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Introduction

Stroke is the secondmost common cause ofmortality and the
third most common cause of disability worldwide.1 In 2013,
approximately 10.3 million new strokes occurred through-
out the world (67% due to ischaemic stroke), and strokes

overall were shown to be associated with 113 million dis-
ability-adjusted life years (DALYs).2 Data from the Royal
College of Physicians Sentinel Stroke National Audit Program
(SSNAP) have shown that up to 40% of stroke survivors were
left disabled and dependent on others for helpwith activities
of daily living.3
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Abstract With improved life expectancy and the aging population, the global burden of atrial
fibrillation (AF) continues to increase, and with AF comes an estimated fivefold
increased risk of ischaemic stroke. Prophylactic anticoagulant therapy is more effective
in reducing the risk of ischaemic stroke in AF patients than acetylsalicylic acid or dual-
antiplatelet therapy combining ASA with clopidogrel. Non-vitamin K antagonist oral
anticoagulants are the standard of care for stroke prevention in patients with non-
valvular AF. The optimal anticoagulant strategy to prevent thromboembolism in AF
patients who are undergoing percutaneous coronary intervention and stenting, those
who have undergone successful transcatheter aortic valve replacement and those with
embolic stroke of undetermined source are areas of ongoing research. This article
provides an update on three randomized controlled trials of rivaroxaban, a direct, oral
factor Xa inhibitor, that are complete or are ongoing, in these unmet areas of stroke
prevention: oPen-label, randomized, controlled, multicentre study explorIng twO
treatmeNt stratEgiEs of Rivaroxaban and a dose-adjusted oral vitamin K antagonist
treatment strategy in patients with Atrial Fibrillation who undergo Percutaneous
Coronary Intervention (PIONEER AF-PCI) trial; the New Approach riVaroxaban Inhibition
of factor Xa in a Global trial vs Aspirin to prevenT Embolism in Embolic Stroke of
Undetermined Source (NAVIGATE ESUS) trial and the Global study comparing a
rivAroxaban-based antithrombotic strategy to an antipLatelet-based strategy after
transcatheter aortIc vaLve rEplacement to Optimize clinical outcomes (GALILEO) trial.
The data from these studies are anticipated to help address continuing challenges for a
range of patients at risk of stroke.
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The global burden of stroke is also rising. Between 1990
and 2013, there was a significant increase in the number of
people affected by both ischaemic and haemorrhagic stroke
(an increase of 2.58 and 1.48 million cases, respectively),2

and a recent report published by the Stroke Alliance for
Europe (SAFE) projects that overall there will be a 34%
increase in the total number of stroke events in Europe,
rising from 613,148 in 2015 to 819,771 in 2035.4

Innovative and novel strategies are required to reduce the
global burden of stroke. Rivaroxaban is a non-vitamin K
antagonist (VKA) oral anticoagulant (NOAC) that selectively
and directly inhibits factor Xa, preventing thrombin forma-
tion and thereby intravascular thrombosis.5 Rivaroxaban has
now shown a good safety and efficacy profile in several areas
of thromboembolism, including the prevention of stroke and
systemic embolism in adult patients with non-valvular atrial
fibrillation (NVAF);6 the treatment of deep vein thrombosis
(DVT) and pulmonary embolism (PE) and prevention of
recurrent DVT and PE in adults;7,8 the prevention of venous
thromboembolism (VTE) in adult patients undergoing elec-
tive hip or knee replacement surgery9–12 and the prevention
of atherothrombotic events in adult patients after an acute
coronary syndrome (ACS) with elevated cardiac biomarkers
when co-administered with acetylsalicylic acid (ASA) alone
or with ASA plus clopidogrel or ticlopidine.13

This review will cover recently completed and ongoing
studies of rivaroxaban for the prevention of stroke or throm-
botic events in three areas of unmet need: patientswith NVAF
undergoing percutaneous coronary intervention (PCI) with
stenting (the oPen-label, randomized, controlled, multicentre
study explorIng twO treatmeNt stratEgiEs of Rivaroxaban and
a dose-adjusted oral vitamin K antagonist treatment strategy
in patients with Atrial Fibrillationwho undergo Percutaneous
Coronary Intervention [PIONEERAF-PCI] trial14);patientswho
have undergone successful transcatheter aortic valve replace-
ment (TAVR) for aortic stenosis (AS; the Global study compar-
ing a rivAroxaban-based antithrombotic strategy to an
antipLatelet-based strategy after transcatheter aortIc vaLve
rE-placement to Optimise clinical outcomes [GALILEO] trial)15

and patients with embolic stroke of undetermined source
(ESUS; the New Approach riVaroxaban Inhibition of factor
Xa in a Global trial vs Aspirin to prevenT Embolism in Embolic
Stroke of Undetermined Source [NAVIGATE ESUS] trial).16

Clinical Background: Patients with Atrial
Fibrillation Undergoing Percutaneous
Coronary Intervention with Stenting

Approximately 2 to 21% of patients with ACS have underlying
AF.17,18 ACS patients with AF have a two- to threefold
increase in their risk of stroke, re-infarction, major bleeding
andmortality when compared with those with normal sinus
rhythm.19–21 Thus, the administration of an intensive com-
bination antithrombotic strategy requires a delicate balance
between the reduction of ischaemic events and an increased
risk of bleeding.22–26

Current guidelines recommend administration of an oral
anticoagulant (such as VKAs, apixaban, dabigatran or rivar-

oxaban) in patients with NVAF for prophylaxis against
ischaemic stroke.18,27–29 In the European Society of Cardiol-
ogy (ESC) guidelines, a NOAC is recommended in preference
to a VKA.28 Patients with ACS who undergo PCI require an
alternate antithrombotic regimen. Guidelines recommend
the administration of dual-antiplatelet therapy (DAPT),
which consists of ASA and a P2Y12 inhibitor, to manage
patients with ACS who undergo PCI.30–32 The recommended
duration of DAPT varies with the type of stent that is placed
and with the patient’s indication for the procedure (elective
PCI or in the setting of an ACS), and ranges from at least
1 month for a baremetal stent to at least 6months for a drug-
eluting stent, and 12 months or beyond in ACS.33 In patients
with both ACS and AF, triple combination therapy is often
recommended.18,29,34 This regimen, which includes an oral
anticoagulant in addition to DAPT, is associatedwith a three-
to fourfold increased risk of fatal and non-fatal bleed-
ing.22,24–26,35 A North American expert-based consensus
on the treatment of patients with AF undergoing PCI recom-
mends that the duration of DAPT, when given alongside oral
anticoagulation (OAC), should not extend to a full 12 months
and to consider single antiplatelet therapy starting within
the first 6 months (0–6 months post stenting depending on
the ischaemic/thrombotic and bleeding risk profile) for �12
months.32 Discontinuation of antiplatelet therapy by 1 year
may be considered inmost patients, particularly those at low
thrombotic riskor high bleeding risk. It is not knownwhether
any single antiplatelet therapy offers additional secondary
thrombotic prevention benefit in addition toOACuse beyond
the early post-stent timewindow. The choice of OAC (VKA or
NOAC; ideally administered as lifelong therapy, unless con-
traindicated) should be at the discretion of the treating
physician, with patients informed on the risk–benefit pro-
files of each therapy. Given the higher risk of both ischaemic
and bleeding complications early after PCI, along with OAC
initiation, patients should be monitored closely during the
first few months postprocedure.32

Prior to the PIONEER AF-PCI trial, there were a lack of data
regarding the optimal therapy strategy in this patient popu-
lation, for whom clinicians must balance the risk of stent
thrombosis and ischaemic stroke with the risk of bleed-
ing.14,23,36 The PIONEER AF-PCI trial evaluated treatment
strategies similar to previous trials (in different patient
populations) that demonstrated favorable benefit/risk ratios
of rivaroxaban-based regimens compared with VKA-based
regimens, as well as single antiplatelet regimens compared
with DAPT in combination with anticoagulants.6,13,14,37,38

The What Optimal antiplatElet and anticoagulant in
patients with oral anticoagulation and coronary StenTing
(WOEST) trial evaluated the safety and efficacy of clopidogrel
alone compared with DAPT in patients who received long-
term therapy with VKA and underwent PCI.37 Patients who
received clopidogrel alone demonstrated a significant reduc-
tion in bleeding compared with those on DAPT, with no
increase in thrombosis. This trial suggested that, in combi-
nation with an oral anticoagulant, a single antiplatelet
strategy with a P2Y12 inhibitor may be a safer and equally
efficacious approach compared with DAPT.37
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Several trials formed the basis of the rivaroxaban regimens
studied in the PIONEER AF-PCI trial. In the Rivaroxaban Once-
daily oral direct factor Xa inhibition Comparedwith vitamin K
antagonism for prevention of stroke and Embolism Trial in
Atrial Fibrillation (ROCKET-AF) trial, rivaroxaban 20 mg once
daily (od) demonstrated an effective reduction in the risk of
stroke in patients with NVAF, compared with VKAs.6

The Anti-Xa Therapy to Lower Cardiovascular Events in
Addition to Standard Therapy in Subjects With Acute Cor-
onary Syndrome—Thrombolysis In Myocardial Infarction 51
(ATLAS-ACS 2-TIMI 51) trial demonstrated a reduced risk of
the composite endpoint of death from cardiovascular causes,
myocardial infarction (MI) or stroke, and especially a reduced
risk of mortality and stent thrombosis in ACS patients who
received rivaroxaban 2.5 mg twice daily (bid) in addition to
single or dual-antiplatelet therapy, compared with those on
antiplatelet therapy alone (ASA þ either clopidogrel or ticlo-
pidine).13 This trial demonstrated the efficacy of rivaroxaban
(2.5 mg bid) in the management of ACS. This was accom-
panied by an increased risk of major bleeding and intracra-
nial haemorrhage (ICH)—but without an increased risk of
fatal bleeding—compared with placebo.13

Several RCTs are ongoing that seek to elucidate the
efficacy and safety of NOACs in patientswith AFwhoundergo
a PCI with stenting.39–41 The results of the WOEST, ROCKET-
AF and ATLAS-ACS 2-TIMI 51 trials formed the basis of the
PIONEER AF-PCI trial, which addressed the unmet need of
the optimal antithrombotic regimen in patients with both
NVAF and coronary artery disease (CAD).14

PIONEER AF-PCI Trial Design and Update

PIONEER AF-PCI was an open-label, randomized, controlled,
multicentre trial that evaluated the safety of two different
regimens of rivaroxaban compared with VKA in patients
with NVAF who underwent PCI with stent placement.14,38

The primary safety endpoint was the occurrence of clinically
significant bleeding (Thrombolysis in Myocardial Infarction
[TIMI], major or minor bleeding, or bleeding requiring med-
ical attention [BRMA]) during the 12-month treatment per-
iod. Efficacy endpoints were secondary and included the
occurrence of major adverse cardiovascular events (MACE;
cardiovascular [CV] death, MI or stroke). The individual
components of the primary and secondary safety endpoints
and stent thrombosis were also reported. All efficacy events
were adjudicated by a blinded independent clinical events
committee. Exploratory endpoints included the occurrence
of International Society on Thrombosis and Haemostasis
(ISTH) major bleeding, Global Utilization of Streptokinase
and Tissue Plasminogen Factor for Occluded Coronary
Arteries (GUSTO) severe bleeding, and bleeding classified
according to the Bleeding Academic Research Consortium
(BARC).38

Prior to randomization, the investigators decided the
intended duration of DAPT (1, 6 or 12 months) and the specific
P2Y12 inhibitor (clopidogrel, prasugrel or ticagrelor) that would
beused.A total of2,124patientswerestratifiedaccording to the
predetermined DAPT duration and randomized in a 1:1:1 ratio

to one of the three treatment groups. Patients were eligible for
randomization 72 hours after sheath removal and when the
internationalnormalizedratio (INR)was2.5or lower.Patients in
Group1wereadministered a regimen consistingof rivaroxaban
15 mgodplusaP2Y12 inhibitor for12months. Patients inGroup
2 received rivaroxaban 2.5 mg bid in addition to DAPT for the
prespecified duration of 1, 6 or 12 months. Patients in Group 2
who received treatment for 1 or 6 months continued on
rivaroxaban 15 mg od with low-dose ASA (75–100 mg/day)
for the remaining duration of the 12-month treatment period.
Patients in Group 3 received a traditional ‘triple therapy’ regi-
men, which consisted of dose-adjusted VKA plus DAPT for the
prespecified duration of 1, 6 or 12 months. Patients in Group 3
who received treatment for 1 or 6 months received VKA with
low-dose ASA for the remaining duration of the 12-month
treatment period.38

In Groups 2 and 3, 15.8% (221/1,403) of patients were
assigned to 1 month of DAPT, 35.0% (491/1,403) to 6 months
of DAPT and 49.3% (691/1,403) to 12 months of DAPT. The
intended P2Y12 inhibitor for more than 90% of patients was
clopidogrel.38

At 12 months, the primary safety endpoint occurred in
16.8% (n ¼ 109) of patients in Group 1, 18.0% (n ¼ 117) of
patients in Group 2 and 26.7% (n ¼ 167) of patients in Group 3
(Group 1 vs. Group 3 hazard ratio [HR]: 0.59; 95% confidence
interval [CI]: 0.47–0.76;p < 0.001andGroup2vs.Group3HR:
0.63; 95% CI: 0.50–0.80; p < 0.001; ►Fig. 1). The primary
safety endpoint of clinically significant bleeding occurred in
393 patients. Of those bleeding events, 85.0% (n ¼ 334) were
BRMA, 6.9% (n ¼ 27) were minor bleeding events and 11.7%
(n ¼ 46) were major bleeding events. Patients who received a
rivaroxaban-based regimen (Groups 1 and 2) had significant
reductions in BRMA compared with those who received the
VKA-based regimen (Group 3: rivaroxaban vs. VKA HR: 0.64;
95% CI: 0.51–0.80; p < 0.001). Rates of major bleeding and
minor bleeding were numerically, but not significantly, lower
in patients who received a rivaroxaban-based strategy com-
pared with the VKA strategy (rivaroxaban vs. VKA major
bleeding HR: 0.61; 95% CI: 0.34–1.09; p ¼ 0.09 and rivarox-
aban vs. VKA minor bleeding HR: 0.51; 95% CI: 0.24–1.08,
p ¼ 0.07).38

Bleeding was also assessed using ISTH, GUSTO and BARC
classifications. ISTH major bleeding occurred in 3.7%
(n ¼ 52) of patients in Groups 1 and 2 compared with 6.9%
(n ¼ 48) of patients in Group 3 (p ¼ 0.001). GUSTO severe
bleeding occurred in 1.2% (n ¼ 17) of patients receiving a
rivaroxaban strategy and in 2.9% (n ¼ 20) of patients who
received the VKA strategy (p ¼ 0.007). Furthermore, the
rivaroxaban-based regimens (Groups 1 and 2) were asso-
ciatedwith a significant reduction in the riskof BARC type 5b
bleeding (definitive fatal bleeding events) comparedwith the
VKA-based regimen (0.2 vs. 1.0%, p ¼ 0.019).38

The composite MACE outcome (death from CV causes, MI
or stroke) occurred in 6.5% (n ¼ 41) of patients in Group 1,
5.6% (n ¼ 36) of patients in Group 2 and 6.0% (n ¼ 36) of
patients in Group 3 (Group 1 vs. Group 3 HR: 1.08; 95% CI:
0.69–1.68; p ¼ 0.75 and Group 2 vs. Group 3 HR: 0.93; 95%
CI: 0.59–1.48; p ¼ 0.76). Rates of the individual components
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of secondary efficacy endpoint and stent thrombosis were
similar across all groups (p > 0.05).38

Re-hospitalization Results
In a retrospective analysis of the PIONEER AF-PCI data, the
occurrence of all-cause death or re-hospitalization for an
adverse event (AE)was assessed as a primary endpoint.42 The
risk of occurrence of the primary endpoint was 34.9%
(n ¼ 228) in Group 1, 31.9% (n ¼ 213) in Group 2 and
41.9% (n ¼ 261) in Group 3 (Group 1 vs. Group 3 HR: 0.79;
95% CI: 0.66–0.94; p ¼ 0.008 and Group 2 vs. Group 3 HR:
0.75; 95% CI: 0.62–0.90; p ¼ 0.002). Additionally, the rate of
all-cause re-hospitalization was 34.1% in Group 1, 31.2% in
Group 2 and 41.5% in Group 3 (Group 1 vs. Group 3 HR: 0.77;
95% CI: 0.65–0.92; p ¼ 0.005 and Group 2 vs. Group 3 HR:
0.74; 95% CI: 0.61–0.88; p ¼ 0.001).42

Further reductions were observed in the risk of all-cause
death and bleeding as a cause of re-hospitalization (Group 1
vs. Group 3HR: 0.69; 95% CI: 0.48–0.97; p ¼ 0.032 andGroup
2 vs. Group 3 HR: 0.64; 95% CI: 0.45–0.91; p ¼ 0.012) and in
the risk of all-cause death and re-hospitalization for cardi-
ovascular reasons (Group 1 vs. Group 3 HR: 0.70; 95% CI:
0.56–0.87; p ¼ 0.001 and Group 2 vs. Group 3 HR: 0.75; 95%
CI: 0.60–0.94; p ¼ 0.011).42

Based on the results of PIONEER AF-PCI, the European
Medicines Agency (EMA) approved the use of rivaroxaban
15 mg od (or 10 mg od for patients with moderate renal
impairment [creatinine clearance 30–49 mL/min]) in com-
binationwith a P2Y12 inhibitor for amaximum of 12months’
duration for the treatment of patients with NVAF who
require oral anticoagulation and undergo PCI with stent
placement.5

Clinical Background: Embolic Stroke of
Undetermined Source

Cryptogenic stroke is a category of ischaemic stroke for
which no cause is found,43 partly due to incomplete diag-
nostic assessment of the stroke, or where more than one
possible cause is identified. Epidemiological studies have
reported that cryptogenic stroke accounts for around 25% of
cases of ischaemic stroke, and is found in ayounger age group
than those with non-cryptogenic stroke.43 Advances in ima-
ging techniques and improved understanding of stroke
pathophysiology have prompted a reassessment of crypto-
genic stroke. There is persuasive evidence that most crypto-
genic strokes are thromboembolic.43 In 2014, this led to the
term embolic stroke of undetermined source, or ESUS, which
was defined by the Cryptogenic Stroke/ESUS International
Working Group as a non-lacunar brain infarct without
proximal arterial stenosis or amajor cardioembolic source.44

ESUS refers to patients with embolic stroke for whom the
etiology of embolism remains unknown, despite standard
(not advanced or specialized) investigations to determine the
source.43–45 The prevalence of ESUS is not consistent in the
published literature due to variations in the definition
and degree of investigation, but overall, about one in six
ischaemic strokes are ESUS.44,46

The potential origin of thromboembolism underlying
ESUS includes several well-established embolic sources,
such as minor-risk or covert cardiac sources, veins via para-
doxical embolism, and nonocclusive atherosclerotic plaques
in the aortic arch, cervical or cerebral arteries.44 A standar-
dized evaluation is required to exclude possible causes of
embolic stroke to place a patient in the clinical category of
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ESUS.43–45 This requirement has led to the development of
clinical diagnostic algorithms for ESUS.44

A diagnosis of ESUS is made as follows: stroke detected by
computed tomography (CT) or magnetic resonance imaging
(MRI) that is not lacunar (lacunar defined as subcortical
infarction �1.5 cm on CT or �2.0 cm on diffusion-weighted
[DW] MRI and in the distribution of a small penetrating
cerebral artery); absence of vascular imaging evidence of
extracranial or intracranial arterial atherosclerosis causing
more than 50% luminal stenosis in arteries supplying the
ischaemic area; no electrocardiographic and echocardio-
graphic evidence of major-risk cardioembolic source of
embolism (e.g., permanent or paroxysmal AF, sustained
atrialflutter, intracardiac thrombus, prosthetic cardiac valve,
atrial myxoma or other cardiac tumours, mitral stenosis, MI
within the past 4 weeks, left ventricular ejection fraction
[LVEF] <30%, valvular vegetations or infective endocarditis);
and no clinical, imaging and laboratory evidence of other
specific causes of stroke, such as arteritis, dissection,
migraine, vasospasm or drug misuse.44

There is an increased riskof recurrent stroke in patientswith
ESUS, which has been estimated at a rate of 3 to 6% per year
(estimated at 1–2% per year in younger [average age: mid-40s]
patients taking ASA and as high as 14% per year in older
patients).44 In the Athens Stroke Registry, stroke recurrence in
patients with ESUS was reported to be 29.0% (95% CI: 22–36%)
over 5 years, which was similar to the risk of recurrence of
cardioembolic stroke (26%) and significantly higher when com-
pared with all other non-cardioembolic subtypes of stroke.47

Currently, there are no clinical guidelines specifically for the
management of ESUS. The 2012 American College of Chest
Physicians (ACCP) guidelines on ischaemic stroke, the 2014
AHA/American Stroke Association [ASA] guidelines for the
management of TIA and stroke, and the 2008 European Stroke
Organization (ESO) guidelines are currently extrapolated to the
management of ESUS and amongst them recommend antipla-
telet therapy, lifestylemodification and control of other poten-
tial risk factors, such as hypertension, diabetes and
dyslipidaemia forpatientswithnon-cardioembolic stroke.48–50

Because the annual rate of recurrent stroke after ESUS is
considerable despite current best medical therapy (usually
ASA),44 there is a clear need for more effective stroke pre-
vention in patients with ESUS.

Navigate ESUS

NAVIGATE ESUS was a Phase III, double-blind, randomized,
controlled trial, established to assess the efficacy and safety of
rivaroxabanversusASA for the secondary prevention of stroke
and systemic embolism in patients with recent ESUS.16,51

Patientswere eligible for inclusion if theywere 50 years or
older and had been diagnosed with ESUS in the previous
7 days to 6 months.16,51 In this trial, ESUSwas diagnosed as a
non-lacunar sub-cortical ischaemic stroke or TIA confirmed
by neuroimaging, with the absence of stenotic intracranial or
extracranial carotid artery atherosclerosis greater than 50%
or occlusion; exclusion of a diagnosis of AF after 20-hour
cardiac monitoring and no detectable intracardiac thrombus

seen on imaging with trans-oesophageal or transthoracic
echocardiography, and no other detectable cause of ischae-
mic stroke after standard investigation. Patients were
excluded if they had an indication for chronic anticoagula-
tion or antiplatelet therapy.16,51

Patients were randomized in a 1:1 ratio to rivaroxaban
15 mg od or ASA 100 mg od after the qualifying ESUS.16,51

The primary efficacy measure was the composite of the first
occurrence of all recurrent strokes (including TIAwith positive
neuroimaging) and systemic embolic events. The primary
safety measure was the first occurrence of a major bleeding
event according to the criteria of the ISTH. The trial design is
described in further detail in►Fig. 2. Between December 2014
and September 2017, a total of 7,214 patients were enrolled
from459centres across31countries.52Meanpatient follow-up
wasexpected tobeabout 2years,with the trial continuinguntil
at least 450 participants had experienced a primary efficacy
outcome event—initially expected to be February 2018.16,51

However, in October 2017, the decision was taken by the
Academic Leadership of the trial and the sponsor, Bayer AG,
for the trial to be stopped early, based on a recommendation by
the Independent Data Monitoring Committee following a
planned interim analysis.52 Results showed comparable effi-
cacy between the rivaroxaban and ASA arms, with minimal
chance of rivaroxaban showing overall benefit if the study was
fully completed. While bleeding rates were low overall, an
increase in bleeding was observed in the rivaroxaban arm
compared with the low-dose ASA arm. Therefore, the hypoth-
esis that anticoagulation is better than antiplatelet therapy in
patients with ESUS could not be confirmed by the NAVIGATE
ESUS trial. A complete data analysis is expected in 2018.52

Other ongoing RCTs investigating NOACs in similar patients
include the following: Randomized, double-blind, Evaluation
in secondary Stroke Prevention comparing the EfficaCy and
safetyof theoralThrombin inhibitordabigatranetexilateversus
acetylsalicylic acid in patients with Embolic Stroke of Unde-
termined Source (RE-SPECT ESUS)53,54 and Apixaban for Treat-
mentofEmbolicStrokeofUndeterminedSource (ATTICUS).55,56

Clinical Background: Transcatheter Aortic
Valve Replacement

Degenerative AS is a condition that increases with age and is
now the most common form of valvular heart disease (VHD)
in developed countries.57–59 In elderly individuals 75 years
or older, the prevalence of AS is estimated to be as high as
12.4% in Europe and North America.58 A study undertaken in
Norway revealed that AS is a progressive disease accelerating
both with age and degree, with a mean annual increase of
3.2 mmHg inmean transvalvular pressure gradient.57Aortic
valve replacement (AVR) is the only effective treatment
option for symptomatic AS.57 Surgical aortic valve replace-
ment (SAVR) procedures require the use of sternotomy and
cardiopulmonary bypass, whereas TAVR (also known as
transcatheter aortic valve intervention) is less invasive using
the trans-femoral, trans-apical or trans-subclavian approach
or alternative vascular approaches.60,61 TAVR is currently
established as an alternative therapy in prohibitive risk,
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high-risk and moderate-risk patients62,63 with ongoing
investigation in low-risk populations.64

Data have emphasized the risks patientsmay face following
TAVR, namelystrokeor transient ischaemic attack (TIA)within
30 days, which has been reported at a rate of 3.3 � 1.8%, with
themajority beingmajor strokes (2.9 � 1.8%).60 Furthermore,
patients undergoing TAVR may be at risk of late bleeding
events.60

There are now data from clinical trials and real-world
studies, which suggest that clinical outcomes following TAVR
are somewhat similar to or even better than SAVR. In 2016, the
results from the Placement of Aortic Transcatheter Valves 2A
(PARTNER-2A) trial were published, which was a randomized
trial of 2,032 intermediate-risk patients from theUnited States
and Canadawho underwent TAVR or SAVR.62 The incidence of
all-causemortalityordisabling strokewassimilarbetweenthe
two groups at all time points assessed (30 days, 1 year and
2 years; p ¼ 0.001 for non-inferiority overall). Consistently
similar rates were also noted between TAVR and SAVR groups
for both stroke (30 days: 5.5 vs. 6.1%, p ¼ 0.57; 1 year: 8.0 vs.
8.1%,p ¼ 0.88;2 years: 9.5 vs. 8.9%,p ¼ 0.67, respectively) and
disabling stroke (30 days: 3.2 vs. 4.3%, p ¼ 0.20; 1 year: 5.0 vs.
5.8%, p ¼ 0.46; 2 years: 6.2 vs. 6.4%, p ¼ 0.83, respectively).62

These findings were supported by real-world data from an
observational study of patient outcomes following TAVR with
the use of the SAPIEN 3 valve.65 A total of 1,077 patients with
severe AS who were at intermediate risk of surgical mortality
undergoing TAVR or SAVR were investigated. TAVR was both
non-inferior (p < 0.0001) and superior (p < 0.0001) to SAVR
for the primary composite endpoint of mortality, stroke and

moderate-to-severe aortic regurgitation at 1 year following a
propensity score analysis, indicating that TAVR could have
benefits over SAVR in this patient group.65

In the PARTNER-2A trial, TAVR was associated with lower
incidences of new-onset AF (NOAF), acute kidney injury and
life-threateningordisablingbleedingat30dayscomparedwith
SAVR; however, major vascular complications at 30 days were
significantly higher following TAVR versus SAVR at 30days (7.9
vs. 5.0%, p ¼ 0.008).62 The earlier PARTNER trial, undertaken in
high-risk patients with severe AS undergoing TAVR or SAVR,
also showed an increase in major vascular complications at
30 days with TAVR over SAVR, which was statistically signifi-
cant (11.0vs.3.2%,p < 0.001).63While the ratesofmajor stroke
were similar between high-risk groups at 30 days (3.8 vs. 2.1%,
respectively; p ¼ 0.20), TAVRwas shown to be associatedwith
a significant increase in major stroke at 1 year compared with
SAVR (5.1 vs. 2.4%, respectively; p ¼ 0.07).63 Clearly, with the
increasing use of TAVR comes the increasing challenge of
balancing thromboembolic and bleeding complications,
depending on the patients’ clinical risk profile.

Another consequence following TAVR is that thromboem-
boli may originate directly from the valve structure and/or
leaflets,66which can arise owing to the valve platform used to
support the transcatheter valve implantation. While sympto-
matic bioprosthetic aortic valve thrombosis is reported to
haveaprevalenceof1 to2%, subclinicalvalveleaflet thrombosis
following biosynthetic AVR occurs more frequently, with a
prevalence of 10 to 15%.67 Subclinical leaflet thrombosis
following TAVR and SAVR is defined as the presence of reduced
leaflet motion, with hypo-attenuated leaflet lesions seen on

30 days
safety

follow-up

Rivaroxaban 15 mg OD

ASA 100 mg OD Efficacy 
cut-off date Study end

Event-driven studyR

N~7,000

1:1

Day 1

Population: 
Patients with recent 
embolic stroke of 
undetermined source

Total study duration: ~3 years 
Mean treatment duration per patient: ~2 years

Objective: Efficacy of rivaroxaban in secondary prevention of stroke and prevention of systemic embolism in 
patients with a recent ESUS

Short design: 
Randomized, double-blind, 
double-dummy, active-
comparator, event-driven, 
superiority, multicentre 
study

Indication:
Secondary 
stroke 
prevention in 
ESUS

Primary outcomes: 
Efficacy: Composite of the first occurrence of all recurrent 
strokes (ischaemic, haemorrhagic, and undefined stroke and 
TIA with positive neuroimaging) and systemic embolic events
Safety: First occurrence of ISTH major bleeding 

NAVIGATE ESUS

Fig. 2 NAVIGATE ESUS trial design.16,51 ASA, acetylsalicylic acid; ESUS, embolic stroke of undetermined source; ISTH, International Society on
Thrombosis and Haemostasis; od, once daily; R, randomized; TIA, transient ischaemic attack.
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imaging.67Currentmanagement guidelines do not give recom-
mendationsforantithrombotic treatment forsubclinical leaflet
thrombosis, due to the limited evidence from clinical
studies.68–70

A recent study investigated the effects of NOAC therapy on
931 patients with subclinical leaflet thrombosis who under-
went TAVR or SAVR and included patient data from two
registries: Assessment of Transcatheter and Surgical Aortic
Bioprosthetic Valve Thrombosis and its Treatment with Antic-
oagulation (RESOLVE;657patients;71%) andSubclinicalAortic
Valve Bioprosthesis Thrombosis Assessed with Four-Dimen-
sional Computed Tomography (SAVORY; 274 patients; 29%).67

Subclinical leaflet thrombosis was lower in patients receiving
anticoagulants (4% [8/224]) compared with those receiving
DAPT (15% [31/208]; p < 0.0001) and NOACs were equally as
effective as warfarin (3% [3/107] vs. 4% [5/117]; p ¼ 0.72).
Subclinical leaflet thrombosis resolved in 100% (36/36) of
patients when anticoagulants were initiated (warfarin:
n ¼ 24; NOACs: n ¼ 12), but persisted in 91% (20/22) of
patients not receiving anticoagulants (p < 0.0001). Although
stroke rates were not different between those with or without
reduced leaflet motion, subclinical valve leaflet thrombosis
was associated with increased rates of both TIA (4.18 vs. 0.60
TIAs per 100 person-years; p ¼ 0.0005) and all strokes or TIAs
(7.85 vs. 2.36 per 100 person-years; p ¼ 0.001).67 These find-
ings highlight both the importance of recognizing subclinical
leaflet thrombosis following TAVR and the potential, but as yet
undefined role for NOACs in the prevention of post-TAVR
thromboembolism, TIA and stroke.

For patients who are undergoing TAVR, and who do not
require anticoagulation, current clinical guidelines from the
ESC and the EuropeanAssociation for Cardio-Thoracic Surgery
(EACTS), and the American College of Cardiologists (ACC)/
American Heart Association (AHA), recommend DAPT for 3
to 6 months following TAVR, followed by indefinite ASA
therapy.68–70 However, these guidelines are based on expert
consensus rather than clinical trials. TheextensiveWoRldwIde
TAVI ExperieNce (WRITTEN) survey, from 250 centres in 38
countries, with a cumulative experience of nearly 70,000
TAVRs, showed that post-TAVRantithrombotic treatment regi-
mens were highly variable.71 Additionally, these recommen-
dations are not supported by recent data—the Aspirin versus
Aspirin þ Clopidogrel Following Transcatheter Aortic Valve
Implantation (ARTE) trial showed that single-antiplatelet ther-
apy with ASA alone may prove more beneficial than DAPT
following TAVR in terms of reducing the occurrence of major
AEs, reducing the risk for major or life-threatening events and
not contributing to an increase in the risk for MI or stroke.72

Currently, there are no clinical guidelines recommending
any specific antithrombotic regimen for stroke prevention
following TAVR.68–70 The use of TAVR is increasing, and it is
anticipated that the procedure will replace SAVR as the
standard of care in the majority of patients over the next
decade. It is unknown whether an antiplatelet or anticoagu-
lant strategy is more appropriate for the prevention of
thromboembolic events following TAVR.73 There are several
ongoing trials that are investigating different antithrombotic
strategies after TAVR—namely Anti-Thrombotic Strategy

After Trans-Aortic Valve Implantation for Aortic Stenosis
(ATLANTIS) and Edoxaban Compared with Standard Care
After Heart Valve Replacement Using a Catheter in Patients
With Atrial Fibrillation (ENVISAGE TAVI).73–75 In the Rando-
mized, Phase II Study to Evaluate the Safety and Pharmaco-
kinetics of Oral Dabigatran Etexilate in Patients after Heart
Valve Replacement (RE-ALIGN) trial, dabigatran, when used
in patients with mechanical heart valves, was associated
with increased rates of thromboembolic and bleeding com-
plications versus warfarin.76 The GALILEO trial will evaluate
whether a rivaroxaban-based anticoagulation strategy, com-
paredwith an antiplatelet-based strategy, ismore effective in
reducing death or first thromboembolic events for patients
who have undergone successful TAVR.15

GALILEO Trial Design

GALILEO is a Phase III, multicentre, open-label, international,
randomized, event-driven trial that includes approximately
1,520 patients who have undergone successful TAVR.15,77

The rationale for GALILEO is to determine the optimal
antithrombotic treatment following TAVR and to determine
whether rivaroxabanmay reduce the riskof thromboembolic
complications post-TAVR with an acceptable risk of bleeding
compared with an antiplatelet-based strategy in subjects
without need of chronic oral anticoagulation.15,77

The trial design includes randomization in a 1:1 ratio,
between 1 and 7 days following a successful TAVR, to either a
rivaroxaban-based treatment strategy or an antiplatelet-
based strategy.15,77 In the experimental arm, patients will
receive rivaroxaban 10 mg od plus ASA 75 to 100 mg od for
90 days, followed by rivaroxaban 10 mg alone. In the control
arm, patients will receive ASA 75 to 100 mg od plus clopido-
grel 75 mg od for 90 days, followed by ASA alone.15,77 The
GALILEO trial design is described in further detail in ►Fig. 3.

Because of the possibility that patients in the trial may
develop NOAF following randomization, the following adapta-
tionswill bemade.15,77 If NOAF develops, the rivaroxaban dose
will be raised from 10 to 20 mg od, or from 10 to 15 mg od for
subjects with moderate renal impairment (estimated glomer-
ular filtration rate [GFR] <50 and �30mL/min per 1.73 m2). If
NOAF occurswithin thefirst 90 days in subjects randomized to
the rivaroxaban strategy, ASA will be discontinued at 90 days,
and rivaroxaban will be continued as monotherapy. If NOAF
occurs under the clopidogrel-based strategy, clopidogrel
(�90 days) or ASA monotherapy (>90 days) will be replaced
byaVKAto target an INRof2 to3. IfNOAFoccurswithin thefirst
90 days in this group, ASAwill be discontinued at 90 days, and
VKA continued as a monotherapy.

The primary efficacy endpoint of GALILEO will be the
composite of stroke, MI, symptomatic valve thrombosis, PE,
DVT, non-central nervous system (CNS) systemic embolism
and all-cause death.15,77 The primary safety endpoint will be
the composite ofdisabling, life-threatening andmajor bleeding
events, according to Valve Academic Research Consortium-2
(VARC-2) definitions.78 Recruitment began in December 2015,
from approximately 144 centres across 15 countries, with an
anticipated completion date of 2018.15,77
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Conclusion

It is clear that there are awide rangeofpatients at riskof stroke
as a result of undergoing various procedures or owing to the
presence of specific risk factors. For these patients, data are
scarce in terms of informing the most appropriate manage-
ment approach. Data from the landmark PIONEER AF-PCI trial
provide initial clarity around using NOACs to treat patients
with AF who are undergoing PCI with stenting, leading to the
approval of rivaroxaban 15 mg od plus a P2Y12 inhibitor,
particularly owing to the safety benefits observed. It is hoped
that other ongoing trials of rivaroxaban will improve on the
currently limited knowledge on optimal antithrombotic treat-
ment after TAVR and in patients with ESUS. These trials are
likely to present clinicianswith amore comprehensive picture
around the role of NOACs such as rivaroxaban, especially with
regards to their safety profile when used in patients for whom
thrombotic risk continues to be a challenge.
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