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INTRODUCTION

Atrial fibrillation (AF), the most commonly occurring
cardiac arrhythmia, is associated with an increased risk of
acute ischemic stroke.1 The magnitude of risk depends on
the presence of certain patient characteristics—age and a
history of hypertension, diabetes mellitus, moderately or
severely impaired left ventricular systolic function, heart failure,
prior ischemic stroke, transient ischemic attack, or systemic
embolism—and varies across different patient groups. In
patients with AF, long-term anticoagulation therapy decreases
the future risk of stroke by preventing thrombus formation.2
Vitamin K antagonists (VKAs), such as warfarin (Coumadin,
Bristol-Myers Squibb), are currently the standard of care
for stroke prevention in these patients. Long-term warfarin
thromboprophylaxis has been shown to reduce the risk of
stroke by approximately 60% in patients with AF.3,4
Managing anticoagulation in patients with AF can be
challenging, particularly when they are receiving a VKA
such as warfarin. VKAs have a slow onset and offset of
action, unpredictable pharmacokinetics, and multiple food
and drug interactions. Their narrow therapeutic window, as
defined by the International Normalized Ratio (INR) test,
requires adequate anticoagulation to reduce thrombosis risk
while avoiding excessive anticoagulation and bleeding.5–7
Patients receiving VKAs must be managed carefully to ensure
that the required routine INR monitoring and subsequent
dose adjustments are implemented. Despite its efficacy
in stroke prevention, warfarin remains underprescribed
because of concerns about bleeding risks and monitoring
requirements.7,8
Newer oral anticoagulants have been developed to target
specific components of the coagulation cascade—thrombin and
Factor Xa (FXa)—and they share many practical benefits that
make them easier to manage than warfarin.9 These advantages
include predictable dose responses (fixed dosing), a rapid onset
and offset of action, a wide therapeutic window (obviating the
need for routine laboratory monitoring), and minimal drug and
food interactions.9,10
Unlike warfarin, whose activity can be reversed with vitamin
K, human fresh frozen plasma, or prothrombin complex
concentrates, however, the newer agents currently have no
proven reversal strategies.11 Antidotes to dabigatran and the
direct factor Xa inhibitors are in different stages of development.
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These products, at best, will be clinically available in 2 to 3 years.
This article discusses oral anticoagulants that were either
approved by the FDA or that have completed phase 3 trials for
stroke prevention in patients with AF, as well as their potential
impact on patients.

ORAL ANTICOAGULANTS in STROKE PREVENTION
Direct Thrombin Inhibitors

The oral direct thrombin inhibitor (DTI) dabigatran (Pradaxa,
Boehringer Ingelheim) was approved for reducing the risk of
stroke and systemic embolism in patients with nonvalvular
AF in October 2010. Dabigatran etexilate (a prodrug) is converted to active dabigatran by esterases after administration.
Dabigatran has a low bioavailability, and approximately 80%
of the orally administered dose is eliminated unchanged via
renal excretion.12,13

Factor Xa Inhibitors

FXa inhibitors include rivaroxaban (Xarelto, Janssen), which
was approved by the FDA for reducing the risk of stroke
and systemic embolism in patients with nonvalvular AF in
November 2011;14 apixaban (Eliquis, Bristol-Myers Squibb/
Pfizer), approved in December 2012; and edoxaban tosilate
hydrate (Lixiana, DU-176b, Daiichi Sankyo), which was approved in Japan in 2011 and is currently undergoing a phase 3
stroke-prevention trial.
Rivaroxaban has high oral bioavailability and is eliminated
via both renal and fecal routes.14 Apixaban also has high oral
bioavailability and multiple pathways of elimination, including
the renal and intestinal routes.9 Edoxaban is an oral direct
FXa inhibitor that reaches maximum concentration after 1 to
2 hours.15 It is eliminated through multiple pathways, but the
majority of systemically absorbed drug is eliminated via renal
excretion.

CLINICAL STUDIES

Trial designs and key clinical data for the following three
studies are summarized in Table 1.

RE-LY

Dabigatran (Pradaxa)
In the RE-LY trial (Randomized Evaluation of Long-term
Anticoagulation Therapy), 18,113 patients with AF and at least
one additional risk factor for stroke were randomly assigned
to receive double-blinded dabigatran 110 mg or 150 mg twice
daily or open-label warfarin (with a target INR of 2.0–3.0).16 The
dabigatran 150-mg twice-daily dose significantly lowered the
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Table 1 Clinical Trials of New Anticoagulants for Stroke Prevention in Patients With Atrial Fibrillation
RE-LY

ROCKET-AF

ARISTOTLE

ENGAGE-AF

Drug

Dabigatran

Rivaroxaban

Apixaban

Edoxaban

Dose

150 mg twice daily
110 mg twice daily

20 mg once daily

5 mg twice daily

30 or 60 mg twice
daily

Population
(sample size)

Atrial fibrillation with one additional
risk factor (n = 18,113)

Atrial fibrillation with
moderate to high risk
(n = 14,264)

Atrial fibrillation with
Atrial fibrillation
one additional risk factor with moderate
(n =18,201)
to high risk
(n = 20,500)

Stroke or systemic
embolism

Ischemic or hemorrhagic Composite of
stroke or systemic
stroke and
embolism
systemic embolic
events

Primary efficacy endpoint Stroke or systemic embolism

Dabigatran
150 mg

110 mg

Warfarin

Rivaroxaban

Warfarin

Apixaban

Warfarin

Primary efficacy endpoint
Percent/year
RR/HRa
95% CIa
P valuea

1.11
0.66
0.53–0.82
P < 0.001b

1.53
0.91
0.74–1.11
P < 0.001c

1.69

1.7
0.79
0.66–0.96
P < 0.001c

2.2

1.27
0.79
0.66–0.95
P < 0.001c,d

1.60

NA

Major bleeding
Percent/year
RR/HRa
95% CIa
P valuea

3.11
0.93
0.81–1.07
P = 0.31

2.71
0.80
0.69–0.93
P = 0.003

3.36

14.9
1.03
0.96–1.11
P = 0.44

14.5

2.13
0.69
0.60–0.80
P < 0.001

3.09

NA

Trials: ARISTOTLE = Apixaban for Reduction in Stroke and Other Thromboembolic events in Atrial Fibrillation; ENGAGE-AF TIMI 48 = Global Study to Assess the
Safety and Effectiveness of DU-176b vs. Standard Practice of Dosing With Warfarin in Patients With Atrial Fibrillation; RE-LY = Randomized Evaluation of Long-term
Anticoagulation Therapy; ROCKET-AF = Rivaroxaban Once daily, oral, direct factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and
Embolism Trial in Atrial Fibrillation.
CI = confidence interval; HR = hazard ratio; NA = not applicable; RR = relative risk.
a
Versus warfarin.
b
For superiority.
c
For non-inferiority.
d
P = 0.01 for superiority.

rates of stroke and systemic embolism compared with warfarin:
1.11% per year for dabigatran 150 mg and 1.69% per year for
warfarin. The relative risk (RR) was 0.66, and the 95% confidence interval (CI) was 0.53 to 0.82 (P < 0.001), meeting the
criteria for superiority. The dabigatran 110-mg twice-daily dose
produced a decreased rate of stroke and systemic embolism
similar to that for warfarin: 1.53% per year for dabigatran 110
mg (RR with dabigatran = 0.91; 95% CI, 0.74–1.11; P < 0.001),
meeting the criteria for non-inferiority.
Patients receiving dabigatran also had lower rates of major
bleeding compared with those who received warfarin. Rates
of major bleeding were 3.36% per year with warfarin, 2.71% per
year in patients with dabigatran 110 mg (P = 0.003), and 3.11%
per year with dabigatran 150 mg (P = 0.31).16 However, there
was a significantly higher rate of major gastrointestinal (GI)
bleeding with dabigatran 150 mg than with warfarin (1.51% per
year with dabigatran 150 mg vs. 1.02% per year with warfarin;
P < 0.001). Patients who received dabigatran also had lower
risks of intracranial bleeding (0.3% per year vs. 0.74% per year;
P ≤ 0.001), life-threatening bleeding (1.45% per year vs. 1.8%
per year; P = 0.04), and hemorrhagic strokes (0.1% per year vs.
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0.38% per year; P < 0.001).
Dabigatran was associated with higher rates of dyspepsia
(P < 0.001) and myocardial infarction (MI) with the 110-mg
dose (P = 0.07) and with the 150-mg dose (P = 0.048) compared
with warfarin.
Based primarily on the results of the RE-LY study, the FDA
approved the 150-mg twice-daily dose of dabigatran for stroke
prevention in patients with AF. However, the FDA did not approve the 110-mg dose, instead opting to recommend a lower
75-mg twice-daily dabigatran dose (which was not studied in
RE-LY) for patients with severe renal impairment, as defined
by a creatinine clearance (CrCl) of 15 to 30 mL/minute.

ROCKET-AF

Rivaroxaban (Xarelto)
In the double-blind, randomized ROCKET-AF trial (Rivaroxaban
Once daily, oral, direct factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and Embolism Trial
in Atrial Fibrillation), 14,264 patients with nonvalvular AF and
additional risk factors for stroke received either rivaroxaban
20 mg once daily or dose-adjusted warfarin.17 The 15-mg once-
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daily dose was administered to patients with a CrCl of 30 to 49
mL/minute.
Rivaroxaban was non-inferior to warfarin for preventing
stroke or systemic embolism in the intent-to-treat (ITT) population.17 Stroke or systemic embolism occurred at rates of
1.7% per year in patients receiving rivaroxaban and 2.2% per
year in patients receiving warfarin. The hazard ratio (HR) in
the rivaroxaban group was 0.79 (95% CI, 0.66–0.96; P < 0.001),
meeting the criteria for non-inferiority.
There was no significant difference between the two groups
in major bleeding. Intracranial and fatal bleeding occurred
significantly less frequently with rivaroxaban. Intracranial
hemorrhage occurred at rates of 0.5% with rivaroxaban and 0.7%
with warfarin per year, respectively (P = 0.02). Fatal bleeding
occurred at rates of 0.2% and 0.5% per year, respectively (P =
0.003). Patients in the rivaroxaban group had higher bleeding
rates from GI tract sites compared with those in the warfarin
group (3.2% vs. 2.2%, respectively; P < 0.001).17
In ROCKET-AF, patients taking rivaroxaban experienced a
higher rate of thrombotic events after discontinuing the study
drug compared with patients taking warfarin (4.7% vs. 4.3%,
respectively; P = 0.58).17 For patients who were assigned to
rivaroxaban and then switched to warfarin, the median time to
the first therapeutic INR value was 13 days after cessation of rivaroxaban, with no bridging anticoagulant used during this time.
The increased rate of thrombotic events was probably related
to the increased difficulty of making the transition from rivaroxaban to open-label warfarin and of achieving a therapeutic
INR compared with the transition from on-study warfarin to
open-label warfarin.17

AVERROES and ARISTOTLE

two or more of the following criteria: 80 years of age or older,
body weight less than 60 kg, and a serum creatinine level of
1.5 mg/dL or greater.19 Stroke and systemic embolism rates
were lower in patients receiving apixaban, at 1.27% per year,
than in those receiving warfarin, at 1.60% per year (HR with
apixaban = 0.79; 95% CI, 0.66–0.95; P < 0.001 for non-inferiority;
P = 0.01, meeting the criteria for superiority).
Rates of major bleeding were lower with apixaban (2.13%
per year) than with warfarin (3.09% per year) (P < 0.001), as
were mortality rates (P = 0.047) and hemorrhagic stroke rates
(P < 0.001).

Summary

Stroke and systemic embolism rates in RE-LY, ROCKET-AF,
and ARISTOTLE are shown in Figure 1. Intracranial hemorrhage rates in the three trials are presented in Figure 2.16,17,19
Given significant differences in study design, which included
differences in patient risk factors and warfarin management,
the efficacy and safety results for each new agent should not
be directly compared with each other. Head-to-head trials are
required to determine whether one agent is superior to another.

ENGAGE-AF TIMI

Edoxaban (Lixiana)
In the randomized phase 3 ENGAGE-AF TIMI 48 trial (Global
Study to Assess the Safety and Effectiveness of DU-176b vs.
Standard Practice of Dosing With Warfarin in Patients With
Atrial Fibrillation), approximately 20,500 patients with AF and
additional risk factors for stroke received edoxaban 30 mg
daily, edoxaban 60 mg daily, or warfarin (INR range, 2.0–3.0).20
The follow-up period is 24 months. Completion of the trial is
expected by March 2013, and results are due to be reported
in the fall of 2013.21

Stroke and systemic embolism (%/year)

Apixaban (Eliquis)
In the AVERROES trial (Apixaban versus Acetylsalicylic Acid
to Prevent Stroke in Atrial Fibrillation
Patients Who have Failed or are
2.5
Unsuitable for Vitamin K Antagonist
Warfarin
Treatment), 5,599 patients with AF
2.0
and one or more additional risk factors
Rivaroxaban
for stroke were randomly assigned to
Warfarin
Warfarin
receive apixaban 5 mg twice daily or
1.5
acetylsalicylic acid (ASA) 81 to 324 mg
Apixaban
daily.18 The trial was terminated early
Dabigatran
when an interim analysis showed a
1.0
clear efficacy advantage for apixaban
over ASA. Stroke and systemic
embolism rates were 1.6% per year
0.5
with apixaban and 3.7% per year with
ASA, respectively (P < 0.001).
In the ARISTOTLE trial (Apixaban
0
RE-LY
ROCKET-AF
ARISTOTLE
for Reduction in Stroke and Other
Clinical
trials
Thromboembolic events in Atrial
Fibrillation), 18,201 patients with
Figure 1 Rates of stroke and embolism in three clinical trials of oral anticoagulants.
AF and additional risk factors for
ARISTOTLE = Apixaban for Reduction in Stroke and Other Thromboembolic
stroke received either apixaban
events in Atrial Fibrillation; RE-LY = Randomized Evaluation of Long-term
5 mg twice daily or dose-adjusted
Anticoagulation Therapy; ROCKET-AF = Rivaroxaban Once daily, oral, direct factor
warfarin (target INR, 2.0–3.0). A
Xa inhibition Compared with vitamin K antagonism for prevention of stroke and
lower dose of apixaban (2.5 mg twice
Embolism Trial in Atrial Fibrillation.
daily) was used for patients with
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Intracranial hemmorhage (%/year)

0.9
Warfarin

0.8

Warfarin

0.7

Warfarin

cost-effective in moderate-risk populations with AF
unless INR control was poor or the risk of hemorrhage was high.

ADDITIONAL CONSIDERATIONS

In emergency situations, bleeding episodes are
usually managed with direct compression at the
bleeding site and with aggressive replacement of
0.5
volume and blood products until hemostasis is
Apixaban
0.4
restored.24,25
Dabigatran
5 mg b.i.d.
Non-emergency management of bleeding includes
150 mg b.i.d.
0.3
withholding further doses of the anticoagulant to
reduce the effect and administering fresh frozen
0.2
plasma or prothrombin complex concentrates, which
0.1
promote blood clotting, although data supporting
this practice are limited.26
0
RE-LY
ROCKET-AF
ARISTOTLE
The effects of warfarin can be reversed by adClinical trials
ministering vitamin K1 (although full reversal takes
up to 24 hours) and, when necessary, coadministraFigure 2 Rates of intracranial hemorrhage in three clinical trials
tion of fresh frozen plasma or prothrombin complex
of oral anticoagulants. ARISTOTLE = Apixaban for Reduction in
concentrates.11 Protamine sulfate can counteract the
Stroke and Other Thromboembolic events in Atrial Fibrillation;
effects of heparin, and the antihemostatic effect of
RE-LY = Randomized Evaluation of Long-term Anticoagulation
aspirin and other antiplatelet drugs can be corrected
Therapy; ROCKET-AF = Rivaroxaban Once daily, oral, direct factor
by administering platelet transfusions, desmopressin,
Xa inhibition Compared with vitamin K antagonism for prevention
or both if needed.27
of stroke and Embolism Trial in Atrial Fibrillation.
The newer oral anticoagulants have relatively
short half-lives (7–17 hours); therefore, drug disCOST CONCERNS
continuation is appropriate for patients with bleeding that is
In the U.S. and around the world, both dabigatran and rivanot imminently life-threatening. Although no commercially
roxaban are more expensive than warfarin, and the other new
available antidotes are available for the newer generation of
oral anticoagulants are also anticipated to be more expensive
anticoagulants, recombinant activated Factor VII (rFVIIa)
than warfarin. However, when warfarin’s requirement for rouand prothrombin complex concentrates, which are potent protine coagulation monitoring and its associated nonmedical costs
coagulants, have been proposed as potential reversal agents.
(lost work productivity, laboratory visits, and transportation
Studies in healthy volunteers have shown conflicting results
time) are calculated, the new agents may prove more costwith rFVIIa, whereas in vitro and animal studies with proeffective than warfarin.22
thrombin complex concentrates show some promise.12 Further
In addition, in clinical practice, an anticoagulant without
study is needed to determine the clinical applicability of these
findings to humans.
routine coagulation monitoring and frequent dose adjustments
Products such as recombinant factor X, with a mutation that
may free up time for physicians, support staff, and patients.
prevents catalytic activity, but allows binding of FXa inhibitors,
Simplifying anticoagulation management may also improve
patients’ compliance, with consequent patient benefits and
and a monoclonal antibody fragment to dabigatran are being decost savings. On the other hand, with the loss of constant
veloped to reverse the anticoagulant effects of these new agents,
oversight by a health care practitioner and routine monitorbut they have not yet been tested in people. Prothrombin complex
ing that are associated with warfarin, patients will require
concentrates, derived from plasma and initially developed for
extensive instruction on the importance of adherence with
patients with hemophilia, are now being studied to determine
their anticoagulation regimen. Patients need to be informed of
efficacy in treating new oral anticoagulant-related bleeding.25,28–32
the thromboembolic risks associated with missed doses and
Because the novel agents have different mechanisms of
should be advised against doubling doses, which may increase
action, health care institutions should consider developing new
the risk of hemorrhagic events.
drug-specific protocols for the prevention and management of
A cost-effectiveness study using results from RE-LY found
bleeding in patients receiving these new anticoagulants.
that dabigatran 150 mg twice daily was more cost-effective in
Another fact to consider in clinical practice is that the efficacy
AF patients at high risk of hemorrhage or stroke with a score
and safety of these newer agents remain to be fully investigated
of 3 or higher according to CHADS2 (Congestive heart failure,
in certain groups of patients. Pregnant women and patients
Hypertension, Age > 75, Diabetes and Stroke) but was less
with severe heart-valve disorders, uncontrolled hypertension,
cost-effective when INR control with warfarin was excellent
active liver disease, and severe renal impairment (an estimated
(time in therapeutic range above 72.6%).23 In this analysis,
CrCl of 30 mL/minute or lower in RE-LY; below 30 mL/minute
neither dabigatran 110 mg nor dual therapy, consisting of
in ROCKET-AF, and less than 25 mL/minute in ARISTOTLE)
ASA plus clopidogrel (Plavix, Bristol-Myers Squibb/Sanofi)
were excluded from phase 3 trials.16,17,19 In addition, patients
was cost-effective. Conversely, warfarin was more likely to be
who required more than 100 mg/day of ASA in ROCKET-AF
0.6

Rivaroxaban
20 mg q.d.
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or more than 165 mg/day in ARISTOTLE and those who were
receiving dual antiplatelet therapy were also excluded from the
rivaroxaban and apixaban trials.17,19
Finally, the dosing frequency of newer oral anticoagulants
should be taken into account, because this may affect patient
adherence. Dabigatran and apixaban are given twice daily,
whereas rivaroxaban, like warfarin, is administered once
daily. Although no data are available about the effect of dosing
frequency for these agents in patients with AF, a systematic
review of adherence in other chronic disease states suggests
that patients are more compliant with once-daily treatment
regimens compared with twice-daily regimens.33

CONCLUSION

In phase 3 trials, the oral DTI dabigatran and the oral FXa
inhibitors rivaroxaban and apixaban were superior and noninferior to dose-adjusted warfarin in preventing thromboembolic
stroke and systemic embolism in patients with AF.16,17 Moreover,
these drugs did not increase the risk of bleeding and they were
well tolerated. Apixaban was superior to dose-adjusted warfarin
or ASA alone in reducing the risk of thromboembolic stroke.18
A reduction in thrombosis or bleeding events with these
newer oral anticoagulants, compared with warfarin, as well as
the possibility of simpler management, may improve patient
outcomes and provide significant cost benefits.
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