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Abstract: The use of oral anticoagulation to reduce stroke risk from thromboembolism has become the cornerstone of management of 
atrial fibrillation (AF). Dabigatran is a direct thrombin inhibitor which, in contrast to warfarin, does not require regular blood draws for 
monitoring effect. Randomized controlled studies suggest that dabigatran may be more effective than warfarin at higher doses, without 
an increased bleeding risk, and equally effective at lower doses, with lower bleeding risk. With these apparent advantages comes a 
higher cost, and limited use in patients with underlying renal or liver disease. In addition, the inability to measure anticoagulant effect, 
as with warfarin, presents drawback for clinical use of dabigatran. In this review, we discuss the mechanisms of action, clinical effect, 
and place in therapy of dabigatran as a possible replacement for warfarin.
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Introduction
Atrial fibrillation (AF) is the most common sustained 
arrhythmia, and its prevalence is increasing. AF is 
associated with an increased risk of mortality, which 
is largely due to an increased risk of thromboembolic 
stroke.1,2 According to Virchow’s triad, three factors 
increase the risk of formation of thromboembolism: 
hypercoagulability, endothelial dysfunction, and 
 stasis. During AF, the coordinated contraction of the 
atrium ceases resulting in increased stasis of blood.3 
In addition, studies have demonstrated that AF is 
also associated with activation of plasmatic clotting 
system and of platelets,4,5 and that endothelial adhe-
sion molecules are upregulated in AF.6,7 In summa-
tion, these effects act to greatly increase the risk of 
thrombus formation in the atrium during AF, with 
subsequent thromboembolization. Although throm-
boemboli forming in the left atrium during AF could 
potentially embolize to anywhere in the body sup-
plied by the blood stream, most non-central nervous 
system (CNS) emboli are subclinical and make up 
about 7% of thromboembolic events.8 The most seri-
ous complication is embolization to the brain causing 
an ischemic stroke, which is the basis for use of anti-
coagulation in AF.

Among patients with non-valvular AF, the risk 
of stroke increases with the presence of risk factors. 
The most common stratification scheme employed 
is the CHADS2 system, in which one point is given 
for each risk factor (congestive heart failure (CHF), 
hypertension, age .75, and diabetes) and two points 
for history of stroke.9 The estimated risk of stroke or 
peripheral embolization in patients not on anticoagu-
lation is 0.3–0.5 events per 100 person-years if the 
CHADS2 score is 0, but it increases to 6.3–6.9 events 
per 100 person-years if the CHADS2 score is 4–6.8,10 
This risk is significantly attenuated with the use of 
anticoagulation, with many studies demonstrating a 
clinical benefit with warfarin, particularly in patients 
with a high risk (ie, high CHADS2 score).11–20 As a 
result, anticoagulation is currently recommended by 
the ACC/AHA/ESC in patients with non-valvular AF 
based on their risk factor profile, with anticoagulation 
recommended in anyone with one or more risk factors,21 
with a goal International Normalized Ratio (INR) of 
2.0–3.0 in those on warfarin.  Multiple clinical studies 
have highlighted the importance of anticoagulation in 
patients with AF to prevent thromboembolism,22,23 all 

of which demonstrated superiority of warfarin over 
placebo as well as antiplatelet agents.24

Despite its clinical benefits, warfarin can be a bur-
den for patients to take. It requires dietary discretion 
and adjustment due to its sensitivity to varying levels 
of vitamin K absorption, as well as regular monitor-
ing with blood sampling. The possibility that newer 
anticoagulants without such a burden could provide 
equal if not greater efficacy, with greater patient con-
venience, has led to extensive developmental efforts. 
Dabigatran was among the first to emerge from these 
efforts without toxicity that prevented clinical use.25 
Whether this popular new medication will be the 
answer to those searching for the ideal oral antico-
agulant and replace warfarin, or just fill a niche as a 
useful agent in select individuals, remains to be seen. 
In this review, we discuss the mechanisms, pharma-
cology, clinical uses, and potential role in patient care 
of dabigatran.

Mechanism of action
Dabigatran etexilate (also called Pradaxa) is an orally 
active, direct thrombin inhibitor.26–28 The mechanism 
of action of dabigatran is based upon its ability to 
inactivate clot-bound thrombin, an action distinct 
from that of heparin which cannot do so because the 
masking of thrombin binding sites by fibrin.29–31 In 
addition to this advantage over heparin, dabigatran 
does not bind to Platelet Factor 4 (PF4) and as such 
does not provoke antibody formation to heparin-PF4 
complex responsible for Heparin-induced thrombocy-
topenia (HIT). Other types of direct thrombin inhibi-
tors include the parenteral medications argatroban 
and lepirudin, which are approved for use in the case 
of HIT.

Metabolism and pharmacokinetic profile
The compound dabigatran etexilate is a pro-drug 
which is converted by ubiquitous esterases into the 
active compound that binds directly to thrombin. It 
has a half-life of approximately 12 to 14 hours in 
adults with normal renal function, with a maximum 
anticoagulant effect achieved within three hours of 
ingestion.32 It is 80% eliminated by renal excretion of 
the unchanged drug,33 and thus the plasma clearance 
will be highly effected by underlying kidney function. 
In patients with reduced renal function, dabigatran 
half-life ranges from 14 hours in normal volunteers 
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to 34 hours in those receiving maintenance dialysis 
(ie, creatinine clearance (CrCl) ,10 to 20 mL/min).34 
Based on this effect, dosing of dabigatran based on 
renal function is recommended (see below). It is 
unclear how the circulating levels of dabigatran are 
changed in individuals with low body weight or those 
who are morbidly obese. Dabigatran is about one-
third protein bound. It can be dialyzed in patients 
with renal impairment, with about 50%–60% being 
removed after four hours of dialysis.35

The absorption of dabigatran by the intestines is via 
the efflux transporter P-glycoprotein (P-gp), and thus 
dabigatran may interact with inducers or inhibitors 
of P-gp.36 Certain P-gp inducers may alter dabigatran 
 bioavailability significantly (Table 1). For example, in 
the Canadian and UK labeling, the use of systemic keto-
conazole and dabigatran together is contraindicated, 
while in the European Medicines Agency labeling, 
the concurrent use of quinidine is  contraindicated. In 
other labeling systems, it has been recommended that 
concurrent use of dabigatran with other P-gp inducers 
or inhibitors should either be avoided, administration 
separated by at least two hours, or the dose of dabiga-
tran appropriately modified. Dabigatran has not been 

shown to interact with the cytochrome P450 system 
in any manner of clinical significance.

Because of stable and predictable pharmacoki-
netics, and also because the most accessible and 
available methods of assessing bleeding risk (ie, the 
thrombin time, the activated partial thromboplas-
tin time (aPTT), and activated clotting time) found 
significant test-kit variability between different 
manufacturers,37 routine monitoring of coagulation 
is not necessary in patients on dabigatran. Many of 
these bleeding tests were noted to have normal results 
despite elevated dabigatran trough levels in early 
studies.38 The ecarin clotting test or thrombin time 
have also been suggested as methods to detect pres-
ence of dabigatran effect and level of coagulopathy,39 
however, it is not generally available.40–46 As such, 
the lack of monitoring required for dabigatran acts 
as a double-edged sword. On the one hand, adding 
patient convenience, while on the other hand, cre-
ating a situation in which a clinician cannot easily 
deduce the level of anticoagulation (or over-anti-
coagulation) in a given patient on dabigatran. The 
latter situation has direct implications for bleeding 
risk, discussed below.

Table 1. interaction data and recommendations refer to systemic drug forms. 

Category Effect Recommendations
Antacids, Histamine-2 (H2B) antagonists, proton pump  
inhibitors (PPis)

Decreased dabigatran  
concentration  
(modest effect)

Administer dabigatran at least two 
hours before acid suppressive 
medications.

Inhibitors of P-gp efflux transporter (abiraterone, alfentanil,  
amiodarone, atorvastatin, azithromycin, carvedilol,  
clarithromycin, cobicistat containing coformulations,  
conivaptan, crizotinib, cyclosporine, darunavir, diltiazem,  
dipyridamole, dronedarone, duloxetine, erythromycin,  
fenofibrate, grapefruit and grapefruit juice, indinavir,  
itraconazole, ivacaftor, ketoconazole, lapatinib, lopinavir,  
lovastatin, mefloquine, mifepristone, nelfinavir, nicardipine,  
nifedipine, nilotinib, posaconazole, progesterone,  
propafenone, propranolol, quinidine, quinine, ranolazine,  
reserpine, ritonavir, ritonavir containing coformulations,  
saquinavir, sunitinib, tacrolimus, tamoxifen, telaprevir,  
telithromycin, ticagrelor, tolvaptan, ulipristal, vandetanib,  
vemurafenib, verapamil)

increased dabigatran  
concentration  
(variable effect)

Avoid use of ketoconazole, 
cyclosporine, itraconazole and 
tacrolimus with dabigatran.
Avoid use of any P-gp inhibitor with 
dabigatran if moderate or severe renal 
insufficiency (CrCl ,50 mL/minute)  
or in any patient aged $80 years.
where concomitant use of a P-gp 
inhibitor is necessary, administer 
dabigatran at least two hours before 
P-gp inhibitor which may decrease 
severity of interaction; monitor 
closely for bleeding.

Inducers of P-gp efflux transporter (carbamazepine,  
dexamethasone, doxorubicin, nefazodone, pentobarbital,  
phenobarbital, prazosin, rifampin, St. John’s wort,  
tenofovir, tipranavir, trazodone, vinblastine)

Decreased dabigatran  
concentration  
(significant effect)

Avoid concurrent use of dabigatran 
with P-gp inducers.
Decreased concentrations of 
dabigatran may persist for nearly 
7 days after stopping use of a potent 
inducer of P-gp (eg, rifampin).

Abbreviations: CYP3A4, cytochrome P450 3A4; P-gp, P-glycoprotein efflux transporters; VTE, venous thromboembolism.
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Clinical studies and efficacy
The first clinical evaluation of dabigatran compared with 
warfarin was the PETRO Study, in which 502 patients 
were treated with doses of dabigatran ranging from 
50 mg to 300 mg twice daily.26 This study demon-
strated feasibility and safety, with only the 300 mg 
dose being associated with major bleeding events and 
the 50 mg dose with thromboembolic  episodes. Based 
on this preliminary study, the RELY study was per-
formed.  Published in 2009, RELY was designed as 
a non-inferiority trial comparing the risk of stroke in 
18,113 patients randomly assigned to dabigatran doses 
of 150 mg twice daily, 110 mg twice daily, or warfarin 
with goal INR of 2–3.47 This study demonstrated that 
the 110 mg dose was non-inferior to warfarin (1.53% 
risk/year vs. 1.69% risk/year) and that the 150 mg dose 
was superior to warfarin (1.11% risk/year). In addi-
tion, the rate of major bleeding was significantly less 
in those on the 110 mg dose compared with warfarin 
(2.71% per year vs. 3.36% per year) and not signifi-
cantly different with the 150 mg dose (3.11% per year, 
P = 0.31).  Interestingly, the rate of hemorrhagic stroke 
was significantly lower with both doses of dabigatran 
than warfarin (0.38% per year for warfarin, 0.12% per 
year for the 110 mg dose, and 0.10% per year for the 
150 mg dose). The overall mortality rate, which was 
not the primary endpoint, was not significantly different 
between all groups (4.13% per year for warfarin, 3.75% 
per year for the 110 mg dose, and 3.64% per year for 
the 150 mg dose). Patients with a CrCl ,30 mL/min, 
a high risk of bleeding (recent or planned surgery, active 
bleeding diathesis, or GI bleed within the last year), 
active liver disease, as well as valvular AF patients, 
and pregnant women were excluded from this study. 
A follow-up study also demonstrated a benefit regard-
less of whether patients were warfarin-naïve or had 
been on warfarin previously.48 The RELY study demon-
strated the efficacy of dabigatran for anticoagulation in 
AF, with outcomes from both dose regimens being sig-
nificant improvements over warfarin—the 150 mg dose 
being associated with a decreased stroke risk without an 
increased risk of bleeding, and the 110 mg dose being 
associated with a decreased bleeding risk, without an 
increased risk of stroke.

Safety
Initial studies raised a concern for elevation in liver 
aminotransferases with dabigatran.26 Although patients 

with liver disease were excluded from the RELY study, 
this has not generally been seen as a safety  concern. 
The principle safety concerns with dabigatran have 
focused on four major safety considerations: a sig-
nal of increased risk of myocardial infarction, risk of 
bleeding in patients with renal impairment, the con-
cern about a lack of antidote in patients with active 
bleeding while on dabigatran, and the newly rec-
ognized lack of efficacy in patients with prosthetic 
valves.

In a post-hoc analysis of RELY, the rate of myo-
cardial infarction was found to have non-significantly 
increased with dabigatran at both doses compared to 
warfarin (HR 0.81 for 150 mg, 0.82 for 110 mg, vs. 
0.64 for warfarin),49 with the effects of dabigatran 
compared to warfarin being consistent in patients 
with and without a history of documented coronary 
artery disease. This finding was explored further in 
a 2012 meta-analysis of 7 trials (30,514 individuals) 
comparing dabigatran with warfarin, enoxaparin, and 
placebo in treatment of AF, as well as in DVT prophy-
laxis and treatment, and treatment of acute coronary 
syndromes. It was found to indeed be significantly 
associated with myocardial infarction, cardiac death, 
or unstable angina (OR 1.27, CI 1.0–1.61), although 
the absolute risk difference was very small (0.27%).50 
Given that the risk was irrelevant of history of coro-
nary artery disease, no recommendations have been 
made with regard to restricting use of dabigatran.

Due to its predominant renal metabolism, the man-
ufacturers recommend that renal function be deter-
mined in all patients prior to initiation, and exclud use 
in those with CrCl ,15 mL/min (CrCl ,30 mL/min 
in Europe), as well as in those with fluctuating renal 
function. Of note, in the United States, dabigatran 
has been approved at the 150 mg dose only, with a 
75 mg dose used in patients with renal disease (GFR 
15–30 mL/min), although this lower dose has not 
been tested in clinical trials to date. Based on the lack 
of current clinical efficacy of the 75 mg dose, some 
practitioners have avoided this dose, preferring warfa-
rin in patients with CrCl ,30 mL/min.51 Since many 
elderly individuals have a lower CrCl, this tends to 
limit the utility of use in this population.

In November 2012, the U.S. Food and Drug 
Administration (FDA) issued a statement that the 
rate of bleeding with dabigatran was not higher than 
with warfarin in patients using either drug for the 
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first time.52,53 Overall, bleeding risk with dabigatran 
has been estimated at 8%–33%, with major bleed-
ing in ,6% of patients.39 A recent database query of 
the FDA Mini-Sentinel database identified a rate of 
gastrointestinal hemorrhage of 1.6 events/100,000 
patient-days and intracranial hemorrhage rate 
of 0.8–0.9 events/100,000 patient-days (vs. 3.1 
events/100,000 patient-days and 1.9 events/100,000 
patient-days for warfarin, respectively).52 Since its 
approval, there have been post-marketing reports of 
a potential for a higher rate of serious bleeding with 
dabigatran vs. warfarin that have not been systemati-
cally validated.52

One notable limitation to use is that no specific 
antidote exists for dabigatran reversal,32,34,38,40,44,54 
with therapy for severe hemorrhage often including 
transfusion of fresh frozen plasma (FFP), packed red 
blood cells (RBCs), and surgical intervention.55 Of 
note, prothrombin complex concentrate (not avail-
able in the U.S.) has been shown to be ineffective 
for reversal.42 Drug discontinuation is usually suf-
ficient to control bleeding in most clinical settings, 
since its half-life is relatively short (12 to 14 hours) 
in  subjects with normal renal function. Unlike use 
of the INR with warfarin, there is no clear method 
to detect excessive anticoagulation on dabigatran, 
although it has been suggested that an aPTT over 2.5 
times control may indicate excessive anticoagula-
tion.39 As above, the ecarin clotting test or thrombin 
time have also been suggested as methods to detect 
presence of dabigatran effect and level of coagulopa-
thy,39 although the  sensitivity of these assays makes 
practical use  difficult. Otherwise, careful moni-
toring for bleeding and routine screening of blood 
counts is recommended as with any patient taking 
anticoagulation.

For cases of bleeding, charcoal hemofiltration has 
been suggested to hasten excretion. If given within 
2 hours of ingestion, use of activated charcoal may 
also remove unabsorbed drug from the gastrointes-
tinal tract. For those with life-threatening bleeding, 
the use of unactivated 4 factor prothrombin complex 
concentrates (PCC), activated PCC (eg, FEIBA), or 
recombinant Factor VIIa in high doses may be con-
sidered,54 but may precipitate thromboembolism and 
thus should be used with caution. Notably, in one study 
of 12 normal volunteers, the use of 4 factor unacti-
vated PCC did not reverse dabigatran-associated 

prolongations in the aPTT, ecarin clotting time, or 
thrombin time.42 It is important to note that 4 factor 
unactivated PCC are available in Canada, Europe and 
other countries, but not in the United States, where 
only 3 factor PCCs (factor IX complex, Bebulin, 
 Profilnine) are available.

A recent alert by the U.S. FDA and Health  Canada 
warned against the use of dabigatran in patients 
with mechanical prosthetic heart valves based on 
results from the RE-ALIGN clinical trial,56 due to an 
increased risk of stroke, myocardial infarction, and 
mechanical valve thrombosis compared with war-
farin.57 In addition to these considerations, the most 
common side effects reported has been dyspepsia 
(11% including abdominal discomfort/pain and epi-
gastric discomfort),39 which in practice is probably 
the leading cause of intolerance leading to discon-
tinuation or choice of alternatives.

Patient preference
The convenience to patients of not needing routine 
blood checks for INR is a clear benefit of dabigatran 
compared with warfarin, and subjectively has been 
among the most favorable effects of changing to dab-
igatran from warfarin in patients.

The cost of dabigatran at ∼$3000/year in the 
U.S. is substantially more than warfarin (∼$48/
year), even after adding in the extra cost of INR 
testing and provider visits for dose adjustments.58 
It is this added cost that in practice is the most fre-
quent reason for patients to opt against use, par-
ticularly in those patients in whom the full cost is 
not covered by  insurance. The cost effectiveness of 
dabigatran compared with warfarin has been stud-
ied in  several countries to date.59–62 In one study by 
Freeman et al,59 assessing quality adjusted life years 
(QALY) and incremental cost-effectiveness found 
that the quality adjusted life expectancy was 10.28 
QALYs with warfarin, 10.70 QALYs with 110 mg 
dabigatran, and 10.84 QALYs with 150 mg dabiga-
tran, with incremental cost-effectiveness ratios of 
$51,229 per QALY for the 110 mg dose and $45,372 
per QALY for the high dose.59 These models were 
sensitive to the cost of dabigatran with increased 
cost-effectiveness of 150 mg dose with increased 
risk of stroke and intracranial hemorrhage. This 
value, which is below the commonly used cutoff 
of $50,000/QALY, has resulted in dabigatran being 
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covered by multiple payer programs. However, with 
increasing attention to rising medical costs, and the 
likelihood that more of these costs will be shifted 
to the patients, it is unclear whether this cost effect 
will play a role in preferential use of dabigatran 
over warfarin.

Place in therapy
In one survey of 181 doctors in California, 
Huang et al63 noted that cost (25%), renal function 
(21%), and CHADS2 score (18%) were the most 
important  factors in deciding a patient’s eligibil-
ity for dabigatran among warfarin-naïve patients, 
with unstable INRs (37%) and missed appoint-
ments (17%) being  considerations against warfa-
rin.63 Overall, cardiologists were more comfortable 
prescribing dabigatran than general  internists.63 
Whether these results reflect a greater apprecia-
tion for stroke reduction among cardiologists, or 
greater concern about overall costs of medications 
by general internists is unclear. What is clear is 
that many in the field of managing patients with 
AF were enthusiastic about the emergence of alter-
native oral anticoagulants, such as dabigatran, to 
warfarin.

Anecdotally, we have found it easier to convince 
patients with lower CHADS2 scores to take anti-
coagulation with dabigatran than ‘burdening’ them 
with initiating warfarin, with the subsequent blood 
draws and clinic visits. Other experts also recom-
mend dabigatran (or other new factor Xa inhibitors, 
apixiban, or rivaroxiban) over warfarin as a 2B rec-
ommendation (Weak recommendation; alternative 
approaches may be better for some patients under 
some circumstances).51 The 150 mg dose is recom-
mended in most patients unless there is concern 
about a risk of bleeding or in patients over 75 years 
of age, in which case the 110 mg dose is suggested 
if  available.51 Warfarin is a reasonable choice if 
patients are comfortable with periodic INR moni-
toring and have stable INRs, in patients for whom 
the cost of the medication is a concern, and in 
patients with contraindications to dabigatran such 
as CrCl ,30 mL/min or prosthetic valves. It should 
also be noted that certain drugs have interactions 
with dabigatran, including antacids, H2B, and pro-
ton pump inhibitors which decrease effect (should 
be given at least 2 hours after dabigatran), P-glyco-

protein inhibitors (such as amiodarone, atorvasta-
tin, diltiazem, ketoconazole, and grapefruit juice) 
which can increase dabigatran effect, and P-glyco-
protein inducers (phenobarbital, rifampin, dexam-
ethasone), which can decrease effect. An additional 
consideration is that in patients with whom com-
pliance might be an issue, warfarin would allow a 
method of validation of use (via INR).

Conclusion
In summary, dabigatran is one of several new oral 
anticoagulants now reaching the market which offer 
added benefits of convenience and superior clini-
cal outcomes to warfarin. Warfarin has been in use 
for many years and, as such, the majority of its side 
effects are known. Other than in certain populations, 
such as patients with renal insufficiency, dabigatran 
appears to be well-tolerated broadly. Post-marketing 
studies will continue to be required to monitor such 
effects of dabigatran. Regardless, it is not unlikely 
that eventually the majority of individuals needing 
anticoagulation for non-valvular AF will opt for these 
newer agents over warfarin.
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