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Abstract

Dabigatran etexilate is a new oral non-peptidic direct thrombin inhibitor approved by the FDA and EMA for stroke
prevention in patients with non-valvular atrial fibrillation. Unlike warfarin, there are no antidotes available for reversing
its anticoagulant effect, a strategy for the optimal management of major bleeding has not yet been developed, and
most recommendations are based on expert opinions and small trials. This review aims to summarize the published
data and identify potential issues in the management of bleeding complications associated with this drug.
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Introduction

Dabigatran etexilate is an oral direct thrombin inhibitor initially
approved by the European Medicines Agency (EMA) for primary
prevention of venous thromboembolic events in adult patients who
have undergone elective total hip-replacement surgery [1] or total
knee-replacement surgery [2]. Dabigatran was also approved for stroke
prevention in patients with non-valvular Atrial Fibrillation (AF) by
the United States Food and Drug Administration (FDA) and EMA,
based on the results of the RE-LY trial, in which dabigatran at a dose
of 150 mg, twice daily, was superior to warfarin at reducing the rate
of stroke and systemic embolism among patients with non-valvular
AF [3]. In this study, both drugs were associated with a similar risk of
bleeding (for major bleeding, the rates were 3.3% and 3.6% per year
among patients who received dabigatran and warfarin, respectively)
[3], although the rate of spontaneous intracranial hemorrhages was
significantly lower among patients who received dabigatran compared
with those treated with warfarin (0.09% vs. 0.36% per year), there
being no differences in the intracranial hemorrhage mortality rates [4].
However, major Gastrointestinal Bleedings (GIB) were more frequent
in the dabigatran group (1.51% vs. 1.02% per year) [3], which was
confirmed from a subsequently reported analysis (1.85% vs. 1.25%
per year) [5]. In addition, a recent meta-analysis showed that the risk
of GIB associated with dabigatran use was 1.58 (95% CI, 1.29-1.93),
higher than for warfarin [6]. In addition, the risk of hemorrhage could
be between 3- and 15-fold higher since the current evidence is based on
selected patients and so does not accurately reflect the circumstances of
patients in clinical practice [6-8]. In fact, a subgroup analysis from the
RE-LY trial, showed that patients over 75 years of age had a significantly
higher rate of major bleeding than younger patients; this higher rate was
evident for extracranial bleeding (2.80% vs. 2.19% per year for GIB), but
not for intracranial bleeding [5]. Therefore, bleeding associated with
dabigatran needs to be correctly managed, since increasing numbers of
patients are receiving this new drug.

Unlike warfarin, there are no antidotes currently available
for reversing the anticoagulant effect of dabigatran, an optimal strategy
for managing severe bleeding has not yet been developed, and most
recommendations are based on expert opinions and small trials. This
review aims to summarize the information and identify potential issues
and strategies for the management of bleeding complications associated
with this novel drug.

Treatment Options

Conservative management

Observation and general supportive measures, such as

mechanical compression, could be enough for the management of
minor bleeding [9]. Because of the short half-life of dabigatran, for less
significant bleeds we recommend to delay or discontinue the drug and
wait for the anticoagulant effects to wear off in few hours. Additionally,
for mucosal bleeding (epistaxis, gingivorrhagia) which tend to be very
uncomfortable for the patient, tranexamic acid could be especially
useful [9].

However, for major bleeding episodes or if the patient continues
bleeding, haemostatic agents should be administered.

Fresh-frozen plasma

Fresh-Frozen Plasma (FFP) ishuman donor plasma, either recovered
from a single whole-blood donation or obtained by plasmapheresis,
frozen within 8 hrs of collection and then stored, typically at -30°C [10].
FFP contains all the soluble coagulation factors and has been given
to stop bleeding in several situations, such as congenital or acquired
deficiencies of one or more coagulation factors, reversal of the warfarin
effect or disseminated intravascular coagulation [11].

FFP has been evaluated in a murine model of intracranial
hemorrhage associated with dabigatran. Dabigatran at a dose of
9.0 or 4.5 mg/kg was administered to mice for 1 h before inducing
intracranial hemorrhage. The use of FFP prevented hematoma growth
after dabigatran at 4.5 mg/kg, but did not when a 9.0 mg/kg dose was
administered; mortality was not affected at either dose [12]. As there
are no data about the use of FFP in the setting of human bleeding
related to dabigatran [13,14] we would not recommend its use outside
of clinical trials.

Prothrombin complex concentrates

Prothrombin Complex Concentrates (PCCs) are concentrated
virus-reduced pooled plasma products that contain a combination of
either three or four nonactivated factors (II, IX, and X, or II, VII, IX,
and X). The FDA also approved factor eight inhibitor bypassing activity,
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which is an activated PCC (aPCC) that contains equal units of non-
activated factors II, IX, and X and activated factor VII [13].

Experimentally induced bleeding in rats showed that aPCC at 50 or
100 IU/kg significantly reduced bleeding after a high dose of dabigatran
(1 pmol/kg in bolus followed by 0.5 umol/kg/h i.v. for 25 min), although
the activated partial thromboplastin time (aPTT) was not shortened
[15]. aPCC was also tested in a rabbit trauma bleeding model used
to reverse dabigatran after overdosing (0.4 mg/kg i.v.). In this study,
although aPCC had no effect on plasma levels of dabigatran, it reversed
dabigatran-induced bleeding in a dose-dependent manner: aPCC at
20 IU/kg had no influence on the volume of blood loss or the time to
hemostasis, while doses of 35 IU/kg and 50 IU/kg reduced both [16].
Therefore, the authors concluded that aPCC could be used in cases of
severe bleeding complications.

Another murine oral anticoagulant-associated intracranial
hemorrhage model demonstrated that excess hematoma expansion
caused by dabigatran could be effectively prevented by administering
four-factor PCC in a dose-dependent manner (PCC at 100 IU/kg
reversed the effect of dabigatran on tail vein bleeding time more
effectively than at a dose of 50 or 25 IU/kg); and administration of PCC
at 100 IU/kg and 50 IU/kg PCCs prevented excess hematoma growth. It
is of particular note that PCC administration significantly reduced 24 h
mortality to the level of non-anticoagulated control mice [12].

However, animal models are not truly representative of major
hemorrhagic events in humans. In a double-blind, placebo-controlled
study,12 healthy male volunteers received dabigatran 150 mg, twice
daily, for 2.5 days, followed by administration of PCC at 50 IU/kg. The
treatment had no influence on the anticoagulant effect of dabigatran, as
indicated by persistent increases in the aPTT, ecarin clotting time and
thrombin time [17].

In an ex vivo study of ten healthy volunteers who received 150
mg of dabigatran in one oral dose, four-factor PCC and aPCC were
tested in vitro using thrombin-generation tests at different dosages to
reverse the anticoagulant activity of dabigatran. Both agents increased
the endogenous thrombin potential in a dose-dependent manner,
but higher doses over-corrected it. However, only aPCC corrected
the lag-time of thrombin generation and time to peak concentration
of thrombin, and the minimal efficient dose of aPCC was not clearly
determined [18]. The authors noted several limitations of their study:
first of all, the dose of dabigatran was not comparable with that used in
clinical practice; and secondly, overdose conditions or bleeding models
were not tested.

Recently, an ongoing clinical trial reported early results from an ex
vivo study using blood samples from six healthy subjects treated with
150 mg/12 h of dabigatran. PCC at 50 IU/kg or aPCCs at 75 IU/kg were
tested in vitro. However, only aPCC reversed the effects of dabigatran
on aPTT and the alterations in fibrin formation [19].

In summary, these conclusions are based on the extrapolation from
results obtained in vitro to the in vivo setting, and further studies are
needed since the experience of the use of PCCs in patients receiving
dabigatran is very limited.

Recombinant factor VIIa

Recombinant factor VIIa (rFVIIa) is a non-plasma-derived
activated factor VII approved by the FDA for management of bleeding
in hemophilia patients with inhibitors of factors VIII and IX.

Experimentally induced bleeding in rats demonstrated that rFVIIa
at a dose of 0.1 or 0.5 mg/kg significantly reduced bleeding after a high

dose of dabigatran, and the prolonged aPTT was dose-dependently
reversed [15]. However, in another murine model of intracranial
hemorrhage, the administration of rFVIIa at 8.0 mg/kg was ineffective
in reducing hematoma growth after injection of 4.5 or 9 mg/kg
dabigatran [12].

Thrombin-generation tests have been used to test rFVIIa in vitro at
several doses in an ex vivo study of ten healthy volunteers who received
150 mg of dabigatran in a single dose. The administration of rFVIIa
at 3 pg/ml, which was the highest dose tested, reduced the lag-time of
thrombin generation to almost that at baseline. This raises the problem
of safety, although in this study rFVIIa did not increase the amount of
thrombin generated [18].

An ongoing clinical trial reported early results from an ex vivo
study using blood samples from six healthy subjects treated with 150
mg/12 h of dabigatran. In this study, rFVIIa at 270 ug/kg was tested
in vitro and found not to reverse the effects of dabigatran on aPTT,
thrombin generation, viscoelastic properties of the clot or alterations
in fibrin formation [19].

Recently, several case reports have provided support for the use of
rFVIIa to manage bleeding in patients treated with dabigatran. The first
reported case, to our knowledge, was of a 79-year-old patient, weighing
80 kg, who had developed life-threatening postcardiac surgery bleeding.
The administration of three doses of rFVIIa at 2.4 mg did not control
the bleeding; however, after two additionally higher doses of 7.2 mg
of rFVIIa, bleeding was reduced from >1500 ml/h to ~800 ml/h [20].
Notably, administration of rFVIIa was followed by hemodialysis, which
makes it difficult to determine the real efficacy of rFVIIa. Another case
of a 76-year-old patient with a spontaneous intracranial hemorrhage
showed that a single dose of rFVIIa at 90 pg/kg normalized the aPTT,
reduced the lag-time, increased the endogenous thrombin potential
as determined by the thrombin generation test, and reduced the
R-value as established by thromboelastography about 45 min after the
administration of rFVIIa. However, the effect of rFVIIa was only partial
and temporary, suggesting that multiple doses may be required [21].

Activated charcoal

Activated charcoal is a processed form of carbon with a very fine
network of pores and a large internal surface area available for binding to
oral drugs, reducing their absorption from the gastrointestinal tract [9].
Given this property, the use of activated charcoal to reduce absorption
following a potential overdose of dabigatran has been evaluated in vitro
[14], demonstrating that it could be successfully adsorbed by activated
charcoal [22]. Moreover, a second in vitro study showed that dabigatran
could also be removed from whole bovine blood by adsorption across
an activated charcoal column [23].

Recently, a porcine model (in vitro and in vivo) showed that
dabigatran can be successfully removed from the circulation after
activated charcoal perfusion (75-80% of circulating dabigatran was
reduced after 1 h, and levels were undetectable after 2 h). However, the
active charcoal filter had a maximum binding capacity of 30 mg drug
and there was no further clearance upon saturation [24].

Although these results are promising, we think that further data
about the use of activated charcoal is needed before it is reccommended
for use in patients.

Hemodialysis

Dabigatran has a low protein binding capacity (~35%), so it can be
removed from the circulation by hemodialysis [9]. In fact, it has been
shown that the plasma concentration of dabigatran is reduced by 50-
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60% within 4 h of hemodialysis, and could be an effective option in case
of dabigatran overdose [25].

A recent in vitro and in vivo porcine model showed that dabigatran
could be successfully removed by hemodialysis depending on dialysate
flow rates, reaching a plateau at 300 ml/min. With this dialysate flow
rate dabigatran levels were undetectable after 2 h [24].

Two recent case reports have also suggested that hemodialysis
can effectively reduce dabigatran levels and help manage intracranial
hemorrhage in patients treated with dabigatran [20,26]. However, the
use of high-dose rFVIIa [20] and aPCC [26] before hemodialysis makes
it difficult to assess the real efficacy of hemodialysis. Notably, the patient
in the latter study had normal kidney function, so his native kidney
excretion could help reduce dabigatran levels.

Specific antidote

Monoclonal antibodies have been successfully used to neutralize
several drugs. Based on this, a humanized monoclonal antibody
fragment (termed aDabi-Fab) from a hapten-immunogen derived
from dabigatran has recently been generated. Initially, the specific-
dabigatran antibody was shown to rapidly reverse the anticoagulant
activity of dabigatran in a concentration-dependent manner. This was
tested in vitro in a modified thrombin time assay [27], and in vivo in rat
[27] and monkey [28] models. These results could be explained by the
choice of higher affinity clones for humanized aDabi-Fab development,
which resulted in greater binding [27]. These results were subsequently
demonstrated in a monkey model. It is of note that, although aDabi-
Fab mimicked thrombin, the affinity for dabigatran was ~350 times
stronger than it was for thrombin (including its known substrates)
[27]. Furthermore, in the absence of dabigatran, aDabi-Fab showed no
influence in platelet aggregation studies or functional clotting assays.
Therefore, aDabi-Fab did not result in any prothrombotic activity
[27,29].

This is a new and promising drug; however, further studies of
anticoagulant reversal in animal models of bleeding and clinical trials
are still needed.

Conclusions

Dabigatran etexilate is a new oral direct thrombin inhibitor
approved for stroke prevention in patients with non-valvular AF by the
FDA and EMA. However, the risk of hemorrhage could be 3- to 15-fold
higher than reported, since the current evidence is based on selected
patients and so does not accurately reflect the circumstances of patients
in clinical practice. Therefore, a strategy for the correct management
of bleeding associated with dabigatran is needed, since increasing
numbers of patients are receiving this drug.

A strategy for the optimal management of severe bleeding in
this context has yet to be developed. Instead, most recommendations are
based on expert opinions and small trials. One of the recommendations
for minor bleeding is to discontinue dabigatran and wait for the
anticoagulant effects to wear off. However, for major bleeding episodes,
or if bleeding continues, haemostatic agents should be administered.
There are no data from humans to support the effectiveness of the use of
FFP in the setting of dabigatran-related bleeding. There has been little
experience of the use of PCCs and further studies of this aspect are
needed. In contrast to PCC, there are no in vivo studies with rFVIIa
and its use in dabigatran overdose has not been explored. In addition,
there are no hemorrhagic models, so the use of this agent is based on
clinical data. Moreover, clinical case reports showed that the effect
of rFVIIa on dabigatran-associated bleeding was unclear, and only

partial and temporary. On the other hand, hemodialysis has proved
to be an effective option for dabigatran overdose, resulting in the
restoration of blood coagulation, and recent case reports also suggest
that hemodialysis can successfully reduce dabigatran levels and help
manage intracranial dabigatran-associated bleeding. Finally, a specific
antidote (aDabi-Fab) has recently been developed. aDabi-Fab rapidly
reverses the anticoagulant activity of dabigatran in vitro and in vivo in
animal models. This specific antidote (aDabi-Fab) could be a useful
drug; however, additional studies of anticoagulant reversal in animal
models of bleeding and subsequent clinical trials are needed.
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