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Dabigatran is an oral direct thrombin inhibitor with a rapid

onset. Patients on dabigatran do not require coagulation

monitoring. Recent prospective randomized trials have

shown the efficacy of dabigatran for the prevention of ve-

nous thromboembolism after knee or hip arthroplasty and

for the prevention of stroke and systemic embolism in non-

valvular atrial fibrillation. Because dabigatran is cleared prin-

cipally by the kidneys, dosage adjustments are required in

the setting of renal dysfunction. There currently is no rever-

sal agent for dabigatran although hemodialysis can facilitate

its rapid removal in life-threatening circumstances. The

management of severe bleeding associated with dabigatran

also may include the administration of a procoagulant, such

as recombinant activated factor VII. Based on recent guide-

lines, regional anesthesia should be used cautiously in pa-

tients taking this novel oral thrombin inhibitor.
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UNTIL RECENTLY, the only oral clinical anticoagulants
have been the vitamin K antagonists, such as warfarin.

Because of the multiple limitations of this drug class, oral
anticoagulant alternatives recently have been developed. The
two recent alternatives to warfarin are the oral thrombin inhib-
itors (dabigatran) and the oral factor Xa inhibitors (rivaroxiban
and apixaban). Based on recent large prospective, randomized
trials, these drugs are poised to transform the clinical practice
of anticoagulation worldwide. The focus of this review is
dabigatran, the novel oral direct thrombin inhibitor. A subse-
quent expert review will cover the oral factor Xa inhibitors in
detail.

Dabigatran (Pradaxa; Boehringer Ingelheim, Ridgefield, CT)
is an oral direct thrombin inhibitor with a rapid onset. Patients
on dabigatran do not require coagulation monitoring. Recent
prospective randomized trials have shown the efficacy of dab-
igatran for the prevention of venous thromboembolism after
knee or hip arthroplasty and for the prevention of stroke and
systemic embolism in nonvalvular atrial fibrillation. Because
dabigatran is cleared principally by the kidneys, dosage adjust-
ments are required in the setting of renal dysfunction. There
currently is no reversal agent for dabigatran although hemodi-

alysis can facilitate its rapid removal in life-threatening circum-
stances. The management of severe bleeding associated with
dabigatran also may include the administration of a procoagulant,
such as recombinant activated factor VII. Based on recent guide-
lines, regional anesthesia should be used cautiously in patients
taking this novel oral thrombin inhibitor. These dabigatran high-
lights are reviewed in further detail later.

LIMITATIONS OF STANDARD ANTICOAGULANTS

The advent of low-molecular-weight heparin and fondapa-
rinux streamlined anticoagulation for vascular thrombosis be-
cause their administration was subcutaneous, with greater
freedom from coagulation monitoring and from the risk of
heparin-induced thrombocytopenia.1 The requirement for daily
subcutaneous injection of these agents has limited their long-
term application. Oral vitamin K antagonsists such as warfarin
have been the traditional long-term solution for anticoagulation
despite multiple disadvantages.1,2 Because their anticoagulant ef-
fect has a slow onset and offset, their clinical application requires
bridging with parenteral anticoagulation. Significant interindi-
vidual sensitivity, multiple food and drug interactions, and a nar-
row therapeutic index all have necessitated an individualized ap-
proach to therapy with obligatory coagulation monitoring.

Because of these multiple limitations, the quality of antico-
agulation with oral vitamin-K antagonists frequently is subop-
timal. As an example, 30% to 50% of patients with atrial
fibrillation who require long-term anticoagulation for stroke
prevention are not managed with an oral vitamin-K antago-
nist.3,4 This significant clinical gap has prompted the develop-
ment of alternative oral anticoagulants.1,2 The first promising
oral thrombin inhibitor was ximelagatran.5 This agent was
evaluated extensively in phase III clinical trials in the manage-
ment of vascular embolism, atrial fibrillation, and myocardial
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infarction. Its further clinical development was blocked by the
risk of hepatotoxicity.6

PHARMACOLOGY OF DABIGATRAN

Dabigatran etexilate is available as a capsule formulated with
tartaric acid to minimize variability in intestinal absorption.
Although it requires an acidic environment for absorption, it is
not affected significantly by the concomitant administration of
a proton pump inhibitor.7 This prodrug is activated after oral
administration by nonspecific esterases to dabigatran, which
is a competitive thrombin antagonsist.8 Dabigatran binds to the
active site of thrombin and so can inhibit thrombin whether it
is bound to fibrin or not. The antagonism of fibrin-bound
thrombin is an important advantage of dabigatran over heparin
because bound thrombin still is able to trigger the formation of
thrombus.9 The anticoagulant effect of dabigatran peaks on
average about 1.5 hours after oral administration.7

Hepatic metabolism of dabigatran does not involve the cy-
tochrome P450 enzyme system, and so dabigatran is not subject
to drug and food interactions at this level. Hepatic conjugation
of dabigatran with glucoronic acid accounts for about 20% of
dabigtran excretion via the biliary system.10 The half-life of
dabigatran ranges from 12 to 14 hours. The major elimination
pathway is via the kidney. Consequently, renal dysfunction
raises dabigatran plasma levels and prolongs its half-life sub-
stantially.11 Drug interactions are possible at the level of the
efflux permeability glycoprotein transporter, which affects re-
absorption of dabigatran etelixate into the gastrointestinal tract.
Potent inhibitors of the glycoprotein transporter, such as quin-
idine, ketoconazole, amiodarone, and verapramil, may increase
plasma levels of dabigatran because of reduced intestinal reab-
sorption.8 Furthermore, inducers of the glycoprotein trans-
porter, such as rifampicin, can decrease dabigatran plasma
levels because of increased intestinal reabsorption.8

Dabigatran prolongs the thrombin time, the ecarin coagula-
tion time, and the activated partial thromboplastin time.12,13 The
thrombin time is the most sensitive test of dabigatran. There
already is thrombin time assay that is certified in Europe for the
determination of dabigatran plasma levels (Hemoclot Test;
Hyphen Biomed, Neuville-Sur-Oise, France).12 Although dab-
igatran typically has a minimal effect on the prothrombin time
at clinical concentrations, it can prolong the prothrombin time
in a linear fashion at high plasma concentrations. In contrast,
the effect of dabigatran on the partial thromboplastin time is
curvilinear, with flattening of this response curve at higher
concentrations.13

Because of its unique pharmacology, dabigatran offers solu-
tions to the traditional limitations of the oral vitamin K antag-
onists.12 Its rapid onset of action renders bridging with heparin
obsolete. Routine coagulation testing is not required because
dabigatran has a predictable and reliable anticoagulation pro-
file. Its low potential for food and drug interactions frees
patients from dietary and drug restrictions.

Unlike ximelagatran, dabigatran appears to be free from
hepatic toxicity. This clinical observation is based on extensive
liver function monitoring in nearly 40,000 patients enrolled in
recent clinical trials.12 A possible explanation for this phenom-
enon is that the prodrug dabigatran etexilate is converted to
dabigatran throughout the body by nonspecific esterases in the

gastrointestinal tract, plasma, and liver. This widespread con-
version of the prodrug results in barely detectable levels of
dabigatran etexilate in the plasma. In contrast, the activation of
the prodrug ximelagatran to the active metabolite melagatran
occurs primarily in the liver, resulting in temporary high he-
patic concentrations of ximelagatran, which is hepatotoxic.14

DABIGATRAN FOR THE PREVENTION OF
VENOUS THROMBOEMBOLISM

There have been four major randomized, controlled trials
evaluating dabigatran for the prevention of venous thrombo-
embolism (VTE) after major elective orthopedic surgery. The
first European trial (n � 2,101) randomized patients undergo-
ing knee arthroplasty to enoxaparin, 40 mg once daily, or
dabigatran, either 150 mg or 220 mg once daily, for up to 10
days postoperatively.15 The rates of VTE, death, and bleeding
were similar in all study groups. The second European trial
(n � 3,494) randomized patients undergoing total hip arthro-
plasty to enoxaparin, 40 mg once daily, or dabigatran, 150 mg
or 220 mg once daily, for up to 35 days postoperatively.16 The
rates of VTE, death, and bleeding were equivalent across all
study groups. The North American trial (n � 1,896) random-
ized patients undergoing knee arthroplasty to enoxaparin, 30
mg twice daily, or dabigatran, 150 mg or 220 mg once daily, for
up to 15 days postoperatively.17 Dabigatran at both doses was
significantly inferior to enoxaparin for the prevention of VTE
(dabigatran, 220 mg 31% [p � 0.02 v enoxaprin]; dabigatran,
150 mg 34% [p � 0.001 v enoxaparin]; enoxaparin, 24%).17

Bleeding rates were similar across all study groups. The authors
concluded that dabigatran was inferior to enoxaparin in this
trial because of the more intensive enxoaparin therapy as com-
pared with the European approach. The third European trial
(n � 2,055) randomized patients undergoing total hip arthro-
plasty to enoxaparin, 40 mg once daily, or dabigatran, 220 mg
once daily, for up to 35 days postoperatively.18 The main
finding was that high-dose dabigatran was equivalent to enoxa-
parin for reducing the combined incidence of VTE and related
mortality but was superior to enoxaparin for reducing the risk
of major VTE, defined as proximal deep vein thrombosis or
nonfatal pulmonary embolism (risk difference, �1.9%; 95%
confidence interval, �3.8% to �0.2%; p � 0.03).18 Bleeding
rates were similar across all study groups. A recent meta-
analysis of these four trials showed that dabigatran (220 mg
daily) as compared with enoxaparin (40 mg daily or 30 mg
twice daily) was equivalent for the prevention of total VTE and
all-cause mortality (risk ratio, 1.03; 95% confidence interval,
0.93-1.15) with no increased risk of major bleeding (risk ratio,
1.09; 95% confidence interval, 0.74-1.61).19

As a result, dabigatran currently is approved in more than 75
countries worldwide for the prevention of VTE after knee and
hip arthroplasty.12 It is not yet approved for this indication in
the United States. The approved dabigatran dose for most
patients is 220 mg once daily. The lower dose of dabigatran
(150 mg daily) has been approved for patients at higher risk of
bleeding, such as those aged � 75 years, those with moderate
renal dysfunction (creatinine clearance 30-50 mL per minute)
or those taking permeability glycoprotein inhibitors, such as
amiodarone or verapamil. Dabigatran currently is contraindi-
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