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The well-established indications for anticoagulant 
therapy include atrial fibrillation, venous 
thromboembolism (VTE) and mechanical heart 
valves.1,2,3 The most common anticoagulants used in 
the outpatient setting are vitamin K antagonists, such 
as warfarin. Warfarin disrupts vitamin K metabolism 
by inhibiting the carboxylation of vitamin-K dependent 
coagulation factors (II, VII, IX and X), rendering them 
inactive in the coagulation pathway.4

Warfarin is administered orally, compared to 
unfractionated and low molecular weight heparin, which 
must be administered parenterally. Its anticoagulant 
effect can be reversed by administration of vitamin K 
or prothrombin complex concentrates.5 Disadvantages 
associated with the use of warfarin include the need 
for frequent laboratory monitoring and its interactions 
with foods and many common medications such 
as antibiotics.6 As with all anticoagulants, there is 
a risk of bleeding, including major hemorrhage.7 

Given these issues, there is a need to find alternative 
oral anticoagulants that are more convenient, more 
effective, and safer than warfarin. 

Novel Anticogulants
Two new classes of anticoagulants have shown promise 
as alternatives to the vitamin K antagonists (Table 1). 
Dabigatran, a specific competitive inhibitor of thrombin, 
was the first oral thrombin inhibitor to be approved and 
marketed. Approximately 80% of dabigatran is excreted 
renally and it has a half-life of 12-17 hours.8 Two 
other novel oral anticoagulants are rivaroxaban and 
apixaban, which are factor Xa inhibitors. Rivaroxaban 
has a half-life of 7-11 hours and is excreted unchanged 
by the kidneys and converted to inactive metabolites by 
the liver.9 Apixaban has a half-life of 8-15 hours and is 
eliminated both by the kidneys and the gastrointestinal 
tract.9 Due to the predictable pharmacokinetic profiles 
of these agents, they do not require routine coagulation 
monitoring.8,9

Dabigatran
Dabigatran was studied in a 
trial of 18,113 patients with 
atrial fibrillation and at least 
one additional risk factor for 
stroke. Risk factors included 
a previous stroke or transient 
ischemic attack, age (>75 or 
65-74 plus coronary artery 
disease, diabetes mellitus 
or hypertension), New York 
Heart Association Class II 
or higher symptoms of heart 
failure within the previous 6 
months, and a left ventricular 
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Abstract

The well-established indications for anticoagulant therapy include atrial fibrillation, venous thromboembolism (VTE) 
and mechanical heart valves. Vitamin K antagonists are the most common anticoagulants used in the outpatient 
setting. Two new classes of anticoagulants (direct thrombin and factor Xa inhibitors) have shown promise as 
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REVIEW

Table 1. Novel anticoagulants.

Drug MOA KINETICS
PIVOTAL 
TRIALS

Dabigatran Direct thrombin 
inhibitor

t1/2 = 12 - 17 hrs8

Excretion = Renal8 
RE-LY10 
RE-COVER11

Rivaroxaban Factor Xa 
inhibitor

t1/2 = 7 - 11 hrs9

Excretion = Renal/Hepatic9

EINSTEIN12

ROCKET-AF13

Apixaban Factor Xa 
inhibitor

t1/2 = 8 - 15 hrs9

Excretion = Renal/GI9

ARISTOTLE14

AVERROES15
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ejection fraction < 40%.10 The study, published as 
the RE-LY trial, randomized patients to one of three 
groups: dose-adjusted warfarin (to achieve an INR of 
2.0-3.0), dabigatran 110 mg twice daily or dabigatran 
150 mg twice daily. The primary outcome of the study 
was stroke or systemic embolism. In their study, it was 
shown that patients randomized to the dabigatran 
150 mg-group had lower rates of stroke and systemic 
embolism compared to those randomized to the 
warfarin group (yearly occurrence rates: 1.11% vs. 
1.69%, respectively; p < 0.001), with similar rates of 
major hemorrhage (3.11% per year vs. 3.36% per year, 
respectively; p = 0.31).10 Patients in the dabigatran 
110 mg-group had similar rates of stroke and systemic 
embolism as warfarin, with lower rates of major 
bleeding (2.71% vs. 3.36%, respectively; p = 0.003).10 
The rate of hemorrhagic stroke was reduced in both 
the dabigatran 110 mg and 150 mg groups as compared 
to warfarin (0.12% and 0.10% vs. 0.38%, respectively; 
p < 0.001).10 Other measured outcomes included rate 
of death and myocardial infarction. The rate of death 
for warfarin was 4.13% per year, compared to 3.75% 
per year for the 110 mg dabigatran arm (p = 0.13) and 
3.64% per year for the dabigatran 150 mg arm (p = 
0.051).10 The yearly event rate of myocardial infarction 
for warfarin was 0.53%. Rates were higher in both the 
dabigatran 110 mg (0.72% per year, p = 0.07) and 150 
mg groups (0.74%, p = 0.048).10

In the RE-COVER trial, dabigatran was compared to 
warfarin in the treatment of patients with acute VTE. In 
this study, 2564 patients with acute VTE were treated 
with a parenteral anticoagulant for a median of 9 days 
and then randomized to receive either dose-adjusted 
warfarin (to achieve an INR of 2.0-3.0) or dabigatran 150 
mg twice daily. The primary outcome was recurrence of 
VTE at six months. The results showed that dabigatran 
was as effective as warfarin in preventing recurrent 
VTE (recurrence rates 2.4% vs. 2.1%, respectively; p 
< 0.001).11 Episodes of major and non-major bleeding 
were similar between groups.11

Rivaroxaban
Rivaroxaban, a factor Xa inhibitor, has been evaluated 
for the treatment of acute deep vein thrombosis (DVT). 
In an open-label randomized study of 3449 patients 
(EINSTEIN trial), rivaroxaban (15 mg twice daily 
for 2 weeks followed by 20 mg once daily) alone was 
compared to standard therapy (enoxaparin followed 
by a vitamin K antagonist). The results demonstrated 
that rivaroxaban was as effective as standard therapy at 
preventing recurrent VTE in the study period (event rate 
2.1% vs. 3.0%, respectively; p < 0.001).12 The principal 
safety outcome of major bleeding or non-major 

clinically relevant bleeding was equal between both 
groups.12 A follow-up study of 1196 patients compared 
rivaroxaban with placebo for VTE prevention after 
patients had received a minimum three-month course 
of anticoagulation. The results demonstrated that 
rivaroxaban reduced the recurrence rate of VTE by 82% 
as compared to placebo (recurrence rate 1.3% vs. 7.1%, 
respectively; p < 0.001).12 There was an increased risk 
for non-major bleeding in the rivaroxaban group (5.4% 
vs. 1.2% placebo).12 As well, four patients receiving 
rivaroxaban had non-fatal major bleeding, compared 
to none in the placebo group (p = 0.11).12 

Rivaroxaban has also been evaluated in patients with 
nonvalvular atrial fibrillation. The ROCKET-AF study 
was a double-blind randomized trial of 14,264 patients 
with atrial fibrillation at increased risk of stroke. Patients 
were randomized to receive rivaroxaban 20 mg daily 
or dose-adjusted warfarin (to achieve INR of 2.0-3.0). 
As in the RE-LY trial, the primary outcome was stroke 
and systemic embolism. The results demonstrated 
rivaroxaban to be as efficacious as adjusted dose 
warfarin in preventing stroke and systemic embolism 
(yearly occurrence rates: 1.7% vs. 2.2%, respectively; p 
< 0.001).13 As well, there were no differences between 
the two groups in major and clinically significant 
non-major bleeding.13 The rivaroxaban group had less 
intracranial (0.5% vs. 0.7%; p = 0.02) and fatal bleeding 
(0.2% vs. 0.5%; p = 0.003).13 Major gastrointestinal 
bleeding and bleeding requiring transfusion was more 
common in patients who received rivaroxaban (3.2% vs. 
2.2%; p < 0.001).13 

Apixaban
Another factor Xa inhibitor, apixaban, has been 
studied in comparison to warfarin in patients with 
atrial fibrillation and at least one additional risk 
factor for stroke. In the double-blinded ARISTOLE 
study, 18,201 patients were randomized to receive 
dose-adjusted warfarin or apixaban 5 mg twice daily. 
Patients receiving apixaban had a lower rate of stroke 
and systemic embolism than those on warfarin (yearly 
occurrence rate: 1.27% vs. 1.60%, respectively; p < 0.001 
for non-inferiority; p = 0.001 for superiority).14 As well, 
the apixaban study group had both lower rates of major 
bleeding (2.13% vs. 3.09%; p < 0.001) and mortality 
(3.52% vs. 3.94%; p = 0.047) compared to the warfarin 
group.14 

Apixaban has also been studied in comparison to 
aspirin in the prevention of stroke and systemic 
embolism. In the AVERROES trial, 5599 patients with 
atrial fibrillation and an increased risk for stroke, who 
were unsuitable candidates for vitamin K antagonists, 
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were randomized to receive either aspirin or apixaban. 
The study was terminated early due to a clear benefit in 
the apixaban group. The number of primary outcome 
events (stroke and systemic embolism) in the apixaban 
group was 51 (1.6% per year), compared to 113 in the 
aspirin group (3.7% per year; p < 0.001).15 There was 
no increased risk for major hemorrhage or intracranial 
bleeding in the apixaban group.15

Monitoring & Reversal
Unlike traditional anticoagulants such as heparin 
or warfarin, the novel agents do not usually require 
laboratory monitoring. However, coagulation 
assessment may be warranted in certain situations 
including drug overdose, in episodes of severe bleeding 
or if urgent surgical procedures are required.16

The effect of these novel anticoagulants on traditional 
coagulation assays is unknown. The plasma 
concentration of dabigatran is variable between 
patients based on their age, dose, absorption and 
renal clearance.17 A recent study demonstrated that at 
maximum plasma concentration, most patients taking 
dabigatran had a prolonged activated thromboplastin 
time (APTT).17 A second study demonstrated that the 
anti-Xa level and the aPTT are affected by rivaroxaban.16 
The effect of both drugs on other coagulation tests such 
as prothrombin time (PT), fibrinogen, antithrombin 
and activated protein C (APC) resistance assays were 
less predictable.6,17 Standardized readily available assays 
for monitoring any of the novel oral agents have not yet 
been developed for routine practice.

Currently there is no antidote for direct thrombin and 
factor Xa inhibitors and the efficacy of reversal agents 

has not been extensively studied in humans. In a recent 
small study of 12 healthy males, administration of 
prothrombin complex concentrate (PCC) was shown to 
completely and immediately reverse the anticoagulant 
effect of rivaroxaban. However, it had no effect on 
dabigatran.18 Whether PCC administration reduces 
the risk of bleeding associated with rivaroxaban is 
unknown.

Conclusion
Novel anticoagulants including dabigatran, rivaroxaban 
and apixaban offer an alternative to traditional agents 
such as warfarin (Table 2). Recent studies demonstrate 
that these agents are as efficacious as warfarin in treating 
patients with atrial fibrillation and VTE.10-14 In some 
instances, studies have demonstrated the superiority of 
these agents compared to warfarin, such as in the use 
of dabigatran for the prevention of stroke and systemic 
embolism in patients with atrial fibrillation.10 As well, 
apixaban has been shown to be superior to aspirin 
in patients with atrial fibrillation who are unable to 
take vitamin K antagonists.15 Moreover, given the 
stable pharmacokinetics of these anticoagulants, they 
do not require coagulation monitoring and dosing 
adjustments, making their use more convenient for 
patients and practitioners.8,9 Finally, a recent study 
examining the use and cost of dabigatran in Canada 
determined that it is a more cost-effective approach 
to preventing stroke and systemic embolism than 
warfarin.19 

Despite their many benefits, these novel medications 
are not without risk. For instance, there is little research 
on the most appropriate and consistent method of 
laboratory monitoring, which is important in specific 
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Table 2: A comparison of warfarin, dabigatran and rivaroxaban

Drug MOA KINETICS COST+ SPECIFIC 
ANTIDOTE

STANDARD 
LABORATORY 
TESTING

Warfarin 1.69 - 2.2%10,13 3.36-3.4%10,13 $0.01/d Vitamin K INR

Dabigatran 150 mg = 1.11% 
(p < 0.001)10

110 mg = 1.53% 
(p = 0.34)10

150 mg = 3.11% 
(p = 0.31)10

110 mg = 2.71%
(p = 0.003)10

$3.20/d No No

Rivaroxaban 1.7% (p < 0.001)13 3.6% (p = 0.58)13v $2.84/d No No

+ Cost estimates based on pharmacy prices at QEII Health Science Centre in Halifax, NS using the following dosages: warfarin 5 mg po od; 
dabigatran 150 mg po bid; rivaroxaban 20 mg po od
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circumstances such as acute bleeding. As well, unlike 
warfarin there is no specific antidote and the most 
appropriate type and dosage of reversal agents has 
not been extensively studied. Furthermore, the use of 
reversal agents such as PCC in lieu of a specific antidote 
is not ideal, as blood products have their own inherent 
risks and associated costs. 

In summary, dabigatran, rivaroxaban and apixaban are 
novel alternatives to traditional anticoagulants such 
as warfarin. As their use becomes more widespread, 
further research on monitoring and reversal is required. 
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