.36 A background of AF is seen in up to 1 in 10
people undergoing PCI.37 The anticoagulation strategy in
people with AF requiring PCI can pose a dilemma. On the
one hand, DAPT consisting of aspirin and P2Y12 inhibitor is
prescribed post-PCI to prevent stent thrombosis.38 On the
other hand, oral anticoagulation is needed to prevent stroke
in AF patients.11 A triple antithrombotic therapy, comprising
DAPT with an oral anticoagulant, is associated with a high
risk of bleeding.39 A diligent balancing of the risk of bleeding
and thrombosis is, therefore, crucial in AF patients undergo-
ing PCI. As a result, various antithrombotic treatment regi-
mens and drug combinations have been investigated to
maintain anticoagulation while minimizing bleeding
complications.

One of these strategies is to pull off ASA. The What is the
Optimal antiplatElet & Anticoagulant Therapy in Patients
With Oral Anticoagulation and Coronary StenTing (WOEST)
trial showed that the combination of VKAs and clopidogrel
reduces the bleeding risk, without a significant difference in
thrombotic events compared with conventional triple ther-
apy.38 In the triple Therapy in Patients on Oral Anticoagula-
tion After Drug Eluting Stent Implantation (ISAR-TRIPLE)
trial, a 6-week triple therapy was not inferior to the 6-month
duration with regard to ischemic and hemorrhagic events.40

The role of NOACs in AF patients undergoing PCI has been
recently assessed in several randomized controlled trials
(RCTs).

The PIONEER AF-PCI (A Study Exploring Two Strategies of
Rivaroxaban and One of Oral Vitamin K Antagonist in Patients
With Atrial Fibrillation Who Undergo Percutaneous Coronary
Intervention) trial evaluated two dosing regimens of rivarox-
aban: 15mg once daily (10mg once daily if creatinine clear-
ance was 30–50mL/min) with a P2Y12 inhibitor and 2.5mg
twice daily with DAPT. Rivaroxaban in both doses reduced the
rates of clinically significant bleeding, comparedwith conven-
tional triple therapy with warfarin plus DAPT.41 In REDUAL-
PCI (Evaluation of Dual Therapy With Dabigatran vs Triple
TherapyWithWarfarin in PatientsWithAtrial FibrillationThat
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Undergo a PCI With Stenting), both high-dose dabigatran
(150mg twice daily) and low-dose dabigatran (110mg twice
daily) in combinationwith single-antiplatelet therapy is asso-
ciatedwith a reduced riskof bleeding comparedwithwarfarin
and DAPT.42 The AUGUSTUS (An Open-label, 2 Factorial,
Randomized Controlled, Clinical Trial to Evaluate the Safety
of Apixaban versus Vitamin K Antagonist and Aspirin versus
Aspirin Placebo in Patients With Atrial Fibrillation and Acute
Coronary Syndrome or Percutaneous Coronary Intervention)
trial compared apixaban with a VKA as well as aspirin with
placebo in a two-by-two factorial design. Apixaban caused
lower rates of major or clinically relevant non-major bleeding
compared with VKA.43 Moreover, the addition of aspirin was
associated with significantly more bleedings.43 ENTRUST-AF-
PCI (Edoxaban Treatment Versus Vitamin K Antagonist in
Patients With Atrial Fibrillation Undergoing Percutaneous
Coronary Intervention) trial showed that adual-antithrombotic

therapy with edoxaban plus P2Y12 inhibitor is noninferior
compared with a triple treatment with warfarin in terms of
major and non-major clinically relevant bleeding events44

(►Tables 1 and 2).
These RCTs showed that dual-antithrombotic therapy

with NOAC and a P2Y12 inhibitor is safer than triple therapy
with VKAs and DAPT with respect to major bleeding. How-
ever, none of these studies were sufficiently powered to
detect differences in key efficacy endpoints, like ischemic
stroke and stent thrombosis. All participants had nonvalvu-
lar AF as the indication for long-term oral anticoagulation.
Male participants were predominant in these RCTs and the
populations were a mixture of CCS and ACS patients. While
all patients in PIONEER-PCI, RE-DUAL-PCI, and ENTRUST-PCI
underwent PCI, 23.9% of patients with ACS in the AUGUSTUS
trial were medically managed. The follow-up time in the
AUGUSTUS trialwas shorter than that in the PIONEER-AF PCI,

Table 2 Comparisons of the recent randomized trials on the role of NOACs in patient with AF undergoing PCI

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

Participants 2,124 2,725 4,614 1,506

Age (mean) 70.2 70.8 70.7 69.5

Treatment duration 12 mo 12.3 mo 6 mo 12 mo

Indication for PCI STEMI: 12.3%, in rivaroxaban
15-mg dual-therapy group,
13.8% in rivaroxaban 2.5-mg
triple therapy group, and 10.7%
in warfarin triple group.
NSTEMI: 18.5% in rivaroxaban
15-mg dual-therapy group,
18.3% in rivaroxaban 2.5-mg
triple therapy group, and 17.8%
in warfarin triple group.
Unstable angina: 20.7% in
rivaroxaban 15-mg dual-
therapy, 21.1% in rivaroxaban
2.5-mg triple therapy group,
and 23.7% in warfarin triple
therapy group

STEMI: 9.3% in dabigatran
110-mg dual-therapy group and
8.2% in corresponding triple
therapy group; 9.7% in
dabigatran 150-mg dual-
therapy group, and 8.1% in
corresponding triple therapy
group.
NSTEMI: 20.7% in dabigatran
110-mg dual-therapy group and
21.0% in corresponding triple
therapy group; 23.5% in
dabigatran 150-mg dual-
therapy group and 19.8% in
corresponding triple therapy
group.
Unstable angina pectoris:
19.9% in dabigatran 110-mg
dual-therapy group and 16.9%
in corresponding triple therapy
group. 16.5% in dabigatran
150-mg dual-therapy group and
18.1% in corresponding triple
therapy group

ACS: 37.3%; medically
managed ACS: 23.9%;
elective PCI: 38.8%

ACS: 51.6% and CCS:
48.4%

Median time till
randomization

1 (1–2) d 1 (1–2) d 6 (3–10) d 1.9 (0.9–3.2) d

Ticagrelor 4.3% 12% 6.2% 7%

Prasugrel 1.3% 0 1.1% 0.5%

Primary outcome Clinically relevant bleeding at
12 mo

Major or CRNM bleeding
through follow-up
(mean: 14 mo)

Major or CRNM bleeding at
6 mo

Major or CRNM
bleeding at 12 mo

Treatment effect for
intervention vs. control

HR, 0.59 (95% CI, 0.47–0.76);
p< 0.001 for superiority

HR, 0.72 (95% CI, 0.58–0.88);
p< 0.001 for noninferiority,
p¼ 0.002 for superiority
(dabigatran 150mg bid); HR,
0.52 (95% CI, 0.42–0.63);
p< 0.001 for noninferiority,
p< 0.001 for superiority
(dabigatran 110mg bid)

HR, 0.53 (95% CI,
0.45–0.63); p< 0.001 for
superiority

HR, 0.83 (95% CI,
0.65–1.05); p¼ 0.001
for noninferiority,
p¼ 0.1154 for
superiority

NNT for primary
safety outcome

10 9 (110mg)/18 (150mg) 24 33

Abbreviations: ACS, acute coronary syndrome; AF, atrial fibrillation; CCS, chronic coronary syndrome; CI, confidence interval; CRNM, clinically
relevant non-major; HR, hazard ratio; NNT, number needed to treat; NOAC, non–vitamin K antagonist oral anticoagulant; NSTEMI, non-STEMI; PCI,
percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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the RE-DUAL PCI, and ENTRUST AF-PCI trials (6 vs. 12
months). The mean time in therapeutic range (TTR) of
warfarin in the AUGUSTUS trial was 59%, while in the RE-
DUAL PCI and the PIONEER AF trials TTR was 64 to 65%. The
higher the TTR quality, themore reliable the safety outcomes.
Moreover, some outcome definitions, such as stent throm-
bosis, were not uniform across trials. It should be noted that
triple therapy with a NOAC was not performed in all these
studies with the exception of the AUGUSTUS study. The use
of aspirin throughout the peri-PCI period was required in all
trials, meaning that all patients received triple treatment.
However, the interval between PCI and the first intake of the
randomized therapy varied significantly among the included
trials (on average for 1–2 days after PCI in PIONEER AF-PCI,
REDUAL-PCI, and ENTRUST-AF-PCI and for 6 days in
AUGUSTUS). Finally, individual participant data are not
publicly available (►Table 2).

Severalmeta-analyses of NOAC post-PCI studies showed an
advantage of NOAC dual therapy over warfarin triple therapy
with regard to major bleeding, without any differences in
efficacy outcomes.45,46 Importantly, however, recent meta
analyses raised an important concern about a significant
increase in the risk of stent thrombosis with double thera-
py.47–49 Thesefindings have sparked controversy over thebest
time to stop taking aspirin inAF patients undergoing PCI. Stent
thrombosis occurs mostly within 30 days after PCI.47,48 Since
the introduction of new-generation drug-eluting stents, the
risk of late and very late stent thrombosis has decreased
significantly.50 The more potent P2Y12 inhibitors prasugrel
and ticagrelor are more effective than clopidogrel in lowering
stent thrombosis in patients undergoing PCI for ACS.2–4 How-
ever, limiteddataare available for thecombinationof themore
potentP2Y12 inhibitorswithNOAC. Theusageofprasugrel and
ticagrelor in the four RCTs was minimal, with clopidogrel
administered to the vast majority of patients.

Although the safety and efficacy findings were consistent
with the overall trial results, in AF-PCI patients, potent P2Y12
inhibitors increase the risk of bleeding without reducing the
ischemic risk.49 Therefore, recent guidelines still advise
against using the more potent P2Y12 inhibitors (prasugrel
or ticagrelor) in AF patients post-PCI.3,51,52

Since there are no head-to-head trials that compared
NOACs directly against each other, there is no evidence to
suggest one NOAC in preference to another for the manage-
ment of individuals with the indication for anticoagulation
after PCI. An indirect comparison of NOAC agents using a
network meta-analysis also did not show superiority of one
NOAC over another for AF patients post-PCI.46

The decision to select a certain NOAC drug should take
into consideration features of the trial design that best fit the
patient’s characteristics (►Table 2). PIONEER-AF-PCI was the
only trial that excluded participants who had previously
experienced a cerebrovascular incident.41 ENTRUST-PCI was
the only trial that did not reveal superiority in bleeding
reduction of a NOAC-based dual-antithrombotic therapy
compared with a VKA, although noninferiority was met.44

AUGUSTUS, the trial with the largest population, was the
only trial to test aspirin in a placebo-controlled setting and

the only one to indicate a decreased bleeding with the NOAC
(apixaban) against VKA in a factorial comparison.43 RE-DUAL
PCI was the only study with randomized testing of two
NOACs doses that were tested in AF.42 Despite encouraging
findings on the safety of a NOAC in patients with significant
renal failure, these individuals were excluded from the
studies of patients with AF receiving PCI. The four NOACs
were investigated in patients with a GFR greater than 30
mL/min. Thus, no data are available on patients with severe
renal impairment.

Current Guidelines of AF-PCI

The findings of the AF-PCI trials are supported by the North
Americanconsensus.50According to theAmerican recommen-
dations, triple therapy should be used solely during the in-
hospital stay, followed by oral anticoagulant and clopidogrel
for 6 to 12 months depending on the bleeding risk, and this
should be the treatment of choice for the vast majority of AF-
PCI patients, including those with ACS.50 In individuals with a
high ischemic risk, it is acceptable to take aspirin for up to
1 month following PCI.50 Nonetheless, continuing aspirin
treatment for more than 1 month post-PCI is not advised.50

The European approach is still more cautious, recommending
to terminate the triple treatment at discharge, 1month, or 3 to
6 months depending on the individual’s thrombotic and

Fig. 2 Antithrombotic therapy in patients after acute coronary
syndrome.

Fig. 1 Treatment of chronic coronary syndrome according to
Compass trial.
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bleeding profile.3–54 Patients with a high thrombotic risk
should be treated with triple treatment for even up to
6 months, according to European guidelines.3–54 In general,
both European and North American guidelines agree that
NOAC should be preferred over VKAs in patients with AF
undergoing PCI and the triple antithrombotic treatment
should be as brief as feasible.3,51,52 NOAC should be taken at
the same dose as that recommended for thromboembolic
protection in people with AF; lower doses are not recom-
mended in dual-antithrombotic treatment.50,52

Ongoing Trials

Several ongoing trials are awaited to fill some of the current
knowledge gap. The RT-AF, APPROACH-ACS-AF, and
NCT03536611 trials are studying rivaroxaban, apixaban,
and dabigatran, respectively.55–57

Conclusion

Atherothrombotic processes in CAD are promoted not only
by platelets activation but also by plasmatic factors. There-
fore, a better understanding of how these plasma compo-
nents contribute to undesirable outcomes in CAD is critical to
developing tailored treatment strategies. The decision to add
a very low dose of rivaroxaban to standard-antiplatelet
therapy with aspirin in CCS patients should be based on
the patient’s characteristics. In particular, patients with
multiple ischemic risk factors, who are not at increased
risk of bleeding, will benefit from this treatment option
(►Fig. 1). After an appropriate selection of the patients,
combination therapy can be used to offer life-prolonging
therapy. In ACS patients, a very low dose of rivaroxaban in

combination with clopidogrel and aspirin can be an option
for high-risk patients if prasugrel and ticagrelor are not
available (►Fig. 2).

Thefindings of theAF-PCI trials argue against routineuseof
triple antithrombotic regimen with VKA. Therefore, triple
therapy will no longer be the standard of treatment in all AF
patients undergoing PCI. In fact, aspirinmight be given only in
theperiproceduralphaseanddoesnotappear tobemandatory
after PCI in most AF patients. However, triple antithrombotic
therapy might still be indicated in selected patients at highest
risk for stent thrombosis such as thosewith STEMI or complex
PCI (e.g., bifurcation or left main PCI or PCI with multiple
stents) (►Fig. 3). In summary, the best strategy appears to
identify the individual ischemic and bleeding risk profile of
each patient to achieve a net benefit of NOACs in CAD.
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