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Is It Really Safe to Discontinue Antiplatelet Therapy 12 Months After
Percutaneous Coronary Intervention in Patients with Atrial Fibrillation?
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Abstract

The prevalence of AF in patients with coronary artery disease is high. The guidelines from many professional groups, including the European
Society of Cardiology, American College of Cardiology/American Heart Association and Heart Rhythm Society, recommend a maximum duration
of 12 months of combination single antiplatelet and anticoagulation therapy in patients who undergo percutaneous coronary intervention and
who have concurrent AF, followed by anticoagulation alone beyond 1year. However, the evidence that anticoagulation alone without antiplatelet
therapy adequately reduces the well-documented attritional risk of stent thrombosis after coronary stent implantation is relatively sparse,
particularly given that very late stent thrombosis (>1 year from stent implantation) is the commonest type. By contrast, the elevated risk of
bleeding from combined anticoagulation and antiplatelet therapy is clinically important. The aim of this review is to assess the evidence for long-
term anticoagulation alone without antiplatelet therapy 1year post-percutaneous coronary intervention in patients with AF.
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AF is the most common cardiac arrhythmia worldwide. The estimated
prevalence among adults is 2—4%, and the lifetime risk of developing AF is
one in three individuals.* AF is associated with stroke, increasing the risk
four- to five-fold while accounting for 20-30% of ischaemic strokes.* In
addition, embolic strokes associated with AF are usually severe, with
permanent disability and higher mortality.>® To lower the risk of stroke in AF
patients, the majority are treated with oral anticoagulant (OAC) therapy.”~*

The Challenge of AF and Percutaneous

Coronary Intervention

AF and coronary artery disease (CAD) are common and are, therefore,
frequent comorbidities. A pooled analysis of data including 8 million
patients from 109 studies reporting data in newly diagnosed acute
coronary syndrome (ACS) showed the prevalence rate of pre-existing AF
was 5.8% and 7.3% for newly diagnosed AF in ACS patients.” It is estimated
that 5.4% of all ACS events are associated with AF and there is a 60-77%
risk of developing new AR Furthermore, patients with AF are estimated
to have a 10-15% chance of proceeding to percutaneous coronary
intervention (PCI).® Clearly, these data highlight the frequency of the
challenge associated with the requirement for adequate post-PCl
antiplatelet therapy in AF patients who require indefinite formal
anticoagulation. What constitutes adequate antiplatelet therapy in this
context is a complex question.

Patients with AF and ACS are historically less likely to receive appropriate
antithrombotic therapy and therefore are more likely to experience
adverse outcomes when compared to ACS patients without AF™**® For

example, in a survey of 755 patients with AF and ACS, only 22% of patients
were prescribed anticoagulation® In the GRACE registry of 59,032
patients admitted with ACS, nearly 7,500 patients had either pre-existing
AF or newly developed AF during hospital admission. There was a higher
rate of hospital death in patients with new-onset (14.5%) and pre-existing
(8.9%) AF compared to 1.2% in those without AF®

Patients with AF who have undergone recent PCl are conventionally put
on both oral anticoagulation and dual antiplatelet therapy (DAPT).
However, this triple therapy regimen is strongly associated with an
increased bleeding risk. In a Danish cohort study of 82,854 patients on
combination treatment with warfarin, aspirin or clopidogrel (or both),
there was a threefold higher risk of fatal and non-fatal bleeding with
warfarin and clopidogrel therapy (13.9% per patient year) and triple
therapy (15.7% per patient year) compared to warfarin monotherapy at a
mean follow-up of 3.3 years.”

Furthermore, bleeding is associated with an increase in mortality. For
example, among 3,345 (92.9%) of 3,602 patients in the HORIZONS-AMI
trial who underwent primary PCI for ST-elevation MI (STEMI), 231 (6.9%)
developed major bleeding in hospital® At 3-year follow-up, patients who
had in-hospital major bleeding had higher mortality (24.6% versus 5.4%;
p<0.0001) and major adverse cardiac events (MACE; 40.3% versus 20.5%;
p<0.0001) in comparison to patients without major bleeding.® Recently
published trials strongly suggest efficacy from an ischaemia point of view,
but with a lower bleeding risk, using a strategy of single antiplatelet in
combination with OAC — preferably direct oral anticoagulant (DOAC) —
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when used within the first year after PCl in AF patients®' Combining
DAPT and oral anticoagulants, also called ‘triple therapy’, significantly
increases all-cause hospitalisation in comparison to dual therapy. Using
data from the ORBIT-AF registry, in which 1,827 patients with CAD were
randomised according to treatment with triple or dual antithrombotic
therapy (90% aspirin, 10% clopidogrel) or two antiplatelet drugs and no
anticoagulant, it was noted that patients treated with triple therapy were
hospitalised for all causes (including cardiovascular) more often than
patients on dual therapy (79 in 100 patient years and 47 in 100 patient
years respectively, p<0.0001). However, no differences in stroke, major
bleeding or death were seen among the two different antithrombotic
therapy strategies.® The WOEST trial studied the use of clopidogrel and
oral anticoagulation compared with triple antithrombotic therapy (aspirin,
clopidogrel and OAC) in patients who underwent PCl and found that
patients receiving dual antithrombotic therapy had similar ischaemic
outcomes with less major bleeding compared with the patients receiving
triple antithrombotic therapy.?

In a systematic review of four trials (PIONEER AF-PCI, ENTRUST-AF PCI,
AUGUSTUS and REDUAL PCl) involving 7,953 patients comparing dual
therapy (P2Y,, inhibitor + discontinuation and OAC) and triple therapy
(DAPT + vitamin K antagonists [VKA]) in patients with AF undergoing PClI,
with median follow up of 1 year, DOAC-based dual therapy resulted in a
lower rate of bleeding events compared with VKA-based triple therapy.?-%°

Similarly, in the WOEST trial bleeding episodes were seen in 19.4% of
patients receiving double therapy (VKA plus clopidogrel) versus 44.4%
receiving triple therapy (aspirin, clopidogrel and VKA; p<0.0001).%° The
AUGUST trial compared aspirin with placebo in the patients taking the
OAC and P2Y_, inhibitor. Major or clinically relevant non-major bleeding
was higher: in >12% in the group receiving aspirin compared to 9% in the
placebo group (p<0.001).%*

The Clinical Dilemma Summarised

The combination of a coronary stent plus AF introduces an important and
common management dilemma that centres on the balance between
ischaemic/thromboembolic risk versus the risk of bleeding. Several logical
questions arise from this clinical challenge. First, does single or dual
antiplatelet therapy offer protection against the intracardiac clot that occurs
because of AF? Second, do OAC agents (warfarin or DOACs) have antiplatelet
activity and, if so, how potent is it? Third, do OACs reduce the risk of platelet-
mediated acute Ml and stent thrombosis events, regardless of the biological
mechanism? Finally, what balance of ischaemic/thromboembolic events
versus bleeding events is clinically acceptable on the assumption that we
cannot eliminate either and they are inversely related?

What Do International Guidelines Recommend?
Major societies, including the European Society of Cardiology (ESC),
American College of Cardiology/American Heart Association (ACC/AHA)
and the Heart Rhythm Society (HRS), have all produced recommendations
relating to pharmacological treatment for both PCl and AF patients, as
well as those with both.

All guidelines recommend aspirin and a P2Y12 inhibitor together for a
certain period after PCl for patients without AF, followed by aspirin alone
in the long term. The recommended duration of DAPT varies according to
clinical presentation, such as elective or ACS, and bleeding risk. For
patients with AF without coronary stents, guidelines recommend formal
anticoagulation, generally VKA or novel oral anticoagulation (NOAC) for
life if the estimated thromboembolic risk is above a certain threshold,

such as for those with a CHA DS, VASc score of 1 or more.”® For patients
who have had PCl and have concomitant AF, guidelines generally
recommend an initial period of OAC and antiplatelet therapy in
combination. For example, ESC AF guidelines recommend aspirin for 1
week and dual therapy for up to 12 months (preferably DOAC and
clopidogrel) as level | evidence, and level Il for triple therapy (aspirin,
clopidogrel and DOAC) for up to 1 month then dual therapy (DOAC +
clopidogrel) in AF patients presenting with ACS where stent thrombosis
risk outweighs bleeding risk.” Similarly, the ACC 2020 expert consensus
statement advocates that aspirin be continued for the duration of
hospitalisation after PCl and discontinued upon discharge or at 30 days in
those patients who are at high thrombotic and low bleeding risk, with dual
therapy to continue to 12 months.?®

The most recent ESC AF guideline and the ACC expert statements advise
discontinuing antiplatelets to use OAC alone after 12 months of PCI"% The
most contentious issue — and the focus of this review — is the
recommendation that in such patients there is no requirement for
antiplatelet therapy at all after 12 months and they should be on OAC
alone beyond that time point.?¢-%

The Main Point of Contention: Is it Safe for
Patients with AF to Drop All Antiplatelet

Therapy After 12 Months Post PCI?

There are several reasons why recommending that OAC therapy alone is
sufficient for the AF patient with a stent after 12 months is contentious.
First, the commonest time for stent thrombosis to occur is beyond 12
months after implantation — known as very late stent thrombosis
(VLST).2% Second, there is an attritional rate of stent thrombosis with
modern drug-eluting stents (DES) of about 0.5% per annum.* Third, stent
thrombosis is unequivocally a consequence of platelet-mediated
thrombus, so that the presence of an antiplatelet agent or an agent with
antiplatelet properties at least to inhibit this biological process seems
logical. Thus, the question arises: are OACs — either warfarin or NOACs —
agents with adequate antiplatelet activity? Finally, if this strategy — which
is based on expert consensus — turns out to be flawed, can we expect a
steady increase in the rate of attritional VLST over the next few years?

Given all these concerns, we should examine how the guidelines have
come to make this recommendation, the evidence upon which this
conclusion is made and the ongoing concerns that make many
interventionalists unconvinced that this is a dominant strategy.

The Role of Platelets in Preventing

Acute Ml and Stent Thrombosis

The hallmark of CAD is the build-up of atherosclerotic plaque with the
deposition of subendothelial lipid-rich macrophages called foam cells.
When there is a breakdown of endothelium, for example with a vascular
insult, endothelial cells respond by secreting chemokines that attract
white cells to the injured area. There is also a migration of monocytes to
the subendothelial space aided by cell surface adhesion molecules
released by the endothelium with a subsequent take-up of low-density
lipoprotein, resulting in foam cell formation. The slow progression of this
subendothelial fat streak with the aid of T-cell cytokines and growth
factors leads to fibroproliferation of the medial smooth muscle layer.*

Some plaques can rupture or erode and then expose/release
subendothelial matrix, including collagen and von Willebrand factor,
which bind to platelet receptors resulting in the adhesion, activation and
aggregation of platelets and thrombosis. This thrombosis could cause
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Table 1: Summary of Trials Examining the Use of Antiplatelet Therapy in Acute Coronary Syndrome Patients

Study

Antiplatelet

Study
Population

Follow-up
Duration

Primary Outcome* Bleeding Event

CURE 2001*  Clopidogrel + aspirin versus ~ NSTEMI 3-12 months 9.3% versus 11.4% (RR 0.8; 95% CI[0.72—0.90]; 3.7 versus 2.7% (RR 1.38; 95% Cl
aspirin alone p<0.001) [113-1.67], p=0.001)

COMMIT 2005" Clopidogrel + aspirin versus ~ STEMI Up to 4 weeks 9.2% versus 10.1% (95% CI [3—14]; p=0.002) 0.58% versus 0.55%; p=0.59
aspirin alone

TRITON TIMI 38 Clopidogrel versus prasugrel  NSTEMI 6-15 months 121% versus 9.9% (HR 0.81; 95% CI [0.73-0.90]; 1.8% versus 2.4% (HR 1.32; 95% Cl

2007 p<0.001) [1.03-1.68]; p=0.03)

PLATO 2009%  Ticagrelor versus clopidogrel ACS +/- STEMI 12 months 9.8% versus 11.7% (HR 0.84; 95% CI[0.77-0.92]; 11.6% versus 11.2%; p=0.43

p<0.001)
ISAR REACT Ticagrelor versus prasugrel — ACS 12 months 9.3 versus 6.9% (HR 1.36; 95% CI [1.09-1.70]; 5.4 versus 4.8% (HR 112; 95% ClI
2019* p=0.006) [0.83-1.51]; p=0.46)

*Primary outcomes: significantly reduced in intervention group; composite of death from cardiovascular causes, non-fatal Ml or stroke. ACS = acute coronary syndrome; NSTEMI = non-ST-elevation M;

STEMI = ST-elevation M.

partial or total occlusion of the lumen and result in the development of
ACS.*>* Platelet activation and thrombus formation are enhanced by
three major clinically relevant pathways: adenosine diphosphate (ADP)-
P2Y_, cyclo-oxygenase-1 (COX-1) and thrombin.

The specific interaction of ligands and molecules of platelet receptors
leads to the activation of platelets and the release of dense platelet
granules. ADP is released, which amplifies platelet activation and
aggregation. ADP activates P2Y,, which maintains platelet stability.
Further, as aresult of the effect of thromboxane synthase on prostaglandin
H2, thromboxane A2 is produced, which has similar effects on platelet
amplification and aggregation.**** Concurrent with ADP-P2Y, activation,
the coagulation pathway cascade is activated and, as a result, factor Xa
and factor Va lead to thrombin formation/activation. Thrombin is the key
enzyme that converts fibrinogen into fibrin. In addition, thrombin activates
protease-1-activated receptor (PAR-1) and PAR-4 on platelets, which
enhances platelet aggregation.®*

Mechanism of Action of Aspirin

and P2Y__ Inhibitors

Aspirin inhibits the activity of cyclooxygenase, an enzyme responsible for
the production of thromboxane A2. Thromboxane is a key component of
one of the major pathways for platelet activation and subsequent
aggregation. Aspirin also reduces thrombin generation with subsequent
attenuation of factor Xlll activation.”

The interaction of ADP with the platelet P2Y12 receptor is the essential part
in the platelet activation process. Activation of the glycoprotein IIb/llla
receptor results in enhanced platelet degranulation and thromboxane
production and prolonged platelet aggregation. The P2Y, receptor is the
main receptor inthe activation of ADP-mediated stimulation of glycoprotein
lib/llla receptor activation.® Both thienopyridines (clopidogrel and
prasugrel) and non-thienopyridine drugs (ticagrelor) act by inhibiting the
platelet P2Y, receptor.*

Clinical Evidence for a Reduction of

Ml and Stent Thrombosis in Various

Populations Using Antiplatelet Drugs

Antithrombotic therapy has been established as a key intervention to
prevent stent thrombosis after stent placement.* Based on more than 35
randomised clinical trials, including more than 225,000 patients, DAPT is
among the most intensively investigated treatment option in the field of
cardiovascular medicine (Table 7).

Aspirin has traditionally been the cornerstone of antiplatelet therapy in
patients with CAD. The ESC guidelines give a class | recommendation for
the use of aspirin in ACS patients.?’ Both this guideline and ACC/AHA 2016
ACS guideline give a class | indication for the use of DAPT for up to 12
months after DES implantation for ACS.?% Following DAPT, lifelong single
antiplatelet therapy (usually with aspirin) is recommended, due to the
attritional risks of stent thrombosis and recurrent MI.??

The choice of antiplatelet therapy and recommendations about dual and
single therapy is dynamic based on accumulating evidence from clinical
trials. The evidence strongly suggests that there is clinical benefit for ACS
patients adding a P2Y, inhibitor to aspirin therapy alone.

For example, COMMIT studied the effect of adding clopidogrel to aspirin
in STEMI patients, randomising 45,852 patients on aspirin to clopidogrel
75 mg daily (n=22,961) versus placebo (n=22,891). There was significantly
lower mortality in the clopidogrel group (7.5% versus 8.1%; p=0.03), as
well as a lower rate of a composite of death, reinfarction or stroke (9.2%
versus 10.1%; p=0.002)."

A similar outcome benefit from adding clopidogrel to aspirin therapy was
seen in NSTEMI patients in the CURE trial. This trial randomised 12,562
patients who had presented within 24 hours after the onset of symptoms
to receive clopidogrel (300 mg immediately followed by 75 mg once daily,
n=6,259 patients) or placebo (n=6,303 patients) in addition to aspirin for 3
to 12 months. It showed that DAPT versus aspirin alone significantly
reduced the composite outcome of cardiovascular mortality, non-fatal Ml
or stroke (9.3% versus 11.4%; p<0.001). However, the rate of major
bleeding was higher in the clopidogrel group (3.7% versus 2.7 %;
p=0.001).*

Perhaps one of the most ironic features of modern PCl practice is that,
although we have never checked the individual responses of our patients
to their antiplatelet therapy in routine practice, it was concerns over
frequent ‘hyporesponders’ to clopidogrel that provided the main stimulus
to the development of more potent inhibitors of the PZYW2 pathway,
particularly ticagrelor and prasugrel. As expected, these agents have
been shown to be more effective than clopidogrel at reducing ischaemic
events in ACS populations, but with an increased associated bleeding
risk.“* In NSTEMI patients, the evidence favours prasugrel compared to
ticagrelor, with lower incidence of death, Ml or stroke and no significant
difference in the incidence of major bleeding between the two groups,
and this is reflected in the guidelines.?*®
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The Role of Anticoagulants in

Mitigating the Stroke Risk in AF

Description of Thromboembolic Risk in AF

AF is one of the most important modifiable risk factors associated with
acute stroke.”*® In the US, incidence of AF among all new hospital
admissions with ischaemic stroke is 10-12%.” Accordingly, risk
stratification for the risk of stroke in AF and early initiation of therapy that
aims to reduce the risk of AF-associated stroke is a crucial component in
the management of this arrhythmia.

Various risk factors have been identified from epidemiological studies and
clinical trials that affect the increasing risk of stroke in AF patients. The
original CHADS, score has been further refined, and currently the
CHA.DS, VASc score is recommended.®®* The CHA.DS, VASc score is
well validated. For example, in a cohort study of 73,538 patients with non-
valvular AF, the rate of thromboembolism per 100 person years in ‘low-
risk’ patients (score=0) was 0.78 (0.58 to 1.04) at 1year.*

There are also several tools that stratify bleeding risk and score the
balance between thrombotic and bleeding risks, including the HAS-BLED
score, HEMORR,HAGES score and ATIRA score, of which HAS-BLED has
been shown to outperform other risk scores.”

Clinical Evidence for Stroke Reduction with
Warfarin and Non-vitamin K Oral Anticoagulants
Currently, chronic OAC treatment is the most effective available
prophylactic approach in patients with AF at risk of thromboembolic
events. Its efficacy in AF patients was first evaluated in 1996 in the SPAF-III
trial.>? In a systematic review of sixteen trials that included a total of 9,874
patients, warfarin (six trials, 2,900 participants) reduced stroke by 62%;
absolute risk reductions were 2.7% per year for primary prevention and
8.4% per year for secondary prevention.® Unfortunately, but predictably,
warfarin use was associated with a significant increase in the risk of major
bleeding, including haemorrhagic stroke. The risk of major haemorrhage
with warfarin when compared to aspirin was 2.2 versus 1.3 per 100 patient
years (HR 1.71; 95% CI [1.21-2.41)).%

Given the challenges associated with warfarin monitoring, dose
adjustment and interaction with diet and other drugs, the development of
NOAC has been welcomed by patients and health workers. The DOACs,
such as dabigatran, apixaban, edoxaban and rivaroxaban, have been
shown to be equivalent to warfarin in the prevention of ischaemic stroke
in non-valvular AF and might have a better adherence profile with less
bleeding risk. In the RE-LY trial, 18,113 patients with AF were randomised
to receive dabigatran (at doses of 110 mg or 150 mg twice daily) or warfarin
(target international normalised ratio 2-3). There was a similar rate of
stroke and systemic embolisation with lower rates of major haemorrhage
in the dabigatran group. Rates of the primary efficacy outcome (stroke or
systemic embolism) were 1.69%/year in the warfarin group, 1.53%/year in
the group that received 110 mg of dabigatran (p<0.001) and 1.11%/year in
the group given 150 mg of dabigatran (p<0.001). The rate of major
bleeding was 3.36% per year in the warfarin group as compared with
2.7M%/year in the group receiving 110 mg of dabigatran (p=0.003) and
3.11%/year in the group receiving 150 mg of dabigatran (p=0.31).%

In the ROCKET AF trial, rivaroxaban was non-inferior to warfarin for the
primary efficacy endpoint of stroke and systemic embolism (2.1% versus
2.4% per year; p<0.001 for non-inferiority) and there was no difference
between the two groups in terms of all bleeding events (14.9% versus
14.5%; p=0.44) and major bleeding events (3.6% versus 3.4%; p=0.58),

with significant reductions in intracranial haemorrhage (0.5% versus 0.7%,
p=0.02).%° Similarly, in the ARISTOTLE trial, apixaban was superior to
warfarin in reducing risk of stroke and thromboembolism in AF patients
(1.27% versus 1.6%; p=0.01) and had lower rates of major bleeding (2.13%
versus 3.09%; p<0.001) including intracranial bleeding (0.33 versus 0.8%;
p<0.001).5%% In ENGAGE-TIMI 48, edoxaban was associated with
significantly lower rates of major bleeding and death from cardiovascular
causes (3.17 versus 2.74%; p=0.01) compared with warfarin and was non-
inferior with respect to stroke events and systemic embolism.*

In both the ESC 2020 and 2019 ACC/AHA/HRS guidelines there is a class |
recommendation for choosing an NOAC over warfarin for stroke
prevention in AF patients.®’

Mechanism of Anticoagulant Action of

Warfarin and Novel Oral Anticoagulants

Warfarin acts as an OAC by depleting the reduced form of vitamin K (acting
as a cofactor for vitamin K-dependent coagulation factors) by blocking the
function of the vitamin K epoxide reductase complex in the liver.”

Rivaroxaban and edoxaban both reversibly and highly selectively bind
human factor Xa and the inhibition of prothrombinase complex-bound and
clot-associated factor Xa results in a reduction of the thrombin burst
during the propagation phase of the coagulation cascade.®® Similarly,
apixaban reversibly and highly selectively inhibits free- and clot-bound
factor Xa.® Dabigatran is a direct factor lla inhibitor and is a prodrug
activated in the liver.? Importantly, OAC and NOACs do not directly affect
platelet aggregation induced by collagen, adenosine diphosphate or
thrombin, but do have an effect by inhibiting factor Xa, which indirectly
interferes with platelet activation and aggregation induced by thrombin %'

What is the Evidence for Antiplatelet Activity

for Warfarin and Novel Oral Anticoagulants?

The inter-relationship between clotting and platelet-mediated thrombus
formation is complex. Platelet activation and granule release occur due to
a variety of agonists, as discussed above. The consequence of this
activation can be a positive feedback loop in which released and
generated molecules such as ADP and thromboxane A2 perpetuate and
amplify the process of activation and aggregation.*** Concurrent with
platelet activation and degranulation via a variety of pathways, the
coagulation pathway cascade is activated via the generation of factor Xa
and Va, leading to thrombin activation. Thrombin converts fibrinogen into
fibrin. In addition, thrombin activates protease-1-activated receptor (PAR-1)
and PAR-4 on platelets, which, in turn, enhances platelet aggregation.?
Platelet activation can be assessed using the surrogate of urinary
excretion of 11-dehydro-thromboxane (TxB2) and soluble glycoprotein VI
(sGPVI), a protein involved in platelet activation.®? In a cross-sectional
study, apixaban and rivaroxaban were compared to warfarin regarding
platelet activation. At 3 months, urinary excretion of TxB2 was 6.5% with
warfarin  (p=0.197), -29% with apixaban (p<0.001) and -31% with
rivaroxaban (p<0.001). sGPVI was significantly lower in patients treated
with NOACs at 3 months; a finding not observed in the warfarin group.
This study provides evidence that NOACs significantly inhibit urinary TxB2
excretion compared to warfarin, suggesting the potential antiplatelet
properties of NOACs.?® Furthermore, Pujadas-Mestres et al. reported the
effect of apixaban on platelet deposition and fibrin formation onto a
thrombogenic surface with blood circulating at arterial shear rates in a cell
model of coagulation primed by platelets.®® A therapeutic dose of 160 ng/
ml (equivalent of 10 mg/day) significantly reduced thrombus formation,
fibrin association and platelet-aggregate formation. Apixaban significantly
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prolonged thermoelectrometry parameters but did not affect clot
firmness. Notably, these effects on platelets and fibrin formation were not
observed with the lower dose of apixaban 40 or 10 ng/ml (equivalent to
2.5 mg twice daily or 2.5 mg once daily, respectively).®®

Role of Anticoagulants in CAD

The risk of recurrent ischaemic events is higher in patients with ischaemic
heart disease (chronic coronary syndrome and ACS) in comparison to
patients who have cardiovascular risk factors but without established
atherothrombosis. For example, in the REACH registry, a total of 45,227
patients with a history of either CAD, cerebrovascular disease or peripheral
arterial disease or with multiple risk factors for atherothrombosis were
followed for 4 years. Among patients with atherothrombosis, those with a
prior history of ischaemic events (Ml or stroke) at baseline (n=21,890) had
the highest rate of subsequent ischaemic events. Patients with stable
coronary, cerebrovascular, or peripheral artery disease (n=15,264) had a
lower risk (12.2%); while patients without established atherothrombosis
but with risk factors only (n=8,073) had the lowest risk (9.1%; p<0.001 for
all comparisons).®*

The potential efficacy of apixaban (5 mg twice daily) in reducing ischaemic
events for patients who have had ACS when added to aspirin and clopidogrel
was studied in the APPRAISE-2 trial. In 7,392 patients after a median follow-
up of 241 days, the primary outcome of cardiovascular death, MI, or
ischaemic stroke was neutral (7.5% apixaban versus 7.9% placebo; p=0.51).
Moreover, there was an increase in Thrombolysis in MI (TIMI) major bleeding
when compared with placebo (1.3% versus 0.5%; p=0.001).%

Warfarin

Previously, the role of VKAs in secondary prevention of recurrent
cardiovascular (CV) events in patients with established CAD has been
studied in comparison to aspirin alone. For example, one systematic
review that included 20,000 patients indicated that the use of moderate-
intensity oral anticoagulation (INR 2 to 3) alone, did not significantly
reduce the rate of CV death, Ml and stroke versus controls. However,
major bleeding occurred in 3.5% of patients receiving OA versus no
patients in the control group, with an odds increase of 7.67 (p<0.0001).%
However, with use of high-intensity OA (INR >2.8) alone, cardiovascular
death, MI, or stroke occurred in 20.3% versus 30.3% of patients who
received no therapy (p<0.00071); by contrast, major bleeding occurred in
4.6% of OA patients versus 0.7% in controls (p<0.000071).%

One Danish registry investigated the effectiveness and safety of adding
antiplatelet therapy (aspirin or clopidogrel) to a VKA in a total of 8,700
patients with AF and stable CAD (defined as 12 months from an acute
coronary event), over half of whom had had a PCI. Over a mean follow-up
of 3.3 years, the crude incidence rates for Ml/coronary death,
thromboembolism and serious bleeding were 7.2, 3.8 and 4.0 events per
100 person years, respectively. The risk of Ml/coronary death was similar
between VKA plus aspirin and VKA monotherapy. The risk of
thromboembolism was comparable in all regimens that included VKA,
whereas the risk of bleeding increased when aspirin (HR 1.50) or
clopidogrel (HR 1.84) was added to VKA.%

NOAC:Ss in Patients with CAD/PCI:

Does the Evidence Support the

Guidelines to Stop Antiplatelets?

The introduction of NOACs has stimulated comparative investigations of
aspirin and VKA for the management of stable ischaemic heart disease.
Aspirin has been shown to significantly lower the relative risk of MACE in

this population. For example, in one meta-analysis of 16 secondary
prevention trials comparing aspirin and placebo, the rate of ACS was 4.3%
versus 5.3% per year, respectively (p<0.0001).°® Previous studies have
demonstrated that the use of VKA with or without use of antiplatelets in
patients with stable CAD is associated with a substantially elevated
bleeding risk, occurring in approximately 1-4% of patients.®®® This has
led to the investigation of NOACs in consideration for stable ischaemic
heart disease, either in combination with antiplatelet agents or alone.

In the PIONEER AF-PClI trial, 2,124 patients with non-valvular AF who had
undergone PCl with stenting were randomised in a 1:1:1 ratio to low-dose
rivaroxaban 15 mg once daily plus a P2Y_ inhibitor for 12 months (group 1),
very-low-dose rivaroxaban (2.5 mg twice daily) plus DAPT for 1, 6 or 12
months (group 2), or standard therapy with a dose-adjusted VKA (once
daily) plus DAPT for 1, 6, or 12 months (group 3). There was lower bleeding
risk at 12 months in both rivaroxaban groups (group 1and 2) in comparison
to the standard therapy group with warfarin (16.8% in group 1, 18.0% in
group 2 and 26.7% in group 3; p<0.001). Furthermore, there was no
difference in the rates of death from cardiovascular causes, Ml or stroke
in the three groups.?

In the RE-DUAL PCl trial, dabigatran was tested in comparison to VKA in
patients with AF who had undergone PCI with 2,725 patients randomly
assigned to either triple therapy with warfarin plus a P2Y,_ inhibitor
(clopidogrel or ticagrelor) and aspirin (for 1to 3 months) (triple therapy
group) or dual therapy with dabigatran (110 mg or 150 mg twice daily) plus
a P2Y_ inhibitor (clopidogrel or ticagrelor) and no aspirin (110 mg and 150
mg dual therapy groups). The mean follow-up was 14 months. The
incidence of the primary endpoint (major or clinically relevant non-major
bleeding event) was 15.4% in the 110 mg dual therapy group compared
with 26.9% in the triple therapy group (p<0.001for non-inferiority; p<0.001
for superiority). Higher rates were observed in the 150 mg dual therapy
group: 20.2% versus 25.7% in the corresponding triple therapy group
(p<0.001 for non-inferiority). The risk of thromboembolic events was
however non-inferior in the DAPT groups when compared with the triple
therapy group.” This study has therefore shown a lower bleeding risk for
NOAC agents with non-inferiority in thromboembolism risk when used
with either single or dual APT. However, in the context of this review, it is
notable that it is not clear whether using it alone without any antiplatelet
would yield the same effect on reducing thromboembolic events.

In the AUGUSTUS trial, the role of dual therapy (VKA or apixaban plus
P2Y, inhibitor) compared with triple therapy (VKA or apixaban plus aspirin
and P2Y, inhibitor) among patients with AF who had an ACS or had
undergone PCl was evaluated. The primary outcome was major or
clinically relevant non-major bleeding with 4,614 patients randomised in a
2 = 2 factorial design to either receive apixaban plus P2Y , inhibitor or a
VKA plus PZYW2 inhibitor and to receive aspirin plus dual therapy or
matching placebo plus dual therapy for 6 months.

Clinically relevant major or non-major bleeding was noted in 10.5% of the
patients receiving apixaban as compared with 14.7% of those receiving a
VKA (p<0.001 for both non-inferiority and superiority) and in 16.1% of the
patients receiving aspirin (triple therapy) as compared with 9.0% of those
receiving placebo (dual therapy; p<0.001). Moreover, patients in the triple
therapy group had similar incidences of death or hospitalisation and
ischaemic events when compared to the dual therapy group.” The risk of
definite/probable/possible stent thrombosis was 1.6% within 6 months,
with 80% occurring within 30 days. The number of patients with definite
or probable stent thrombosis at 6 months was low in all groups. In the
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dual therapy arm, events were n=13 (0.74%) for apixaban and n=17 (0.97%)
for VKA and in the triple therapy arm n=11 (0.63%) for aspirin and n=19
(1.08%) for placebo (p=NS). For apixaban plus aspirin, apixaban without
aspirin, VKA plus aspirin and VKA without aspirin, the events were n=5
(0.57%), n=8 (0.91%), n=6 (0.69%) and n=11 (1.26%).* As expected, the
study had limited power to detect treatment effects on stent thrombosis
rates. Again, it should be noted that in this trial, NOAC was not tested as
the sole agent in the post-PCl patient subgroup.

The ENTRUST-AF PClI trial randomised 1,506 patients from 4 hours to 5
days after PCl to either edoxaban and aspirin or VKA and aspirin for 12
months. The rate of major bleeding or clinically relevant bleeding was 17%
in the edoxaban group and 20% in the warfarin group (p=0.001 for non-
inferiority; p=0.1154 for superiority) and the primary ischaemic efficacy
endpointwas similar between groups.” Again, there was no anticoagulant-
only group.

Overall, these four randomised controlled trials have demonstrated that,
in patients with AF and ACS or PCI, treatment with DOAC and P2Y
inhibitor resulted in a lower bleeding risk profile than triple therapy (VKA,
P2Y_, inhibitor and aspirin) with no difference in the ischaemic endpoints.
Notably, however, they did not study the efficacy of OAC alone beyond
12 months post PCI.

The evidence base supporting the efficacy of OAC therapy alone without
an antiplatelet agent, beyond 12 months after PCl in AF patients is
relatively sparse. The first trial to address this question was the AFIRE trial
and even this study did not do so in a specific population of post-PCl
patients with AF”!

The AFIRE multicentre trial included 2,236 patients with AF who either
underwent PCI (1,564 patients; 70.6%) or coronary artery bypass graft
surgery (CABG) >1 year before (252 patients; 11.4%) or had known CAD
without need for PCI. Thus, this was a markedly heterogeneous population.
Patients were randomised to rivaroxaban alone or in combination with an
antiplatelet agent (70% aspirin) and follow-up was 24 months/" The
primary efficacy outcome was a combination of all-cause mortality, MI,
stroke, unstable angina requiring revascularisation or systemic embolism.
The composite occurred in 4.1%/patient year of the rivaroxaban
monotherapy group compared with 5.8%/patient year of the rivaroxaban/
antiplatelet group (non-inferiority p<0.0001). The primary safety outcome
— major bleeding — occurred in 1.6%/patient year of the rivaroxaban
monotherapy group compared with 2.8%/patient year of the rivaroxaban/
antiplatelet therapy group (p=0.01)." Interestingly, the rate of Ml in the
rivaroxaban monotherapy group was 0.59%/patient year, while in the
combination group it was 0.37%/patient year (p=0.778) and the rates of
unstable angina requiring revascularisation was 0.59%/patient year in the
monotherapy group versus 0.84%/patient year in the combination group
(p=0.997). This trial was powered for non-inferiority and the headline
outcome was that rivaroxaban monotherapy was non-inferior to
combination therapy in terms of efficacy to prevent ischaemic/
thromboembolic events, while being associated with significantly less
major bleeding.” Thus, from the perspective of this review, AFIRE provides
some circumstantial evidence that the rivaroxaban without an antiplatelet
agent is safe in reducing ischaemic events beyond a year after PCI.
However, there are notable limitations in the trial and assuming that this
can be translated into a routine policy in which antiplatelets are not
required beyond a year in PCl patients on DOAC is highly questionable.
First, the trial population included not just patients with PCI but also CABG
patients and others who had not had PCI. Therefore, it was not powered

to answer the question about the strategy in PCI patients specifically.
Second, the time from PCl to recruitment into this trial was variable from
any period beyond 1year post PCI. Third, the tested strategy in AFIRE only
relates to a 2-year period: given that most stent thrombosis occurs
beyond 1year, is continuous and does not reduce over time from PCl, this
trial does not provide reassurance that post-stent patients are safe on a
DOAC as monotherapy beyond the tested period.

OAC-ALONE was an open-label, multicentre trial that randomised 690
patients with AF beyond 1 year after stenting to OAC alone or combined
OAC and single antiplatelet (85% aspirin). The primary endpoint included
all-cause death, MI, stroke, or systemic embolism, and median follow-up
was 2.5 years. The OAC employed was warfarin in 75.2% and a DOAC in
24.8% of patients”® The composite primary endpoint was neutral and
occurred in 54 patients (15.7%) in the OAC-alone group and in 47 patients
(13.6%) in the combined OAC and APT group (p=0.20 for non-inferiority;
p=0.45 for superiority). The secondary endpoint, a composite of the
primary endpoint or major bleeding, occurred in 67 patients (19.5%) in the
OAC-alone group and in 67 patients (19.4%) in the combined OAC and APT
group (p=0.016 for non-inferiority; p=0.96 for superiority).” Patients on
OAC alone had a numerically higher rate of Ml and stent thrombosis than
OAC plus antiplatelet (2.3% versus 1.2% and 0.58% versus 0%,
respectively), but none of these differences were statistically significant.

Thus, again this trial provides only minimal reassurance that a strategy of
OAC without antiplatelet therapy in patients beyond 1year after coronary
stent insertion has a solid evidence base for routine clinical practice. Of
note, this study was terminated prematurely due to low recruitment and
was thus underpowered. Furthermore, the numerical differences in rates
of Ml and stent thrombosis events represent food for thought, especially
since the same observation was seen in the AFIRE trial.

What Do the Current Guidelines Recommend?

The relative and combined value of OAC and APT in patients who have
had PCl in the context of AF is complex and inevitably clinicians will look
to clinical guidelines for guidance. The ESC guidelines for treatment of AF,
Ml and the use of DAPT is covered in a focused update on DAPT published
in 2017, the 2018 guideline on Ml and the 2020 ESC and European
Association for Cardio-Thoracic Surgery (EACTS) guideline on the
diagnosis and management of AF2? The intersection of management
between the two clinical conditions is covered in the US by the 2020 ACC
Expert Consensus Decision pathway and by the 2019 focused update of
the 2014 AF guideline from the ACC, AHA, and HRS 2%

The ESC 2020 AF guideline recommends dual therapy, including OAC plus
P2Y, inhibitor, as a level la recommendation in patients with ACS or
chronic coronary syndrome undergoing uncomplicated PCl. The
recommendation on the duration of triple therapy is for up to 1 week post
PCl then to discontinue aspirin and continue dual therapy (clopidogrel
plus OAC) for up to 12 months in ACS patients, then DOAC monotherapy
afterwards if the patient has not suffered recurrent ischaemic events in
the interim with a recommended level of evidence of la.

In patients with chronic coronary syndrome undergoing uncomplicated
PCl the recommended duration of dual therapy is up to 6 months followed
by OAC alone with a level of evidence la.

In regard to oral anticoagulation choice, NOAC is preferred instead of
warfarin when combined with an antiplatelet (level la)’ The ESC 2017
focused update on DAPT in CAD patients recommends dual therapy with
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Box 1: High-risk Features of Stent-driven
Recurrent Ischaemic Events per European
Society of Cardiology 2017 Guideline

= Prior stent thrombosis on adequate antiplatelet regimen
« Stenting of last remaining patent coronary artery

- Diffuse multivessel disease especially in patients with diabetes
« Chronic kidney disease (creatinine clearance <60 ml/min)
« Atleast three stents implanted

« Bifurcation with two stents implanted

- Total stent length >60 mm

« Treatment of chronic total occlusion

Source: Valgimigli et al. 2018.”" Reproduced with permission from Oxford University Press.

OAC and one antiplatelet agent (aspirin or clopidogrel) beyond 1 year in
patients with a very high risk of coronary events (Box 1.7

The recommendation on discontinuation of antiplatelets after 1year from
the 2017 ESC guidelines are derived from the 2014 Danish registry (as
mentioned above) that reported that OACs alone are superior to aspirin
post-ACS, and a combination of OAC with aspirin was not more effective
atreducing ischaemic events but was associated with excess bleeding.?*

The ACC 2020 expert consensus document recommends 12 months of
anticoagulation with a single antiplatelet, preferably using clopidogrel in
post-PCl patients following ACS and 6 months post-PCl for chronic
coronary syndrome for patients who require lifelong anticoagulation.®%
Thereafter, it is recommended that OAC therapy alone could be used long
term, except in patients at high risk for thrombotic events but with a low
risk of bleeding. In this cohort, they recommend continuation of OAC plus
a single antiplatelet beyond 12 months.

This consensus recommendation is derived from recent data from the
AFIRE and OAC-Alone trials.”"*”

Figure 1: Antithrombotic Regimen for Patients
Undergoing Percutaneous Coronary Intervention
with Indication for Oral Anticoagulation

Patients undergoing PCl with indication for oral anticoagulation

Ischaemic risk > bleeding risk Higher bleeding risk
v v

OAC + aspirin + clopidogrel OAC + clopidogrel

v

OAC + clopidogrel

1-3 months

6 months

12 months

v v

OAC + clopidogrel OAC alone?
4

Patients with high-risk ischaemic features (as per Box 1) should have long-term OAC and
antiplatelet therapy (preferably clopidogrel) after a period of -3 months of triple therapy. Due to
the lack of data and continued risk of recurrent events including stent thrombosis, OAC therapy
alone may be insufficient 12 months post-PCl and long-term combined antiplatelet/OAC therapy
may be suitable for the majority of patients. OAC = oral anticoagulants; PCl = percutaneous
coronary intervention.

Conclusion

The risk of ST in patients who receive a DES is attractional, and the VLST
event is the commonest (i.e. beyond 12 months after the stent insertion).
Stent thrombosis and acute MI are most commonly mediated by platelet
activation and aggregation. The evidence that DOACs have direct
antiplatelet activity is relatively sparse. The clinical trial evidence that OAC
in general and DOAC in particular, can safely be used without antiplatelet
agents in stent patients beyond 1year is weak and this strategy has never
been specifically tested in this population. Therefore, should single
antiplatelet therapy with DOAC be considered for the majority of patients
1 year after stent insertion (Figure 7)? 1

Goto S, Bhatt DL, Rother J, et al. Prevalence, clinical profile,

https://doi.org/10.1093/eurheartj/ehaa612; PMID: 32860505.

https://doi.org/10.1016/j.amjcard.2018.09.031;

and cardiovascular outcomes of atrial fibrillation patients 8. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS PMID: 30409413.

with atherothrombosis. Am Heart J 2008;156:855-63. https:// focused update of the 2014 AHA/ACC/HRS guideline forthe ~ 15. Erez A, Goldenberg |, Sabbag A, et al. Temporal trends and
doi.org/10.1016/}.ahj.2008.06.029; PMID: 19061698. management of patients with atrial fibrillation: a report of outcomes associated with atrial fibrillation observed during
Benjamin EJ, Muntner P, Alonso A, et al. Heart disease and the American College of Cardiology/American Heart acute coronary syndrome: real-world data from the Acute
stroke statistics — 2019 update: a report from the Association task force on clinical practice guidelines and the Coronary Syndrome Israeli Survey (ACSIS), 2000—-2013. Clin
American Heart Association. Circulation 2019;139:e56-528. Heart Rhythm Society. J Am Coll Cardiol 2019;74:104-32. Cardiol 2017;40:275-80. https://doi.org/10.1002/clc.22654;
https://doi.org/10.1161/CIR.0000000000000659; https://doi.org/10.1016/j.jacc.2019.01.011; PMID: 30703431. PMID: 27918068.

PMID: 30700139. 9. National Institute of Health and Care Excellence. Atrial 16. McManus DD, Huang W, Domakonda KV, et al. Trends in
Krijthe BP, Kunst A, Benjamin EJ, et al. Projections on the fibrillation: diagnosis and management. London: NICE, 2021. atrial fibrillation in patients hospitalized with an acute
number of individuals with atrial fibrillation in the European https://www.nice.org.uk/guidance/ng196 (accessed 11 April coronary syndrome. Am J Med 2012;125:1076—84. https:/doi.
Union, from 2000 to 2060. Eur Heart J 2013;34:2746-51. 2023). 0rg/10.1016/j.amjmed.2012.05.024; PMID: 23098864.
https://doi.org/10.1093/eurheartj/eht280; PMID: 23900699. 10. Noubiap JJ, Agbaedeng TA, Nyaga UF, et al. Atrial fibrillation 17 Hansen ML, Serensen R, Clausen MT, et al. Risk of bleeding
Andrew NE, Thrift AG, Cadilhac DA. The prevalence, impact incidence, prevalence, predictors, and adverse outcomes in with single, dual, or triple therapy with warfarin, aspirin, and
and economic implications of atrial fibrillation in stroke: acute coronary syndromes: a pooled analysis of data from 8 clopidogrel in patients with atrial fibrillation. Arch Intern Med
what progress has been made? Neuroepidemiology million patients. J Cardiovasc Electrophysiol 2022;33:414-22. 2010;170:1433-41. https://doi.org/10.1001/

2013;40:227-39. https://doi.org/10.1159/000343667; https://doi.org/10.1111/jce.15351; PMID: 34981859. archinternmed.2010.271; PMID: 20837828.

PMID: 23364221. 11.  Gonzalez-Pacheco H, Marquez MF, Arias-Mendoza A, et al. 18. Suh JW, Mehran R, Claessen BE, et al. Impact of in-hospital
Dulli DA, Stanko H, Levine RL. Atrial fibrillation is associated Clinical features and in-hospital mortality associated with major bleeding on late clinical outcomes after primary

with severe acute ischemic stroke. Neuroepidemiology different types of atrial fibrillation in patients with acute percutaneous coronary intervention in acute myocardial
2003;22:118-23. https://doi.org/10.1159/000068743; coronary syndrome with and without ST elevation. J Cardiol infarction the HORIZONS-AMI (Harmonizing Outcomes With
PMID: 12629277. 2015;66:148-54. https://doi.org/10.1016/j.jicc.2014.11.001; Revascularization and Stents in Acute Myocardial Infarction)
Ceornodolea AD, Bal R, Severens JL. Epidemiology and PMID: 25480145. trial. J Am Coll Cardiol 2011;58:1750—6. https://doi.
management of atrial fibrillation and stroke: review of data 12. Krijthe BP, Leening MJ, Heeringa J, et al. Unrecognized 0rg/10.1016/j.jacc.2011.07.021; PMID: 21996385.

from four European countries. Stroke Res Treat myocardial infarction and risk of atrial fibrillation: the 19. Lopes RD, Rao M, Simon DN, et al. Triple vs dual
2017;2017:8593207. https://doi.org/10.1155/2017/8593207; Rotterdam study. Int J Cardiol 2013;168:1453-7. https://doi. antithrombotic therapy in patients with atrial fibrillation and
PMID: 28634569. 0rg/10.1016/j.ijcard.2012.12.057; PMID: 23332895. coronary artery disease. Am J Med 2016;129:592-9.e1.
Hindricks G, Potpara T, Dagres N, et al. 2020 ESC guidelines  13. Kralev S, Schneider K, Lang S, et al. Incidence and severity https://doi.org/10.1016/j.amjmed.2015.12.026;

for the diagnosis and management of atrial fibrillation of coronary artery disease in patients with atrial fibrillation PMID: 26797080.

developed in collaboration with the European Association undergoing first-time coronary angiography. PLoS One 20. Dewilde WJ, Oirbans T, Verheugt FW, et al. Use of

for Cardio-Thoracic Surgery (EACTS): The Task Force for the 2011;6:€24964. https://doi.org/10.1371/journal.pone.0024964; clopidogrel with or without aspirin in patients taking oral
diagnosis and management of atrial fibrillation of the PMID: 21957469. anticoagulant therapy and undergoing percutaneous
European Society of Cardiology (ESC). Developed with the 14. Guimaraes PO, Zakroysky P, Goyal A, et al. Usefulness of coronary intervention: an open-label, randomised,

special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur Heart J 2021;42:373-498.

antithrombotic therapy in patients with atrial fibrillation and
acute myocardial infarction. Am J Cardiol 2019;123:12-8.

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES

www.ICRjournal.com

controlled trial. Lancet 2013;381:1107-15. https:/doi.
0rg/10.1016/S0140-6736(12)62177-1; PMID: 23415013.


https://doi.org/10.1016/j.ahj.2008.06.029
https://doi.org/10.1016/j.ahj.2008.06.029
https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1093/eurheartj/eht280
https://doi.org/10.1159/000343667
https://doi.org/10.1159/000068743
https://doi.org/10.1155/2017/8593207
https://doi.org/10.1016/j.jacc.2019.01.011
https://www.nice.org.uk/guidance/ng196
https://doi.org/10.1111/jce.15351
https://doi.org/10.1016/j.jjcc.2014.11.001
https://doi.org/10.1016/j.ijcard.2012.12.057
https://doi.org/10.1016/j.ijcard.2012.12.057
https://doi.org/10.1371/journal.pone.0024964
https://doi.org/10.1016/j.amjcard.2018.09.031
https://doi.org/10.1002/clc.22654
https://doi.org/10.1016/j.amjmed.2012.05.024
https://doi.org/10.1016/j.amjmed.2012.05.024
https://doi.org/10.1001/archinternmed.2010.271
https://doi.org/10.1001/archinternmed.2010.271
https://doi.org/10.1016/j.jacc.2011.07.021
https://doi.org/10.1016/j.jacc.2011.07.021
https://doi.org/10.1016/j.amjmed.2015.12.026
https://doi.org/10.1016/S0140-6736(12)62177-1
https://doi.org/10.1016/S0140-6736(12)62177-1

AF, Stent and Anticoagulant

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Khan SU, Osman M, Khan MU, et al. Dual versus triple
therapy for atrial fibrillation after percutaneous coronary
intervention: a systematic review and meta-analysis. Ann
Intern Med 2020;172:474-83. https://doi.org/10.7326/M19-
3763; PMID: 32176890.

Gibson CM, Mehran R, Bode C, et al. Prevention of bleeding
in patients with atrial fibrillation undergoing PCI. N Engl J
Med 2016;375:2423-34. https://doi.org/10.1056/
NEJMoal1611594; PMID: 27959713.

Vranckx P, Valgimigli M, Eckardt L, et al. Edoxaban-based
versus vitamin K antagonist-based antithrombotic regimen
after successful coronary stenting in patients with atrial
fibrillation (ENTRUST-AF PCl): a randomised, open-label,
phase 3b trial. Lancet 2019;394:1335-43. https://doi.
0rg/10.1016/S0140-6736(19)31872-0; PMID: 31492505.

Lopes RD, Heizer G, Aronson R, et al. Antithrombotic
therapy after acute coronary syndrome or PCl in atrial
fibrillation. N Engl J Med 2019;380:1509-24. https://doi.
0rg/10.1056/NEJM0a1817083; PMID: 30883055.

Pignatelli P, Pastori D, Bartimoccia S, et al. Anti Xa oral
anticoagulants inhibit in vivo platelet activation by
modulating glycoprotein VI shedding. Pharmacol Res
2016;113:484-9. https://doi.org/10.1016/}.phrs.2016.09.035;
PMID: 27693274.

Kumbhani DJ, Cannon CP, Beavers CJ, et al. 2020 ACC
expert consensus decision pathway for anticoagulant and
antiplatelet therapy in patients with atrial fibrillation or
venous thromboembolism undergoing percutaneous
coronary intervention or with atherosclerotic cardiovascular
disease: a report of the American College of Cardiology
solution set oversight committee. J Am Coll Cardiol
2021;77:629-58. https://doi.org/10.1016/j.jacc.2020.09.011;
PMID: 33250267.

Valgimigli M, Bueno H, Byrne RA, et al. 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 J
2018 2017;39:213-60. https://doi.org/10.1093/eurheartj/
ehx419; PMID: 288886622.

Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline
focused update on duration of dual antiplatelet therapy in
patients with coronary artery disease: a report of the
American College of Cardiology/American Heart Association
task force on clinical practice guidelines. J Thorac Cardiovasc
Surg 2016;152:1243-75. https://doi.org/10.1016/;.
jtcvs.2016.07.044; PMID: 27751237.

Réber L, Magro M, Giulio G, et al. Very late coronary stent
thrombosis of a newer-generation everolimus-eluting stent
compared with early-generation drug-eluting stents: a
prospective cohort study. Circulation 2012;125:1110-21.
https://doi.org/ 10.1161/CIRCULATIONAHA111.058560;

PMID: 22302840.

Yang YX, Liu Y, Li XW, et al. Clinical outcomes after
percutaneous coronary intervention for early versus late
and very late stent thrombosis: a systematic review and
meta-analysis. J Thromb Thrombolysis 2021;51:682-92.
https://doi.org/10.1007/s11239-020-02184-7; PMID: 32691275.
Sudhir K, Hermiller JB, Ferguson JM, Simonton CA. Risk
factors for coronary drug-eluting stent thrombosis: influence
of procedural, patient, lesion, and stent related factors and
dual antiplatelet therapy. ISRN Cardiol 2013;2013:748736.
https://doi.org/10.1155/2013/748736; PMID: 23862074.
Ambrose JA, Singh M. Pathophysiology of coronary artery
disease leading to acute coronary syndromes. FI000Prime
Rep 2015;7:08. https://doi.org/10.12703/P7-08;

PMID: 25705391.

Shahjehan RD, Bhutta BS. Coronary artery disease. In:
StatPearls. Treasure Island, FL: Stat Pearls Publishing, 2022.
Davies MJ, Thomas AC. Plaque fissuring: the cause of acute
myocardial infarction, sudden ischemic death, and
crescendo angina. Br Heart J 1985;53:363-73. https:/doi.
0rg/10.1136/hrt.53.4.363; PMID: 3885978.

Sangkuhl K, Shuldiner AR, Klein TE, Altman RB. Platelet
aggregation pathway. Pharmacogenet Genomics 2011;21:516—
21. https://doi.org/10.1097/FPC.0b013e3283406323;

PMID: 20938371.

Li Z, Delaney MK, O’Brien KA, Du X. Signaling during
platelet adhesion and activation. Arterioscler Thromb Vasc Biol
2010;30:2341-9. https://doi.org/10.1161/ATVBAHA110.207522;
PMID: 21071698.

Undas A, Brummel-Ziedins KE, Mann KG. Antithrombotic
properties of aspirin and resistance to aspirin: beyond
strictly antiplatelet actions. Blood 2007;109:2285-92.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

https://doi.org/10.1182/blood-2006-01-010645;

PMID: 17148593.

Wallentin L. P2Y12 inhibitors: differences in properties and
mechanisms of action and potential consequences for
clinical use. Eur Heart J 2009;30:1964-77. https://doi.
0rg/10.1093/eurheartj/ehp296; PMID: 19633016.

Meadows TA, Bhatt DL. Clinical aspects of platelet inhibitors
and thrombus formation. Circ Res 2007;100:1261-75. https://
doi.org/10.1161/01.RES.0000264509.36234.57;

PMID: 17495233.

Reejhsinghani R, Lotfi AS. Prevention of stent thrombosis:
challenges and solutions. Vasc Health Risk Manag 2015;11:93—
106. https://doi.org/10.2147/VHRM.S43357; PMID: 25657588.
Chen ZM, Jiang LX, Chen YP, et al. Addition of clopidogrel
to aspirin in 45,852 patients with acute myocardial
infarction: randomised placebo-controlled trial. Lancet
2005;366:1607-21. https://doi.org/10.1016/S0140-
6736(05)67660-X; PMID: 16271642.

Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in
addition to aspirin in patients with acute coronary
syndromes without ST-segment elevation. N Engl J Med
2001;345:494-502. https://doi.org/10.1056/NEJM0a010746;
PMID: 11519503.

Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes. N
Engl J Med 2009;361:1045-57. https://doi.org/10.1056/
NEJM0a0904327; PMID: 19717846.

Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus
clopidogrel in patients with acute coronary syndromes. N
Engl J Med 2007;357:2001-15. https://doi.org/10.1056/
NEJM0a0706482; PMID: 17982182.

Schiipke S, Neumann FJ, Menichelli M, et al. Ticagrelor or
prasugrel in patients with acute coronary syndromes. N Eng/
J Med 2019;381:1524-34. https://doi.org/10.1056/
NEJM0a1908973; PMID: 31475799.

O’Donnell MJ, Chin SL, Rangarajan S, et al. Global and
regional effects of potentially modifiable risk factors
associated with acute stroke in 32 countries (INTERSTROKE):
a case-control study. Lancet 2016;388:761-75. https:/doi.
0rg/10.1016/S0140-6736(16)30506-2; PMID: 27431356.

Flint AC, Banki NM, Ren X, et al. Detection of paroxysmal
atrial fibrillation by 30-day event monitoring in cryptogenic
ischemic stroke: the stroke and monitoring for PAF in real
time (SMART) registry. Stroke 2012;43:2788-90. https://doi.
0rg/10.1161/STROKEAHA112.665844; PMID: 22871679.

Gage BF, Waterman AD, Shannon W, et al. Validation of
clinical classification schemes for predicting stroke: results
from the national registry of atrial fibrillation. JAMA
2001;285:2864-70. https://doi.org/10.1001/
jama.285.22.2864; PMID: 11401607.

European Heart Rhythm Association, European Association
for Cardio-Thoracic Surgery, Camm AJ, et al. Guidelines for
the management of atrial fibrillation: the task force for the
management of atrial fibrillation of the European Society of
Cardiology (ESC). Eur Heart J 2010;31:2369-429. https:/doi.
0rg/10.1093/eurheartj/ehq278; PMID: 20802247

Lip GY, Frison L, Halperin JL, Lane DA. Comparative
validation of a novel risk score for predicting bleeding risk
in anticoagulated patients with atrial fibrillation. The HAS-
BLED (hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile INR, elderly, drugs/
alcohol concomitantly) score. J Am Coll Cardiol 2011;,57:173—
80. https://doi.org/10.1016/}.jacc.2010.09.024;

PMID: 21111555.

Zhu W, He W, Guo L, et al. The HAS-BLED score for
predicting major bleeding risk in anticoagulated patients
with atrial fibrillation: a systematic review and meta-
analysis. Clin Cardiol 2015;38:555—61. https://doi.org/10.1002/
clc.22435; PMID: 26418409.

Stroke Prevention in Atrial Fibrillation Investigators. Stroke
Prevention in Atrial Fibrillation study. Final results. Circulation
1991;84:527-39. https://doi.org/10.1161/01.cir.84.2.527;

PMID: 1860198.

Hart RG, Benavente O, McBride R, Pearce LA.
Antithrombotic therapy to prevent stroke in patients with
atrial fibrillation: a meta-analysis. Ann Intern Med
1999;131:492-501. https://doi.org/10.7326/0003-4819-131-7-
199910050-00003; PMID: 10507957.

van Walraven C, Hart RG, Singer DE, et al. Oral
anticoagulants vs aspirin in nonvalvular atrial fibrillation: an
individual patient meta-analysis. JAMA 2002;288:2441-8.
https://doi.org/10.1001/jama.288.19.2441; PMID: 12435257.
Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus
warfarin in patients with atrial fibrillation. N Engl J Med
2009;361:1139-51. https://doi.org/10.1056/NEJM0a0905561;

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

.

72.

73.

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES

www.ICRjournal.com

PMID: 19717844.

Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus
warfarin in nonvalvular atrial fibrillation. N Engl J Med
2011;365:883-91. https://doi.org/10.1056/NEJM0a1009638;
PMID: 21830957.

Halvorsen S, Atar D, Yang H, et al. Efficacy and safety of
apixaban compared with warfarin according to age for
stroke prevention in atrial fibrillation: observations from the
ARISTOTLE trial. Eur Heart J 2014;35:1864-72. https://doi.
0rg/10.1093/eurheartj/ehu046; PMID: 24561548.

Granger CB, Alexander JH, McMurray JJ, et al. Apixaban
versus warfarin in patients with atrial fibrillation. N Engl J
Med 2011;365:981-92. https://doi.org/10.1056/
NEJMoa'107039; PMID: 21870978.

Ansell J, Hirsh J, Hylek E, et al. Pharmacology and
management of the vitamin K antagonists: American
College of Chest Physicians evidence-based clinical practice
guidelines (8th edition). Chest 2008;133(Suppl):160S—98S.
https://doi.org/10.1378/chest.08-0670; PMID: 18574265.
Schwarb H, Tsakiris DA. New direct oral anticoagulants
(DOAC) and their use today. Dent J (Basel) 2016;4:5. https:/
doi.org/10.3390/dj4010005; PMID: 29563447.

Raghavan N, Frost CE, Yu Z, et al. Apixaban metabolism and
pharmacokinetics after oral administration to humans. Drug
Metab Dispos 2009;37:74-81. https://doi.org/10.1124/
dmd.108.023143; PMID: 18832478.

Al-Tamimi M, Grigoriadis G, Tran H, et al. Coagulation-
induced shedding of platelet glycoprotein VI mediated by
factor Xa. Blood 2011;117:3912—20. https://doi.org/10.1182/
blood-2010-08-301523; PMID: 21252089.

Pujadas-Mestres L, Lopez-Vilchez |, Arellano-Rodrigo E, et
al. Differential inhibitory action of apixaban on platelet and
fibrin components of forming thrombi: studies with
circulating blood and in a platelet-based model of thrombin
generation. PLoS One 2017;12:e0171486. https://doi.
0rg/10.1371/journal.pone.0171486; PMID: 28192448.

Bhatt DL, Eagle KA, Ohman EM, et al. Comparative
determinants of 4-year cardiovascular event rates in stable
outpatients at risk of or with atherothrombosis. JAMA
2010;304:1350-7. https://doi.org/10.1001/jama.2010.1322;
PMID: 20805624.

Alexander JH, Lopes RD, James S, et al. Apixaban with
antiplatelet therapy after acute coronary syndrome. N Engl J
Med 2011;365:699-708. https://doi.org/10.1056/
NEJMoa1105819; PMID: 21780946.

Anand SS, Yusuf S. Oral anticoagulants in patients with
coronary artery disease. J Am Coll Cardiol 2003;41(Suppl
S):62S-9. https://doi.org/10.1016/S0735-1097(02)02776-6;
PMID: 12644343.

Lamberts M, Gislason GH, Lip GY, et al. Anti-platelet therapy
for stable coronary artery disease in atrial fibrillation
patients taking an oral anticoagulant: a nationwide cohort
study. Circulation 2014;129:1577-85. https://doi.org/10.1161/
CIRCULATIONAHA113.004834; PMID: 24470482.
Antithrombotic Trialists’ (ATT) Collaboration, Baigent C,
Blackwell L, et al. Aspirin in the primary and secondary
prevention of vascular disease: collaborative meta-analysis
of individual participant data from randomised trials. Lancet
2009;373:1849-60. https://doi.org/10.1016/S0140-
6736(09)60503-1; PMID: 19482214.

Anand SS, Yusuf S. Oral anticoagulant therapy in patients
with coronary artery disease: a meta-analysis. JAMA
1999;282:2058-67. https://doi.org/10.1001/
jama.282.21.2058; PMID: 10591389.

Cannon CP, Bhatt DL, Oldgren J, et al. Dual antithrombotic
therapy with dabigatran after PCl in atrial fibrillation. N Engl J
Med 2017;377:1513-24. https://doi.org/10.1056/
NEJMoa1708454; PMID: 28844193.

Yasuda S, Kaikita K, Akao M, et al. Antithrombotic therapy
for atrial fibrillation with stable coronary disease. N £ngl J
Med 2019;381:1103-13. https://doi.org/10.1056/
NEJMo0a1904143; PMID: 31475793.

Naito R, Miyauchi K, Yasuda S, et al. Rivaroxaban
monotherapy vs combination therapy with antiplatelets on
total thrombotic and bleeding events in atrial fibrillation with
stable coronary artery disease: a post hoc secondary
analysis of the AFIRE trial. JAMA Cardiol 2022;7:787-94.
https://doi.org/10.1001/jamacardio.2022.1567;

PMID: 35704345.

Yukiko Matsumura-Nakano, et al. Open-label randomized
trial comparing oral anticoagulation with and without single
antiplatelet therapy in patients with atrial fibrillation and
stable coronary artery disease beyond 1year after coronary
stent implantation.Circulation 2019;139:604-16. https://doi.
0rg/10.1161/CIRCULATIONAHA118.036768; PMID: 30586700.


https://doi.org/10.7326/M19-3763
https://doi.org/10.7326/M19-3763
https://doi.org/10.1056/NEJMoa1611594
https://doi.org/10.1056/NEJMoa1611594
https://doi.org/10.1016/s0140-6736(19)31872-0
https://doi.org/10.1016/s0140-6736(19)31872-0
https://doi.org/10.1056/NEJMoa1817083
https://doi.org/10.1056/NEJMoa1817083
https://doi.org/10.1016/j.phrs.2016.09.035
https://doi.org/10.1016/j.jacc.2020.09.011
https://doi.org/10.1093/eurheartj/ehx419
https://doi.org/10.1093/eurheartj/ehx419
https://doi.org/10.1016/j.jtcvs.2016.07.044
https://doi.org/10.1016/j.jtcvs.2016.07.044
https://doi.org
https://doi.org/10.1007/s11239-020-02184-7
https://doi.org/10.1155/2013/748736
https://doi.org/10.12703/p7-08
https://doi.org/10.1136/hrt.53.4.363
https://doi.org/10.1136/hrt.53.4.363
https://www.ncbi.nlm.nih.gov/pubmed/3885978
https://doi.org/10.1097/fpc.0b013e3283406323
http://www.ncbi.nlm.nih.gov/pubmed/20938371
https://doi.org/10.1161/atvbaha.110.207522
https://doi.org/10.1182/blood-2006-01-010645
https://doi.org/10.1093/eurheartj/ehp296
https://doi.org/10.1093/eurheartj/ehp296
https://doi.org/10.1161/01.res.0000264509.36234.51
https://doi.org/10.1161/01.res.0000264509.36234.51
https://doi.org/10.2147/VHRM.S43357
https://doi.org/10.1016/S0140-6736(05)67660-X
https://doi.org/10.1016/S0140-6736(05)67660-X
https://doi.org/10.1056/NEJMoa010746
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa1908973
https://doi.org/10.1056/NEJMoa1908973
https://doi.org/10.1016/S0140-6736(16)30506-2
https://doi.org/10.1016/S0140-6736(16)30506-2
https://doi.org/10.1161/STROKEAHA.112.665844
https://doi.org/10.1161/STROKEAHA.112.665844
https://doi.org/10.1001/jama.285.22.2864
https://doi.org/10.1001/jama.285.22.2864
https://doi.org/10.1093/eurheartj/ehq278
https://doi.org/10.1093/eurheartj/ehq278
https://doi.org/10.1016/j.jacc.2010.09.024
https://doi.org/10.1002/clc.22435
https://doi.org/10.1002/clc.22435
https://doi.org/10.1161/01.cir.84.2.527
https://doi.org/10.7326/0003-4819-131-7-199910050-00003
https://doi.org/10.7326/0003-4819-131-7-199910050-00003
https://doi.org/10.1001/jama.288.19.2441
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1093/eurheartj/ehu046
https://doi.org/10.1093/eurheartj/ehu046
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1378/chest.08-0670
https://doi.org/10.3390/dj4010005
https://doi.org/10.3390/dj4010005
https://doi.org/10.1124/dmd.108.023143
https://doi.org/10.1124/dmd.108.023143
https://doi.org/10.1182/blood-2010-08-301523
https://doi.org/10.1182/blood-2010-08-301523
https://doi.org/10.1371/journal.pone.0171486
https://doi.org/10.1371/journal.pone.0171486
https://doi.org/10.1001/jama.2010.1322
https://doi.org/10.1056/nejmoa1105819
https://doi.org/10.1056/nejmoa1105819
https://doi.org/10.1016/s0735-1097(02)02776-6
https://doi.org/10.1161/CIRCULATIONAHA.113.004834
https://doi.org/10.1161/CIRCULATIONAHA.113.004834
https://doi.org/10.1016/s0140-6736(09)60503-1
https://doi.org/10.1016/s0140-6736(09)60503-1
https://doi.org/10.1001/jama.282.21.2058
https://doi.org/10.1001/jama.282.21.2058
https://doi.org/10.1056/NEJMoa1708454
https://doi.org/10.1056/NEJMoa1708454
https://doi.org/10.1056/nejmoa1904143
https://doi.org/10.1056/nejmoa1904143
https://doi.org/10.1001/jamacardio.2022.1561
https://doi.org/10.1161.CIRCULATIONAHA.118.036768
https://doi.org/10.1161.CIRCULATIONAHA.118.036768

