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Abstract | Anticoagulant therapy for ischaemic stroke aims to prevent recurrent ischaemic stroke and 
venous thromboembolism. Several large clinical trials have provided insight into the safety and efficacy of 
anticoagulant therapies. Anticoagulant treatment provides no net benefit over placebo or antiplatelet therapy 
in patients with acute ischaemic stroke of arterial or cardiac origin, because reductions in early recurrent 
ischaemic events and venous thromboembolism are offset by increases in bleeding events. For patients 
with ischaemic stroke of cardiac origin due to atrial fibrillation, long-term warfarin treatment reduces the risk 
of recurrent stroke by two-thirds compared with control, and by half compared with antiplatelet therapy. New 
anticoagulants, such as dabigatran, rivaroxaban and apixaban, are as efficacious and safe as warfarin, and 
have a rapid onset of action, few drug interactions, and predictable anticoagulant effects that do not require 
routine monitoring. However, the anticoagulant effects of the new drugs cannot be reliably measured or rapidly 
reversed in the event of major non-compressible bleeding or urgent surgery. In addition, the new agents 
cannot be used in patients with severe renal impairment or active liver disease. Ongoing research aims to 
resolve these limitations, examine whether the promising results of clinical trials can be translated into clinical 
practice, and monitor the long-term safety of anticoagulant therapies.
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Introduction
For patients with ischaemic stroke or transient ischae-
mic attack (TIA) caused by in situ arterial thrombosis 
or thromboembolism, anticoagulant therapy is used to 
prevent recurrent ischaemic stroke and venous thrombo-
embolism. For patients with ischaemic stroke or TIA and 
atrial fibrillation, anticoagulant intervention with oral 
vitamin K antagonists (VKAs), such as warfarin, has been 
the mainstay of treatment to prevent recurrent stroke. 
Long-term warfarin treatment is highly effective when 
given at an optimal dose maintaining the international 
normalized ratio (INR) within the therapeutic range 
(INR 2–3). However, this drug is substantially under-
used owing to concerns over the risk of bleeding and, 
when it is used, the dose is generally lower or higher than 
is required to maintain the INR within the therapeutic 
range, mainly because of pharmaco logical limitations, 
such as inter actions with food and other drugs that alter 
the metabolism of warfarin (Table 1).1–7

Suboptimal use of warfarin has serious consequences: 
for every 10% reduction in time in the therapeutic range 
(TTR) of the INR, the absolute annual risk of stroke is 
increased by 1%.6 Furthermore, the severity of strokes 
caused by atrial fibrillation, which could have been pre-
vented by appropriate and optimal use (INR 2–3) of 

anticoagulant treatment, is particularly high. One study 
showed that at 3–6 months’ follow-up, 73% of patients 
with ischaemic stroke caused by atrial fibrillation had died 
or were dependent on others to perform daily activities.8 
The underuse and sub optimal use of war farin in patients 
with atrial fibrillation and at risk of stroke has prompted 
the development and evaluation of three new oral anti-
coagulants for stroke prevention: the direct throm bin 
inhibitor dabigatran, and the activated factor X inhibi-
tors rivaroxaban and apixaban (Figure 1).9,10 This article 
provides an updated review of the evidence for the safety 
and efficacy of anticoagulant therapies in prevention of 
recurrent ischaemic stroke caused by arterial and cardiac 
thromboembolism, and discusses the implications of the 
available data for clinic al practice.

Clinical trials
A systematic review and meta-analysis of all published 
and unpublished randomized controlled trials (RCTs) 
provides the highest level of evidence for the efficacy and 
safety of a therapeutic intervention, such as anticoagu lant 
drugs in stroke prevention.11 Most RCTs of anticoagu lant 
drugs for stroke prevention have assessed the effective-
ness of these drugs compared with placebo or antiplatelet 
therapy in the prevention of ‘early’ or ‘long-term’ recur-
rent stroke. Early recurrent strokes occur within the first 
2 weeks after the onset of ischaemic stroke when there is 
a risk of haemor rhagic transformation of the infarcted 
brain, whereas ‘long-term’ recurrent strokes occur after 
the first 2 weeks and recur for several years. Several RCTs  
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of anticoagulant drugs for stroke prevention only 
included patients with ischaemic stroke or TIA of pre-
sumed arterial or cardiac origin. The reason for selecting 
these patient groups is that the effectiveness of the anti-
coagulant drugs in preventing recurrent strokes partly 
depends on the site and nature of the thrombus that 
caused the initial stroke.

Antiplatelet drugs are effective in preventing the for-
mation of predominantly ‘white’ platelet clots in areas of 
high shear stress, such as arteries (for example, in ischae-
mic stroke or TIA caused by arterial athero thrombo-
embolism). However, anticoagulant drugs have been 
shown to effectively prevent the formation of predomi-
nantly ‘red’ fibrin clots in areas of reduced and stagnant 
blood flow, such as in cardiac chambers with impaired 
contractility (for example, in the fibrillating left atrium or 
akinetic left ventricle), or in the veins of a paralysed leg.12

Early recurrent stroke of arterial origin
In a systematic review of 24 RCTs involving 23,748 
patients with acute ischaemic stroke of presumed ar terial 
origin, early anticoagulant treatment (within the first 
few days of the stroke) was associated with a reduction 
in incidence of recurrent ischaemic stroke in the next 
few weeks compared with no anticoagulant treatment 
(placebo or another antiplatelet drug; Table 2).13 How-
ever, anticoagu lant treatment was also associated with 
an increase in incidence of symptomatic intra cranial 
haemor rhage (Table 2). Consequently, early anticoagulant 
therapy produced no net benefit in reducing the odds of 
any type of recurrent stroke. Early initiation of treatment 
was associated with a reduction in the occurrence of—
mostly asymptomatic—deep vein thrombosis (DVT) and 
symptomatic pulmonary embolism, but these bene fits 
were offset by an increase in major extracranial haemor-
rhage (Table 2). Overall, anticoagulant drugs failed to 
reduce the odds of mortality or disability at the end of 
the follow-up period (ranging from 12 days to 1 year) 
compared with controls. Mortality and disability rates 
were consistent among all types of anticoagulant drugs 
used; for example, unfractionated heparin (OR 1.00, 95% 
CI 0.94–1.06), low molecular weight heparin (LMWH; 

Key points

 ■ Anticoagulant therapy aims to prevent recurrent ischaemic stroke and venous 
thromboembolism

 ■ Anticoagulant drugs do not benefit patients with acute ischaemic stroke of 
presumed arterial or cardiac origin, but long-term treatment with these drugs 
benefits patients with ischaemic stroke of presumed cardiac origin

 ■ The oral anticoagulant drug warfarin is inexpensive, widely accepted and 
effective when used at an optimal dose, but monitoring and adverse reactions 
are a burden for patients and health-care providers

 ■ The oral thrombin inhibitor dabigatran and the activated factor X inhibitors 
rivaroxaban and apixaban are as safe and effective as warfarin, and carry 
significantly less risk of intracranial haemorrhage

 ■ The new oral anticoagulant drugs (dabigatran, rivaroxaban and apixaban) have 
rapid onset of action, few drug interactions and predictable anticoagulant 
effects that do not require routine monitoring

 ■ The effects of the new anticoagulant drugs cannot be reliably measured or 
rapidly reversed, their use is contraindicated in patients with renal impairment, 
and their long-term safety is unknown

OR 0.82, 95% CI 0.64–1.04) and hepari noids (OR 0.92, 
95% CI 0.72–1.19), although another systematic review 
indicated that LMWHs, danaparoid or enoxaparin, and 
heparinoids were more effective than standard unfrac-
tionated heparin for preventing DVT (13% versus 22%, 
OR 0.55, 95% CI 0.44–0.70).14

Subsequent to the above-mentioned systematic reviews 
and meta-analyses,13,14 the Fraxiparin in Stroke Study for 
the treatment of ischaemic stroke (FISS-tris)15 reported 
no superiority of LMWH over aspirin for the primary 
end point—score on the Barthel Index (a scale used to 
measure performance in activities of daily living)—in 
603 Asian patients with acute ischaemic stroke caused by 
large artery occlusive disease. However, a subgroup analy-
sis has raised the hypo thesis that, compared with aspirin, 
LMWH might benefit certain subgroups of patients with 
acute cerebral infarct and large-artery occlusive disease, 
such as the patients in FISS-tris who were over 68 years 
old, had symptomatic posterior circulation arterial dis-
ease, and did not receive any antiplatelet treatment on 
admission.16 Further studies will be required to test 
this hypothesis.

Long-term recurrent stroke of arterial origin
According to a systematic review of 11 RCTs involving 
2,487 patients with ischaemic stroke or TIA of presumed 
arterial origin, a prolonged course (at least 1 month) of 
anticoagulant therapy, such as warfarin, did not reduce 
the risk of recurrent ischaemic stroke compared with 
control. However, prolonged anticoagulant therapy did 
increase the risk of fatal intracranial haemorrhage (OR 
2.54, 95% CI 1.19–5.45, absolute risk increase [ARI] 
1.1%) and major extracranial haemorrhage (OR 3.43, 
95% CI 1.94–6.08, ARI 2.3%).17

Early recurrent stroke of cardiac origin
In a systematic review of seven RCTs involving 4,624 
patients with acute ischaemic stroke of presumed cardiac 
origin (3,797 patients with atrial fibrillation and 827 with 
other mixed cardioembolic causes), early anticoagu-
lant therapy (within 48 h of stroke) with unfractionated 
heparin, LMWH or heparinoids did not significantly 
reduce the incidence of recurrent ischaemic stroke 
within 7–14 days of initial stroke, and did not reduce 
mortality and disability rates, but did significantly 
increase the occurrence of symptomatic intracranial 
bleeding compared with patients who did not receive 
early anticoagulant therapy (2.5% versus 0.7%, OR 2.89, 
95% CI 1.19–7.01, ARI 1.8%).8 However, in patients 
who have a high risk of early recurrent cardioembolic 
ischaemic stroke (defined by high CHADS2 score, and 
echo cardiographic evidence of left ventricular systolic 
dysfunction and left atrial spontaneous echo contrast)18,19 
or a low risk of haemorrhagic transformation of the brain 
infarct (defined by small area of brain infarction and well- 
controlled blood pressure),20,21 early anticoagulant treat-
ment might be safe and effective. Further clinical trials are 
needed to determine which patients, if any, can benefit 
from anticoagulant therapy within the first 2 weeks of 
acute cardioembolic stroke.
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Long-term recurrent stroke of cardiac origin
Warfarin
In two RCTs including 485 individuals with prior ischae-
mic stroke or TIA and atrial fibrillation, an adjusted 
dose of warfarin (INR 2–3) reduced the risk of recurrent 
stroke by two-thirds compared with control (3.9% per 
year with warfarin versus 12.3% per year with control, 
HR 0.34, 95% CI 0.20–0.57, absolute risk reduction 
8.4%) and was associated with an insignificant trend 
toward an increase in major bleeding (2.8% with warfarin 
ver sus 0.7% with control per year, HR 3.20, 95% CI 0.91–
11.3).22–24 Compared with antiplatelet therapy (aspirin or 
indobufen), an adjusted dose of warfarin was significantly 
more effective for preventing the occurrence of recurrent 
stroke (OR 0.49, 95% CI 0.33–0.72), but was associated 
with a higher risk of extracranial bleeding (OR 5.16, 95% 
CI 2.08–12.83) in 1,371 indivi duals with prior ischae-
mic stroke or TIA and atrial fibrillation.24,25 Consistently, 

adjusted-dose warfarin (targeting an INR 2–3) was sig-
nificantly more effective in reducing the risk of recur-
rent strokes than the combination of clopidogrel (75 mg 
once-daily) plus aspirin (75–100 mg daily) among 1,020 
individuals with atrial fibrillation and prior stroke or TIA 
(2.99% with warfarin versus 6.22% with clopidogrel plus 
aspirin, relative risk [RR] 0.47, 95% CI 0.25–0.81).26,27

Dabigatran
Dabigatran etexilate is a prodrug of the active moiety 
d abigatran—an oral, reversible, direct inhibitor of throm-
bin (Figure 1, Table 1).9 After oral administration, dabi-
gatran has a fast onset of action, reaching peak plasma 
concentrations within 0.5–2.0 h. Dabigatran has a low 
potential for food and drug interactions, a half-life of 
11–15 h in patients with normal renal function, and a 
fast offset of action. About 80% of the drug is excreted 
unchanged by the kidneys.9

Table 1 | Properties of warfarin and new oral anticoagulant drugs

Feature Warfarin Dabigatran Rivaroxaban Apixaban

Target Vitamin K epoxide reductase complex
Coagulation factors II, VII, IX and X

Thrombin Activated coagulation factor X Activated coagulation  
factor X

Dosing Adjusted to INR of 2–3 Fixed (110 mg or 150 mg), 
twice-daily*

Fixed (20 mg), once-daily Fixed (5 mg), twice-daily

Oral bioavailability 93% 6–7% 80% 50%

Onset of action 4–7 days 0.5–2 h 3–4 h 3–4 h

Time to peak plasma 
concentration

4 h 2 h 3 h 3 h

Duration of peak 
plasma concentration

24–72 h 0.5–2.0 h 2.5–4 h 3–4 h

Plasma protein 
binding

99% 35% 95% 87%

Half-life 20–60 h 11–15 h 7–13 h 10–14 h

Duration of action 48–96 h 24 h Not reported Not reported

Interactions Food‡ and drugs§ Potent inhibitors of 
P-glycoprotein||

Potent inhibitors of P-glycoprotein||  
and cytochrome p450 3A4¶

Potent inhibitors of 
cytochrome p450 3A4¶

Excretory route Renal (92% as metabolites) Renal (80%) Renal (66%; half unchanged,  
half as metabolites)
Faeces and biliary  
(33% as metabolites) 

Renal (25%)
Faeces (20%)

Adverse effects
(>1%)

Bleeding Dyspepsia, bleeding Bleeding Bleeding

Monitoring INR measurement  
(every 1–4 weeks)

INR measurement not required
Activated partial 
thromboplastin time, thrombin 
time and ecarin clotting time 
can be measured

INR measurement not required
Prothrombin time, and anti-
activated factor X activity can  
be measured

INR measurement  
not required
Prothrombin time  
and antiactivated factor X 
levels can be measured

Antidote Rapid reversal with fresh frozen plasma
Prothrombin complex concentrate
Recombinant coagulation factor VII
Slow reversal with vitamin K

Dialysis None available None available

Cost US$1–2 per day Likely to be more expensive, 
but cost-effective

Likely to be more expensive, but 
cost-effective

Likely to be more 
expensive, but 
cost-effective

Familiarity Extensive Minimal Minimal Minimal

*Dependent on indication, creatinine clearance, age, and concomitant use of P-glycoprotein inhibitors. ‡Spinach, brussels sprouts, parsley and green tea are rich sources of vitamin K that can 
lower, whereas alcohol and cranberry juice can increase, warfarin’s effectiveness. §Antibiotics (such as cotrimoxazole and metronidazole), antifungals (such as fluconazole), antidepressants 
(such as selective serotonin reuptake inhibitors), antiplatelet drugs (such as aspirin and clopidogrel), amiodarone, anti-inflammatory drugs, paracetamol, and alternative remedies (Gingko biloba 
and chamomile) can increase, and rifampicin and St John’s wort can decrease, warfarin’s effectiveness. ||P-glycoprotein inhibitors including azole antifungals (e.g. ketoconazole, itraconazole, 
voriconazole, posaconazole) and protease inhibitors (e.g. ritonavir). ¶Cytochrome p450 isoenzyme inhibitors, such as azole antifungals, protease inhibitors (e.g. atanazavir), and macrolide 
antibiotics (e.g. clarithromycin). Abbreviation: INR, international normalized ratio.
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The RE-LY (Randomized Evaluation of Long-term 
anticoagulant therapY) trial was a prospective, open-
label, randomized trial with blinded evaluation of all 
outcomes (PROBE design), which aimed to determine 
whether dabigatran would be noninferior to warfarin in 

the prevention of stroke or systemic embolism among 
patients with atrial fibrillation (Table 3, Supplementary 
Table 1 online).28,29 A total of 18,113 patients with non-
valvular atrial fibrillation and at least one additional risk 
factor for stroke, such as a history of previous ischaemic 
stroke, were randomly assigned to receive fixed doses of 
dabigatran (110 mg or 150 mg twice daily) in a blinded 
fashion or an adjusted dose of warfarin (INR 2–3) in an 
unblinded fashion for a median of 2 years. Intention to 
treat (ITT) analysis showed that the low dose of dabi-
gatran (110 mg twice daily) was non inferior to warfarin 
and the high dose of dabigatran (150 mg twice daily) was 
superior to warfarin in reducing the rate of stroke or sys-
temic embolism (Table 3). Major bleeding and fatal bleed-
ing rates were significantly lower with the low dose of 
dabigatran and similar with the high dose of dabigatran, 
when compared with warfarin (Table 3).

Both doses of dabigatran were associated with signifi-
cantly fewer incidences of intracranial bleeds compared 
with warfarin (Table 3).28,29 However, the high dose of 
dabigatran significantly increased gastrointestinal bleed-
ing compared with warfarin (1.56% versus 1.07% per 
year, RR 1.48, 95% CI 1.18–1.85) and low-dose dabigatran 
(1.56% versus 1.15% per year, RR 1.36, 95% CI 1.09–1.70).

Dabigatran caused higher rates of dyspepsia than did 
warfarin (Table 3), presumably related to the tartaric 
acid content of the dabigatran etexilate capsule.28 Dabi-
gatran was also associated with an increase in incidence 
of myocardial ischaemic events compared with war farin.30 
Although the absolute rates of myocardial ischaemic events 
were low and the RE-LY trial was not powered to reliably 
identify or exclude an excess of myocardial ischaemic 
events, a recent meta-analysis of seven RCTs of dabigatran, 
including the RE-LY trial, suggests that dabigatran could 
increase the risk of myocardial ischaemic events and acute 
coronary syndrome (OR 1.33, 95% CI 1.03–1.71).31 The 
overall results of RE-LY were consistent among the sub-
group of 3,623 patients with prior stroke or TIA (Table 3).32

Dabigatran has been approved by the FDA, Canada, 
and the European Union for the prevention of stroke and 
systemic embolism in patients with paroxysmal or perma-
nent atrial fibrillation and at least one risk factor for stroke, 
but without a prosthetic heart valve or haemodynamically 
significant valve disease, severe renal failure (creatinine 
clearance <30 ml/min) or advanced liver disease (impaired 
baseline clotting function).9,33,34 The FDA approved the 
high dose (150 mg twice daily) but not the low dose of 
dabigatran, because of concerns that the low dose did not 
have any efficacy advantages over warfarin.33 However, 
on the basis of pharmacokinetic modelling data, the FDA 
also approved a 75 mg twice-daily dose of dabigatran for 
patients with a creatinine clearance of 15–30 ml/min.

In the European guidelines, 150 mg dabigatran twice 
a day is recommended for patients at low risk of bleed-
ing (HAS-BLED score 0–2), whereas 110 mg dabigatran 
twice a day is recommended for those at high risk of bleed-
ing (HAS-BLED score ≥3).35 In the Canadian guide lines, 
dabigatran is recommended as an alternative to warfarin 
for patients at all levels of risk for stroke.36 The 150 mg 
dabigatran twice-daily treatment was recommended and 
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Figure 1 | Schematic illustration of the actions of new anticoagulants in the 
coagulation cascade. Vessel injury exposes tissue factor, which interacts with 
activated factor VII to initiate coagulation. Cleavage of prothrombin by the 
prothrombinase complex (activated factor X and its cofactor, activated factor V) 
leads to the generation of thrombin. Thrombin converts fibrinogen to fibrin and 
provides positive feedback through activation of factors V, VIII, and XI in the 
coagulation cascade. Activated factors V, VIII, and XI promote the production of 
additional thrombin, which leads to cross-linkage of fibrin strands and the 
formation of a hemostatic plug. Thrombin also activates platelets through cleavage 
of the platelet-membrane–bound protease-activated receptors 1, 3, and 4. 
Activated factor X inhibitors (rivaroxaban, apixaban, edoxaban) block the 
conversion of prothrombin to thrombin. Thrombin inhibitors (dabigatran and 
ADZ0837) block thrombin-mediated conversion of fibrin. These drugs also block 
thrombin-mediated feedback activation of factors V and VIII.

Table 2 | Effects of parenteral anticoagulants in acute ischaemic stroke13

Outcome Odds ratio versus 
control (95% CI)

Absolute risk versus 
control (95% CI)

Death or dependence 0.99 (0.93–1.04) Not signi"cant

Death 1.05 (0.98–1.12) Not signi"cant

Recurrent ischaemic stroke 0.76 (0.65–0.88) 0.9% reduction (0.4–1.3)

Symptomatic intracranial 
haemorrhage (dose-related)

2.55 (1.95–3.33) 0.9% increase (0.6–1.1)

Recurrent stroke of any type 0.97 (0.85–1.11) Not signi"cant

Major extracranial haemorrhage 
(dose-related)

2.99 (2.24–3.99) 0.9% increase (0.7–1.2)

Deep vein thrombosis  
(mostly asymptomatic)

0.21 (0.15–0.29) 28.1% reduction 
(23.0–33.2)

Pulmonary embolism 0.60 (0.44–0.81) 0.4% reduction (0.1–0.6)
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a 110 mg dabigatran twice-daily regimen was specifically 
available for elderly patients (aged ≥80 years) and for 
patients at high risk of bleeding.36

No studies have directly compared dabigatran with 
placebo or antiplatelet therapy. However, in a network 
meta-analysis of all RCTs of antithrombotic treatments in 
patients with atrial fibrillation, indirect comparisons were 
performed of dabigatran with placebo and anti platelet 
drugs.37 These comparisons indicated that dabi gatran at 
150 mg twice daily may reduce the risk of stroke by 75% 
(RR 0.25, 95% CI 0.12–0.51) compared with placebo, by 
63% (RR 0.37, 95% CI 0.20–0.69) compared with aspirin 
monotherapy, and by 61% (RR 0.39, 95% CI 0.21–0.72) 
compared with aspirin plus clopidogrel. This analysis also 
suggested that a high dose of dabigatran twice a day might 
not significantly increase the risk of intracranial or extra-
cranial haemorrhage compared with aspirin monotherapy, 
or aspirin plus clopidogrel.

Rivaroxaban
Rivaroxaban is an oral direct inhibitor of activated fac tor X 
that has a rapid onset of action (maximum plasma con-
centrations are reached after 3–4 h) and exhibits predict-
able, dose-proportional pharmaco kinetics, with high oral 
bioavailability (Figure 1, Table 1).38,39 Rivaroxaban has a 
dual mode of elimination; approximately one-third of the 
drug is eliminated unchanged by the kidneys, and two-
thirds are metabolized by the liver.40 Half of the metabo-
lized fraction is excreted in urine and the other half 
excreted in faeces.40 Rivaroxaban has a low propensity for  
drug–drug interactions, and no studies have reported 
food–drug interactions.

In the double-blinded ROCKET-AF trial (Rivaroxaban 
Once daily oral direct factor Xa inhibition Compared 
with vitamin K antagonism for prevention of stroke and 
Embo lism Trial in Atrial Fibrillation), 14,264 patients with 
nonvalvular atrial fibrillation were randomly assigned to 

Table 3 | Major events reported in clinical trials of the new oral anticoagulant drugs

Events RE-LY28,29 ROCKET41 ARISTOTLE44 AVERROES51

In patients with atrial !brillation

Stroke or systemic 
embolism

Warfarin: 1.71% per year
Dabigatran 110 mg: 1.54% per year  
(RR 0.90, 95% CI 0.74–1.10, P <0.001  
for noninferiority, P = 0.30 for superiority)
Dabigatran 150 mg: 1.11% per year  
(RR 0.65, 95% CI 0.52–0.81,  
P <0.001 for superiority)

Warfarin: 2.16% per year
Rivaroxaban: 1.71% per year 
(HR, 0.79, 95% CI 0.66–0.96, 
P <0.001 for noninferiority, 
P = 0.12 for superiority)

Warfarin: 1.60% per year
Apixaban: 1.27% per year 
(HR 0.79, 95% CI 0.66–0.95, 
P <0.001 for noninferiority, 
P = 0.01 for superiority)

Aspirin: 3.70% per year
Apixaban: 1.60% per 
year (HR 0.45, 95% CI 
0.32–0.62, P <0.001)

Major bleeding Warfarin: 3.57% per year
Dabigatran 110 mg: 2.87% per year  
(RR 0.80, 95% CI 0.70–0.93, P = 0.003)
Dabigatran 150 mg: 3.32% per year  
(RR 0.93, 95% CI 0.81–1.07, P = 0.32)

Warfarin: 3.40% per year
Rivaroxaban: 3.60% per year 
(HR 1.04, 95% CI 0.90–1.20, 
P = 0.58)

Warfarin: 3.09% per year
Apixaban: 2.13% per year 
(HR 0.69, 95% CI 0.60–0.80, 
P <0.001)

Aspirin: 1.20% per year
Apixaban: 1.40% per 
year (HR 1.13, 95% CI 
0.74–1.75, P = 0.57)

Intracranial 
haemorrhage

Warfarin: 0.76% per year
Dabigatran 110 mg: 0.23% per year  
(RR 0.30, 95% CI 0.19–0.45, P <0.001)
Dabigatran 150 mg: 0.31% per year  
(RR 0.41, 95% CI 0.28–0.60, P <0.001)

Warfarin: 0.74% per year
Rivaroxaban: 0.49% per year 
(HR 0.67, 95% CI 0.47–0.93, 
P = 0.02)

Warfarin: 0.80% per year
Apixaban: 0.33% per year 
(HR 0.42, 95% CI 0.30–0.58, 
P <0.001)

Aspirin: 0.40% per year
Apixaban: 0.40% per 
year (HR 0.85, 95% CI 
0.38–1.90, P = 0.69)

Death from  
any cause

Warfarin: 4.13% per year
Dabigatran 110 mg: 3.75% per year  
(RR 0.91, 95% CI 0.80–1.03, P = 0.13)
Dabigatran 150 mg: 3.64% per year  
(RR 0.88, 95% CI 0.77-1.00, P = 0.051)

Warfarin: 4.50% per year
Rivaroxaban: 4.90% per year 
(HR 0.92, 95% CI 0.82–1.03, 
P = 0.15)

Warfarin: 3.94% per year
Apixaban: 3.52% per year 
(HR 0.89, 95% CI 0.80–0.99, 
P = 0.047)

Aspirin: 4.40% per year
Apixaban: 3.50% per 
year (HR 0.79, 95% CI 
0.62–1.02, P = 0.07)

Adverse effects 
(dyspepsia)

Warfarin: 5.8% per year
Dabigatran 110 mg: 11.8% per year
Dabigatran 150 mg: 11.3% per year

None reported None reported None reported

In patients with prior stroke or TIA*‡

Stroke or systemic 
embolism

Warfarin: 2.78% per year
Dabigatran 110 mg: 2.32% per year  
(RR 0.84, 95% CI 0.58–1.20,  
interaction P = 0.62)
Dabigatran 150 mg: 2.07% per year  
(RR 0.75, 95% CI 0.52–1.08,  
interaction P = 0.34)

Warfarin: 2.96% per year
Rivaroxaban: 2.79% per year 
(HR 0.94, 95% CI 0.77–1.16, 
interaction P = 0.23)

Warfarin: 3.2% per year
Apixaban: 2.5% per year 
(interaction P = 0.07)

Aspirin: 9.16% per year
Apixaban: 2.39% per 
year (HR 0.29, 95% CI 
0.15–0.60, interaction 
P = 0.17)

Major bleeding Warfarin: 4.15% per year
Dabigatran 110 mg: 2.74% per year  
(RR 0.66, 95% CI 0.48–0.90,  
interaction P = 0.15)
Dabigatran 150 mg: 4.15% per year  
(RR 1.01, 95% CI 0.77–1.34,  
interaction P = 0.51)

Warfarin: 3.22% per year
Rivaroxaban: 3.13% per year 
(HR 0.96, 95% CI 0.87–1.07, 
interaction P = 0.36)

Warfarin: 3.90% per year
Apixaban: 2.80% per year 
(interaction P = 0.71)

Aspirin: 2.89% per year
Apixaban: 4.10% per 
year (HR 1.28, 95% CI 
0.58–2.82, interaction 
P = 0.73)

*With prior stroke, TIA or systemic embolism in the RE-LY, ROCKET, ARISTOTLE and AVERROES trials. ‡n = 3,623 (20%) in RE-LY trial, n = 7,811 (54.8%) in ROCKET trial, n = 3,538 (19.4%) in 
ARISTOTLE trial, and n = 764 (13.6%) in AVERROES trial. Abbreviations: HR, hazard ratio; RR, relative risk, TIA, transient ischaemic attack.
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rivaroxaban 20 mg once daily (15 mg/day if creatinine 
clear ance 30–49 ml/min) or dose-adjusted warfarin (tar-
geting a INR 2–3) for a median of 590 days (Supplemen tary 
Table 1 online).41 The patients enrolled in the ROCKET-AF 
trial were at higher risk of stroke than those in the RE-LY, 
ARISTOTLE (Apixaban for Reduction in Stroke and 
Other Thromboembolic Events in Atrial Fibrillation) 
and AVERROES (Apixaban versus Acetylsalicylic Acid 
to Prevent Strokes) trials. The mean CHADS2 score was 
3.5, and a history of stroke, TIA or systemic embolism 
was present in 55% of patients.41 The primary analysis in 
ROCKET-AF was a per-protocol, on-treatment analysis. 
This method provides the most conservative means of 
testing for non inferiority in an RCT, because an ITT analy-
sis could bias the result toward noninferiority if patients 
do not take their assigned treatment.42,43 ITT analysis is, 
however, the most conservative method for assessing 
su periority in an RCT.11

Rivaroxaban was noninferior to warfarin for preven-
tion of stroke or systemic embolism in the primary per- 
protocol, on-treatment analysis (Table 3). In ITT analysis, 
rivaroxaban was also noninferior, but not superior, to 
warfarin for preventing stroke or systemic embolism 
(2.12% versus 2.42% per year, HR 0.88, 95% CI 0.74–1.03, 
P <0.001 for noninferiority, P = 0.117 for superi ority).43 
Rates of major and non-major clinically relevant bleed-
ing were similar in both groups (14.91% versus 14.52% 
risk of bleeding per year), whereas intra cranial haemor-
rhage and fatal bleeding rates were significantly lower 
with rivaroxa ban than with warfarin. By contrast, gastro-
intestinal bleeding occurred more frequently with rivar-
oxaban than with warfarin (3.15% versus 2.16%, P <0.001). 
Non- haemorrhagic adverse events were observed at 
similar rates across groups.41 The relative treatment effects 
of rivaroxaban versus warfarin were consistent among 
patients with and without prior stroke or TIA (Table 3).44

Rivaroxaban was approved by the FDA and the Euro-
pean Union in 2011 for the prevention of stroke and 
systemic embolism in patients with atrial fibrillation.45,46 
Rivaroxaban has a boxed warning that people using the 
drug should not stop taking it before talking with their 
health-care provider. This warning could be related to 
the end result of the ROCKET-AF trial, which showed 
that when patients changed treatments from anticoagu-
lant drugs to VKAs, the time to reach a therapeutic INR 
of at least 2 was longer for those previously assigned to 
rivaroxaban (median 13 days) than for those previously 
taking warfarin (median 3 days). In addition, the number 
of primary events (stroke or systemic embolism) occur-
ring during the first month after termination of the 
anticoagulant treatment was significantly higher among 
patients who changed to VKA treatment from rivaroxaban 
than among those who changed from warfarin (n = 22 for 
ri varoxaban and n = 7 for warfarin, P = 0.008).41

Apixaban
Apixaban is an orally administered direct inhibitor of acti-
vated coagulation factor X (also known as thrombo kinase) 
with rapid absorption, about 50% bio availability, and a 
12-h half-life (Figure 1, Table 1). Apixaban is metabolized 

mainly by the cytochrome p450 enzymes CYP3A4 and 
CYP3A5, and about 25% is excreted through the kid-
neys.47–49 In individuals with renal impairment, apixa-
ban plasma concentrations are increased by 16%, 29% 
and 44% in mild (creatinine clearance 51–80 ml/min), 
moderate (creatinine clearance 30–50 ml/min) and 
severe (creatinine clearance 15–29 ml/min) impairment, 
respectively, compared with individuals with normal 
creatinine clearance. No dose adjustment of apixaban 
treatment is required in patients with mild or moderate 
hepatic impairment. Apixaban has minimal potential for 
drug–drug interaction, except with strong CYP3A4 inhibi-
tors, such as macrolide antibiotics, azole antifungals and 
protease inhibitors, which substantially increase blood 
concentration s of apixaban.47

In the ARISTOTLE trial, 18,201 patients with atrial 
fibrillation and at least one additional risk factor for 
stroke, such as a history of previous ischaemic stroke, 
were randomly assigned to apixaban (5 mg twice daily) 
or warfarin (target INR 2–3) in a double-blind fashion 
for a median duration of 1.8 years (Supplementary Table 1 
online).50 Apixaban was superior to warfarin in reduc-
ing the rate of stroke or systemic embolism (Table 3). 
Apixaban also caused significantly less major bleed-
ing, less intracranial haemorrhage, and less mortality 
than warfarin in these patients.50 The relative treatment 
effects of apixaban versus warfarin were consistent among 
patients with or without prior stroke or TIA (Table 3).50

In the AVERROES trial (Supplementary Table 1 
online), which investigated the superiority of apixaban 
over aspirin, 5,599 patients with atrial fibrillation at 
increased risk of stroke and for whom VKA therapy was 
unsuitable were randomly assigned to double-blinded 
treatment with apixaban (5 mg twice daily) or aspirin 
(81–324 mg daily).51 After a mean follow up of 1.1 years, 
the trial was terminated early, as a substantial benefit was 
observed with apixaban in terms of reducing the rate of 
the primary outcome of stroke or systemic embolism 
(Table 3). The occurrence of major and intra cranial bleed-
ing was not significantly different between the apixaban 
and aspirin groups (Table 3). Apixaban was better toler-
ated than aspirin, as indicated by a lower rate of perma-
nent discontinuation (17.9% annual dis continuation for 
apixaban versus 20.5% for aspirin, HR 0.88, 95% CI 0.78–
0.99).51 The relative effects of apixaban versus aspirin were 
consistent among patients with and without prior stroke 
or TIA (Table 3).52

Interpretation of clinical trial results
The results of the RE-LY, ROCKET-AF, ARISTOTLE and 
AVERROES trials are remarkable in that they all showed 
that the new anticoagulant drugs, dabigatran, rivaroxaban 
and apixaban, were noninferior to warfarin. Moreover, in 
the AVERROES trial, apixaban was superior to aspirin. 
These findings are impressive given the extraordinary 
efficacy of the comparator drug, warfarin, in prevent ing 
stroke by two-thirds compared with placebo. More over, 
each new anticoagulant drug achieved its effects with-
out increasing major bleeding or risk of other serious 
adverse effects, except for a possible small increase in 
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the risk of myocardial ischaemic events with dabigatran. 
Indeed, each new anticoagulant drug produced signifi-
cantly lower rates of intracranial haemorrhage—the most 
life-threatening complication of anticoagulant therapy 
—than warfarin. Whether this effect reflects poor INR 
control among patients treated with warfarin or a ten-
dency for warfarin to cause or exacer bate intracerebral 
haemorrhage is not known; further analyses of trial data  
are awaited.53,54

For patients assigned to warfarin treatment, the mean 
TTR was lower in the ROCKET-AF trial (55%) than in 
the RE-LY (64%) or ARISTOTLE (62%) trials (Supple-
mentary Table 1 online). This difference could be attribu-
table to higher proportion of patients with heart failure 
(62%) and a more conservative definition of TTR in the 
ROCKET-AF trial than in the other trials.28,41,50 In the 
ROCKET-AF trial,41 the TTR was calculated from all INR 
values measured during the study and for 7 days after 
warfarin treatment was interrupted.41 By contrast, in the 
RE-LY and ARISTOTLE trials, the TTR was calculated 
after excluding INR values measured during the first 
week after patient randomization and after discontinu-
ation of the study drug.28,50 Nevertheless, the differences 
in TTR values among the three trials did not affect the 
primary results; the benefits of the new anticoagulant 
drugs dabigatran, apixaban and rivaroxaban were con-
sistent, irrespec tive of the inter-trial differences in the 
TTR calculations among patients assigned to warfarin.41,55 
The results of the RE-LY, ROCKET-AF and ARISTOTLE 
trials were also consistent among other patient subgroups, 
including those with atrial fibrillation and a history of 
stroke or TIA, those who did or did not receive warfarin 
before entering the trial, and those with low, medium or 
high risk of stroke at baseline.

Implications for clinical practice
The efficacy and safety of the new anticoagulant treat-
ments, at least in the clinical setting, suggests that the 
threshold for starting anticoagulant therapy has been 
lowered to a stroke rate of ≥0.9% per year.56,57 The patients 
in whom the new oral anticoagulant agents are as effec-
tive and safe as warfarin, offer other advantages over war-
farin, and overcome the limitations of warfarin, are likely 
to benefit from these new treatments (Box 1 and Table 1). 
Many patients will prefer to take the new oral anticoagu-
lant treatments over warfarin for several reasons: these 
drugs are rapidly effective, thereby removing the need 
for initial treatment with a rapidly acting injectable 
anticoagu lant, which is required with warfarin if the risk 
of thromboembolism is high; they do not interact with 
food and most other medications, such as carbamaze-
pine, pheny toin and amiodarone (which could alter the 
anticoagu lant activity in patients taking warfarin); they 
do not require monitoring; and they have at least an 
equivalent efficacy to—and a lower risk of intracranial 
bleeding than—warfarin. Patients with mild or moderate 
renal impairment who are taking the new antico agulant 
drugs need to be closely monitored, however, as renal 
function might deteriorate with time, leading to increased 
plasma concentrations of these agents.

Warfarin remains the treatment of choice for patients 
with atrial fibrillation who may not benefit from the new 
anticoagulant drugs, such as those with a creatinine clear-
ance of <30 ml/min, active liver disease or atrial fibrilla-
tion due to valvular heart disease (Box 1). Warfarin also 
remains the treatment of choice for patients who cannot 
afford the new anticoagulant agents and those who might 
not comply with the twice-daily dose of dabigatran and 
apixaban (for example, those who are already taking mul-
tiple medications, or are forgetful or lack motivation), 
because the risks of ischaemic stroke could substan tially 
increase with poor adherence to short-acting drugs. 
Warfarin will probably remain the preferred treatment for 
patients who might need rapid reversal of the anticoagu-
lant effect and who potentially have a greater risk of 
gastro intestinal haemorrhage with the new anticoagulant 
agents compared with warfarin.

For patients who are already taking warfarin and wish 
to switch to a new oral anticoagulant drug, war farin treat-
ment should be stopped and the INR should be moni-
tored daily, before switching drugs. When the INR has 
fallen below 2, usually 2–3 days after the cessation of 
warfarin therapy, treatment with one of the new drugs 
can be started. If patients are also taking aspirin, or other 
NSAIDs, the risk of bleeding might be increased around 
twofold. Concurrent use of other antithrombotic agents 
(such as thienopyridines) is not recommended owing to 
an increased risk of bleeding.

The anticoagulant effects of new agents are sufficiently 
predictable that routine monitoring of patients’ INR is 
not required. Calculations of the effects of rivaroxaban 
and apixaban in prolonging the prothrombin time, and 
of the effects of dabigatran in prolonging the activated 
partial thromboplastin time (aPTT) and thrombin time, 
are highly variable, as these measurements depend on 
the reagent and laboratory instrument used.58–62 How-
ever, measurement of these effects is desirable to confirm 

Box 1 | Patient criteria for new oral anticoagulant drugs

Patients who could benefit from the new oral anticoagulants include those who 
require rapid onset of anticoagulant action; have normal (or mildly impaired) renal 
function; have a low risk of gastrointestinal bleeding; either have inadequate 
access to laboratory monitoring or prefer not to be monitored (monitoring 
effects); can afford the cost of the new oral anticoagulant drugs; decide against 
warfarin treatment despite adequate education; previously received warfarin 
and experienced poor control of international normalized ratio (INR) and time in 
the therapeutic range (<50–55%) owing to genetic polymorphisms for reduced 
warfarin metabolism (genetic effects); consume food and alcohol that interacts 
with warfarin (food effects); and receive other medications that interact with 
warfarin (drug interactions).
Patients who may not benefit from the new oral anticoagulants include those 
who maintain a stable INR, high time in the therapeutic range, and low bleeding 
risk with warfarin; have concerns about compliance with frequent dosing of new 
anticoagulant drugs; are taking P-glycoprotein inhibitors or inducers; are taking 
cytochrome p450 3A4 inhibitors or inducers; have poor renal function (or have 
risk of developing renal impairment); have creatinine clearance <30 ml/min; have 
severe heart failure; might need rapid reversal of anticoagulant effect (antidote); 
have recurrent dyspepsia (with dabigatran); have a history of gastrointestinal 
bleeding; decide against taking the new anticoagulant drugs despite adequate 
education (some patients prefer INR monitoring); and cannot afford the cost of 
the new oral anticoagulant treatments.
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dose adequacy, assess adherence, detect toxicity or inter-
action with other drugs, plan timing of urgent surgery or 
fibrinolytic therapy, help diagnose the cause of bleeding 
or thrombembolic ischaemic stroke, and reassure patients 
that the drug ‘is working’. Although measurements of 
drug effects on the prothrombin time, aPTT and throm-
bin time might detect a possible overdose, they might 
not enable the detection of a low-intensity anticoagulant 
effect that could still predispose patients to bleeding. 
Alternative strategies for assessing the anticoagulant drug 
effects include evaluation of anti- activated factor X activ-
ity (using a chromogenic assay), which exhibits a linear 
relationship with the plasma concentrations of apixaban 
and rivaroxaban, and determination of a dilute thrombin 
time (using the Hemoclot test), which can be calibrated 
with dabigatran.63–66

For patients who present within 4.5 h of acute ischaemic 
stroke and who are taking any of the new anticoagulant 
drugs dabigatran, apixaban and rivaroxaban, fibrinolytic 
therapy with recombinant tissue plasminogen activator 
(which helps to break down blood clots) should not be 
performed if the plasma concentrations of anticoagulant 
drugs are at therapeutic levels or anticoagulation has been 
achieved.67 Although the thrombin time is the optimal 
measure for the direct thrombin and activated factor X 
inhibitors, its reliability in this context is questionable; 
thus, other reperfusion strategies, such as mechanical 
thrombectomy, should be considered.

If bleeding occurs, the first steps are to identify and com-
press the bleeding site as much as possible, and to stop the 
anticoagulant therapy, which will rapidly reduce the blood 
concentrations of anticoagulant agents owing to their short 
half-life in patients with normal renal function. If bleeding 
is severe, supportive strategies include transfusion of fresh 
frozen plasma or fresh whole blood, and fluid replacement 
to facilitate diure sis and renal excretion of the anticoagu-
lant drug. In cases of non-compressible major haemor-
rhage such as intracerebral haemorrhage, surgery and 
rapid reversal of anticoagulation is necessary. However, 
the new anticoagulant agents do not have antidotes. Dabi-
gatran can be removed by haemodialysis, but this proce-
dure is invasive and burden some, and about one-third 
of dabigatran is bound to plasma proteins and cannot be 
removed by dialysis. Dialysis is not an option for removal 
of rivaroxaban and apixaban, which are predominantly 
protein-bound. Nonactivated four-factor pro thrombin 
complex concentrate (PCC), which contains high con-
centrations of coagulation factors II, VII, IX and X, can be 
given as a single intravenous fixed dose of 50 U/kg body 
weight, which quickly normalizes the prothrombin time in 
patients taking rivaroxaban.68 Whether PCC stops bleed-
ing is not known. Clinical trials are required to test the 
effects of PCC on haemostatic response in patients who 
are taking rivaroxaban and are actively bleeding. Similarly, 
recombinant activated factor VII (rFVIIa) normalizes the 
prothrombin time in nonspecific coagulation tests, but 
whether it is safe and effective in reversing the anticoagu-
lant effect of rivaroxaban, apixaban and dabigatran has not 
been established. Like PCC, rFVIIa carries a potential risk 
of arterial thrombosis.69

After starting a new anticoagulant treatment, patients 
should be followed up at 3 months and every 6 months 
there after to verify tolerance, adherence and persistence, 
and to check renal function, particularly in patients with 
moderate renal impairment or increased risk of renal 
impairment (such as the elderly and those with heart 
failure). Medication adherence and persistence can be 
optimized through education of patients and relatives of 
patients, and via regular follow-up or telephone counselling 
by nurse practitioners, pharmacists and doctors.70,71

Given the looming epidemic of fatal and disabling 
stroke caused by atrial fibrillation owing to an ageing 
popu lation, the burden of strokes to the community, 
the suboptimal anticoagulation of a large proportion of 
patients with atrial fibrillation who are at risk of stroke, 
and the cost and inconvenience of INR monitoring in 
patients treated with warfarin, new anticoagulant drugs 
are likely to be more cost-effective than warfarin. Provided 
that high-dose dabigatran tablets cost less than US$13.70 
per day (warfarin tablets cost US$1–2 per day), dabi-
gatran is more cost-effective than warfarin, particularly 
for patients with atrial fibrillation who are at high risk of 
stroke (CHADS2 >3) or haemorrhage who might not have 
received warfarin, and for those receiving warfarin who 
cannot maintain a TTR >72%.72–74

Future perspectives
Further novel anticoagulant agents are currently in trials. 
A large phase III study (ENGAGE-AF TIMI 48) compar-
ing the activated factor X inhibitor edoxaban with war-
farin is ongoing.75 A direct thrombin inhibitor, AZD0837, 
has shown effective anticoagulant activity and a low rate 
of bleeding in phase II studies,76,77 but phase III trials of 
this agent are awaited.

Future challenges are to develop accurate quantitative 
measures of the effects of the new anticoagulant drugs and 
to find safe and effective antidotes to the new anticoagu-
lant drugs that can be administered easily in patients who 
have major non-compressible haemorrhage or require 
urgent surgery. Another challenge will be to design trials 
to directly compare the new anticoagulants with each 
other and with antiplatelet therapies.78

Conclusions 
Several clinical trials have shed light on the efficacy and 
safety of anticoagulant therapies for patients with ischae-
mic stroke. The VKA warfarin has been the mainstay of 
treatment for recurrent strokes in patients with ischaemic 
stroke of cardiac origin; however, warfarin treatment has 
limitations including a slow onset of action, interactions 
with food and other drugs, and adverse effects such as 
bleeding. New anticoagulant agents have been devel-
oped, such as the direct oral thrombin inhibitor dabi-
gatran and the activated coagulation factor X inhibitors 
rivaroxaban and apixaban, all of which have similar effi-
cacy and safety to warfarin. Despite their rapid onset of 
action, few drug interactions, and predictable anticoagu-
lant efficacy that does not require INR monitoring, the 
effects of the new drugs can neither be reliably measured 
nor reversed in the event of an emergency (for example, 
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major non- compressible bleeding or urgent surgery). 
Further more, these new drugs cannot be used in patients 
with severe renal impairment or active liver disease. 
Research to overcome the limitations of anticoagulant 
treatments is ongoing, and the results of the clinical trials 
are promising.

Further research is needed to quantify the net benefits 
and hazards of the new anticoagulant drugs versus war-
farin treatment, using relative measures for ischaemic, 
haemorrhagic and fatal outcomes (such as disability-
adjusted life years); to determine whether the balance 
between the benefit and the risk changes with a history 
of stroke; to further characterize the utilization cost, and 
effect on quality of life of the new anticoagulant agents; 
and to establish the long-term safety of these new drugs, 
given that most patients with atrial fibrillation require 
lifelong oral anticoagulant therapy. One way to achieve 

these aims could be through a meta-analysis of the 
data from all major clinical trials and ongoing phase IV 
s urveillance studies of anticoagulant drugs.
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