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Stroke prevention in atrial fibrillation: do we still
need warfarin?
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Purpose of review
Oral anticoagulation with vitamin K antagonists (warfarin, phenprocoumon) is successful in both primary
and secondary stroke prevention in patients with atrial fibrillation, yielding a 60–70% relative reduction in
stroke risk compared with placebo, as well as a mortality reduction of 26%. However, these agents have a
number of well documented shortcomings. Acetylsalicylic acid (ASA) reduces the relative risk of stroke by a
nonsignificant 19% compared with placebo, and increased bleeding risk offsets any therapeutic gain from
the combination of ASA with clopidogrel. This review describes the current landscape and developments in
stroke prevention in patients with atrial fibrillation, with special reference to secondary prevention.
Recent findings
A number of new drugs for oral anticoagulation that do not exhibit the limitations of vitamin K antagonists
are under investigation. These include direct factor Xa inhibitors and direct thrombin inhibitors. Recent
studies (RE-LY, ROCKET-AF, AVERROES, ARISTOTLE) provide promising results for new agents, including
higher efficacy and significantly lower incidences of intracranial bleeds compared with warfarin. The new
substances show similar results in secondary as in primary stroke prevention in patients with atrial
fibrillation.
Summary
New anticoagulants add to the therapeutic options for patients with atrial fibrillation, and offer a number of
advantages over warfarin, for both the clinician and patient, including a favourable bleeding profile and
convenience of use. Consideration of these new anticoagulants will improve clinical decision making.
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INTRODUCTION
Atrial fibrillation is a significant risk factor for
cardioembolic stroke [1], and is responsible for
approximately 25% of all ischemic strokes [2].
The median age of patients with atrial fibrillation
in Western countries is approximately 72 years [3].
Atrial fibrillation is becoming increasingly prevalent
as populations get older, and by the year 2050 it is
projected to affect 5.6 million US adults, of whom
more than 50% will be over 80 years of age [4].
Patients with atrial fibrillation have a four-fold
to five-fold higher risk of ischemic stroke than
those without atrial fibrillation [1]. The risk of atrial
fibrillation-related stroke also increases with age,
with a 1.5-fold increase per decade [5 ]. Furthermore, the risk of stroke for patients who have
already experienced a stroke or transient ischemic
attack (TIA) is reported to be 2.5 times greater than
for patients who have not [5 ]. A meta-analysis of
&

&

stroke prevention in atrial fibrillation trials found
an average stroke rate of 13% per year in untreated
atrial fibrillation patients with prior stroke or TIA
compared with 4.1% per year in atrial fibrillation
patients with no history of stroke/TIA [6]. In the
Copenhagen Stroke Study mortality was doubled for
recurrent strokes, emphasizing the importance of
anticoagulation for secondary prevention [7].
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minor strokes and compared warfarin (target INR
3.0, range 2.5–4.0) and acetylsalicylic acid (ASA;
300 mg/day) with placebo [8 ]. The study comprised
1007 patients with atrial fibrillation who were
observed for an average of 2.3 years. In those
patients considered eligible for VKAs, warfarin
provided a highly significant 66% relative risk
(RR) reduction in all stroke compared with placebo
(HR 0.34, 95% CI 0.20–0.57; P < 0.001). In comparison with ASA, it also provided a significant RR
reduction of 62% (HR 0.38, 95% CI 0.23–0.64;
P < 0.001). The incidence of major bleeding complications on treatment was 2.8% per year with
warfarin, and 0.9% per year with ASA [8 ]. The
meta-analysis by Hart et al. [6] found that, compared
with placebo or no intervention, warfarin was
associated with an absolute risk reduction of 2.7%
per year for primary prevention, rising to 8.4% per
year for secondary prevention. Also, compared
with ASA, the absolute risk reduction with warfarin
was 0.7% per year for primary prevention, but 7.0%
per year for secondary prevention.
A study of 13 599 patients with atrial fibrillation
over 6 years found that, although prior ischemic
stroke was the strongest risk factor for stroke and
systemic embolism, it was also one of the strongest
risk factors for intracranial haemorrhage [9]. While
receiving warfarin the annual rate of thromboembolism was 1.09 per 100 person years in patients
with no history of stroke, and 3.46 per 100 person
years in patients with a history of stroke. The annual
rates of intracranial haemorrhage during warfarin
therapy were 0.51 in patients with no history
of stroke compared with 1.16 in patients with
prior stroke. Despite the increased bleeding risk
an assessment of net clinical benefit (annualized
rate of thromboembolic events minus 1.5 times
the annualized rate of intracranial haemorrhage)
found that the benefit of warfarin administration
in patients with a history of stroke was more than
four-fold higher, compared with patients with no
prior stroke (2.48 versus 0.56% per year).
&

 Patients with atrial fibrillation are at high risk of stroke.
The stroke risk is increased in patients with atrial
fibrillation who have already suffered a transient
ischemic attack or stroke.
 The risk of stroke is dramatically decreased by
prevention with oral anticoagulants. Vitamin K
antagonists have many shortcomings, which explain
that only about 50% of all patients with atrial
fibrillation and without contraindications are treated
with warfarin or phenprocoumon.
 The new oral anticoagulants are at least as effective, or
more effective than vitamin K antagonists in the
prevention of stroke and systemic embolism in patients
with atrial fibrillation.
 All new anticoagulants result in a significant decrease
in intracranial bleeding complications compared
with warfarin.
 Apixaban is superior to aspirin in patients with atrial
fibrillation regarded unsuitable for treatment with
vitamin K antagonist, with a similar rate of major
bleeding complications.

The purpose of this review is to discuss stroke
prevention in atrial fibrillation patients with
vitamin K antagonists (VKAs) with special reference
to secondary stroke prevention. We will then discuss
the results of recently completed treatment trials
with the new oral anticoagulants. The future will
show whether the new anticoagulants will replace
VKAs, and whether well controlled patients on
warfarin with stable INR will remain on this drug.

SECONDARY PREVENTION WITH
WARFARIN
Warfarin, the most commonly used oral VKA, was
introduced over 60 years ago to prevent deep vein
thrombosis and strokes. Over the last 20 years, there
have been a number of randomized controlled
studies in which patients with atrial fibrillation were
treated with warfarin or placebo. In a meta-analysis
of stroke prevention in atrial fibrillation trials by
Hart et al. [6], warfarin was associated with a 64%
(95% CI 49–74) reduction in stroke compared with
placebo or no intervention, and a 37% (95% CI 23–
48) reduction compared with antiplatelet therapy.
Until recently, there had been only one study
that focused exclusively on secondary prevention in
patients with permanent, persistent and paroxysmal
atrial fibrillation – the European Atrial Fibrillation
Trial (EAFT), which involved patients with TIAs or
28
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Problems associated with vitamin K
antagonists
Warfarin inhibits the synthesis of coagulation
factors II, VII, IX and X, and is metabolized by
the cytochrome P450 enzyme complex [10,11].
As a consequence, it exhibits a large range of interactions with other drugs, interactions that are not
limited to those that also influence the coagulation
system. The effects of warfarin also depend on liver
function, genetic factors, alcohol consumption, food
and, above all, patient compliance [10]. Warfarin has
a relatively narrow therapeutic window of INR values
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between 2.0 and 3.0. INR values below 2.0 are
associated with insufficient anticoagulation, and
a subsequent rise in the risk of ischemic strokes,
although INR values in excess of 4.0 increase the
risk of intracranial bleeding substantially [12,13].
There is also a range of contraindications and
precautions for warfarin use, including the state
of the patient’s health after major surgery, various
bleeding complications, malignant hypertension,
and senility in unsupervised patients. Warfarin
therapy is often discontinued. Data from the Swedish
Stroke Registry showed that, of stroke survivors
discharged from hospital on warfarin therapy, only
45% were persistent users 2 years later [14].
Medicare data collected from 1992 to 2002
indicate an increased use of warfarin in patients
with atrial fibrillation, achieving a 56.3% rate
in 2002 [15]. The increased use of warfarin was
associated with a decrease in ischemic stroke, but
unchanged rate of haemorrhagic stroke. Despite
the convincing evidence of the efficacy of VKAs
in stroke prevention, these drugs remain underused
in most countries. Reasons include the need
for regular coagulation checks (INR control), real
or perceived contraindications, and the fear of
major bleeding complications, in particular intracranial bleeds [16,17].
Stroke prevention in patients with atrial
fibrillation needs to balance benefit (prevention of
ischemic stroke) versus risk (major bleed including
intracranial bleed). Whereas patients are usually
afraid of a stroke, physicians are often afraid of
bleeding complications. This results in an underuse
of anticoagulation therapy as shown in a systematic
review of 54 studies [18]. Up to 40% of patients
who had a TIA or an ischemic stroke were not
treated with an oral anticoagulant for secondary
prevention.
Although warfarin has proven efficacy for
stroke prevention in atrial fibrillation, its limitations
and associated risk of bleeding indicate that there is
a clear need for an alternative to VKAs. The ACTIVE
W study compared the combination of ASA and
clopidogrel with VKAs for prevention of vascular
events in patients with atrial fibrillation [19]. This
study was terminated early by the Data and Safety
Monitoring Board, after it became clear that the
combination of the two antiplatelet drugs led to a
44% increase in the RR for embolic events, including
strokes, compared with VKAs. Surprisingly, the combination of clopidogrel and ASA did not lead to the
expected lower rate of major bleeding complications
compared with warfarin. There were significant
differences between patients who had already been
on oral anticoagulation prior to study enrolment
versus patients who were treated de novo. Patients

who were on warfarin at study entry had a lower
discontinuation rate, a better INR control, and
a smaller difference in primary outcome event
rates between warfarin and aspirin plus clopidogrel
compared with patients starting on warfarin at
study entry.
The ACTIVE A study compared clopidogrel and
ASA combination therapy with ASA alone in atrial
fibrillation patients who had contraindications to
warfarin, or had declined treatment with warfarin
[20]. A total of 13.1% of the 7554 patients had
already suffered a stroke or TIA. The combination
of clopidogrel and ASA was better at preventing
ischemic strokes compared with ASA alone [21].
However, the combination also caused a higher rate
of bleeding complications. If 1000 patients were
treated for 1 year, the combination of clopidogrel
and ASA would prevent nine ischemic strokes, and
would result in seven instances of major bleeding
compared with ASA alone.
Summarizing the evidence from randomized
trials there is overwhelming evidence that VKAs
are superior to ASA, and the combination of ASA plus
clopidogrel. The combination of ASA and clopidogrel
is superior to ASA monotherapy, but carries a higher
risk of major bleeding complications.

NEW ANTICOAGULANTS
The new anticoagulants described in detail below
share common properties such as high specificity,
fixed oral dosing, no interaction with food, few
interactions with other drugs, no need for anticoagulation monitoring, and rapid onset and offset
of action. The major phase III trials which are
ongoing or completed are shown in Table 1.

Oral direct thrombin inhibitors
Dabigatran (Pradaxa), developed by Boehringer
Ingelheim, is a competitive and reversible direct
thrombin inhibitor, administered orally as a prodrug, dabigatran etexilate [22,23]. Dabigatran has a
predictable coagulation-inhibiting effect without
interacting with food, although food does delay
the time to maximal absorption by approximately
2 h [24,25]. Around 80% of systemically available
dabigatran is eliminated via the kidneys [26].
The CYP3A4 isoenzyme is not involved in
dabigatran’s metabolism, although there is a chance
of interaction with drugs that are metabolized by
this route (such as atorvastatin) [27]. Dabigatran
interacts with amiodarone, quinidine, ketoconazole
and verapamil. The interaction, however, does not
require dose adjustments according to the US Food
and Drug Administration (FDA). The European label
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110 mg dabigatran approximately
70% decrease and 150 mg
dabigatran approximately 60%
decrease in intracranial bleeds

Double-blind, high proportion of
patients with prior stroke

Double-blind

Double-blind

Equivalent rate of major bleeds

110 mg dabigatran noninferior,
150 mg dabigatran superior
to warfarin

Rivaroxaban noninferior in ITT
analysis, superior in PP analysis

Apixaban superior to warfarin in
ITT analysis

Study results expected in spring
2012 (ClinicalTrials.gov 2010c)

Apixaban superior to ASA
(RRR 55%)

Stroke, systemic
embolism
>20 000 patients with atrial fibrillation,
moderate or high risk

5599 patients with atrial fibrillation
unsuitable for VKA therapy

Edoxaban 30 mg or 60 mg
o.d. Warfarin INR 2–3c

Apixaban 5 mg b.i.d.
Aspirin 81–324 mg

ENGAGE-AF-TIMI
48 [58]

AVERROES [59]

Stroke, systemic
embolism

Stroke, systemic
embolism
18 201 patients with atrial fibrillation or
flutter, at least one risk factor for stroke
Apixaban 5 mg b.i.d.b
Warfarin INR 2–3
&&

ARISTOTLE [49 ]

&&

Stroke, systemic
embolism
14 264 patients with atrial fibrillation
and prior stroke/TIA/systemic embolism
or at least two risk factors for stroke
Rivaroxaban 20 mg o.d.a
Warfarin INR 2–3
ROCKET-A F [48 ]

Stroke, systemic
embolism
18 113 patients with atrial fibrillation
and at least one risk factor for stroke
Dabigatran 110 mg or
150 mg b.i.d. Warfarin
INR 2–3
RE-LY [30 ]
&&
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ASA, acetylsalicylic acid; VKA, vitamin K antagonist.
a
15 mg once daily (o.d.) in patients with creatinine clearance (CrCl) 30–49 ml/min.
b
2.5 mg twice daily (b.i.d.) in patients with two of: age 80 years; body weight <60 kg; serum creatinine 1.5 mg/dl (133 mmol/l).
c
50% dose reduction for patients with anticipated elevated exposure (one of CrCl 30–50 ml/min; body weight 60 kg; concomitant verapamil or quinidine).

Comments
Result
Primary outcome
Inclusion criteria and patients
Drug
Study acronym

Table 1. Overview of completed and ongoing phase III trials of new anticoagulants in patients with atrial fibrillation

Cerebrovascular disease

recommends use of the low dose of 110 mg
twice daily (b.i.d.) in patients on verapamil (http://
bidocs.boehringer-ingelheim.com/BIWebAccess/
View Servlet.ser?docBase=renetnt&folderPath=/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf).
The concomitant use of dabigatran and rifampicin,
as well as ketoconazole, should be avoided. As
dabigatran is primarily eliminated renally, the EU
label indicates severe renal impairment [creatinine
clearance (CrCl) less than 30 ml/min] as a contraindication. However, the FDA have approved a lower
75 mg b.i.d. dose for patients with a CrCl of 15–
30 ml/min (Pradaxa US prescribing information
2011, http://bidocs.boehringer-ingelheim.com/BI
WebAccess/ViewServlet.ser?docBase=renetnt&folder
Path=/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf).
Dabigatran in stroke prevention in
patients with atrial fibrillation
In an initial dose finding study in patients with atrial
fibrillation, the so-called PETRO study, 502 patients
documented as having atrial fibrillation with
coronary artery disease plus at least one additional
risk factor were given three different doses of
dabigatran etexilate – 50, 150 and 300 mg b.i.d. or
warfarin at a target INR between 2.0 and 3.0 [28].
These were a mixed group of patients receiving
ASA (81 or 325 mg/day) and those not receiving
ASA. The primary endpoint was bleeding complications. The study showed that patients receiving
50 mg of dabigatran etexilate b.i.d. were possibly
underdosed, and that 300 mg of dabigatran etexilate
b.i.d. (particularly in those also receiving ASA)
was associated with a high risk of bleeding complications. Based on these results and pharmacokinetic
modelling, doses of 110 and 150 mg b.i.d. dabigatran were chosen for the phase III programme.
The Randomized Evaluation of Long-Term
Anticoagulation Therapy (RE-LY) trial was a large
international, multicenter, randomized trial that
included 18 113 patients with nonvalvular atrial
fibrillation, and at least one additional risk factor
for stroke [29,30 ]. Patients were randomized 1 : 1 : 1
to receive one of two blinded doses of dabigatran,
either 110 mg b.i.d. (1195 had prior stroke, and 4820
had no prior stroke), or 150 mg b.i.d. (1233 had prior
stroke, and 4843 had no prior stroke), or open-label
warfarin (INR 2.0–3.0; 1195 had prior stroke, and
4827 had no prior stroke). The median follow-up
period was 2 years, and those with severe renal
insufficiency (CrCl less than 30 ml/min) were
excluded from study participation. Events were
blinded and independently adjudicated following
a PROBE design (prospective randomized open
with blinded endpoint evaluation). The primary
&&
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outcome was the composite of stroke or systemic
embolism [29].
The primary outcome event rates were 1.71%
per year in the warfarin group, and 1.54% per year
in the dabigatran 110 mg group (RR with dabigatran,
0.90, 95% CI 0.74–1.10; P < 0.001 for noninferiority), and 1.11% per year in the dabigatran 150 mg
group (RR 0.65, 95% CI 0.52–0.81; P < 0.001 for
superiority) [31]. Major bleeding rates were 3.57%
per year in the warfarin group, 2.87% per year
in the dabigatran 110 mg group (RR 0.80, 95% CI
0.70–0.93; P ¼ 0.003), and 3.32% per year in the
dabigatran 150 mg group (RR 0.93, 95% CI 0.81–
1.07; P ¼ 0.31). The hemorrhagic stroke rate was
0.38% per year with warfarin, 0.12% per year with
dabigatran at the 110 mg dose (RR 0.31, 95% CI
0.17–0.56; P < 0.001), and 0.10% per year with
dabigatran at the 150 mg dose level (RR 0.26, 95%
CI 0.14–0.49; P < 0.001) [30 ]. Mortality rates were
4.13% per year in the warfarin group, 3.75% per year
with dabigatran 110 mg (RR 0.91, 95% CI 0.80–1.03;
P ¼ 0.13), and 3.64% per year with dabigatran
150 mg (RR 0.88, 95% CI 0.77–1.00; P ¼ 0.051)
[30 ,31].
A subgroup analysis included the secondary
stroke prevention part of the RE-LY study exploring
the treatment effects of dabigatran versus warfarin
in patients who had a prior stroke or TIA [32].
Regarding stroke or systemic embolism, a finding
consistent with that seen in the main RE-LY study
was found in patients with prior stroke or TIA
(RR 0.84, 95% CI 0.58–1.20 for dabigatran 110 mg
versus warfarin; RR 0.75, CI 0.52–1.08 for dabigatran 150 mg versus warfarin). In this subgroup,
there was also an 89 and 73% RR reduction in the
incidence of hemorrhagic stroke in the dabigatran
110 mg and dabigatran 150 mg groups, respectively,
compared with warfarin. With one exception
(vascular death) all interaction P values were
nonsignificant, indicating that the results in the
subgroup of patients with TIA or stroke were comparable to those in the main study. In the RE-LY
study, intracranial bleeding rates for all patients were
lower in the dabigatran groups than in the warfarin
group (110 mg b.i.d. dose: RR 0.30, 95% CI 0.19–0.45;
150 mg b.i.d. dose: RR 0.41, 95% CI 0.28–0.60;
P < 0.001 superior to warfarin for both dabigatran
doses) [30 ,31]. Intracranial bleeding rates were also
lower in patients with prior stroke or TIA compared
with warfarin (P ¼ 0.001 for dabigatran 110 mg;
P ¼ 0.007 for dabigatran 150 mg) [32,33]. The bleeding risk was increased by the concomitant use of
dabigatran and antiplatelet therapy [34], which also
increased bleeding risk in patients on warfarin.
Dabigatran had a higher drop-out rate, due
to gastrointestinal adverse events (e.g. dyspepsia)
&&

&&

&&

[30 ], and was associated with a small nonsignificant numerical increase in myocardial infarctions compared with warfarin [31]. In conclusion
dabigatran is an important addition to the treatment options for stroke prevention in atrial fibrillation. Dabigatran was approved for use at the 150 mg
b.i.d. dose in the USA [35], and for both doses
in Europe.
&&

Guideline recommendations on the use of
dabigatran
The Canadian Cardiovascular Society 2010 guidelines recommend dabigatran 150 mg b.i.d. in
preference to warfarin, with the 110 mg dose recommended for patients with decreased renal function,
decreased body weight or at increased risk of major
bleeding [36]. In the European Society of Cardiology
(ESC) 2010 guidelines, dabigatran is considered
an alternative to warfarin, with the 150 mg b.i.d.
dose recommended for patients at low risk of
bleeding (HAS-BLED score 0–2), and the 110 mg
dose recommended for patients at high risk of
bleeding (HAS-BLED score at least 3) [37]. The ESC
2010 guidelines also consider the 110 mg b.i.d.
dose of dabigatran an option for patients with
atrial fibrillation, and only one clinically relevant
nonmajor stroke risk factor (heart failure, hypertension, diabetes, female sex, age 65–74, and vascular
disease). The American College of Cardiology
Foundation (ACCF)/American Heart Association
Task Force (AHA)/Heart Rhythm Society (HRS)
update to the ACC/AHA/ESC guidelines recommend
the 150 mg b.i.d. dabigatran dose as an alternative
to warfarin with a 75 mg dose recommended
for patients with creatinine clearance of 15–
30 ml/min [38]. The ACCF/AHA/HRS update also
states that, because of the nonhemorrhagic side
effects of dabigatran, patients with excellent INR
control may have little benefit by switching from
warfarin [38]. The update suggests that physicians
consider the individual’s ability to comply with
b.i.d. dosing, availability of an INR management
program, cost, patient preference, and other
factors when choosing to treat with dabigatran or
warfarin.
Another direct thrombin inhibitor in development is AZD0837. Phase II dose-ranging and
tolerability studies of both extended release
(150–450 mg once daily (o.d.) or 200 mg b.i.d.)
and immediate release (150 mg b.i.d. or 350 mg
b.i.d.) formulations have shown that the drug is
generally well tolerated in patients with nonvalvular
atrial fibrillation [39,40], although at the time
of writing no plans for a phase III trial have
been reported, and drug development has been
suspended.
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Oral direct factor Xa inhibitors
New oral direct factor Xa inhibitors under investigation for the prevention of stroke and systemic
embolism in patients with atrial fibrillation are
rivaroxaban, apixaban and edoxaban.
Rivaroxaban
Rivaroxaban (Xarelto) has been co-developed by
Bayer Healthcare Pharmaceuticals and Johnson &
Johnson Pharmaceutical Research & Development,
L.L.C., and is administered in a fixed oral dose [41].
Rivaroxaban exhibits dose-dependent pharmacokinetics, and has a dual mode of elimination;
one-third of the active drug is eliminated
unchanged in the urine, and two-thirds is metabolized by the liver (of which half is excreted via
the kidneys, and half excreted via the hepatobiliary
route) [42]. The pharmacokinetics and pharmacodynamics of rivaroxaban are not influenced by sex
or weight to the degree that any dose adjustment
is required [43]. There is relevant interaction with
strong inhibitors of both CYP3A4 and P-glycoprotein such as azole antimycotics or HIV protease
inhibitors [44,45]. Pharmacokinetic and pharmacodynamic analyses have also indicated that although
drug clearance is affected by renal function to
some degree, rivaroxaban can be used effectively
in patients with mild-to-moderate renal impairment
(CrCl 30–79 ml/min) [46,47].
The prevention of stroke in patients with atrial
fibrillation was investigated in the Rivaroxaban
once daily, oral, direct factor Xa inhibition compared with vitamin K antagonism for prevention of
stroke and embolism in atrial fibrillation (ROCKETAF trial). In this phase III, double-blind, doubledummy, event-driven trial, the efficacy and safety
of rivaroxaban (20 mg o.d. or 15 mg o.d. in patients
with a CrCl 30–49 ml/min) was compared with
warfarin in 14 264 patients in need of anticoagulation according to guidelines (i.e. CHADS2 at least 2)
[48 ]. ROCKET-AF, however, included patients with
a much higher CHADS2 score (mean 3.5) than RE-LY
[30 ] or Apixaban for reduction in stroke and other
thromboembolic events in atrial fibrillation (ARISTOTLE) [49 ] (means of around 2). The primary
endpoint was stroke or systemic embolism. A total
of 7131 patients were randomized to rivaroxaban
and 7133 to warfarin. The rate of the primary
endpoint in the per-protocol analysis was 1.7%
per year for rivaroxaban compared with 2.2% per
year for warfarin (HR 0.79, 95% CI 0.66–0.96;
P < 0.001 for noninferiority). In the intention-totreat population rivaroxaban was also noninferior
to warfarin (2.1 versus 2.4% per year, HR 0.88, 95%
CI 0.75–1.03; P < 0.001 for noninferiority; P ¼ 0.12
&&
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for superiority) [48 ]. Principal safety endpoint
rates (major and nonmajor clinically relevant bleeding) were similar in both groups (14.9 versus 14.5%
per year; HR 1.03, 95% CI 0.96–1.11; P ¼ 0.44 for
superiority). Intracranial (0.5 versus 0.7% per year,
HR 0.67, 95% CI 0.47–0.93; P ¼ 0.02) and fatal
bleeding (0.2 versus 0.5% per year, HR 0.50, 9%
CI 0.31–0.79; P ¼ 0.003) rates were lower with rivaroxaban. Adverse events were similar across groups.
There was a small but significant increase in the
number of epistaxis events in the rivaroxaban group
(10.1 versus 8.6% in the warfarin group; P < 0.05).
The results from the subgroup analysis of
patients with prior TIA or stroke were reported
at the European Stroke Conference in May 2011.
The subgroup comprised 7468 patients. Annual
stroke rates were higher in patients with prior TIA
or stroke compared with patients without cerebrovascular event (e.g. in the warfarin arm, 2.6% per
year in those with prior TIA/stroke versus 1.7% per
year in those without). The relative treatment effects
of rivaroxaban versus warfarin were not statistically
different between patients with and without prior
TIA or stroke. More recently, the findings of another
prespecified ROCKET-AF subgroup analysis were
published, assessing the risks and benefits of
the rivaroxaban 15 mg o.d. dose in the 2950 patients
with moderate renal impairment (CrCl 30–49 ml/
min) at enrolment [50]. Although patients with
moderate renal impairment had higher rates of
stroke, and bleeding than those without, regardless
of treatment, the lower rivaroxaban dose yielded
efficacy and safety results consistent with the overall
ROCKET-AF trial.
&&

Apixaban
Apixaban is manufactured by Bristol Myers-Squibb
and Pfizer. In contrast to dabigatran and rivaroxaban, apixaban is eliminated approximately 25%
renally, with 75% being eliminated through
hepatobiliary elimination [51,52]. Clinical findings
suggest that apixaban interacts with strong CYP3A4
inhibitors such as ketoconazole [53].
There are two studies investigating the prevention of stroke in patients with atrial fibrillation
(Table 1). In the ARISTOTLE study, 18 201 patients
with atrial fibrillation were treated with 5 mg
oral doses of apixaban b.i.d. or warfarin [49 ,54].
The rate of primary outcome (stroke and systemic
embolism) after a median 1.8 years of follow-up was
1.27% per year in the apixaban group, and 1.60%
per year in the warfarin group, resulting in a HR of
0.79 with 95% CI 0.66–0.95 (P ¼ 0.01 for superiority). The rate of major haemorrhage was 2.13% per
year in the apixaban group compared with 3.09%
&&
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per year in the warfarin group (HR 0.69, 95% CI
0.60–0.80; P < 0.001). Mortality was reduced by 11%
(HR 0.89, 95% CI 0.80–0.99; P ¼ 0.047). Apixaban
reduced the rate of haemorrhagic stroke (HR 0.51,
95% CI 0.35–0.75; P < 0.001), but did not significantly reduce the rate of ischemic, or uncertain
type of stroke (HR 0.92, 95% CI 0.74–1.13;
P ¼ 0.42). The investigators also reported fewer discontinuations in the apixaban arm compared with
warfarin (25.3 versus 27.5%, respectively; P ¼ 0.001),
with similar adverse event profiles observed.
The second study, Apixaban versus acetylsalicylic acid to prevent strokes, involved patients who
had a contraindication to or were unwilling to take
oral anticoagulants. The purpose of this study was
to compare the effectiveness of apixaban with
ASA in patients with atrial fibrillation considered
unsuitable for warfarin [55 ]. The study was terminated prematurely by the Data and Safety Monitoring Board owing to the clear superiority of apixaban
over ASA for the primary efficacy outcome (composite of stroke/systemic embolism). There were
51 primary outcome events (1.6% per year) among
patients assigned to apixaban, and 113 (3.7% per
year) in patients assigned to aspirin (HR 0.45; 95%
CI 0.32–0.62; P < 0.001). There were 44 cases of
major bleeding (1.4% per year) in the apixaban
group, and 39 (1.2% per year) in the aspirin group
(HR with apixaban, 1.13; 95% CI 0.74–1.75;
P ¼ 0.57), there were 11 cases of intracranial bleeding with apixaban, and 13 with aspirin (0.4% per
year in both arms, HR 0.85, 95% CI 0.38–1.90;
P ¼ 0.69). In 764 patients with prior TIA or stroke
there were 10 primary outcome events in those
randomized to apixaban (2.5% per year), and
33 in those randomized to aspirin (8.3% per year),
showing that the treatment effects for apixaban
compared with aspirin were comparable between
patients with atrial fibrillation with and without
prior TIA or stroke.
&&

Edoxaban
Edoxaban (DU-176b) is manufactured by Daiichi
Sankyo. Phase I data for this substance have been
published [56,57], as well as the findings of a phase II
dose-finding study in patients with atrial fibrillation
[58]. This study showed edoxaban 30 mg q.d. (daily)
and 60 mg q.d. dose regimens to have a safety profile
similar to warfarin, although those treated with
the edoxaban 30 mg b.i.d. or 60 mg b.i.d. regimens
had more bleeding events versus warfarin. Based on
the findings of these trials, the effective anticoagulation with factor XA next generation in atrial
fibrillation-thrombolysis in myocardial infarction
study 48 global phase III safety/efficacy study on

stroke prevention in patients with atrial fibrillation
was initiated [59] (Table 1). In this 24-month trial,
edoxaban o.d. (30 mg or 60 mg) is investigated
versus warfarin, with more than 21 000 patients
enrolled.

CONCLUSION
After 60 years of using oral vitamin K antagonists,
the time has come for new substances. At present it
is difficult to conclude which of the new drugs has
the highest efficacy and the best benefit–risk ratio.
There are no head-to-head comparisons (and there
will most likely never be such studies), and the
trials investigated different populations. Calculated
numbers-needed-to-treat (NNT) give some hint:
NNT are 625 for dabigatran low dose, 172 for
dabigatran high dose, 303 for apixaban and 200
for rivaroxaban, all versus warfarin. The high dose
of dabigatran has the highest benefit for preventing
stroke (including ischemic stroke), whereas apixaban shows advantages in reducing the risk of
bleeding complications and has been investigated
in comparison with ASA. Rivaroxaban seems to be
best suited for patients with high stroke risk.
Both oral direct thrombin antagonists and factor
Xa inhibitors have advantages over warfarin and
other VKAs in a number of ways:
(1) New anticoagulants are administered in a fixed
dose irrespective of sex, weight and age [for
apixaban there is the recommendation to go
for 2.5 mg b.i.d. if weight is 60 kg or less (and
age is at least 80 years)].
(2) There are no interactions with food and few
interactions with drugs.
(3) There is no need to monitor INR values or
other coagulation parameters. This may be
a particular advantage for patients who have
had a disabling stroke, and find it difficult to
attend coagulation clinics.
(4) Studies conducted up to this point suggest
that the new oral anticoagulants are superior
to VKAs.
(5) The incidences of bleeding complications are
comparable to, and in the case of intracranial
bleeds, are lower than those associated with
oral VKAs.
(6) In patients with prior TIA or stroke the new
anticoagulants are as effective as in patients
without prior TIA or stroke. As the secondary
stroke rate is higher after TIA or stroke, the
absolute benefit is higher.
(7) All studies up to now excluded patients in the
acute phase of stroke. There is, however, no
reason to delay the treatment in patients with
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mild to moderate strokes beyond 3–6 days after
the acute event. Patients with TIA can be treated
within 24 h after imaging to exclude cerebral
bleed.
Due to the quick onset and offset of action of the
new anticoagulants, compliance and adherence is
much more important than with VKAs. Education
for both physicians and patients on this issue is of
paramount importance.
Acknowledgements
The authors would like to acknowledge Geraint Owens
who provided editorial support with funding from Bayer
Healthcare Pharmaceuticals and Janssen Pharmaceuticals, Inc. The two companies had no influence on the
content of the mansucript.
Conflicts of interest
H.-C.D. has received a fee for taking part in clinical
studies, participating in advisory boards and presentations from Abbott, AstraZeneca, Bayer Vital, BMS,
Boehringer Ingelheim, CoAxia, D-Pharm, Fresenius,
GlaxoSmithKline, Janssen Cilag, MSD, MindFrame,
Neurobiological Technologies, Novartis, Novo-Nordisk,
Paion, Parke-Davis, Pfizer, Sanofi-Aventis, Sankyo,
Servier, Solvay, Thrombogenics, Wyeth, Yamaguchi.
Research projects conducted by the University Clinic
for Neurology in Essen were supported by AstraZeneca,
GSK, Boehringer Ingelheim, Novartis, Janssen Cilag,
Sanofi-Aventis. The following institutions contributed
research funding to the University Clinic of Neurology:
DFG, BMBF, EU, Bertelsmann Stiftung and HeinzNixdorf Stiftung. H.-C. Diener does not own shares in
any pharmaceutical company.
G.Y.H.L. has served as a consultant for Bayer, Astellas,
Merck, AstraZeneca, Sanofi, Aryx, Portola, Biotronic and
Boehringer Ingelheim and has lectured for Bayer,
Boehringher Ingelheim, and Sanofi.
R.W.: no interests to disclose.
S.H.H. reports receiving consulting fees from Bayer,
Sanofi Aventis, Cardiome, ARYx, BMS, Boehringer
Ingelheim research grants from Sanofi Aventis and St.
Jude Medical, and lecture fees from Sanofi Aventis, St.
Jude Medical, Boehringer Ingelheim and BMS.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest
Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 97).
1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk
factor for stroke: the Framingham Study. Stroke 1991; 22:983–988.

34

www.co-neurology.com

2. Marini C, De Santis F, Sacco S, et al. Contribution of atrial fibrillation to
incidence and outcome of ischemic stroke: results from a population-based
study. Stroke 2005; 36:1115–1119.
3. Singer DE, Albers GW, Dalen JE, et al. Antithrombotic therapy in atrial
fibrillation: American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th edition). Chest 2008; 133 (6 Suppl):546S–
592S.
4. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation
in adults: national implications for rhythm management and stroke prevention:
the anticoagulation and risk factors in atrial fibrillation (ATRIA) study. JAMA
2001; 285:2370–2375.
5. Stroke Risk in Atrial Fibrillation Working Group. Independent predictors of
&
stroke in patients with atrial fibrillation: a systematic review. Neurology 2007;
69:546–554.
Most recent meta-analysis investigating the effects of vitamin K antagonists and
ASA on stroke prevention in atrial fibrillation.
6. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to
prevent stroke in patients who have nonvalvular atrial fibrillation. Ann Intern
Med 2007; 146:857–867.
7. Jorgensen HS, Nakayama H, Reith J, et al. Stroke recurrence: predictors,
severity, and prognosis. The Copenhagen Stroke Study. Neurology 1997;
48:891–895.
8. European Atrial Fibrillation Trial (EAFT) Study Group. Secondary prevention in
&
nonrheumatic atrial fibrillation after transient ischaemic attack or minor stroke.
Lancet 1993; 342:1255–1262.
This is the only study comparing warfarin and ASA that focused exclusively on
secondary stroke prevention in patients with atrial fibrillation.
9. Singer DE, Chang Y, Fang MC, et al. The net clinical benefit of warfarin
anticoagulation in atrial fibrillation. Ann Intern Med 2009; 151:297–305.
10. Ansell J, Hirsh J, Hylek E, et al. Pharmacology and management of the vitamin
K antagonists: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8th edition). Chest 2008; 133 (6 Suppl):
160S–198S.
11. Turpie AG. New oral anticoagulants in atrial fibrillation. Eur Heart J 2008;
29:155–165.
12. Hylek E, Singer D. Risk factors for intracranial hemorrhage in outpatients
taking warfarin. Ann Intern Med 1994; 120:897–902.
13. Oden A, Fahlen M, Hart RG. Optimal INR for prevention of stroke and death
in atrial fibrillation: a critical appraisal. Thromb Res 2006; 117:493–499.
14. Glader EL, Sjolander M, Eriksson M, Lundberg M. Persistent use of secondary
preventive drugs declines rapidly during the first 2 years after stroke. Stroke
2010; 41:397–401.
15. Lakshminarayan K, Solid CA, Collins AJ, et al. Atrial fibrillation and stroke in the
general medicare population: a 10-year perspective (1992–2002). Stroke
2006; 37:1969–1974.
16. Man-Son-Hing M, Laupacis A. Anticoagulant-related bleeding in older
persons with atrial fibrillation: physicians’ fears often unfounded. Arch Intern
Med 2003; 163:1580–1586.
17. Bungard TJ, Ghali WA, Teo KK, et al. Why do patients with atrial fibrillation not
receive warfarin? Arch Intern Med 2000; 160:41–46.
18. Ogilvie IM, Newton N, Welner SA, et al. Underuse of oral anticoagulants in
atrial fibrillation: a systematic review. Am J Med 2010; 123:638–645; e4.
19. ACTIVE Writing Group on behalf of the ACTIVE Investigators, Connolly S,
Pogue J, Hart R, Pfeffer M, Hohnloser S, et al. Clopidogrel plus aspirin versus
oral anticoagulation for atrial fibrillation in the Atrial fibrillation Clopidogrel Trial
with Irbesartan for prevention of Vascular Events (ACTIVE W): a randomised
controlled trial. Lancet 2006; 367:1903–1912.
20. Connolly S, Yusuf S, Budaj A, et al. Rationale and design of ACTIVE: the atrial
fibrillation clopidogrel trial with irbesartan for prevention of vascular events.
Am Heart J 2006; 151:1187–1193.
21. Connolly SJ, Pogue J, Hart RG, et al. Effect of clopidogrel added to aspirin in
patients with atrial fibrillation. N Engl J Med 2009; 360:2066–2078.
22. Stangier J, Rathgen K, Stahle H, et al. The pharmacokinetics, pharmacodynamics and tolerability of dabigatran etexilate, a new oral direct thrombin
inhibitor, in healthy male subjects. Br J Clin Pharmacol 2007; 64:292–
303.
23. Wienen W, Stassen JM, Priepke H, et al. In-vitro profile and ex-vivo
anticoagulant activity of the direct thrombin inhibitor dabigatran and its orally
active prodrug, dabigatran etexilate. Thromb Haemost 2007; 98:155–162.
24. Stangier J, Eriksson BI, Dahl OE, et al. Pharmacokinetic profile of the oral
direct thrombin inhibitor dabigatran etexilate in healthy volunteers and patients
undergoing total hip replacement. J Clin Pharmacol 2005; 45:555–563.
25. Stangier J, Clemens A. Pharmacology, pharmacokinetics, and pharmacodynamics of dabigatran etexilate, an oral direct thrombin inhibitor. Clin Appl
Thromb Hemost 2009; 15 (1 Suppl):9S–16S.
26. Blech S, Ebner T, Ludwig-Schwellinger E, et al. The metabolism and
disposition of the oral direct thrombin inhibitor, dabigatran, in humans. Drug
Metab Dispos 2008; 36:386–399.
27. Stangier J, Rathgen K, Stahle H, et al. Coadministration of dabigatran etexilate
and atorvastatin: assessment of potential impact on pharmacokinetics and
pharmacodynamics. Am J Cardiovasc Drugs 2009; 9:59–68.
28. Ezekowitz MD, Reilly PA, Nehmiz G, et al. Dabigatran with or without
concomitant aspirin compared with warfarin alone in patients with nonvalvular
atrial fibrillation (PETRO study). Am J Cardiol 2007; 100:1419–1426.

Volume 25  Number 1  February 2012

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Stroke prevention in atrial fibrillation Diener et al.
29. Ezekowitz MD, Connolly S, Parekh A, et al. Rationale and design of RE-LY:
randomized evaluation of long-term anticoagulant therapy, warfarin, compared
with dabigatran. Am Heart J 2009; 157:805–810; 10 e1–10 e2.
30. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in
&&
patients with atrial fibrillation. N Engl J Med 2009; 361:1139–1151.
A large randomized trial comparing dabigatran with warfarin in patients with atrial
fibrillation.
31. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Newly identified events in the
RE-LY trial. N Engl J Med 2010; 363:1875–1876.
32. Diener HC, Connolly SJ, Ezekowitz MD, et al. Dabigatran compared with
warfarin in patients with atrial fibrillation and previous transient ischaemic
attack or stroke: a subgroup analysis of the RE-LY trial. Lancet Neurol 2010;
9:1157–1163.
33. Diener H, Connolly S, Ezekowitz M, et al. Dabigatran compared to warfarin in
patients with atrial fibrillation and prior TIA or stroke: results of RE-LY
[abstract]. American Stroke Association International Stroke Conference
2010; 26 February 2010; San Antonio, TX. Abst. 195.
34. Eikelboom JW, Wallentin L, Connolly SJ, et al. Risk of bleeding with 2 doses of
dabigatran compared with warfarin in older and younger patients with atrial
fibrillation: an analysis of the randomized evaluation of long-term anticoagulant
therapy (RE-LY) trial. Circulation 2011; 123:2363–2372.
35. Beasley BN, Unger EF, Temple R. Anticoagulant options: why the FDA
approved a higher but not a lower dose of dabigatran. N Engl J Med
2011; 364:1788–1790.
36. Cairns JA, Connolly S, McMurtry S, et al. Canadian Cardiovascular Society
atrial fibrillation guidelines 2010: prevention of stroke and systemic thromboembolism in atrial fibrillation and flutter. Can J Cardiol 2011; 27:74–90.
37. Camm AJ, Kirchhof P, Lip GY, et al. Guidelines for the management of atrial
fibrillation: the Task Force for the Management of Atrial Fibrillation of the
European Society of Cardiology (ESC). Eur Heart J 2010; 31:2369–2429.
38. Wann LS, Curtis AB, January CT, et al. 2011 ACCF/AHA/HRS focused
update on the management of patients with atrial fibrillation (updating the
2006 guideline): a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. Circulation
2011; 123:104–123.
39. Lip GY, Rasmussen LH, Olsson SB, et al. Oral direct thrombin inhibitor
AZD0837 for the prevention of stroke and systemic embolism in patients
with nonvalvular atrial fibrillation: a randomized dose-guiding, safety, and
tolerability study of four doses of AZD0837 vs. vitamin K antagonists. Eur
Heart J 2009; 30:2897–2907.
40. Olsson SB, Rasmussen LH, Tveit A, et al. Safety and tolerability of an
immediate-release formulation of the oral direct thrombin inhibitor
AZD0837 in the prevention of stroke and systemic embolism in patients with
atrial fibrillation. Thromb Haemost 2010; 103:604–612.
41. Kubitza D, Becka M, Voith B, et al. Safety, pharmacodynamics, and pharmacokinetics of single doses of BAY 59-7939, an oral, direct factor Xa inhibitor.
Clin Pharmacol Ther 2005; 78:412–421.
42. Weinz C, Schwarz T, Kubitza D, et al. Metabolism and excretion of rivaroxaban, an oral, direct factor Xa inhibitor, in rats, dogs, and humans. Drug
Metab Dispos 2009; 37:1056–1064.
43. Kubitza D, Becka M, Zuehlsdorf M, Mueck W. Body weight has limited
influence on the safety, tolerability, pharmacokinetics, or pharmacodynamics
of rivaroxaban (BAY 59-7939) in healthy subjects. J Clin Pharmacol 2007;
47:218–226.

44. Mismetti P, Laporte S. Rivaroxaban: clinical pharmacology. Ann Fr Anesth
Reanim 2008; 27 (3 Suppl):S16–S21.
45. Perzborn E, Roehrig S, Straub A, et al. Rivaroxaban: a new oral factor Xa
inhibitor. Arterioscler Thromb Vasc Biol 2010; 30:376–381.
46. Mueck W, Eriksson BI, Bauer KA, et al. Population pharmacokinetics and
pharmacodynamics of rivaroxaban: an oral, direct factor Xa inhibitor: in
patients undergoing major orthopaedic surgery. Clin Pharmacokinet 2008;
47:203–216.
47. Kubitza D, Becka M, Mueck W, et al. Effects of renal impairment on the
pharmacokinetics, pharmacodynamics and safety of rivaroxaban, an oral,
direct factor Xa inhibitor. Br J Clin Pharmacol 2010; 70:703–712.
48. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in
&&
nonvalvular atrial fibrillation. N Engl J Med 2011; 365:883–891.
First large study to investigate the efficacy and safety of a factor Xa inhibitor
(rivaroxaban) on the rate of stroke and systemic embolism in high-risk patients with
atrial fibrillation.
49. Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus warfarin in
&&
patients with atrial fibrillation. N Engl J Med 2011; 365:981–992.
Large randomized trial to compare the efficacy and safety of apixaban compared
with warfarin in patients with atrial fibrillation.
50. Fox KA, Piccini JP, Wojdyla D, et al. Prevention of stroke and systemic
embolism with rivaroxaban compared with warfarin in patients with nonvalvular
atrial fibrillation and moderate renal impairment. Eur Heart J 2011; 32:2387–
2394.
51. Raghavan N, Frost CE, Yu Z, et al. Apixaban metabolism and pharmacokinetics after oral administration to humans. Drug Metab Dispos 2009; 37:74–
81.
52. Shantsila E, Lip GY. Apixaban, an oral, direct inhibitor of activated factor Xa.
Curr Opin Investig Drugs 2008; 9:1020–1033.
53. Wang L, Zhang D, Raghavan N, et al. In vitro assessment of metabolic drug–
drug interaction potential of apixaban through cytochrome P450 phenotyping,
inhibition, and induction studies. Drug Metab Dispos 2010; 38:448–
458.
54. Lopes RD, Alexander JH, Al-Khatib SM, et al. Apixaban for reduction in stroke
and other thromboembolic events in atrial fibrillation (ARISTOTLE) trial:
design and rationale. Am Heart J 2010; 159:331–339.
55. Connolly SJ, Eikelboom J, Joyner C, et al. Apixaban in patients with atrial
&&
fibrillation. N Engl J Med 2011; 364:806–817.
A randomized trial that showed superiority of apixaban versus ASA in patients with
atrial fibrillation.
56. Hylek E. DU-176b, an oral, direct factor Xa antagonist. Curr Opin Investig
Drugs 2007; 8:778–783.
57. Zafar MU, Vorchheimer DA, Gaztanaga J, et al. Antithrombotic effects of factor
Xa inhibition with DU-176b: phase-I study of an oral, direct factor Xa inhibitor
using an ex-vivo flow chamber. Thromb Haemost 2007; 98:883–888.
58. Weitz JI, Connolly SJ, Patel I, et al. Randomised, parallel-group, multicentre,
multinational phase 2 study comparing edoxaban, an oral factor Xa inhibitor,
with warfarin for stroke prevention in patients with atrial fibrillation. Thromb
Haemost 2010; 104:633–641.
59. Ruff CT, Giugliano RP, Antman EM, et al. Evaluation of the novel factor Xa
inhibitor edoxaban compared with warfarin in patients with atrial fibrillation:
design and rationale for the effective anticoagulation with factor Xa next
generation in atrial fibrillation-thrombolysis in myocardial infarction study 48
(ENGAGE AF-TIMI 48). Am Heart J 2010; 160:635–641.

1350-7540 ß 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

www.co-neurology.com

35

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

