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Abstract: Dabigatran is an oral thrombin inhibitor which has been approved in several 
countries as an alternative to vitamin-K-antagonists for the prevention of stroke or 
embolism in atrial fibrillation patients. Dabigatran is introduced into clinical practice, 
although many issues regarding this drug are still unclear, like laboratory monitoring, use 
in elderly patients, drug- and food-interactions and use in patients with renal insufficiency. 
Additionally, there is no antidote for dabigatran. Thus, aim of the present review is to give 
an overview of concerns and unresolved issues concerning dabigatran. 
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1. Introduction 

In atrial fibrillation (AF), loss of mechanical atrial function and subsequent blood stasis predispose 
to thrombus formation and this increases the risk of stroke or peripheral embolism (S/E). In 
randomized clinical trials of AF-patients, vitamin-K-antagonists (VKA) decreased the risk of S/E 
compared with placebo by 64% [1]. Guidelines recommend VKA with an international normalised 
ratio (INR) range of 2.0–3.0 for AF-patients with an increased risk of S/E [2]. The risk of S/E is 
estimated by calculation of the CHADS2 or CHA2DS2VASc-scores (Table 1) [3,4]. 
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Table 1. The CHADS2 and CHA2DS2VASc Scores [2]. 

Parameter Score 
CHADS2  

Congestive heart failure 1 
Hypertension (blood pressure >140/90 mm Hg or treated hypertension on medication) 1 
Age ≥75 years 1 
Diabetes mellitus 1 
Stroke/transient ischemic attack/systemic embolism 2 
Maximum score 6 

CHA2DS2VASc  
Congestive heart failure 1 
Hypertension (blood pressure >140/90 mm Hg or treated hypertension on medication) 1 
Age ≥75 years 2 
Diabetes mellitus 1 
Stroke/transient ischemic attack/systemic embolism 2 
Vascular disease  1 
Age 65–74 years 1 
Sex category (female) 1 
Maximum score 9 

Despite their efficacy, VKA are underused in AF-patients, especially in those who may benefit 
most, such as patients with advanced age or previous stroke [5,6]. If VKA are used, patients are within 
the therapeutic (INR) range only 50–60% of the time [7]. Reasons for the underuse of VKA include 
concerns about bleeding risk, frailty with a tendency to falls, interactions with other drugs and food, 
genetic polymorphisms affecting VKA metabolism, poor adherence to therapy and the need for 
frequent laboratory monitoring. 

There is a general need for anticoagulant agents which overcome the obstacles of VKA by being 
effective, safe and convenient to use. Dabigatran is a new oral thrombin-inhibitor. The RE-LY trial, 
supported by Boehringer Ingelheim, was a noninferiority trial, in which fixed doses of dabigatran,  
110 mg or 150 mg twice daily, were compared with adjusted-dose warfarin, a VKA, in 18,113 AF 
patients [8,9]. The duration of follow-up was 2.0 years. The primary outcome was stroke or systemic 
embolism. Yearly rates of S/E were 1.71% with warfarin, 1.54% with 110 mg dabigatran and  
1.11% with 150 mg dabigatran. Yearly rates of major bleeding were 3.57% with warfarin, 2.87% with 
110 mg dabigatran and 3.32% with 150 mg dabigatran. Yearly rates of hemorrhagic stroke were  
0.38% with warfarin, 0.12% with 110 mg dabigatran and 0.10% with 150 mg dabigatran. Yearly 
mortality rates were 4.13% with warfarin, 3.75% with 110 mg dabigatran and 3.64% with 150 mg 
dabigatran. Dabigatran was thus suggested as a drug with a similar effect for stroke prevention as 
warfarin but with a lower complication rate [8]. 

Based on the results of the RE-LY-trial, dabigatran was approved in Canada and USA for stroke 
prevention in AF in November 2010. In April 2011 it was approved in this indication by the European 
Medicines Agency. The American Heart Association recommended dabigatran with a class 1, level of 
evidence B, as an alternative to warfarin for S/E-prevention in patients with paroxysmal or permanent AF 
who do not have severe renal failure (creatinine clearance <15 mL/min) or advanced liver disease [10]. 
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Although not tested by randomized trials and not approved, dabigatran is already used in patients 
undergoing cardioversion as well as after AF-ablation [11,12]. 

Dabigatran is thus introduced into clinical practice, although many issues regarding this drug 
remain unclear, like laboratory monitoring, use in elderly patients, drug interactions and use in patients 
with renal insufficiency. Additionally, there is no antidote for dabigatran. Thus, aim of the present 
review is to give an overview of concerns and unresolved issues concerning dabigatran. 

2. Methods 

A literature search was carried out by systematically screening MEDLINE for publications with  
the key words “dabigatran” and “atrial fibrillation” from 2000 to 2011. Reference lists and older 
references generated from initial papers were also considered. Randomized clinical trials, longitudinal 
studies, case series, case reports and reports from regulatory agencies were also included. 

3. Pharmacology of Dabigatran 

Dabigatran etexilate is a prodrug that is given orally in a fixed dose and rapidly converted by 
cytochrome P 450-independent esterases to dabigatran, a potent reversible direct competitive inhibitor 
of thrombin with a rapid onset of action. The absolute bioavailability of dabigatran after oral 
application is 6.5% when the capsule is swallowed intact [13]. If the capsule shell is violated before 
ingestion, the oral bioavailability nearly doubles, thus the capsules must not be cut, chewed, or opened 
prior to ingestion. Dabigatran has a 35% plasma protein binding rate. Dabigatran is 85% excreted by 
the kidneys, and the plasma half-life is 12–17 h. It is assumed that the anticoagulant effect is 
predictable and consistent [14]. Pharmacokinetics and metabolism studies published so far come 
exclusively from laboratories of the manufacturer of the drug, and no independent studies, so far, have 
confirmed their findings [13,14]. 

4. Analysis of the Outcome Events in RE-LY 

The outcome-events of the RE-LY trial were so far analyzed only according to the  
intention-to-treat-principle, an analysis which is based on the initial treatment intent but not on the 
treatment eventually administered [8]. Since the discontinuation rate was up to 21%, and higher in the 
group of patients treated with dabigatran than with warfarin, it is important to analyze the data also on 
a per-protocol-principle, an analysis in which only patients who actually complete the entire trial are 
counted towards the final results, and to assess if dabigatran was indeed associated with less embolic 
and bleeding events and a lower mortality compared with warfarin. 

5. Dabigatran in Elderly Patients 

Age-related differences in dabigatran exposure are largely related to renal function, although  
there is a small additional effect due to advancing age. Studies on the pharmacokinetics and  
pharmaco-dynamics of dabigatran in healthy elderly subjects indicate that, compared with young 
healthy subjects, the dabigatran bioavailability increases 1.7 to 2-fold in elderly subjects [15].  
Since only mean values and standard deviations are reported, no information about individual  
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measurement-variablities are available [15]. Data from the RE-LY trial confirm that dabigatran 
concentration is increased 1.3-fold in patients aged 65–75 years and 1.7-fold in those >75 years; these 
increases correspond to a decreased clearance of 0.66% for each year of age >68 years [8]. 

Among AF-patients >65 years, the most frequent reasons for not prescribing VKA are a history of 
bleeding (33%), falls (32%), refusal or nonadherence (14%), advanced illness (8%) and cognitive 
impairment (3%) [16]. We cannot find any data indicating that dabigatran might be the “drug of 
choice” for these patients. In contrast, the patients included in RE-LY were 71.5 years and thus 
younger than the majority of AF patients, only 32% had a CHADS2 score >2 and only 20% a 
creatinine clearance of <50 mL/min [8]. In RE-LY intracranial bleeding was less frequent with 
dabigatran at either dose than with warfarin at all ages. However, a subgroup analysis of the RE-LY 
trial showed that in patients ≥75 years, there was a trend that major bleeding was more frequent in 
patients under dabigatran than under warfarin [17]. In the meantime, several cases of elderly patients 
have been reported who, outside clinical trials, suffered from major bleeding events because of 
dabigatran accumulation, mainly attributable to renal dysfunction [18–20]. 

6. Dabigatran in Renal Insufficiency 

Atrial fibrillation is frequently associated with chronic kidney disease, especially in elderly patients. 
In a Swedish registry for anticoagulation, 8% of AF-patients had an estimated glomerular filtration rate 
(GFR) <30 mL/min/1.73 m2 and 23% <45 mL/min/1.73 m2. GFR decreased with increasing age, and 
in patients ≥75 years, 11% had a GFR <30 mL/min/1.73 m2 [21]. After oral administration of a single 
dose of 150 mg dabigatran etexilate, its pharmacokinetic properties are affected by renal failure. 
Compared with the values in healthy subjects, the area under the curve (AUC) values for the plasma 
concentration-time were 1.5-, 3.2- and 6.3-fold higher in subjects with a creatinine clearance of  
50–80 mL/min, 30–50 mL/min, and <30 mL/min respectively [22]. 

Patients with a creatinine clearance <30 mL/min were excluded from the RE-LY trial [8]. Thus, the 
recommendation of the American Heart Association to prescribe 75 mg dabigatran to patients with a 
creatinine clearance of 15–30 mL/min is surprising [10,23]. The evidence for this recommendation 
derives from pharmacokinetic modeling [24]. Dabigatran has not been tested in patients with severe 
renal failure, and neither the safety nor the efficacy of that dosage is known.  

7. Bleeding Complications 

Since the rate of cerebral bleeding in the RE-LY trial was lower in dabigatran- than in  
warfarin-treated patients, it is recommended to treat patients with a history of intracranial bleeding 
with dabigatran rather than with VKA as a grade A recommendation [25]. However, cerebral bleeding 
was an exclusion criterion for the RE-LY trial, and thus, the RE-LY data cannot substantiate such  
a recommendation. 

The rates of extra-cranial hemorrhage did not differ between dabigatran and warfarin-treated 
patients in the RE-LY trial. Yearly rates of extra-cranial bleeding were 2.84% with warfarin,  
2.66% with 110 mg dabigatran and 3.02% with 150 mg dabigatran [8]. A subgroup analysis of the  
RE-LY trial showed that in patients ≥75 years, there was a trend that major bleeding was more 
frequent in dabigatran- than in warfarin-treated patients [17]. 
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8. Dabigatran and Platelet Activation 

In the PETRO-trial, which aimed to find a safe dose of dabigatran in patients with AF, urinary 
excretion of 11-dehydrothromboxane B2 (DTB2) was approximately 20% higher after 12 weeks of 
dabigatran treatment compared with warfarin in patients who did not receive acetylsalicylic acid [26]. 
This increase of thromboxane excretion suggests a platelet activating effect of dabigatran in the 
absence of concomitant acetylsalicylic acid. The authors of the trial conclude from this observation 
that “the significance of the increase of DTB2 concentrations in dabigatran-treated patients needs 
resolution”, which has, so far, not been accomplished. If the trend for a higher rate of myocardial 
infarction in dabigatran-treated (0.91 and 0.88%) versus 0.72% in warfarin-treated patients in the  
RE-LY trial may be related to the platelet-activating activity of dabigatran is unexplained [8]. A 
further explanation for the lower rate of myocardial infarction in VKA-treated patients might be that 
VKA are protective against myocardial infarction [27]. Concerns about cardiovascular side effects of 
dabigatran are further substantiated by a recently published meta-analysis comprising seven trials 
including 30,514 patients that reported acute coronary events as secondary outcomes. In that analysis 
dabigatran was associated with an increased risk of acute coronary events when tested against different 
controls [28]. The reason for this phenomenon is, so far, unknown. 

9. Concerns Regarding Laboratory Monitoring 

In certain clinical situations, such as emergency surgery, critical bleeding or when switching 
treatment from VKA to dabigatran or vice versa, clinicians need to determine the anticoagulant status 
of patients receiving dabigatran. Several coagulation tests can be used to assess the anticoagulant 
effect of dabigatran as listed in Table 2. The best tests to quantitatively evaluate the anticoagulant 
effects of dabigatran are the thrombin (TT) and ecarin clotting time, however the latter is not available 
in clinical practice [29]. The relationships between plasma concentrations of dabigatran and the TT, 
ecarin clotting time, and INR are linear. Dabigatran prolongs the TT, ecarin clotting time in a 
concentration-dependent manner for therapeutic concentrations, whereas the aPTT concentration-response 
curve is curvilinear and flattens at higher dabigatran concentrations (>200 ng/mL). The effect of 
dabigatran on INR is unpredictable. Thus, while measurement of aPTT may provide a qualitative 
indication of the anticoagulant activity, it is not suitable for the precise quantification of anticoagulant 
effect, especially at high plasma concentrations of dabigatran [30]. When using point-of-care INR 
devices, INR may be falsely elevated in dabigatran-treated patients [31]. A systematic, not 
manufacturer-related study in healthy patients on the effects of dabigatran on different coagulation 
assays found that different coagulation assays, display variable results at therapeutic concentrations of 
dabigatran [32]. Some of these assay variations are of clinical importance. Furthermore, the study 
showed that antithrombin assays based on thrombin inhibition but not Xa-inhibition give false high 
results, some assays for fibrinogen give correct results, other much too low results, and APC-resistance 
measurements are grossly affected [32]. Thus knowledge on effects of thrombin inhibitor effects is 
needed for a correct interpretation of results. 

A dilute thrombin time assay (Hemoclot test, Hyphen Biomed, France) has been certified in several 
European countries for the determination of dabigatran plasma levels [29]. Unfortunately, no results 



Pharmaceuticals 2012, 5 160 
 
about the validity of this test are published yet. Recently, the development of a liquid chromatography 
method, coupled with tandem mass spectrometry detection, has been reported for quantification of 
dabigatran in human plasma with [13C6]-dabigatran as internal standard [33]. It is uncertain, however, 
when this test will be available for clinical use. In conclusion, there are many unresolved issues 
regarding laboratory monitoring of the effects of dabigatran. 

Table 2. Potentially useful test for the anticoagulant effect of dabigatran [27,55]. 

Characteristics aPTT PT ECT TT 
Mechanism of markers Intrinsic 

pathway 
Extrinsic 
pathway 

Activity of 
thrombin 

Activity of 
thrombin 

Response at recommended therapetic 
concentration of dabigatran 

Linear Less linear Linear Linear 

Response at high concentration of dabigatran Plateau effect Less linear Linear Linear 
Commercially available Y Y N Y 

aPTT = activated partial thromboplastin time; PT = prothrombin time; ECT = Ecarin clotting time;  
TT = Thrombin time; Y = Yes; N = No. 

Concerns about the lack of laboratory monitoring of emergency situations after trauma have been 
raised recently by American traumatologists [34]. 

10. Side Effects of Dabigatran 

Rates of dyspepsia were 12% with dabigatran and 6% with warfarin and contributed to the high rate 
of 21% dropouts in the dabigatran-group in the RE-LY trial [8]. Drug-induced exanthema have been 
reported as further side effects of dabigatran [35–37]. Whether dabigatran will be accepted by patients 
in every-day life, and whether the compliance will be better with dabigatran than with warfarin is at 
present unknown and has to be investigated. Patients with low compliance seem no good candidates 
for dabigatran since it has to be taken twice daily whereas warfarin has to be taken only once daily. 

11. Concerns about Patients’ Adherence 

Although poor adherence was an exclusion criterion for the RE-LY trial, the discontinuation rate 
was high (21% for dabigatran, 17% for warfarin) during two years of follow-up [8]. Most of the 
discontinuations occurred because of dabigatran’s gastrointestinal side effects. It can be expected that 
outside clinical trials the discontinuation rate might be higher. Poor adherence in taking VKA can be 
easily detected by measuring the INR. Conversely, patients on dabigatran cannot be monitored by 
laboratory control easily, thus it is more difficult to evaluate patients’ adherence to dabigatran than to 
VKA. Special care has to be taken for the correct intake of the dabigatran capsules since they must not 
be chewed before ingestion, which is sometimes difficult to achieve in demented or non-adherent 
patients or patients with dental prostheses. 

12. Safety and Efficacy in the Long Term (>2 Years Follow-Up) 

Dabigatran has previously been used, and is approved for prophylaxis of venous thromboembolism, 
but the treatment duration was only up to four weeks. In AF, however, anticoagulation is necessary for 
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many years. Thrombin is not only important for the coagulation system but plays also a role in 
infection, the immune response, angiogenesis, tumour growth and endothelial functions [37]. Whether 
the higher rate of myocardial infarction with dabigatran than with warfarin may be explained by  
long-term thrombin-inhibition has to be investigated. Furthermore, it would be interesting to compare 
the rate of cancer and infections among the 316 non-vascular deaths in the dabigatran-group with  
the 170 in the warfarin-group in the RE-LY trial [8]. 

13. No Antidote 

No specific antidote is available to reverse the anticoagulant effects of dabigatran. However, 
dabigatran could be adsorbed by means of hemoperfusion over a charcoal filter. In case of major  
life-threatening bleeding, haemodialysis is another therapeutic option because of the relatively  
low (35%) plasma protein binding [20]. Additionally, application of recombinant activated factor VII 
(rFVIIa) reduced bleeding time and prolongation of aPTT associated with dabigatran in a rat tail  
model [29]. In a further animal experiment, prothrombin complex concentrate and, less consistently, 
fresh-frozen plasma prevented excess intracerebral hematoma expansion in dabigatran-treated mice 
with collagenase-induced intracerebral hemorrhages [38]. The clinical utility of these measures in 
humans taking dabigatran who are actively bleeding has not been established. In healthy humans, on 
the contrary, application of prothrombin complex concentrate had no influence on the coagulation 
parameters during treatment with dabigatran [39]. A further, so far unresolved issue is the decision 
about thrombolysis in a patient who develops an ischemic stroke under dabigatran. So far, only one 
case with atrial fibrillation and stroke under dabigatran with favourable outcome after thrombolysis 
has been reported [40]. 

14. Postoperative Use 

In AF-patients, no data about postoperative use of dabigatran are available. Major surgery within 
the previous month was an exclusion criterion in the RE-LY trial [8]. Severe bleeding necessitating 
emergency dialysis was recently described in a patient in whom dabigatran was initiated on the 3rd 
postoperative day after coronary artery bypass graft surgery [20]. 

In a prospective study in 56 patients after hip arthroplasty, wound discharge after five days was 
significantly higher in patients taking dabigatran (32%) than in a historical group with dalteparin (10%), 
and the rate of delayed discharges due to wound discharge was 7% in the dalteparin group compared to 
27% for dabigatran. Patients who received dabigatran were more than five times as likely to develop a 
wound complication compared with those who received dalteparin (7% dabigatran vs. 1% dalteparin) [41]. 
On the contrary, in the randomized RE-NOVATE II trial, sponsored by Boehringer-Ingelheim, in 2013 
patients after hip arthroplaty no difference in postoperative insertion of drains or total wound drainage 
was observed between patients who received dabigatran versus enoxaparin [42]. 

15. Drug and Food Interactions via P-Glycoprotein-Affecting Drugs and Food Components 

One of the advantages of dabigatran compared with VKA should be its lower rate of drug- and food 
interactions. However, dabigatran-absorption is dependent on the intestinal P-glycoprotein (P-gp)-system. 
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P-gp is a product of the MDR1 (multi drug resistance 1) gene and has considerable genetic  
heterogeneity [43]. P-gp activity is influenced by several drugs and food components (Table 3) [44,45]. 

Interactions between dabigatran and P-gp-affecting drugs have mainly been studied in Phase I trials 
in healthy volunteers. Verapamil and amiodarone elevated dabigatran concentrations by 50–60%  
and clarithromycin by 19% [46]. In a substudy of the RE-LY trial it was shown the influence of  
proton-pump inhibitors, amiodarone and verapamil on the bioavailabily of dabigatran was investigated 
and shown to be significant [14]. 

A survey among 100 hospitalized AF patients showed that 42% of hospitalized AF patients and 
48% of VKA-receiving patients take P-gp-affecting drugs [47]. Although most of these drug-drug 
interactions should have only minor clinical consequences, more information about the relevance of 
drug- and food interactions is warranted before dabigatran is widely used for stroke prevention. 

Table 3. Drugs, food components and herbs known to affect P-glycoprotein activity [44,45]. 

Drug Drug 
Amiodarone  Mefloquine 
Amitriptyline Mesylate 
Amprenavir Nelfinavir 
Astemizole Nicardipine 
Bepredil Nifedipine 
Bromocriptine Ofloxacin 
Carvedilol Perphenazine 
Chlorpromazine Probenecid 
Clarithromycin Progesterone 
Clotrimazole Propafenone  
Colchicine Propranolol 
Cortisol Quinidine 
Cyclosporine Reserpine  
Desipramine Rifampin 
Dexamethasone  Ritonavir 
Diethazine Saquinavir  
Diltiazem Silymarin  
Dipyridamol Simvastatin 
Disulfiram Sirolimus 
Doxepin Tacrolimus 
Dronedarone Tamoxifen 
Erythromycin Terfenadine 
Felodipine Testosterone 
Fluphenazine Thiethylperazine 
Haloperidol Thioridazine 
Imatinib Trifluperazine 
Imipramine Troleandomycin 
Indinavir Valspodar 
Itraconazole Verapamil 
Ketoconazole Vinblastine 
Levomepromazine Vitamin E  
Lovastatin Yohimbine 
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Table 3. Cont. 

Food component, herb  
Black pepper (Piper nigrum) 
Ginkgo (Gingko biloba) 
Ginseng (Panax ginseng) 
Grapefruit juice  
Licorice root 
Seville orange (Citrus aurantium) 
St. John’s Wort (Hypericum perforatum) 
Valerian (Valeriana officinalis) 

No studies so far have been reported about food interactions in dabigatran-treated patients. 
However, several food components are known to influence the P-pg system, thus it can be expected 
that food interactions will be discovered in the future [48]. 

16. Extraordinary Side Effects 

Antifibrotic effects on lung fibroblasts is a further effect of dabigatran due to its thrombin-inhibiting 
properties [49,50]. Whether dabigatran will be established as therapeutic option in fibrotic diseases 
like scleroderma is uncertain. Furthermore, whether the antifibrotic effects of dabigatran may lead to 
side effects and complications during long-term therapy has not been investigated. An interesting 
observation has been reported from mice, infected with staphylococcus aureus, in whom dabigatran 
therapy prevented agglutination of the bacteria and lethal outcome of sepsis [51]. In a further animal 
experiment, dabigatran-induced inhibition of staphylothrombin reduced S. aureus virulence in in vitro 
and in vivo models [52]. 

17. Dabigatran as Alternative to VKA? 

Patients who are already taking and tolerating VKA with good INR control may prefer to stay on 
VKA and not switch to dabigatran. Patients may be discouraged from a switch because dabigatran will 
need to be administered twice daily and has a greater risk of non-haemorrhagic side effects like 
dyspepsia which may increase the likelihood of drug discontinuation [53]. A net clinical benefit of the 
new oral anticoagulants dabigatran, rivaroxaban and apixaban compared with VKA was calculated in a 
modelling analysis, using data from the Danish National Patient registry and from clinical trials 
investigating the new anticoagulants [54]. The modelling analysis showed that when the risk of 
bleeding and stroke are both high, the new anticoagulants appear to have a greater net clinical benefit 
compared with VKA. The future will show if this beneficial effect, found in the model, will also occur 
in clinical practice.  

18. Conclusions 

There is growing support for patience in transitioning our atrial fibrillation patients treated with 
VKA to a relative unknown dabigatran. All the concerns mentioned above need to be thoroughly 
discussed and solved before dabigatran can be recommended as a safe and reliable anticoagulant in 
AF-patients. The reputation not only of health authorities but also of the company producing the drug 
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is at high risk before not all these open questions and concerns are solved. Studies carried out by 
company-independent institutions are warranted to ensure that design of studies and analysis and 
interpretation of data meet the general requirements to reliably demonstrate that the drug is in fact a 
progress compared to previous anticoagulant management. Those involved in these studies need to be 
unbiased and not affiliated to the producer or the authority of approval. Independent investigations 
may provide the chance to confirm that dabigatran is indeed superior to VKA. Similar issues may arise 
with other new anticoagulant drugs like the Xa-inhibitors rivaroxaban and apixaban. In view of the 
above mentioned extraordinary side effects, it cannot be excluded that dabigatran turns out to be a drug 
for indications other than anticoagulation. 

References 

1. Hart, R.G.; Pearce, L.A.; Aguilar, M.I. Meta-analysis: Antithrombotic therapy to prevent stroke in 
patients who have nonvalvular atrial fibrillation. Ann. Intern. Med. 2007, 146, 857–867. 

2. Camm, A.J.; Kirchhof, P.; Lip, G.Y.; Schotten, U.; Savelieva, I.; Ernst, S.; van Gelder, I.C.;  
Al-Attar, N.; Hindricks, G.; Prendergast, B.; et al. Guidelines for the management of atrial 
fibrillation: The task force for the management of atrial fibrillation of the European Society of 
Cardiology (ESC). Eur. Heart J. 2010, 31, 2369–2429. 

3. Gage, B.F.; Waterman, A.D.; Shannon, W.; Boechler, M.; Rich, M.W.; Radford, M.J. Validation 
of clinical classification schemes for predicting stroke: Results from the National Registry of 
Atrial Fibrillation. JAMA 2001, 285, 2864–2870. 

4. Lip, G.Y.; Frison, L.; Halperin, J.L.; Lane, D.A. Identifying patients at high risk for stroke despite 
anticoagulation: A comparison of contemporary stroke risk stratification schemes in an 
anticoagulated atrial fibrillation cohort. Stroke 2010, 41, 2731–2738. 

5. Gladstone, D.J.; Bui, E.; Fang, J.; Laupacis, A.; Lindsay, M.P.; Tu, J.V.; Silver, F.L.;  
Kapral, M.K. Potentially preventable strokes in high-risk patients with atrial fibrillation who are 
not adequately anticoagulated. Stroke 2009, 40, 235–240. 

6. Srivastava, A.; Hudson, M.; Hamoud, I.; Cavalcante, J.; Pai, C.; Kaatz, S. Examining warfarin 
underutilization rates in patients with atrial fibrillation: Detailed chart review essential to capture 
contraindications to warfarin therapy. Thromb. J. 2008, 6, 6. 

7. Wehinger, C.; Stöllberger, C.; Länger, T.; Schneider, B.; Finsterer, J. Evaluation of risk factors 
for stroke/embolism and of complications due to anticoagulant therapy in atrial fibrillation. Stroke 
2001, 32, 2246–2252. 

8. Connolly, S.J.; Ezekowitz, M.D.; Yusuf, S.; Eikelboom, J.; Oldgren, J.; Parekh, A.; Pogue, J.; 
Reilly, P.A.; Themeles, E.; Varrone, J.; et al. RE-LY Steering Committee and Investigators. 
Dabigatran versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 2009, 361, 1139–1151. 

9. Connolly, S.J.; Ezekowitz, M.D.; Yusuf, S.; Reilly, P.A.; Wallentin, L. Randomized evaluation of 
long-term anticoagulation therapy investigators. Newly identified events in the RE-LY trial.  
N. Engl. J. Med. 2010, 363, 1875–1876. 

10. Wann, L.S.; Curtis, A.B.; Ellenbogen, K.A.; Estes, N.A., 3rd.; Ezekowitz, M.D.; Jackman, W.M.; 
January, C.T.; Lowe, J.E.; Page, R.L.; Slotwiner, D.J.; et al. 2011 ACCF/AHA/HRS focused 
update on the management of patients with atrial fibrillation (update on dabigatran), a report of 



Pharmaceuticals 2012, 5 165 
 

the American College of Cardiology Foundation/American Heart Association Task Force on 
practice guidelines. J. Am. Coll. Cardiol. 2011, 57, 1330–1337. 

11. Nagarakanti, R.; Ezekowitz, M.D.; Oldgren, J.; Yang, S.; Chernick, M.; Aikens, T.H.; Flaker, G.; 
Brugada, J.; Kamensky, G.; Parekh, A.; et al. Dabigatran versus warfarin in patients with atrial 
fibrillation: An analysis of patients undergoing cardioversion. Circulation 2011, 123, 131–136. 

12. Winkle, R.A.; Mead, R.H.; Engel, G.; Kong, M.H.; Patrawala, R.A. The use of  
dabigatran immediately after atrial fibrillation ablation. J. Cardiovasc. Electrophysiol. 2011, 
doi:10.1111/j.1540-8167.2011.02175.x. 

13. Blech, S.; Ebner, T.; Ludwig-Schwellinger, E.; Stangier, J.; Roth, W. The metabolism and 
disposition of the oral direct thrombin inhibitor, dabigatran, in humans. Drug Metab. Dispos. 
2008, 36, 386–399. 

14. Liesenfeld, K.H.; Lehr, T.; Dansirikul, C.; Reilly, P.A.; Connolly, S.J.; Ezekowitz, M.D.;  
Yusuf, S.; Wallentin, L.; Haertter, S.; Staab, A. Population pharmacokinetic analysis of the oral 
thrombin inhibitor dabigatran etexilate in patients with non-valvular atrial fibrillation from the 
RE-LY trial. J. Thromb. Haemost. 2011, 9, 2168–2175. 

15. Stangier, J.; Stähle, H.; Rathgen, K.; Fuhr, R. Pharmacokinetics and pharmacodynamics of the 
direct oral thrombin inhibitor dabigatran in healthy elderly subjects. Clin. Pharmacokinet. 2008, 
47, 47–59. 

16. Hylek, E.M.; D’Antonio, J.; Evans-Molina, C.; Shea, C.; Henault, L.E.; Regan, S. Translating the 
results of randomized trials into clinical practice: The challenge of warfarin candidacy among 
hospitalized elderly patients with atrial fibrillation. Stroke 2006, 37, 1075–1080. 

17. Levi, M. ACP Journal Club. Dabigatran led to less major bleeding than warfarin in younger but 
not older patients with atrial fibrillation. Ann. Intern. Med. 2011, 155, JC3-3. 

18. Legrand, M.; Mateo, J.; Aribaud, A.; Ginisty, S.; Eftekhari, P.; Huy, P.T.; Drouet, L.; Payen, D. 
The use of dabigatran in elderly patients. Arch. Intern. Med. 2011, 171, 1285–1286. 

19. Jacobs, J.M.; Stessman, J. New anticoagulant drugs among elderly patients is caution necessary?: 
Comment on “The use of dabigatran in elderly patients”. Arch. Intern. Med. 2011, 171, 1287–1288. 

20. Kulik, A.; Saltzman, M.B.; Morris, J.J. Dabigatran after cardiac surgery: Caution advised.  
J. Thorac. Cardiovasc. Surg. 2011, 142, 1288. 

21. Jönsson, K.M.; Wieloch, M.; Sterner, G.; Nyman, U.; Elmståhl, S.; Engström, G.; Svensson, P.J. 
Glomerular filtration rate in patients with atrial fibrillation on warfarin treatment: A subgroup 
analysis from the AURICULA registry in Sweden. Thromb. Res. 2011, 128, 341–345. 

22. Stangier, J.; Rathgen, K.; Stähle, H.; Mazur, D. Influence of renal impairment on the 
pharmacokinetics and pharmacodynamics of oral dabigatran etexilate: An open-label,  
parallel-group, single-centre study. Clin. Pharmacokinet. 2010, 49, 259–268. 

23. Gage, L. Dabigatran in patients with nonvalvular atrial fibrillation. J. Am. Coll. Cardiol. 2011,  
58, 551. 

24. Lehr, T.; Haertter, S.; Liesenfeld, K.H.; Staab, A.; Clemens, A.; Reilly, P.A.; Friedman, J. 
Dabigatran etexilate in atrial fibrillation patients with severe renal impairment: Dose  
identification using pharmacokinetic modeling and simulation. J. Clin. Pharmacol. 2011, 
doi:10.1177/0091270011417716. 



Pharmaceuticals 2012, 5 166 
 
25. Pengo, V.; Crippa, L.; Falanga, A.; Finazzi, G.; Marongiu, F.; Palareti, G.; Poli, D.; Testa, S.; 

Tiraferri, E.; Tosetto, A.; et al. Questions and answers on the use of dabigatran and perpectives on 
the use of other new oral anticoagulants in patients with atrial fibrillation. A consensus document 
of the Italian Federation of Thrombosis Centers (FCSA). Thromb. Haemost. 2011, 106, 868–876. 

26. Ezekowitz, M.D.; Reilly, P.A.; Nehmiz, G.; Simmers, T.A.; Nagarakanti, R.; Parcham-Azad, K.; 
Pedersen, K.E.; Lionetti, D.A.; Stangier, J.; Wallentin, L. Dabigatran with or without concomitant 
aspirin compared with warfarin alone in patients with nonvalvular atrial fibrillation (PETRO 
Study). Am. J. Cardiol. 2007, 100, 1419–1426. 

27. Lip, G.Y.; Lane, D.A. Does warfarin for stroke thromboprophylaxis protect against MI in atrial 
fibrillation patients? Am. J. Med. 2010, 123, 785–789. 

28. Uchino, K.; Hernandez, A.V. Dabigatran association with higher risk of acute coronary events. 
Arch. Intern. Med. 2012, doi:10.1001/archinternmed.2011.1666. 

29. van Ryn, J.; Stangier, J.; Haertter, S.; Liesenfeld, K.H.; Wienen, W.; Feuring, M.; Clemens, A. 
Dabigatran etexilate—a novel, reversible, oral direct thrombin inhibitor: Interpretation of 
coagulation assays and reversal of anticoagulant activity. Thromb. Haemost. 2010, 103,  
1116–1127. 

30. Stangier, J.; Clemens, A. Pharmacology, pharmacokinetics, and pharmacodynamics of dabigatran 
etexilate, an oral direct thrombin inhibitor. Clin. Appl. Thromb. Hemost. 2009, 15, 9S–16S. 

31. Baruch, L.; Sherman, O. Potential inaccuracy of point-of-care INR in dabigatran-treated patients. 
Ann. Pharmacother. 2011, 45, e40. 

32. Lindahl, T.L.; Baghaei, F.; Blixter, I.F.; Gustafsson, K.M.; Stigendal, L.; Sten-Linder, M.; 
Strandberg, K.; Hillarp, A. Expert group on coagulation of the external quality assurance in 
laboratory medicine in Sweden. Effects of the oral, direct thrombin inhibitor dabigatran on five 
common coagulation assays. Thromb. Haemost. 2011, 105, 371–378. 

33. Delavenne, X.; Moracchini, J.; Laporte, S.; Mismetti, P.; Basset, T. UPLC MS/MS assay for 
routine quantification of dabigatran—A direct thrombin inhibitor—In human plasma. J. Pharm. 
Biomed. Anal. 2012, 58, 152–156. 

34. Cotton, B.A.; McCarthy, J.J.; Holcomb, J.B. Acutely injured patients on dabigatran. N. Engl. J. 
Med. 2011, 365, 2039–2040. 

35. Eid, T.J.; Shah, S.A. Dabigatran-induced rash. Am. J. Health Syst. Pharm. 2011, 68, 1489–1490. 
36. Whitehead, H.; Boyd, J.M.; Blais, D.M.; Hummel, J. Drug-induced exanthem following 

dabigatran. Ann. Pharmacother. 2011, 45, e53. 
37. Davie, E.W.; Kulman, J.D. An overview of the structure and function of thrombin. Semin. 

Thromb. Hemost. 2006, 32, 3–15. 
38. Zhou, W.; Schwarting, S.; Illanes, S.; Liesz, A.; Middelhoff, M.; Zorn, M.; Bendszus, M.; 

Heiland, S.; van Ryn, J.; Veltkamp, R. Hemostatic therapy in experimental intracerebral 
hemorrhage associated with the direct thrombin inhibitor dabigatran. Stroke 2011, 42, 3594–3599. 

39. Eerenberg, E.S.; Kamphuisen, P.W.; Sijpkens, M.K.; Meijers, J.C.; Buller, H.R.; Levi, M. 
Reversal of rivaroxaban and dabigatran by prothrombin complex concentrate: A randomized, 
placebo-controlled, crossover study in healthy subjects. Circulation 2011, 124, 1573–1579. 



Pharmaceuticals 2012, 5 167 
 
40. Matute, M.C.; Guillán, M.; García-Caldentey, J.; Buisan, J.; Aparicio, M.; Masjuan, J.;  

Alonso de Leciñana, M. Thrombolysis treatment for acute ischaemic stroke in a patient on 
treatment with dabigatran. Thromb. Haemost. 2011, 106, 178–179. 

41. Gill, S.K.; Theodorides, A.; Smith, N.; Maguire, E.; Whitehouse, S.L.; Rigby, M.C.; Ivory, J.P. 
Wound problems following hip arthroplasty before and after the introduction of a direct thrombin 
inhibitor for thromboprophylaxis. Hip Int. 2011, 21, 678–683. 

42. Eriksson, B.I.; Dahl O.E.; Huo, M.H.; Kurth, A.A.; Hantel, S.; Hermansson, K.; Schnee, J.M.; 
Friedman, R.J.; RE-NOVATE II Study Group. Oral dabigatran versus enoxaparin for 
thromboprophylaxis after primary hip arthroplasty (RE-NOVATE II*). A randomised, double 
blind, non-inferiority trial. Thromb. Haemost. 2011, 105, 721–729.  

43. Del Amo, E.M.; Heikkinen, A.T.; Mönkkönen, J. In vitro-in vivo correlation in P-glycoprotein 
mediated transport in intestinal absorption. Eur. J. Pharm. Sci. 2009, 36, 200–211. 

44. Satoh, T.; Watanabe, Y.; Ikarashi, N.; Ito, K.; Sugiyama, K. Effects of Kampo medicines on  
P-Glycoprotein. Biol. Pharm. Bull. 2009, 32, 2018–2021. 

45. Chen, J.; Raymond, K. The role of CYP3A4 and p-glycoprotein in food-drug and herb-drug 
interactions. Pharmacist 2006, 25, 732–738. 

46. Walenga, J.M.; Adiguzel, C. Drug and dietary interactions of the new and emerging oral 
anticoagulants. Int. J. Clin. Pract. 2010, 64, 956–967. 

47. Jungbauer, L.; Dobias, C.; Stöllberger, C.; Weidinger, F. The frequency of prescription of  
P-glycoprotein-affecting drugs in atrial fibrillation. J. Thromb. Haemost. 2010, 8, 2069–2070. 

48. Nutescu, E.; Chuatrisorn, I.; Hellenbart, E. Drug and dietary interactions of warfarin and novel 
oral anticoagulants: An update. J. Thromb. Thrombolysis 2011, 31, 326–343. 

49. Bogatkevich, G.S.; Ludwicka-Bradley, A.; Silver, R.M. Dabigatran, a direct thrombin inhibitor, 
demonstrates antifibrotic effects on lung fibroblasts. Arthritis Rheum. 2009, 60, 3455–3464. 

50. Leask, A. Thrombin-induced CCN2 expression as a target for anti-fibrotic therapy in scleroderma. 
J. Cell Commun. Signal. 2010, 4, 111–112. 

51. McAdow, M.; Kim, H.K.; Dedent, A.C.; Hendrickx, A.P.; Schneewind, O.; Missiakas, D.M. 
Preventing Staphylococcus aureus sepsis through the inhibition of its agglutination in blood. 
PLoS Pathog. 2011, 7, e1002307. 

52. Vanassche, T.; Verhaegen, J.; Peetermans, W.E.; van Ryn, J.; Cheng, A.; Schneewind, O.; 
Hoylaerts, M.F.; Verhamme, P. Inhibition of staphylothrombin by dabigatran reduces 
Staphylococcus aureus virulence. J. Thromb. Haemost. 2011, 9, 2436–2446. 

53. Hankey, G.J.; Eikelboom, J.W. Antithrombotic drugs for patients with ischaemic stroke and 
transient ischaemic attack to prevent recurrent major vascular events. Lancet Neurol. 2010, 9, 
273–284. 

54. Banerjee, A.; Lane, D.A.; Torp-Pedersen, C.; Lip, G.Y.H. Net clinical benefit of new 
anticoagulants (dabigatran, rivaroxaban, apixaban) versus no treatment in a “real world” atrial 
fibrillation population: A modelling analysis based on a nationwide cohort study. Thromb. 
Haemost. 2011, 107, 3. 



Pharmaceuticals 2012, 5 168 
 
55. Watanabe, M.; Siddiqui, F.M.; Qureshi, A.I. Incidence and management of ischemic stroke and 

intracerebral hemorrhage in patients on dabigatran etexilate treatment. Neurocrit. Care 2012, 16, 
203–209. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 


