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New oral anticoagulants for stroke 
prevention in atrial fibrillation
John W Eikelboom1,2 & Jeffrey I Weitz†1,2,3

We are at the dawn of a new era in oral anticoagulant therapy. For the past 65 years, 
the only available oral anticoagulants were the vitamin K antagonists, such as war-
farin [1]. Although effective, these agents are difficult to administer because the 
dose varies from patient to patient reflecting, at least in part, common genetic 
polymorphisms that influence warfarin metabolism, differences in the dietary intake 
of vitamin K and multiple drug interactions [2]. Consequently, the anticoagulant 
response to warfarin is so variable that frequent monitoring is necessary to ensure 
that the level of anticoagulation is therapeutic. Such monitoring is burdensome 
for patients and physicians and costly for the healthcare system. In addition, even 
when monitoring is performed, the level of anticoagulation is above or below the 
therapeutic range in at least half the patients, which places them at risk of bleeding 
or thrombosis, respectively. Because of these limitations, warfarin is underused, par-
ticularly for stroke prevention in patients with atrial fibrillation [3–7]. Therefore, there 
is an urgent need for new oral anticoagulants that can be given in fixed doses and 
produce such a predictable level of anticoagulation that monitoring is unnecessary. 
Finally, this need has been fulfilled.

On 20 October 2010, the US FDA approved dabigatran etexilate, a new oral 
thrombin inhibitor, as an alternative to warfarin for long-term stroke prevention 
in patients with nonvalvular atrial fibrillation [101]. Following this, 3 days after the 
FDA decision, regulatory authorities in Canada also approved dabigatran etexilate 
for this indication [102], and other countries are likely to follow suit in the near future.

Dabigatran etexilate is a prodrug of the active moiety, dabigatran; a potent, revers-
ible direct inhibitor of thrombin [8]. Unlike warfarin, dabigatran etexilate has a rapid 
onset of action that obviates the need for bridging with a rapidly acting parenteral 
anticoagulant, a low potential for food and drug interactions such that dietary 
restrictions are not needed, and such a predictable anticoagulant effect that it can 
be given in fixed doses without routine coagulation monitoring (Table 1) [1]. 

Focusing on patients with nonvalvular atrial fibrillation and at least one risk fac-
tor for stroke, the Randomized Evaluation of Long-Term Anticoagulant Therapy 
(RE-LY) trial compared two doses of dabigatran etexilate (110 or 150 mg twice daily) 
with warfarin, which was dose-adjusted to achieve a target international normal-
ized ratio (INR) of 2 to 3, in 18,113 such patients recruited from 951 centers in 44 
countries [9]. The two doses of dabigatran etexilate were administered in a double-
blind fashion, but the comparison between dabigatran and warfarin was open label. 
Because dabigatran is primarily renally excreted, patients with a creatinine clearance 
below 30 ml/min were not included in the trial. The primary efficacy outcome was 
stroke or systemic embolism and the main safety outcome was major bleeding. Key 
outcomes were adjudicated by committees blinded to treatment allocation. 

Compared with warfarin, dabigatran etexilate 150  mg twice-daily reduced 
stroke or systemic embolism by a third (relative risk [RR]: 0.65; 95% confidence 
interval [CI]: 0.52–0.81; p < 0.001) with a similar rate of major bleeding (RR: 0.93; 
95% CI: 0.81–1.07; p = 0.31), whereas dabigatran etexilate 110 mg twice daily was 
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associated with a similar rate of stroke or systemic embo-
lism (RR: 0.90; 95% CI: 0.74–1.10; p < 0.001 for non-
inferiority) and a reduction by a fifth in major bleeding 
(RR: 0.80; 95% CI: 0.70–0.93; p = 0.003)  [9]. Both 
doses of dabigatran etexilate reduced intracranial hemorr
hage by two-thirds compared with warfarin (Table 2). 
Compared with warfarin, the effects of dabigatran etexi-
late on stroke or systemic embolism were consistent in 
all subgroups examined, including CHADS

2
 score at 

baseline, age, sex, creatinine clearance, history of prior 
stroke, adequacy of INR control and concomitant use of 
aspirin [9–11]. For major bleeding, however, there was an 
interaction between age and treatment such that patients 
aged less than 75 years had reduced rates of major bleed-
ing with both doses of dabigatran etexilate compared 
with warfarin, whereas those aged over 75 years had 
similar rates of major bleeding with dabigatran etexilate 
110 mg twice daily and higher rates of major bleeding 
with dabigatran 150 mg twice daily [12]. This interaction 
was restricted to extracranial bleeding, which was mostly 
gastrointestinal bleeding; compared with warfarin, both 
doses of dabigatran were associated with a reduced rate 
of intracranial bleeding irrespective of age, including in 
patients aged over 75 years [12]. 

Both doses of dabigatran etexilate were associated with 
numerically higher rates of myocardial infarction than 
warfarin, but this was outweighed by the substantially 
larger reduction in stroke (Table 2). The responsible mech-
anisms remain uncertain but this phenomenon might 

simply reflect superior efficacy of warfarin for prevention 
of myocardial infarction [13]. Both doses of dabigatran 
etexilate were also associated with a higher rate of dys-
pepsia than with warfarin, which contributed to more 
premature discontinuation of the drug. After 2 years of 
follow up, 21% of patients randomized to receive dabigat-
ran etexilate discontinued treatment compared with 17% 
of those randomized to warfarin [9]. 

“Both dabigatran and rivaroxaban provide patients and 
physicians with a major advance over warfarin because the 

new drugs reduce intracranial bleeding and are more 
convenient to administer.”

The results of the RE-LY trial offer the potential 
to tailor the dose regimen of dabigatran etexilate in 
patients with atrial fibrillation according to their risk 
of stroke or bleeding. Because of its superior efficacy for 
stroke prevention over warfarin, the dabigatran etexilate 
150 mg twice daily regimen is likely to be the optimal 
choice for the majority of atrial fibrillation patients. 
However, the dabigatran etexilate 110 mg twice daily 
regimen may be better for patients over the age of 
80 years and for those at risk of gastrointestinal bleed-
ing. Patients with severe renal impairment (creatinine 
clearance <30 ml/min) were excluded from the RE-LY 
trial; such patients may be best treated with warfarin, 
which is not cleared through the kidneys. 

Table 2. Main results of the Randomized Evaluation of Long-Term Anticoagulant Therapy trial.

Event Dabigatran 110 mg
(n = 6015)

Dabigatran 150 mg 
(n = 6076)

Warfarin 
(n = 6022)

Dabigatran 110 mg  
b.i.d. vs warfarin

Dabigatran 150 mg  
b.i.d. vs warfarin

n %/year n %/year n %/year RR (95% CI) p-value RR (95% CI) p-value

Stroke/SEE 183 1.54 134 1.11 202 1.71 0.90 (0.74–71.10) 0.30 0.65 (0.52–50.81) <0.001

CV death 289 2.43 274 2.28 317 2.69 0.90 (0.77–71.06) 0.21 0.85 (0.72–70.99) 0.04

MI 98 0.82 97 0.81 75 0.64 1.29 (0.96–91.75) 0.09 1.27 (0.94–91.71) 0.12

Major 
bleeding

342 2.87 399 3.32 421 3.57 0.80 (0.70–70.93) 0.003 0.93 (0.81–81.07) 0.32

GI bleeding 137 1.15 188 1.56 126 1.07 1.08 (0.85–81.38) 0.52 1.48 (1.18–11.85) 0.001

Intracranial 
bleeding

27 0.23 38 0.32 90 0.76 0.30 (0.19–10.45) <0.001 0.41 (0.28–20.60) <0.001

b.i.d.: Twice daily; CI: Confidence interval; CV: Cardiovascular; GI: Gastrointestinal; MI: Myocardial infarction; N: Number; RR: Relative risk; SEE: Systemic embolic event.

Table 1. Advantages of dabigatran over warfarin and other vitamin K antagonists.

Advantages Consequences

Rapid onset of action No need for bridging with a rapidly acting parenteral anticoagulant

Predictable anticoagulant effect No need for routine coagulation monitoring

Low potential for food interactions No dietary precautions

Low potential for drug interactions Few drug restrictions
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Although the Canadian Health Authorities 
approved both doses of dabigatran etexilate, the FDA 
only approved the 150 mg twice daily dose. The FDA 
decision not to approve the lower dose appeared to be 
based on the premise that physicians would choose 
the lower dose regimen because of concerns about 
bleeding, thereby depriving patients of the efficacy 
advantages of the dabigatran 150 mg twice daily 
dose regimen over warfarin. Moreover, building on 
the results of pharmacokinetic modeling studies, the 
FDA also approved a dabigatran etexilate 75 mg twice 
daily dose for patients with a creatinine clearance of 
15 to 30 ml/min despite the fact that such patients 
were excluded from the RE-LY trial, and that the effi-
cacy and safety of this dose regimen has never been 
evaluated in patients with atrial fibrillation. 

The approval of dabigatran etexilate as an alternative 
to warfarin for stroke prevention in atrial fibrillation 
ushers in a new era for long-term anticoagulation. Not 
only does dabigatran afford improved efficacy and 
safety compared with warfarin but dabigatran is also 
more convenient because it can be given in fixed doses 
without routine coagulation monitoring. However, 
dabigatran does have some disadvantages (Table 3). 
Unlike warfarin, which is given once daily, dabigatran 
etexilate must be given twice daily, which could reduce 
adherence and result in discontinuation of treatment. 
The dyspepsia associated with dabigatran, which can 
often be alleviated by taking the drug with meals and 
possibly by the concomitant use of a proton-pump 
inhibitor, also may reduce adherence. In addition, in 
contrast to warfarin, dabigatran etexilate is not suitable 
for use in patients with end-stage renal disease and the 
drug lacks an antidote (Table 3). 

Can we do better than dabigatran for stroke pre-
vention in atrial fibrillation? Several other new oral 
anticoagulants are in advanced stages of development 

for this indication. Those agents, which include 
rivaroxaban, apixaban and edoxaban, are oral factor 
Xa inhibitors  [1] and share many of the advantages 
of dabigatran over warfarin. In contrast to dabigat-
ran, however, this class of drugs is not associated with 
dyspepsia nor does there appear to be an increased 
risk of myocardial infarction with these agents. These 
features are highlighted by the results of the recent 
AVERROES trial, which compared apixaban 5 mg 
twice daily (reduced dose of 2.5 mg twice daily in 
patients who met at least two or the following three 
criteria: age ≥80 years, body weight ≤60 kg, creatinine 
≥1.5 mg/dl or 133 µmol/l) with aspirin (81–324 mg 
once daily) in 5600 atrial fibrillation patients who 
were not eligible for warfarin  [14]. Apixaban reduced 
the rate of stroke and systemic embolism by approxi-
mately a half with no increase in major or intracranial 
bleeding, no difference in myocardial infarction and 
a significantly lower drug discontinuation rate [103]. 

The Rivaroxaban Once-Daily Oral Direct Factor Xa 
Inhibition Compared With Vitamin K Antagonism 
for Prevention of Stroke and Embolism Trial in Atrial 
Fibrillation (ROCKET-AF trial) results were reported 
on 15 November 2010 at the American Heart Association 
Meeting [15,104]. The trial enrolled 14,264 patients with 
nonvalvular atrial fibrillation and at least two additional 
risk factors for stroke or with a prior history of stroke, 
transient ischemic attack or systemic embolism from 
1178 sites in 45 countries. Rivaroxaban 20 mg once 
daily (15 mg once daily in patients with a creatinine 
clearance of 30 to 49 ml/min), was noninferior to dose-
adjusted warfarin (target INR of 2 to 3) for the preven-
tion of stroke or systemic embolism (hazard ratio [HR]: 
0.79; 95% CI: 0.65–0.95; p = 0.015) with no increase 
in major bleeding (HR:  1.04; 95%  CI:  0.90–1.20; 
p  =  0.576). Compared with warfarin, rivaroxaban 
reduced intracranial hemorrhage by a third (HR: 0.67; 

Table 3. Disadvantages of dabigatran compared with warfarin and other vitamin K antagonists.

Disadvantages Consequences

Need for twice daily administration Potential for reduced compliance

Methods to monitor anticoagulation not 
well established

Clinicians are uncertain about the anticoagulant effect of dabigatran 
in patients who experience events (e.g., stroke) during treatment and 
in those undergoing invasive procedures†

Primarily renally excreted Not suitable for use in patients with severe renal impairment‡

No antidote Increased risk of bleeding in patients who require urgent invasive 
procedures and increased risk of adverse outcomes in those who 
develop severe bleeding 

†A standardized dilute thrombin time test (Hemoclot, Hyphen Biomed, France) has been developed to measure the anticoagulant effect of 
dabigatran, but the test has not been fully validated nor is it widely available. Dabigatran prolongs the activated partial thromboplastin time, 
but the results plateau with higher levels of the drug. Nonetheless, a normal test indicates no residual anticoagulant effect of dabigatran. 
‡On 20 October 2010 the US FDA approved dabigatran etexilate given at a dose of 75 mg twice daily in patients with a creatinine clearance of 
15–30 ml/min. 
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95% CI: 0.47–0.94) and was associated with a similar 
rate of myocardial infarction. However, the median 
time that the INR was in therapeutic range was 58%, 
which is lower than that reported in other randomized 
trials and meta-analyses [9,16–19] and implies suboptimal 
warfarin management in the control group, which may 
have biased the efficacy outcomes in favor of rivaroxa-
ban. Against this concept, however, was the observation 
that rivaroxaban was noninferior to warfarin in North 
America where the median time that the INR was in 
the therapeutic range was approximately 66%.

“We truly are at the dawn of a new era in long-term 
anticoagulation management.”

For now, dabigatran etexilate is the only new oral 
anticoagulant licensed for use as an alternative to war-
farin for stroke prevention in atrial fibrillation. Once 
rivaroxaban is approved for this indication, however, 
clinicians will have to make treatment decisions on 
the basis of indirect comparisons of trial results, as 
head-to-head comparisons are lacking. Both dabigat-
ran and rivaroxaban provide patients and physicians 
with a major advance over warfarin because the new 
drugs reduce intracranial bleeding and are more 
convenient to administer. Rivaroxaban is attractive 
because it offers the additional benefits of once-daily 
administration, no dyspepsia and no increase in myo-
cardial infarction. It is likely, however, that clinicians 

will choose dabigatran over rivaroxaban for many of 
their patients because at a dose of 150 mg twice daily, 
dabigatran exhibited superior efficacy for stroke pre-
vention compared with warfarin. In countries where 
the dabigatran 110 mg twice daily dose is licensed, 
this dose is likely to be preferred over rivaroxaban for 
use in elderly patients at high risk of bleeding because 
this lower dose dabigatran regimen exhibited a safety 
profile superior to that of warfarin. Nonetheless, with 
the convenience of once-daily dosing and the absence 
of dyspepsia, rivaroxaban may also be a good choice 
for selected patients. As we gain experience with 
dabigatran and rivaroxaban, ongoing Phase III trials 
comparing apixaban or edoxaban with warfarin for 
stroke prevention in patients with atrial fibrillation 
are expected to report the results in 2011 and 2012, 
respectively, providing us with even more treatment 
options [105,106]. We truly are at the dawn of a new era 
in long-term anticoagulation management.
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