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Abstract Atrial fibrillation (AF) is a common heart rhythm
disturbance; its incidence increases with age, and it is also an
independent risk factor for stroke. Anticoagulation has been
proven as the most effective way to reduce the risk of stroke in
patients with AF, and vitamin K antagonists have been used for
decades as the gold standard treatment. Vitamin K antagonists
have a narrow therapeutic window in addition to variable phar-
macokinetics and pharmacodynamics, and they frequently inter-
act with food and other drugs, requiring coagulation monitoring
to ensure balance between safety and efficacy. The novel oral
anticoagulants (NOACs) dabigatran, rivaroxaban, apixaban, and
edoxaban selectively target either thrombin or Factor Xa and
have predictable pharmacologic profiles, removing the need
for routine coagulation monitoring. This article summarizes
phase III data in patient subtypes and discusses controversies
surrounding AFmanagement with these agents. Results indicate
that NOACs in non-valvular AF have an overall improved
efficacy–safety profile compared with warfarin. Significantly
fewer fatal bleeding events were observed in patients ran-
domized to rivaroxaban, apixaban, or edoxaban compared
with those on warfarin, and significant reductions in the
incidence of life-threatening bleeding were observed in patients
randomized to dabigatran. All four pivotal trials testing the
NOACs against warfarin showed significantly lower rates of
intracranial bleeding in patients administered NOACs. These

results suggest that wider use of NOACs has the potential to
improve outcomes for most patients with AF.
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Abbreviations
ARISTOTLE Apixaban for reduction in stroke and other

thromboembolic events in atrial fibrillation
AVERROES Apixaban versus acetylsalicylic acid to

prevent strokes
BAFTA Birmingham atrial fibrillation treatment of

the aged study
ENGAGE AF-
TIMI 48

Effective anticoagulation with Factor Xa
next generation in atrial fibrillation

RE-LY Randomized evaluation of long-term anti-
coagulant therapy

ROCKETAF Rivaroxaban once daily oral direct Factor
Xa inhibition compared with vitamin K
antagonism for prevention of stroke and
embolism trial in atrial fibrillation

XANTUS Xarelto® on prevention of stroke and non-
central nervous system systemic embolism
in patients with non-valvular atrial
fibrillation

Introduction

Atrial fibrillation (AF) is a common cardiac arrhythmia that
increases in prevalence with advancing age and confers a five-
fold increase in the risk of stroke. Blood stasis (usually in the
left atrium) caused by AF may lead to the formation of a clot,
which can then embolize. Approximately every fifth stroke is
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attributable to AF, and the risk of stroke is age related. In
addition, AF-related strokes are frequently severe and result
in disability and mortality more often than non-AF-related
strokes [1]. The elevated risk of stroke in patients with AF is
generally managed with oral anticoagulants (OACs), such as
vitamin K antagonists (VKAs). Although highly effective,
VKAs have limitations (Table 1), and novel oral anticoagu-
lants (NOACs, also known as direct OACs or non-VKA
OACs) such as dabigatran, rivaroxaban, apixaban, and
edoxaban were developed with the aim of overcoming some
of these limitations (Table 2). These agents have demonstrated
equivalent or superior efficacy and better safety profiles com-
pared with VKAs in stroke prevention phase III trials and are
increasingly being integrated into routine clinical practice.
This review will outline the key efficacy, safety, and tolerability
results from the phase III stroke prevention studies of NOACs.
The article will also evaluate the clinical management of
patients in high-risk subgroups and issues that may be
faced by clinicians prescribing anticoagulants.

The Role of Oral Anticoagulants in Preventing
Stroke in Patients with Atrial Fibrillation

VKAs such as warfarin, phenprocoumon, and acenocoumarol
reduce the rate of AF-related stroke by approximately 40 %
relative to acetylsalicylic acid (ASA) [14]. However, owing to

the narrow therapeutic range, large intra-individual variation
in response, unpredictable pharmacology, and numerous drug
interactions associated with VKA use, routine coagulation
(international normalized ratio) monitoring is required to
avoid an excess risk of cerebrovascular events [15]. Together
with diet and lifestyle restrictions [15], this negatively impacts
on patients’ quality of life, contributes to under-prescribing,
and is responsible for poor compliance in some patients [16].
Real-world evidence from patients with newly diagnosed non-
valvular AF enrolled in cohort one of GARFIELD-AF (between
2009 and 2011, before widespread approval of the NOACs)
indicates that under-prescribing of OACs and over-reliance on
antiplatelet agents is commonplace; approximately 40 %
of patients did not receive OACs (against guideline recommen-
dations), and the majority of these patients (around two-thirds)
received antiplatelet agents alone [17].

The choice of any antithrombotic agent is based on
achieving a balance between the patient’s risks of throm-
boembolism and bleeding. Current international guidelines
in AF advocate use of the CHADS2 (1 point each for
Congestive heart failure, Hypertension, Age ≥75 years,
and Diabetes mellitus, and 2 points for prior Stroke/transient
ischemic attack) [18] and the CHA2DS2-VASc (as CHADS2,
but 2 points for Age ≥75 years and 1 point each for Vascular
disease, Age 65–74 years, and Sex category female) scores for
assessing stroke risk [19, 20]. In the European Society of
Cardiology (ESC) 2012 guidelines update, the HAS-BLED

Table 1 Novel oral
anticoagulants: summary of
advantages and disadvantages
compared with warfarin

Advantages ✓ Fixed dosing

✓ Lack of clinically meaningful dietary interactions

✓ Predictable pharmacology

✓ Far fewer drug interactions

✓ No need for routine coagulation monitoring or regular dose adjustment

✓ Wider therapeutic range

✓ Fast on–off action eliminates need for bridging therapy with parenteral
anticoagulants

✓ Shorter half-lives beneficial in urgent surgery situations

✓ Reduction in rate of stroke and systemic embolism equal to or superior
to warfarin in clinical trials

✓ Reduced rates of intracranial hemorrhage and fatal bleeding events in
clinical trials

Disadvantages ✗ Tests for measuring NOAC concentrations are not widely available

✗ No specific antidotes available (vitamin K for warfarin is slow-acting)

✗ Contraindicated or not recommended in patients with severe renal failure
and in patients with prosthetic heart valves

✗ In theory, the shorter half-lives of the NOACs might be a potential concern
in non-compliant patients; however, there is a paucity of pertinent data

✗ Possible interactions with rate-/rhythm-controlling drugs such as amiodarone
and verapamil

✗ Scarce data about concomitant use of dual antiplatelet therapy, or use in
patients with both atrial fibrillation and acute coronary syndrome

NOAC novel oral anticoagulant
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(Hypertension, Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile international normalized ratio,
Elderly [age >65 years], Drugs/alcohol concomitantly) score is
also recommended to identify patients at a high risk of bleeding
(score ≥3) [20]. In general, oral anticoagulation is recommended
for all patients with AF, except for low-risk patients with a
CHADS2 or CHA2DS2-VASc score of 0 (including women
aged <65 years with no other risk factors), who do not need
any antithrombotic therapy [20]. Although older guidelines
(including the American College of Chest Physicians
[ACCP] 2012 guidelines) included recommendations for
ASA as an antithrombotic agent suitable for stroke preven-
tion in high-risk patients [18], the role of ASA (and other
antiplatelet agents) is diminished in the latest major European
and American guidelines. The updated ESC 2012 guidelines
no longer recommend the use of antiplatelet agents for stroke
prophylaxis (except in patients refusing OAC therapy), and
the 2014 American Heart Association (AHA) guidelines
reserve it as an alternative to oral anticoagulation or to
no therapy in patients with a CHA2DS2-VASc score of
1 [19, 20]. The balance between anticipated benefit and
potential risk of bleeding with OAC therapy should be
considered on an individual basis. However, according
to the guidelines, bleeding risk alone should not be used
to exclude patients for anticoagulation, but should draw
attention to modifiable risk factors affecting the risk of
bleeding.

How Effective Are Novel Oral Anticoagulants
for Stroke Prevention in Atrial Fibrillation? Results
from Phase III Trials

Large phase III trials for stroke prevention in patients
with non-valvular AF have been completed for
dabigatran (RE-LY [21]), rivaroxaban (ROCKET AF
[22]), apixaban (ARISTOTLE [23] and AVERROES

[24]), and edoxaban (ENGAGE AF-TIMI 48 [25])
(Table 3). Results from all trials point to an efficacy
similar or superior to warfarin or ASA (Table 4).

Dabigatran, rivaroxaban, apixaban, and edoxaban all demon-
strated non-inferiority to warfarin with respect to the primary
efficacy endpoint, the composite of stroke and systemic embo-
lism. Dabigatran 150 mg twice daily (bid) and apixaban 5 mg
bid also demonstrated superiority to warfarin for the primary
efficacy endpoint in the intention-to-treat (ITT) population
(hazard ratios [HRs], 0.65 and 0.79, respectively) [21, 23,
27]. Rivaroxaban 20 mg once daily (od) was superior to
warfarin while patients were receiving treatment (HR, 0.79;
p=0.02) and was non-inferior in the ITT analysis, which
included events occurring after early discontinuation of the
study drugs [22]. For edoxaban, a modified ITT analysis,
including all patients receiving at least one dose of the drug,
showed that both the 30 mg and 60 mg od regimens of
edoxaban were non-inferior for the primary efficacy end-
point compared with well-managed warfarin (median time
in therapeutic range=68.4 % of the treatment period) (p for
non-inferiority = 0.005 and p < 0.001, respectively) [25].
Overall, for the prevention of ischemic stroke, only dabigatran
150 mg bid was superior to warfarin [21]. All agents signifi-
cantly reduced rates of hemorrhagic stroke relative to
warfarin.

AVERROES, the superiority phase III trial of apixaban
versus ASA in patients considered ‘unsuitable’ for VKAs,
demonstrated that apixaban is an effective alternative to
ASA. AVERROES was stopped after 1.1 years of
follow-up because of the clear superiority of apixaban
over ASA for the primary endpoint, with similar rates of
major bleeding (including intracranial hemorrhage [ICH])
[24]. The benefit–risk profile of apixaban versus ASA, as
demonstrated in the AVERROES trial, reinforces the latest
guideline recommendations that ASA should no longer be
considered a suitable alternative to OACs for stroke pre-
vention in the majority of patients with non-valvular AF.

Table 2 Novel oral anticoagulants either approved or in development for stroke prevention in patients with atrial fibrillation

Direct thrombin inhibitor Direct factor Xa inhibitors

Dabigatran [2, 3] Rivaroxaban [4–7] Apixaban [8–10] Edoxaban [11–13]

Prodrug Dabigatran etexilate No No No

Oral bioavailability ~6–7 % 80–100 %a 50 % ~61 %

Plasma protein binding 35 % 92–95 % 87 % 40–59 %

Half-life (h) 12–14 5–9 (young)
11–13 (elderly)

8–13.5 6–11

Time to maximum plasma concentration (h) 1.25–3 2–4 3–4 1–2

Renal clearanceb 85 %c 33 % 27 % 35–39 %

a 15 mg and 20 mg doses to be taken with food
bOf active unchanged drug as a proportion of administered dose
c After intravenous administration
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One in four patients who experience an AF-related stroke
die within 30 days of the index event [28]. VKA treatment
reduces overall mortality by 26% relative to placebo [14], and
it is notable that all NOACs tested in phase III trials also
demonstrated a strong trend towards reduced all-cause mor-
tality in the ITT population compared with warfarin; this was
statistically significant only for apixaban versus warfarin (HR,
0.89; p=0.047) [23] and was close to statistical significance
for the 150 mg bid dose of dabigatran (relative risk, 0.88;
p=0.051) [21].

A meta-analysis by Ruff et al. [29] of all 71,683 partici-
pants included in the RE-LY, ROCKET AF, ARISTOTLE,
and ENGAGE AF-TIMI 48 trials found that allocation to a
NOAC significantly reduced the composite of stroke or sys-
temic embolism by 19 % compared with patients receiving
warfarin. This overall reduction was largely driven by the
51 % reduction in the incidence of hemorrhagic stroke among
patients treated with a NOAC. Compared with warfarin,

NOACs were also associated with a significant 10 % reduc-
tion in all-cause mortality [29].

Bleeding Risk on Anticoagulation: Safety
and Tolerability Profiles of Novel Oral
Anticoagulants in Phase III Trials

Balancing stroke prevention against the risk of major or
severe bleeding is complicated by the fact that several
stroke risk factors (such as hypertension, prior stroke,
and chronic renal dysfunction) are also bleeding risk
factors [20]. VKA treatment increases the risk of ICH
approximately twofold compared with ASA [14], but a
key finding from all of the phase III trials was that the
incidence of major bleeding events with NOAC treat-
ment was similar to or lower than with warfarin
[21–23, 25].

Table 3 Key features of phase III trials with novel oral anticoagulants

RE-LY [21, 26]
(dabigatran)

ROCKETAF [22]
(rivaroxaban)

ARISTOTLE [23]
(apixaban)

ENGAGE AF [25]
(edoxaban)

Patients randomized 18,113 14,264 18,201 21,105

Study blinding Double-blind, randomized
dose of dabigatran;
open-label warfarin

Double-blind, double-dummy Double-blind,
double-dummy

Double-blind, double-dummy,
randomized dose of edoxaban

Study design Non-inferiority, prespecified hierarchical superiority testing

Comparator Dose-adjusted warfarin (target INR 2–3)

Doses tested 110 mg bid or 150 mg bid 20 mg od (15 mg od for patients
with CrCl 30–49 mL/min)

5 mg bid (2.5 mg bid for
patients with ≥2 of:
weight ≤60 kg, age
≥80 years, or serum
creatinine ≥1.5 mg/dL)

60 mg od or 30 mg od (dosage
halved for patients with
CrCl 30–50 mL/min, body
weight ≤60 kg, or concomitant
use of verapamil, quinidine,
or dronedarone)

bid twice daily, CrCl creatinine clearance, INR international normalized ratio, od once daily

Table 4 Key efficacy results from phase III trials (intention to treat) with novel oral anticoagulants compared with standard therapy (rates per 100
patient-years)

RE-LY [21, 26, 27]
(dabigatran)a

ROCKETAF [22]
(rivaroxaban)

ARISTOTLE [23]
(apixaban)

ENGAGE AF [25]
(edoxaban)

110 mg bid 150 mg bid 30 mg od 60 mg od

Stroke or SE (%/year) 1.54 vs 1.72† 1.12 vs 1.72*** 2.1 vs 2.4† 1.27 vs 1.60** 2.04 vs 1.80† 1.57 vs 1.80†

Ischemic stroke (%/year) 1.34 vs 1.22†,b 0.93 vs 1.22*,b 1.34 vs 1.42† 0.97 vs 1.05†,b 1.77 vs 1.25*** 1.25 vs 1.25†

Hemorrhagic stroke (%/year) 0.12 vs 0.38*** 0.10 vs 0.38*** 0.26 vs 0.44* 0.24 vs 0.47*** 0.16 vs 0.47*** 0.26 vs 0.47***

bid twice daily, od once daily, SE systemic embolism
† p= not significant; * p < 0.05; ** p ≤ 0.01; *** p < 0.001
a Updated data (2010 and 2014) after identification of additional events post-publication (2009)
b Ischemic or uncertain type of stroke
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The principal safety outcome was major bleeding (RE-LY,
ARISTOTLE, AVERROES, ENGAGE AF) or the composite
of major bleeding and non-major clinically relevant bleeding
(ROCKET AF; Table 5). In RE-LY, dabigatran 150 mg bid
demonstrated similar rates of major bleeding compared with
warfarin, whereas dabigatran 110 mg bid demonstrated
improved safety outcomes compared with warfarin, reduc-
ing rates of major bleeding by 20 % [21]. In ROCKET
AF, the rates of major and non-major clinically relevant
bleeding were similar in patients receiving rivaroxaban
compared with those given warfarin [22]. Apixaban
demonstrated superiority in terms of primary safety out-
comes compared with warfarin in the ARISTOTLE trial,
reducing the rate of major bleeding by 31 % [23]. In
AVERROES, patients receiving apixaban had rates of
major bleeding similar to patients receiving ASA
(1.4 %/year vs 1.2 %/year) [24]. Edoxaban 30 mg od
and 60 mg od doses were both associated with lower
rates of major bleeding (p< 0.001 for both doses) and
life-threatening bleeding (p< 0.001 for both doses) com-
pared with warfarin in the ENGAGE AF trial [25].

Not all patients with AF should be treated with
NOACs for stroke prevention. Dabigatran, rivaroxaban,
apixaban, and edoxaban are contraindicated in patients
with active pathologic bleeding or with a lesion or condition
considered to be a significant risk of major bleeding, e.g.,
gastrointestinal (GI) ulceration. According to each NOAC’s
European Summary of Product Characteristics, use is also
contraindicated or not recommended in patients with end-
stage renal disease [4, 8, 11, 31]. (Exceptionally, in the
US, apixaban may be used in patients with end-stage renal
disease [32].)

GI bleeding accounts for approximately 90 % of
major bleeding events in patients with AF receiving
VKAs [33]. Dabigatran 150 mg bid and rivaroxaban

significantly increased rates of GI bleeding (1.5-fold)
compared with warfarin in RE-LY and ROCKET AF,
respectively [21, 22]. Apixaban was associated with
GI bleeding rates that were similar to those with war-
farin in ARISTOTLE (p = 0.37) [23]. GI bleeding also
occurred more frequently with edoxaban 60 mg od than
with warfarin in ENGAGE AF (p = 0.03), although
edoxaban 30 mg od demonstrated significantly lower
ra tes of GI bleed ing compared wi th warfa r in
(p < 0.001) [25]. A pooled analysis of phase III trials
of the NOACs found that, compared with warfarin,
NOACs were associated with a 25 % increase in the
incidence of GI bleeding (p = 0.04) [29].

The most devastating major bleeding complication
associated with VKA treatment is ICH; the annualized
hospitalization rate for warfarin-associated ICH is
approximately 0.5 % [33]. Furthermore, the majority of
warfarin-associated deaths are from ICH, and most ICH
survivors have severe functional disability at discharge
[33]. Patients taking NOACs have a lower risk of ICH
compared with those prescribed warfarin. In phase III
studies, dabigatran, rivaroxaban, apixaban, and edoxaban
all significantly reduced the rate of ICH (by 33–70 %)
compared with warfarin. It is probable that the decrease
in ICH contributed to reductions in fatal/life-threatening
bleeding and to the overall trend towards reduced mor-
tality (Table 5). A meta-analysis demonstrated that,
overall, NOACs reduced ICH by 52 % compared with
warfarin (p< 0.0001) [29].

The positive trial data coupled with the increased
convenience of fixed dosing have prompted AF guide-
lines to recommend the approved agents dabigatran,
rivaroxaban, and apixaban as alternatives to warfarin,
with a preference for the NOACs indicated in the European
and Canadian guidelines [18–20, 34].

Table 5 Key safety results from phase III trials with novel oral anticoagulants compared with standard therapy

RE-LY [21, 26, 27]
(dabigatran)a

ROCKETAF [22, 30]
(rivaroxaban)

ARISTOTLE [23]
(apixaban)

ENGAGE AF [25]
(edoxaban)

110 mg bid 150 mg bid 30 mg od 60 mg od

Major bleeding (%/year) 2.92 vs 3.61** 3.40 vs 3.61† 3.60 vs 3.40† 2.13 vs 3.09*** 1.61 vs 3.43*** 2.75 vs 3.43***

Major and NMCR bleeding (%/year) N/A N/A 14.90 vs 14.50† 4.07 vs 6.01*** 7.97 vs 13.02*** 11.10 vs 13.02***

Major GI bleeding (%/year) 1.15 vs 1.07† 1.56 vs 1.07*** 2.00 vs 1.24*** 0.76 vs 0.86† 0.82 vs 1.23*** 1.51 vs 1.23*

Intracranial hemorrhage (%/year) 0.23 vs 0.76*** 0.32 vs 0.76*** 0.50 vs 0.70* 0.33 vs 0.80*** 0.26 vs 0.85*** 0.39 vs 0.85***

All-cause mortality (%/year) 3.75 vs 4.13† 3.64 vs 4.13† 4.50 vs 4.90† 3.52 vs 3.94* 3.80 vs 4.35** 3.99 vs 4.35†

Myocardial infarction (%/year) 0.82 vs 0.64† 0.81 vs 0.64† 0.91 vs 1.12† 0.53 vs 0.61† 0.89 vs 0.75† 0.70 vs 0.75†

bid twice daily, GI gastrointestinal, N/A not applicable, NMCR non-major clinically relevant, od once daily
† p= not significant; * p < 0.05; ** p< 0.01; *** p ≤ 0.001
aUpdated data (2010 and 2014) after identification of additional events post-publication (2009)
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Implications for Clinical Management of Specific
Patient Populations

Although all patients with AF are at an elevated risk of
stroke, some groups are considered more difficult to treat
than others. The typical patient with AF is elderly with
multiple co-morbidities [35]. These patients may be at
higher risk of bleeding events than other groups [1] and
may, therefore, be less likely to receive VKA treatment,
even if their stroke risk is also higher [36]. The NOACs
are effective alternatives to VKAs, and rivaroxaban,
dabigatran, and apixaban are recommended by the ESC 2012
guidelines for the prevention of thromboembolism in patients
with non-valvular AF and a CHA2DS2-VASc score of ≥1 [20].
These NOACsmay hold promise in high-risk and challenging-
to-treat patients; dose adjustments in specific patient groups
according to approved labels for rivaroxaban, dabigatran,
apixaban, and edoxaban are summarized in Table 6.

Elderly Patients

Patients with AF who are elderly are at a higher risk of both
thromboembolic and bleeding events during anticoagulation
treatment [1], but when the risks of anticoagulation are
weighed against the advantages, these patients gain the
greatest net clinical benefit from treatment [40]. Guidelines
recommend anticoagulants over antiplatelet agents for elderly
patients (≥75 years) [1, 18] because the thromboembolic effi-
cacy of antiplatelet agents decreases with age [1].

In the phase III studies of NOACs, 31–44 % of enrolled
patients were aged ≥75 years. As expected, rates of ischemic
and hemorrhagic events were numerically higher in older
patients than in younger patients, regardless of the treatment
arm. In general, the benefits of NOACs in elderly patients were
consistent with those observed in the overall study populations.
In RE-LY, patients experienced similar rates of stroke/systemic
embolism and ICH, regardless of age category [41]. There was
a significant interaction between age and treatment (p≤0.001)
for major bleeding with both dabigatran doses, although this
was observed only for extracranial bleeding. Younger patients
(<75 years) experienced fewer major bleeding events with
dabigatran relative to warfarin, whereas elderly patients
(≥75 years) experienced similar or increased rates of bleeding
with dabigatran relative to warfarin. Owing to this increased
risk of bleeding in the elderly population, the European Union
Summary of Product Characteristics for dabigatran etexilate
recommends a dose reduction to 110 mg bid in patients
≥80 years [31]. In ROCKET AF, no significant interaction
between age and treatment effect was observed for the primary
efficacy endpoint, major bleeding, mortality, or ICH [42]. A
small but significant interaction between age and treatment
effect was, however, observed for clinically relevant non-
major bleeding (rivaroxaban vs warfarin; patients aged

≥75 years, HR, 1.15; patients <75 years, HR, 0.94; interaction
p= 0.01) [42]. Nevertheless, no dose adjustment for age
is recommended in patients receiving this drug [4]. In
ARISTOTLE, no significant interaction between age and
treatment effect was observed for the primary efficacy
endpoint (stroke or systemic embolism) or principal
safety outcome (major bleeding) [23]. Prespecified out-
comes in ARISTOTLE were investigated in relation to
age in a separate analysis, demonstrating that apixaban
was effective and well tolerated across all age groups
(<65 years, 65 to <75 years, and ≥75 years), including
patients ≥80 years (13 %) [43]. As per the study design for
ARISTOTLE, the Summary of Product Characteristics for
apixaban recommends a dose reduction to 2.5 mg bid in patients
with at least two of the following risk factors: age ≥80 years,
body weight ≤60 kg, or serum creatinine ≥1.5 mg/dL [8]. In the
ENGAGE AF trial, the efficacy and safety of both doses of
edoxaban compared with warfarin were consistent across age
groups (<65 years, 65 to <75 years, and ≥75 years) [44]; con-
sequently, no dose adjustment of edoxaban is required on the
basis of age alone [11].

In summary, elderly patients may derive similar or even
greater benefits from NOACs compared with the general
population.

Renal Impairment

Chronic renal disease is present in 10–15 % of patients with
AF and may increase the risk of AF-related cardiovascular
complications [1]. Clinical guidelines recommend baseline
and subsequent regular assessments of renal function in
patients after initiation of NOACs [19, 20]. Phase III trials of
NOACs included 17–21 % of patients with moderate renal
impairment (creatinine clearance [CrCl] 30–49 mL/min), but
excluded patients with severe renal impairment (CrCl
<30 mL/min for RE-LY [21], ROCKET AF [22], and
ENGAGE AF [25]; CrCl <25 mL/min for ARISTOTLE and
AVERROES [23, 24]). There was no dose adjustment in
RE-LY, and patients were randomized to either the dabigatran
110mg or 150mg bid doses [21]. ROCKETAF prespecified a
reduced dose for patients with moderate renal impairment
(rivaroxaban 15 mg od), whereas in ARISTOTLE, patients
with renal impairment (serum creatinine ≥1.5 mg/dL) received
a reduced dose (apixaban 2.5 mg bid) only when ≥1 additional
factors were present (age ≥80 years or body weight ≤60 kg)
[23]. In ENGAGE AF, patients were randomized to either
edoxaban 30 mg od or 60 mg od, and the edoxaban dose
was subsequently halved in patients with an estimated CrCl
of 30–50 mL/min at randomization or at any time during the
study [25]. Patients withmoderate renal impairment experienced
numerically higher rates of ischemic and hemorrhagic events
than patients with normal renal function, regardless of treatment.
In the RE-LY, ROCKET AF, and ARISTOTLE trials no
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significant interactions between renal function and treat-
ment effect were observed for stroke/systemic embolism
prevention [45–47]. However, in ENGAGE AF, patients
with CrCl >95 mL/min receiving edoxaban 60 mg od
experienced twofold higher rates of ischemic stroke
than those receiving warfarin; consequently, the US
Prescribing Information states that edoxaban should
not be used in patients with CrCl >95 mL/min and,
according to the European Summary of Product Char-
acteristics, edoxaban should only be used in patients with
a high CrCl after careful evaluation of thromboembolic and
bleeding risks [11, 39].

In RE-LY, no statistically significant interaction between
treatment and renal function (calculated using the Cockcroft–
Gault Formula) was observed for major bleeding; however,
when renal function was calculated using either the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) or
the Modification of Diet in Renal Disease (MDRD) equation,
significant interactions were observed: patients with high renal
function (glomerular filtration rate ≥80 mL/min) experienced a
greater relative reduction in major bleeding with either
dabigatran dose compared with warfarin [45]. In ROCKET
AF, no significant effects of renal function were observed for
the principal safety outcome (interaction p=0.45) or major
bleeding (interaction p=0.48). Fatal bleeding rates were also
significantly lower in patients receiving rivaroxaban versus
warfarin irrespective of renal function [46]. In ARISTOTLE,
there was a greater reduction in major bleeding with apixaban
compared with warfarin among patients with moderate
or severe renal impairment (CrCl 25–49 mL/min) versus
mild (CrCl 50–79 mL/min) or no renal impairment
(p= 0.03 for interaction) [47].

Among the NOACs, renal excretion of the active
unchanged drug ranges from 27% to 85 % (Table 2). Because
of decreased clearance and elevated plasma levels in patients
with renal impairment [48], dabigatran is contraindicated in
patients with CrCl <30 mL/min in the European Union. In
2010, the US Food and Drug Administration (FDA) approved
dabigatran for the prevention of stroke and systemic embolism
in patients with AF in two doses: 150 mg bid and, for patients
with CrCl 15–30 mL/min, 75 mg bid [20]. In July 2011, the
FDA added dabigatran to its list of drugs with a potential safety
issue after reports of serious and fatal bleeding events in elderly
patients with renal impairment [49]. For rivaroxaban, the
approved dose in patients with AF and moderate (CrCl 30–
49 mL/min) or severe (CrCl 15–29 mL/min) renal impairment
is 15 mg od [4]. The approved dose of edoxaban in patients
with moderate or severe renal impairment is 30 mg od [11].
However, data on NOACs in patients with estimated CrCl
<30 mL/min are limited. For this reason, the latest ESC guide-
lines on AF recommend that none of the NOACs are used in
this group of patients and that renal function is regularly moni-
tored in all other patients [20]. Renal function should beT
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assessed annually in patients within the normal CrCl range
(≥80 mL/min) and in those with mild (CrCl 50–79 mL/min)
impairment, and perhaps 2–3 times per year in patients with
moderate (i.e., CrCl 30–49 mL/min) impairment [20].

Patients with Indications for Antiplatelet Therapies

Antiplatelet therapy, including ASA and dual antiplatelet
therapy (ASA plus clopidogrel/prasugrel/ticagrelor), is indi-
cated in patients with a recent acute coronary syndrome
(ACS). Approximately 15 % of patients with AF have con-
comitant ACS [50]. Standard antithrombotic therapy in the
year after an ACS event currently comprises dual antiplatelet
therapy (ASA plus a P2Y12 inhibitor), so patients with AF
who have experienced an ACS event have indications for
both anticoagulant and antiplatelet therapy [51–54]. Because
the addition of antiplatelets to VKA therapy increases the
risk of bleeding [55], safer options are needed for patients
with concomitant AF and ACS. Although no clinical trial
data are currently available to inform real-world practice
with NOACs in this population, three studies, PIONEER
AF-PCI, REDUAL-PCI, and AUGUSTUS, are currently
underway. PIONEER AF-PCI is an exploratory, open-label,
randomized, multicenter clinical study assessing the safety of
two rivaroxaban strategies compared with VKA therapy in
patients with AF who have undergone percutaneous coronary
intervention with stent placement for ACS [56]. REDUAL-
PCI is a randomized, open-label, blinded endpoint study
currently recruiting patients with AF who have under-
gone percutaneous coronary intervention with stenting,
to assess the efficacy and safety of two strategies of
dabigatran therapy compared with VKA therapy
(https://clinicaltrials.gov/ct2/show/NCT02164864).
Lastly, AUGUSTUS, a randomized, open-label study
with a 2 × 2 factorial design, is investigating the efficacy
and safety of apixaban versus VKA and ASA therapy
versus ASA placebo in patients with non-valvular AF
who have undergone percutaneous coronary intervention
with stent placement in the previous 14 days; all patients will
also receive a P2Y12 inhibitor (https://clinicaltrials.gov/ct2/
show/NCT02415400). Recommendations derived from
expert consensus regarding the management of such
patients can be found within current relevant European
and US guidelines and the updated European Heart
Rhythm Association practical guide on the use of
NOACs in patients with non-valvular AF [57–59].

The relative benefit of dabigatran 110 mg bid versus
warfarin for stroke/systemic embolism prevention was
not affected by concomitant antiplatelet therapy [60];
however, a trend was observed for reduced efficacy with
dabigatran 150 mg bid compared with warfarin (HR,
0.52 vs HR, 0.80; interaction p= 0.058). The relative
efficacy of rivaroxaban and apixaban versus warfarin

for prevention of stroke/systemic embolism was not affected
by concomitant ASA therapy [61, 62]; likewise, concomitant
antiplatelet therapy did not influence the relative efficacy of
edoxaban versus warfarin [63]. As expected, in all four trials,
concomitant treatment with a NOAC and antiplatelet therapy
was associatedwith an increased incidence of bleeding events;
however, there was no evidence of heterogeneity of safety
outcomes between any of the NOACs versus warfarin
[60–63].

Differences in Phase III Trial Designs and Populations

Phase III trials provide compelling evidence that the
NOACs have equal or superior efficacy and safety to
warfarin in patients with AF, across a broad range of
patient subtypes. Comparisons between the NOACs are
complicated by important differences in study designs
and patient populations in phase III trials.

ROCKET AF, ARISTOTLE, and ENGAGE AF used
double-blind, double-dummy study designs, whereas
patients in RE-LY received open-label warfarin. The
open-label design of RE-LY may have been subject
to bias, because patients randomized to the investiga-
tional drug were potentially more inclined to report minor
signs or symptoms to the physicians, who may have
interpreted them as adverse events of a novel agent. This
might have been less likely to occur with the older and better
established anticoagulant, warfarin.

Owing to prespecified study inclusion criteria,
ROCKET AF enrolled a higher-risk patient population
(mean CHADS2 score 3.5) compared with the other NOAC
studies (ARISTOTLE and RE-LY: 2.1; ENGAGEAF: 2.8), in
terms of co-morbidities [21–23, 25]. There were also
notable differences in the methods of dose adjustment
used in ENGAGE AF compared with other trials of
NOACs. Patients assigned to edoxaban who were
expected to experience increased drug exposure
(because of one or more of the following: CrCl 30–
50 mL/min, body weight ≤60 kg, or the concomitant
use of verapamil, quinidine, or dronedarone) received a
50 % dose reduction at baseline, but dose adjustments
were also permitted after randomization [25]. This con-
trasts with the RE-LY, ROCKET AF, and ARISTOTLE
study designs, in which patients were allocated to the
reduced dose only at baseline [21–23]. Therefore, direct
comparisons between the NOAC trials should be
avoided because the baseline characteristics of enrolled
populations were very different.

Outcomes of the individual trials (Tables 4 and 5)
provide important information to the clinicians, but indirect
comparisons should be avoided because their validity is
questionable and they should not be used to inform
clinical decisions for individual patients.
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Practical Management

Interactions with Rhythm-Controlling Drugs

Patients with AF frequently receive antiarrhythmic drugs
such as amiodarone, verapamil, and dronedarone. These
agents are inhibitors of P-glycoprotein and cytochrome
P450 3A4, and because NOACs are substrates of one or
both of these enzymes, interactions are expected. Caution is
advised with the co-administration of antiarrhythmic agents,
and some are contraindicated in patients prescribed a NOAC.
There is a lack of data regarding the use of dronedarone in
patients taking rivaroxaban, so co-administration should be
avoided [4]. In ROCKET AF no significant interaction was
observed between treatment effects in patients receiving
amiodarone (8% of enrolled patients) versus no antiarrhythmic
drugs [64]. Dronedarone is contraindicated in patients
taking dabigatran because it has been shown to increase
plasma levels of dabigatran. Increases in dabigatran
plasma concentration were also reported in patients
co-administered amiodarone, quinidine, and verapamil
[31]. Close clinical surveillance is recommended in patients
receiving amiodarone or quinidine in combination with
dabigatran, especially in patients with mild-to-moderate renal
impairment. Patients receiving concomitant treatment with
dabigatran and verapamil should receive the lower approved
dose of dabigatran (110 mg bid) [31]. Amiodarone and
verapamil have fewer significant interactions with
apixaban, and in the ARISTOTLE trial there was no
evidence of heterogeneity of outcomes between treat-
ment groups in patients receiving amiodarone (11.4 %
of enrolled patients) or not at randomization [8, 65]. In
ENGAGE AF, the concomitant use of dronedarone, verap-
amil, or quinidine required the edoxaban dose to be halved
for each dose group [25]. However, the edoxaban Summary
of Product Characteristics only recommends an edoxaban
dose reduction in patients receiving dronedarone, who
should receive the lower approved dose (30 mg od); by
contrast, no dose reduction is required for concomitant
use of quinidine or verapamil [11]. In ENGAGE AF no
dose reduction was required for patients receiving amioda-
rone (11.8 % of enrolled patients), and the relative efficacy
and safety outcomes between patients receiving warfarin or
the higher dose of edoxaban tested (60 mg od) were similar
for patients with and without amiodarone use [66].

Reversal andAnticoagulationMonitoring withNovel Oral
Anticoagulants

The predictable pharmacokinetic/pharmacodynamic charac-
teristics of the NOACs, including short half-lives and a wide
therapeutic window, obviate the need for routine coagulation
monitoring. However, there is a need to measure drug levels

under certain circumstances; for example, possible over-
dose or drug accumulation, trauma, or suspected poor
compliance [67]. The Hemoclot Thrombin Inhibitor assay,
ecarin clotting time, and thrombin generation time assay
are the most sensitive tests for measuring dabigatran anti-
coagulant effects; however, the activated partial thrombo-
plastin time could also be used, because it has adequate
sensitivity and is widely available [68]. Normal values of
the activated partial thromboplastin time can exclude sub-
stantial overdosing of dabigatran. Anti-Factor Xa chromo-
genic assays such as Rotachrom® are recommended for
the assessment of rivaroxaban, apixaban, and edoxaban
[67, 69]. Such assays will use agent-specific calibrators and
controls to measure plasma concentrations for the different
Factor Xa inhibitors.

For reversal of anticoagulation, fresh–frozen plasma and
prothrombin complex concentrates have been recommended
as general strategies [70], but the former is poorly effective in
the presence of substantial plasma concentrations of the active
compounds. Other non-specific reversal agents include recom-
binant activated Factor VIIa (NovoSeven®) [71] and activated
prothrombin complex concentrates (FEIBA®) [71]; however,
these require testing in a clinical population and may be asso-
ciated with a prothrombotic risk. Specific reversal agents for the
NOACs are now in development. Idarucizumab, a monoclonal
antibody that binds dabigatran and neutralizes its activity is at
the most advanced stage of development; interim results from
the REVERSE-AD trial have shown that it successfully
reverses the anticoagulation effects of dabigatran in patients
with serious bleeding or requiring emergency surgery [72].
On the basis of these findings it has recently received a
positive recommendation from the Committee for Medicinal
Products for Human Use (CHMP) committee at the European
Medicines Agency (EMA) and is pending approval by the
FDA [73]. Andexanet alfa (PRT064445) is a universal anti-
dote for Factor Xa inhibitors that is currently in phase III
development; results from phase III studies in elderly patients
(ANNEXA-A and ANNEXA-R) show that it is capable of
rapidly reversing the anticoagulant effects of apixaban and
rivaroxaban [74, 75]. A third phase III study, recruiting
patients receiving a Factor Xa inhibitor and experiencing
acute major bleeding, is currently ongoing (https://
clinicaltrials.gov/ct2/show/NCT02329327).

Although the very limited availability of specific reversal
agents may be perceived as a current drawback of NOAC
therapy, it should be remembered that reversing the effects
of VKAs with vitamin K is slow and takes at least 24 h [76],
which means that it is not clinically effective for serious
bleeding events such as ICH. By contrast, the half-life of
the NOACs rapidly removes their anticoagulation effect,
which is likely to reduce the need for a specific reversal
agent. Real-world evidence on the management of bleeding
complications during rivaroxaban therapy from the Dresden
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NOAC Registry demonstrated that most cases of major
bleeding events could be managed conservatively. The use
of non-specific reversal agents was rare: out of the 66 major
bleeding events (6.1 % of all bleeding events) reported in
patients receiving rivaroxaban, prothrombin complex con-
centrate was used in six (9.1 %) of these patients [77].

Conclusions

Because the incidence of AF is increasing [1] in a rapidly aging
global population, AF-related stroke and its associated economic
burden are expected to increase. Data from phase III trials indi-
cate that the NOACs are at least as effective and safe as warfarin
for stroke prevention in patients with non-valvular AF. NOACs
also overcome some of the practical limitations seen with con-
ventional VKA treatment and, therefore, may hold particular
promise in challenging-to-treat patients, such as high-risk
patients with multiple co-morbidities. Moreover, as demon-
strated in AVERROES, the better efficacy and similar safety
profile of apixaban versus ASA indicates that there are
diminishing reasons for physicians to continue to prescribe
ASA for stroke prevention in patients with non-valvular AF.

Encouragingly, emerging data from real-world clinical prac-
tice suggest that the increasing availability of the NOACs is
correlated with a higher proportion of patients with non-
valvular AF receiving OACs for stroke prevention [78], that
there is improved treatment persistence with NOACs versus
VKAs [79–81], and importantly, that real-world effectiveness
and safety of the NOACs mirrors the findings of the phase III
trials [82–85]. These data include recently published results
from XANTUS, the first completed non-interventional phase
IV study investigating the safety and efficacy of a NOAC in
routine clinical practice, which showed that unselected patients
with non-valvular AF treated with rivaroxaban experienced low
rates of major bleeding (2.1 %/year) and stroke (0.7 %/year)
over 1 year of follow-up [82]. Introduction of the NOACs is
simplifying patient management, improving guideline adher-
ence and increasing persistence. This is likely to increase the
number of patients showing a favorable benefit–risk profile
with NOACs, comparedwith warfarin, including a concomitant
benefit regarding bleeding, especially ICH. Familiarization of
cardiologists with the NOACs, and further information deriving
from the large phase III trials and real-world studies, should
help towards achieving this goal.
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