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D ABIGATRAN is a new oral anticoagulant used for 
stroke prevention in patients with nonvalvular atrial 

fibrillation. It is also effective for prophylaxis and treatment 
of venous thromboembolism. Like any anticoagulant, there 
is a risk of bleeding associated with its use. In particular, 
reversal of its anticoagulant effect may be needed in the event 
of severe bleeding or emergency surgery.1

Currently, there is no specific reversal approach available for 
dabigatran or any of the other novel oral anticoagulants although 
specific antidotes are in development.2,3 In the case of non–life-
threatening bleeding episodes, discontinuation of dabigatran 
and compression at the source of bleeding are usually sufficient.1 
However, in major or life-threatening bleeding where compres-
sion is not feasible or for emergency surgery, rapid reversal is 
needed. This has prompted investigation of the use of coagulation 

factor concentrates (CFCs) known to reverse hemostatic defects 
and enhance  wound-localized thrombin generation.4

What We Already Know about This Topic

•	 Dabigatran	 is	a	potent	anticoagulant	 that,	as	with	all	antico-
agulants,	is	associated	with	an	elevated	risk	of	bleeding

•	 Whether	the	anticoagulant	effect	can	be	acutely	reversed	and	
if	so,	whether	this	can	be	assessed	using	coagulation	assays	
is	not	known

What This Article Tells Us That Is New

•	 Administration	of	high-dose	dabigatran	etexilate	to	rats	re	sulted	
in	an	increase	in	bleeding	time	which	could	be	reduced	by	sub-
sequent	administration	of	coagulation	factor	concentrates

•	 Routine	coagulation	assays	did	not	predict	the	effect	of	coagu-
lation	factor	concentrates	to	reduce	bleeding	from	dabigatran
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ABSTRACT

Background: Dabigatran is a potent oral anticoagulant. Like any anticoagulant, there is an increased risk of bleeding associ-
ated with its use, and reversal may be needed in cases of severe bleeding.
Methods: In this study, six coagulation factor concentrates (CFCs) were tested for their ability to reduce bleeding induced by 
oral dabigatran etexilate (30 mg/kg) in a rat-tail bleeding model (n = 5 to 8 per group): three-factor (Profilnine [Grifols Bio-
logicals Inc., Los Angeles, CA] and Bebulin [Baxter BioScience, Westlake Village, CA]) and four-factor prothrombin complex 
concentrates (Beriplex [CSL Behring, Marburg, Germany] and Octaplex [Octapharma AG, Lachen, Switzerland]), activated 
prothrombin complex concentrate (Factor Eight Inhibitor Bypassing Activity; Baxter AG, Vienna, Austria), and recombinant 
factor VIIa (NovoSeven; NovoNordisk, Bagsværd, Denmark). The effect of CFCs on prolongation of coagulation assays was 
measured. Thrombin generation after administration of each CFC was compared in vitro using human plasma (n = 5) spiked with 
dabigatran in concentrations corresponding to median peak (200 ng/ml) and supratherapeutic values (600 and 1,000 ng/ml).
Results: Dabigatran resulted in an approximately three-fold increase in bleeding time, consistent with supratherapeutic dabi-
gatran plasma levels. Beriplex (35 and 50 IU/kg), Octaplex (40 IU/kg), Profilnine (50 IU/kg), Bebulin (60 IU/kg), Factor 
Eight Inhibitor Bypassing Activity (100 U/kg), and NovoSeven (500 μg/kg) significantly decreased this prolonged bleeding 
time over 30 min (P < 0.001). The coagulation assays were prolonged three- to eight-fold over baseline (P = 0.01). None of the 
CFCs produced a consistent change in these assays that was predictive of reduced bleeding. Thrombin generation reversal was 
dependent on the concentration of dabigatran and each CFC; normalization occurred at the lower concentration of dabiga-
tran with most CFCs, but not at higher concentrations.
Conclusions: In this animal model, bleeding induced by high doses of dabigatran can be reduced by CFCs. However, routine 
coagulation assays do not predict this effect. (Anesthesiology 2014; 120:1429-40)
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Reversal of Anticoagulation with Dabigatran

Prothrombin complex concentrates (PCCs) contain all the 
vitamin K–dependent coagulation factors and are therefore 
useful for the rapid reversal of coagulopathy and restoration 
of normal hemostasis in the setting of overanticoagulation 
induced by vitamin K antagonists.5 Several nonactivated PCCs 
are approved for use, each effective in shortening the time to 
prothrombin time (PT)/international normalized ratio cor-
rection with a low risk of thrombotic adverse events.5 These 
PCCs have variable composition and include four nonacti-
vated vitamin K–dependent factors II, VII, IX, and X in simi-
lar ratios, together with anticoagulant proteins such as protein 
C and S; three-factor concentrates with relatively low amounts 
of factor VII (less than one third compared with factor IX)4,6; 
and an activated four-factor PCC containing factors II, IX, X, 
and protein C mainly in nonactivated forms and factor VII 
mainly in the activated form (table 1). In addition, recom-
binant activated factor VIIa (rFVIIa), an approved potent 
procoagulant and general hemostatic agent that can initiate 
hemostasis at sites of bleeding by direct activation of thrombin 
on the surface of platelets in the absence of tissue factor,7 may 
have potential in reversing the anticoagulant effects.

The aim of this study was to compare six different CFCs 
for their ability to reduce bleeding induced by overdose of 
oral dabigatran in a rat-tail bleeding model. In addition, to 
determine the effect of different concentrations of dabiga-
tran on anticoagulation, in vitro thrombin generation with 
increasing concentrations of each CFC was compared in 
human plasma spiked with dabigatran.

Materials and Methods
Reagents and Drugs
Dabigatran etexilate (Pradaxa®, Boehringer Ingelheim 
Pharma GmbH & Co. KG, Biberach, Germany) was pre-
pared freshly as homogeneous 0.3% aqueous suspension in 
Natrosol® (Boehringer Ingelheim, Biberach, Germany) and 
hydroxyethylcellulose 0.5% in distilled water with the Cova-
ris Ultrasonicator (Covaris Inc., Woburn, MS).

The six CFCs tested were NovoSeven® 90, 270, and  
500 μg/kg (rFVIIa; NovoNordisk, Bagsværd, Denmark), Factor  
Eight Inhibitor Bypassing Activity NanoFiltered (FEIBA® NF; 
Baxter AG, Vienna, Austria) 100 U/kg, Beriplex® P/N 25, 35, 
and 50 IU/kg (CSL Behring, Marburg, Germany), Octaplex® 
40 IU/kg (Octapharma AG, Lachen, Switzerland), Profilnine® 
SD 50 IU/kg (Grifols Biologicals Inc., Los Angeles, CA), and 
Bebulin® VH 60 IU/kg (Baxter BioScience, Westlake Village, 
CA). Dose selection was based on results in previous animal 
models8 and current label recommendations.9–14 The effects 
of different doses of NovoSeven and Beriplex on bleeding and 
systemic coagulation were also investigated.

Bleeding Model
All experimental procedures were approved by the Regional 
Governmental Animal Care and Use Office (Tübingen, Ger-
many) and conducted in accordance with the German Ani-
mal Protection Act (Deutsches Tierschutzgesetz). A rat-tail 
incision bleeding model, as described by Gustafsson et al.,15 
was used with slight modifications using Hann Wistar rats 
(200 to 250 g body weight).

Table 1. Summary of Coagulation Factor Concentrates and the Composition According to the Label of Each Manufacturer

Product Availability

Clotting Factors Anticoagulant Proteins

Heparin*FII FVII FIX FX Protein C Protein S AT

Three-factor PCCs
  Bebulin VH10 U.S. 24–38 IU/ml <5 IU/ml 24–38 IU/ml 24–38 IU/ml NA NA NA <0.15 IU/IU FIX

  Profilnine SD11 U.S. NMT  
150 U/100  
FIX units

NMT  
35 U/100  
FIX units

100 U 100 U/100 
FIX units

NA NA NA None

Four-factor PCCs
  Beriplex P/N12 Europe, 

Canada,  
U.S. (as  
Kcentra)

20–48 IU/ml 10–25 IU/ml 20–31 IU/ml 22–60 IU/ml 15–45 IU/ml 12–38 IU/ml 0.2–1.5 IU/ml 0.4–2 IU/ml

 Octaplex13 Europe,  
Canada

14–38 IU/ml 9–24 IU/ml 25 IU/ml 18–30 IU/ml 13–31 IU/ml 12–32 IU/ml NA 5–12.5 IU/ml

rFVIIa
  NovoSeven14 None† None 0.6 mg/ml None None None None None None

Activated PCC
  FEIBA NF15 U.S.,  

Europe
1.3 U/U 0.9 U/U‡ 1.4 U/U 1.1 U/U 1.1 U/U NA NA None

Bebulin (Baxter BioScience, Westlake Village, CA); Beriplex (CSL Behring, Marburg, Germany); FEIBA (Baxter AG, Vienna, Austria); NovoSeven (NovoNor-
disk, Bagsværd, Denmark); Octaplex (Octapharma AG, Lachen, Switzerland); Profilnine (Grifols Biologicals Inc., Los Angeles, CA).
* Reported as anti-Xa levels in IU/ml. † Not approved in any country for this indication. ‡ Factor VII is mainly in the activated form.
AT = antithrombin; FEIBA = Factor Eight Inhibitor Bypassing Activity; FIX = factor IX; NA = information not available in product label; NMT = not more than; 
PCC = prothrombin complex concentrate; rFVIIa = recombinant activated factor VII; U.S. = United States.
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After fasting overnight, a single oral dose of dabigatran 
etexilate 30 mg/kg at a volume of 10 ml/kg body weight or 
treatment vehicle (same volume, control) was administered 
via gastric lavage. Dose selection was based on current expe-
rience, including previous findings in this model,16 showing 
that peak plasma dabigatran concentration is achieved after 
approximately 45 min. Twenty-five minutes after oral treat-
ment, the rats were anesthetized with sodium pentobarbi-
tal (Narcoren®; Merial GmbH, Hallbergmoos, Germany), 
60 mg/kg intraperitoneally bolus followed by 20 mg·kg−1·h−1 
infusion and placed on a 37°C heating pad to maintain 
internal body temperature during the experiment. Cannulas 
were placed in the left jugular vein for administration of the 
CFCs and the right carotid artery for blood sampling. The 
CFC or vehicle (n = 5 to 8 per group) was administered as an 
IV bolus 45 min after oral dabigatran etexilate.

Bleeding time was measured using a spring-loaded blade 
device (Surgicutt®; Loxo, Dossenheim, Germany), which was 
applied longitudinally on the surface of the tail, starting 2 to 
3 cm from the tail root (9 cm from the tip), avoiding large 
vessels. Blood flow from the incision was blotted using filter 
paper held directly below, but not touching the wounds. The 
position of the filter paper was changed every 15 s until the 
filter paper no longer developed a red crescent (end of bleed-
ing). Bleeding time was defined as the time from start to ces-
sation of bleeding and was measured 5, 15, and 30 min after 
administration of the CFCs or vehicle (50, 60, and 75 min 
after administration of oral dabigatran etexilate).

Anticoagulant Activity, Ex Vivo
Arterial blood samples (2 ml, total volume) were taken at the 
same time as bleeding time measurements and collected in 
sodium citrate (final concentration of 0.313%). As a result of 
limitations due to blood volume and clotting of some blood 
samples, coagulation assays were not performed in all animals; 
however, there was a minimum sample size of five tests per 
assay in each treatment group. Assays of thrombin time (TT), 
ecarin clotting time (ECT), activated partial thromboplastin 
time (aPTT), and PT were performed using standard methods 
with a CL4 coagulation analyser (Behnk Elektronik GmbH & 
Co. KG, Norderstedt, Germany), as reported previously.16

Plasma concentrations of dabigatran in the rat model were 
determined by the clotting-based Hemoclot thrombin inhib-
itor assay (HYPHEN BioMed, Neuville sur-Oise, France).17 
This test uses a calibration curve to determine the concentra-
tion of dabigatran in plasma based on measurement by the 
diluted TT. To determine whether addition of CFCs could 
bias the assay result, increasing concentrations of dabigatran 
(50 to 1,000 ng/ml) were added to pooled human plasma 
obtained from healthy volunteers (after written informed 
consent) and incubated with CFCs for 5 min. Concentra-
tions equivalent to plasma levels of the highest dose of each 
CFC were tested (NovoSeven at 100 nM, all others at 1 IU/
ml). The diluted TT with and without addition of the CFCs 
was measured. Further details of the procedures and reagents 

are described in Supplemental Digital Content 1, http://
links.lww.com/ALN/B45.

Thrombin-generation Assay, In Vitro
Measurement of thrombin generation in clotting human 
plasma was performed using the Calibrated Automated 
Thrombinography method with a Fluoroscan Ascent plate 
reader (Thermo Lab systems, Helsinki, Finland).18 Human 
plasma was obtained from five healthy volunteers after writ-
ten, informed consent.

Each CFC was tested over a concentration range that 
included plasma concentrations typically achieved by patients 
treated with recommended clinical therapeutic doses, based on 
Factor IX units specified by the manufacturers. For example, 
Beriplex is recommended at doses between 25 and 50 IU/kg, 
which would result in plasma levels of 0.35 to 0.7 IU/ml.11 
NovoSeven, although not recommended for reversal of anti-
coagulant-induced bleeding, has been used off-label at doses 
between 90 and 180 μg/kg corresponding to plasma concentra-
tions of 2.6 μg/ml (52 nM). In each case, the CFC was added in 
vitro to platelet-poor plasma samples (1:100 dilution in plasma) 
obtained from healthy volunteers (n = 5) after addition of dabi-
gatran (200, 600, and 1,000 ng/ml). Dabigatran 200 ng/ml 
corresponded to the approximate median peak concentration at 
steady state after administration of dabigatran etexilate 150 mg 
twice-daily,19,20 whereas dabigatran 600 and 1,000 ng/ml were 
supratherapeutic concentrations that might be observed in 
patients with bleeding events.21–23 Thrombin generation was 
initiated by addition of a platelet-poor plasma reagent contain-
ing 15 pmol/l of tissue factor and 4 pmol/l of phospholipids 
(Thrombinoscope BV, Maastricht, The Netherlands). Throm-
bin generation curves were calculated using thrombinoscope 
software (version 3.0.0.29; Thrombinoscope BV) to determine 
lag time (in min), peak concentration of thrombin, and endog-
enous thrombin potential (ETP, calculated as the area under 
the thrombin-time integral, nM × min, which reflects the total 
amount of thrombin generated as a function of time).

Statistical Analysis
Data from individual animals in each treatment group were 
combined and reported with descriptive statistics (mean ± 
SEM). Initially three to seven animals were studied in each 
treatment group. During the review process, additional exper-
iments were added in each treatment group (n = 5 to 8 per 
group). Only those animals with a dabigatran plasma concen-
tration of 200 ng/ml or greater before addition of each CFC 
were included in the analysis of bleeding time. This criterion 
was based on historical data showing that plasma concentra-
tions of less than 200 ng/ml do not consistently prolong bleed-
ing time, therefore, compromising the ability to show bleeding 
reversal with CFCs. The effects of the CFCs on bleeding time 
over a 30-min measurement period were compared between 
the treated groups and control (dabigatran alone) using a two-
way ANOVA model, with two-tailed significance testing at 
95% and a Bonferroni post hoc analysis. The ANOVA model 

http://links.lww.com/ALN/B45
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defined treatment as the between subjects factor and time as 
the repeated measures factor. No attempts were made to adjust 
the P values for a preliminary (interim) analysis.

Differences in initial dabigatran plasma levels between treat-
ment groups were compared using an ANOVA and the Dun-
nett post hoc test for multiple comparisons. Coagulation assay 
results were calculated as the ratio of baseline measurements 
before administration of each CFC. Both the coagulation 
assays and in vitro ETP measurements were also tested using 
a two-way ANOVA. As previously mentioned,  two-tailed sig-
nificance testing at 95% was used with a Bonferroni post hoc 
analysis. The coagulation assay model defined treatment and 
time, whereas ETP model used dabigatran and each CFC as 
the two factors used to define any potential interaction. A P 
value of less than 0.05 was considered statistically significant. 
Statistical analyses were performed using GraphPad Prism 
(Version 5.01; GraphPad Software Inc., La Jolla, CA).

Results
A total of 72 animals were included in the study. Data from two 
animals were excluded from analysis, one each in the Beriplex 
35 IU/kg and FEIBA groups, as initial dabigatran plasma levels 
were less than 200 ng/ml (159 and 180 ng/ml, respectively).

Effect of CFCs on Bleeding Time Prolonged  
by High Dose of Oral Dabigatran Etexilate
In the control group, mean bleeding time was 160.0 ± 12.0 
s over the 30-min measurement period (fig. 1). Oral treat-
ment with 30 mg/kg dabigatran etexilate resulted in a sig-
nificant 2.3- to 2.7-fold prolongation of bleeding time over 
30 min (ranging from 427.5 ± 43.1 s at 5 min to 371.3 ± 31.0 
s at 30 min) (fig. 1), consistent with the supratherapeu-
tic dabigatran plasma levels achieved (443 to 735 ng/
ml). There was a dose-dependent reduction in bleeding 
time with increasing doses of Beriplex (25, 35, and 50 IU/
kg IV) (P < 0.001); all doses significantly reducing bleed-
ing time within 5 min of administration compared with 
dabigatran alone (fig. 1A); this was maintained for the 
two higher doses over 30 min but not for the lowest dose 
of Beriplex (25 IU/kg) when a new incision was made. 
Administration of NovoSeven also had a dose-dependent 
effect on  dabigatran-induced bleeding (P < 0.001) (fig. 1B), 
the two lower doses had no significant effect on reduc-
ing bleeding time; however, the highest dose (500 μg/kg)  
reduced bleeding time to control levels over 30 min (P < 0.001  
vs. dabigatran, nonsignificant vs. control). Octaplex and 
FEIBA (fig. 1C) as well as the three-factor coagulation 
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Fig. 1. Effect of dabigatran etexilate (DE) 30 mg/kg or control on bleeding time followed by (A) Beriplex, (B) NovoSeven, (C) 
Factor Eight Inhibitor Bypassing Activity (FEIBA) and Octaplex, and (D) Profilnine and Bebulin. Data represent mean ± SEM  
(n = 5–8 animals per group). *P < 0.05 versus control. †P < 0.05 versus dabigatran alone. The vertical arrow indicates the time of 
administration of each coagulation factor concentrate (CFC). Bebulin (Baxter BioScience, Westlake Village, CA); Beriplex (CSL 
Behring, Marburg, Germany); FEIBA (Baxter AG, Vienna, Austria); NovoSeven (NovoNordisk, Bagsværd, Denmark); Octaplex 
(Octapharma AG, Lachen, Switzerland); Profilnine (Grifols Biologicals Inc., Los Angeles, CA).



Anesthesiology 2014; 120:1429-40 1433 van Ryn et al.

CRITICAL CARE MEDICINE

concentrates, Profilnine and Bebulin (fig. 1D), also signifi-
cantly reduced the effect of dabigatran within 5 min and this 
was sustained over 30 min (P < 0.001).

Dabigatran Concentrations  
Achieved with or without CFC
Because diluted TT measurements are clotting based, it was 
important to establish that the presence of added CFCs in 
plasma did not influence diluted TT measurements of dab-
igatran in vitro. Addition of dabigatran to normal pooled 
plasma resulted in a linear dose-dependent increase in the 
diluted TT (fig. 2), as reported previously.17 Addition of 

CFC to a second aliquot did not change the diluted TT assay 
and extrapolated dabigatran plasma concentration. Repre-
sentative data for Beriplex, FEIBA, NovoSeven, and Bebulin 
are shown in figure 2. Similar results were observed for Pro-
filnine and Octaplex (data not shown).

Dosing with 30 mg/kg dabigatran etexilate resulted in 
mean dabigatran plasma levels across the treatment groups 
between 443 and 735 ng/ml 45 min later (table 2). There 
was no significant difference in control plasma levels across 
the treatment groups (P = 0.415). Among rats treated with 
dabigatran followed by vehicle, mean plasma levels were 
585 ± 50 ng/ml 45 min after dosing, representing the time 
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Fig. 2. Standard curves for dabigatran anticoagulation using the diluted thrombin time (TT) assay in the presence and absence 
of Beriplex (A), NovoSeven (B), Factor Eight Inhibitor Bypassing Activity (FEIBA) (C), and Bebulin (D). All coagulation factor con-
centrates (CFCs) were tested with a final concentration of 1 IU/ml, except NovoSeven (100 nM, equivalent to plasma levels of 
CFC achieved with approximately 500 μg/kg). Data shown as mean ± SD, n = 3 volunteers. Bebulin (Baxter BioScience, West-
lake Village, CA); Beriplex (CSL Behring, Marburg, Germany); FEIBA (Baxter AG, Vienna, Austria); NovoSeven (NovoNordisk, 
Bagsværd, Denmark).

Table 2. Dabigatran Plasma Levels (ng/ml) Measured Using the Diluted Thrombin Time (Hemoclot) in Rats before and after 
Administration of CFCs

Time Point
Dabigatran  

+ Vehicle (n = 7)

Dabigatran Plasma Level (ng/ml) after Administration of CFC

+ Beriplex  
35 IU/kg  
(n = 5)

+ Octaplex  
40 IU/kg  
(n = 5)

+ NovoSeven 
270 μg/kg  

(n = 5)
+ FEIBA  

100 U/kg (n = 5)

+ Profilnine  
50 IU/kg  
(n = 5)

+ Bebulin  
60 IU/kg  
(n = 5)

Predose* 585 ± 50 (100) 575 ± 123 (100) 735 ± 170 (100) 600 ± 109 (100) 472 ± 88 (100) 525 ± 42 (100) 443 ± 74 (100)
5 min after CFC 516 ± 67 (88) 474 ± 108 (82) 604 ± 149 (82) 498 ± 108 (83) 352 ± 70 (75) 410 ± 46 (78) 348 ± 51 (79)
15 min after CFC 408 ± 53 (70) 367 ± 90 (64) 458 ± 128 (62) 403 ± 90 (67) 278 ± 68 (59) 289 ± 45 (55) 216 ± 73 (49)
30 min after CFC 206 ± 57 (35) 295 ± 73 (51) 392 ± 105 (53) 305 ± 85 (51) 222 ± 53 (47) 172 ± 36 (33) 186 ± 62 (42)

Data shown as mean ± SEM; plasma level percentages relative to the predose baseline values are given in parentheses. CFCs in which multiple doses were 
tested (Beriplex and NovoSeven) showed similar plasma levels for all doses tested and therefore the results for a single dose are shown; n is the number of 
animals undergoing each treatment. Bebulin (Baxter BioScience, Westlake Village, CA); Beriplex (CSL Behring, Marburg, Germany); FEIBA (Baxter AG, Vienna, 
Austria); NovoSeven (NovoNordisk, Bagsværd, Denmark); Octaplex (Octapharma AG, Lachen, Switzerland); Profilnine (Grifols Biologicals Inc., Los Angeles, CA).
* Predose values are measured 45 min after oral dosing of dabigatran etexilate. Thus, dabigatran plasma levels at 5 min are 50 min postoral dabigatran etexilate.
CFC = coagulation factor concentrate; FEIBA = Factor Eight Inhibitor Bypassing Activity.
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for peak dabigatran absorption, and levels were more than 
halved 30 min later (206 ± 57 ng/ml), reflecting the short 
half-life of dabigatran in rats. In the presence of CFCs, there 
was no difference in dabigatran plasma level clearance over 
the 30 min measurement period (P = 0.20). Thus, none of 
the CFCs significantly altered the clearance of dabigatran 
from plasma when measured as diluted TT compared with 
dabigatran etexilate alone.

Effect of CFCs on Coagulation Assays  
(High Dose of Oral Dabigatran Etexilate)
All coagulation assays were significantly prolonged (by 
approximately three- to eight-fold) after treatment with 
dabigatran etexilate (fig. 3). Across all treatment groups (n = 
5 to 8 per group), dabigatran dosing led to a approximately 
three-fold mean increase in aPTT (from 19.0 ± 1.2 s with 
vehicle to 65.5 ± 5.7 s with dabigatran after 45 min) and 
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PT (11.3 ± 0.3 to 43.3 ± 5.7 s); an approximately eight-fold 
increase in TT (21.1 ± 0.7 to 168.0 ± 7.0 s); and an approxi-
mately eight-fold increase in ECT (9.9 ± 0.4 to 79.0 ± 6.2 
s) (see table, Supplemental Digital Content 2, http://links.
lww.com/ALN/B46, which is a table showing coagulation 
assay results after administration of dabigatran etexilate and 
each CFC). Overall, there was an inconsistent effect of the 
CFCs on dabigatran-induced prolongation of clotting. In 
addition, none of the changes in these tests due to addi-
tion of CFCs predicted reduced bleeding time. The aPTT 
was not decreased by any of the coagulation concentrates 
(fig. 3A). Instead, some of the coagulation concentrates 
showed a trend for increase in aPTT, although this was 
only significant with Beriplex 50 IU/kg (all time points), 
Octaplex (after 5 min), and Bebulin (all time points). Data 
for Octaplex and FEIBA suggested reduced PT prolonga-
tion versus dabigatran alone although the changes were 
not statistically significant (fig. 3B). Octaplex and FEIBA 
significantly reduced ECT prolongation versus dabigatran 
alone at 5 min only (fig. 3C). The TT assay was significantly 
increased with Octaplex at 5 min and Bebulin at all time 
points (fig. 3D). NovoSeven had no effect on any of the 
coagulation assays, despite reducing the prolonged bleeding 
time at the higher 500 μg/kg dose.

Effect of CFCs on Thrombin Generation  
in Samples Supplemented with Dabigatran
The potential reversal of dabigatran anticoagulation was also 
tested at therapeutic (200 ng/ml) and supratherapeutic (600 
and 1,000 ng/ml) plasma dabigatran concentrations in vitro 
in human plasma using a thrombin-generation assay. CFCs 
were added at concentrations that achieve plasma levels used 
in the management of bleeding in warfarin-treated patients.

Figure 4 shows representative thrombin  generation-time 
curves for increasing concentrations of dabigatran and 
CFCs when given alone. Increasing dabigatran concentra-
tion was associated with prolongation of the lag time and 
a reduction in peak thrombin concentration with com-
plete inhibition at the highest concentration of 1,000 ng/
ml (P < 0.001; fig. 4). Differences were also seen in the 
thrombin generation curves for the different CFCs given 
in the absence of dabigatran (fig. 4, B–G). Beriplex, Beb-
ulin, and Proflinine showed a similar effect on thrombin 
generation and increased peak thrombin generation in a 
 concentration-dependent manner. NovoSeven was associ-
ated with a reduction in the lag time (fig. 4C), resulting in 
a slight shift of the curve to the left, but did not increase 
thrombin generation at these concentrations. Increasing 
concentrations of Octaplex (fig. 4D) resulted in a reduction 
in thrombin generation with increased lag time and a curve 
shift to the right. Increasing concentrations of FEIBA short-
ened the lag time compared with control (fig. 4E), consis-
tent with the presence of activated FVII in the preparation, 
as well as increasing peak thrombin generation as seen with 
Beriplex, Bebulin, and Proflinine.

Dabigatran reduced the ETP in a  concentration-dependent 
manner as compared with control plasma, with 600 and 
1,000 ng/ml resulting in a significant reduction (P < 0.001) 
(fig. 5). When dabigatran was present at therapeutic peak 
concentrations (200 ng/ml), addition of CFCs (0.4 or 
0.6 IU/ml) restored hemostasis to control levels or signifi-
cantly increased the ETP versus control, as seen with all 
CFCs except Octaplex and NovoSeven (P < 0.001; fig. 5). 
FEIBA (0.8 U/ml, corresponding to a dose of 50 U/kg) 
resulted in a 2.1-fold increase in ETP (P < 0.001). At a 
dabigatran concentration of 600 ng/ml, higher concentra-
tions of FEIBA, Bebulin, and Profilnine (0.6 and 0.8 IU/ml)  
normalized ETP as compared with control levels and sig-
nificantly increased the ETP over 600 ng/ml dabigatran 
without CFCs (P < 0.001). At the highest dabigatran con-
centration (1,000 ng/ml), none of the factor concentrates 
normalized ETP, though weak but significant increases in 
ETP were seen at 1 IU/ml with Bebulin and Profilnine as 
compared with 1,000 ng/ml dabigatran without CFCs. 
NovoSeven and Octaplex had no significant effect on the 
 concentration-dependent reductions in ETP by dabigatran.

Changes in peak thrombin generation after administra-
tion of the CFCs were similar to those observed with ETP 
(see figure, Supplemental Digital Content 3, http://links.
lww.com/ALN/B47, which shows the effect of increasing 
doses of CFC on peak thrombin generation and lag time 
in human platelet-poor plasma spiked with dabigatran). In 
addition, none of the CFCs reversed the prolongation of the 
lag time by dabigatran (Supplemental Digital Content 3, 
http://links.lww.com/ALN/B47).

Discussion
This study demonstrates that clinically relevant doses of most 
CFCs can reduce bleeding time in rats prolonged by high-dose 
dabigatran; however, NovoSeven was only effective at a supra-
therapeutic dose. Dabigatran also prolonged coagulation tests 
to varying degrees in rats at these high doses and treatment 
with CFCs does not substantially affect these assays. In addi-
tion, dabigatran reduces thrombin generation (as measured 
by a decrease in ETP) in vitro in a  concentration-dependent 
manner; with several three- and four-factor PCCs (Beriplex, 
Profilnine, and Bebulin) and the activated PCC FEIBA able 
to reverse these effects and restore thrombin generation. 
Higher CFC concentrations were required to show these 
effects as dabigatran concentrations increased. Octaplex and 
NovoSeven had no effect on the ETP.

There is a lack of randomized controlled trials testing 
potential reversal strategies with novel oral anticoagulants 
such as dabigatran, and most data come from in vitro studies 
or in animals and healthy human volunteers.8,24–35 Although 
a specific, humanized antibody fragment targeting dabi-
gatran is in development as an antidote to dabigatran, it is 
not yet commercially available.3 In this study, we used the 
rat-tail bleeding time as it is a well-characterized experimen-
tal model that measures bleeding from small vessels.36 All 

http://links.lww.com/ALN/B46
http://links.lww.com/ALN/B46
http://links.lww.com/ALN/B47
http://links.lww.com/ALN/B47
http://links.lww.com/ALN/B47
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CFCs were effective in reducing bleeding time although the 
dose of factor concentrate required to achieve this seemed 
to be dependent on the initial concentration of dabigatran, 
as shown for the Beriplex and NovoSeven data. Subjective 
assessment also suggested that wound clots with lower Beri-
plex doses were more unstable with only partial hemostasis 
as the wounds reopened easily. In contrast, wounds in rats 
given higher doses of Beriplex had complete hemostasis with 
formation of stable wound clots that did not reopen.

The observed reduction in bleeding time after adminis-
tration of CFCs was consistent with findings in other mod-
els. In a rabbit kidney injury model,8 Beriplex 50 IU/kg 
reduced blood loss induced by dabigatran. In addition, in a 
murine model, Beriplex 100 IU/kg prevented intracerebral 
hematoma expansion.25

The effect of CFCs on prolongation of coagulation by dabi-
gatran, as assessed by each assay, was quite variable. In general, 
most showed no effect with the addition of each CFC, despite 
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evidence that all factor concentrates had some effect on reduc-
ing bleeding time. Octaplex and FEIBA caused a significant 
reduction in the ECT at 5 min and a nonsignificant trend over 
the remaining 30 min. This was not apparent when animals 
were treated with Beriplex or other CFCs, despite all reduc-
ing the bleeding time. Thus, although the ECT is an effective 
assay to measure the presence of dabigatran in plasma, it is 
not useful for predicting a reduction of dabigatran-induced 
bleeding after administration of CFCs. Similarly, the diluted 
TT, which is a useful and sensitive measure for dabigatran in 
patients, was not influenced after addition of CFCs.

The assays that are sensitive to heparin, such as TT and 
aPTT, were prolonged in this study, notably at 5 min, with 

Octaplex or Bebulin. This finding may be attributable to 
heparin which is included in the preparations. As heparin is 
cleared more rapidly from the circulation, an increase would 
be expected early after administration, consistent with our 
finding. However, despite variable response with the different 
coagulation assays, it is clear that no assay was able to predict 
whether a CFC will be effective in reversing the prolongation 
of bleeding in this model. The lack of effect of the CFCs on 
coagulation assays prolonged by dabigatran is consistent with 
previous data.8 Eerenberg et al.24 reported that a single 50 IU/
kg bolus of four-factor PCC did not reduce increases in 
aPTT, ECT, and TT associated with administration of dabi-
gatran 150 mg twice-daily for 2 days in healthy volunteers.
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The apparent discrepancy between the effects of each CFC 
on plasma coagulation assays and on bleeding time in these 
studies raises questions regarding the suitability of these assays 
for monitoring the potential of CFCs to reduce bleeding asso-
ciated with dabigatran. Coagulation assays are only surrogate 
markers for increased bleeding tendency. In particular, the 
aPTT is generally insensitive to CFCs, which predominantly 
influence the extrinsic pathway as reflected by changes in the 
PT/international normalized ratio. Furthermore, the use of 
ECT or TT assays bypasses the additional prothrombin con-
centrates, because the stimulus for the assay activates thrombin 
or prothrombin. Thus, the lack of reversal effect with CFCs on 
dabigatran anticoagulation may relate to the assays used to test 
this, as shown in this study. This discrepancy was also observed 
in a recent trial comparing four-factor PCC with fresh-frozen 
plasma in patients with major bleeding treated with vitamin 
K antagonists.37 Although the PCC was effective at reducing  
PT/international normalized ratio levels, an effect on hemo-
stasis was limited to a subgroup of patients with visible or 
musculoskeletal bleeding.

Another test that is sensitive to CFCs, endogenous 
thrombin generation, was also tested in the presence of dabi-
gatran using human plasma in vitro. Dabigatran induced 
a  concentration-dependent decrease in the ETP, predomi-
nantly by prolonging the lag time, but at higher concen-
trations reduced peak thrombin concentrations. All CFCs 
except Octaplex and NovoSeven increased the ETP in the 
absence of dabigatran, highlighting the sensitivity of the assay 
for these agents. Octaplex showed features in the thrombin 
generation curve that were similar to those observed with 
dabigatran, which may possibly relate to the heparin compo-
nent of this concentrate that may on occasion be higher than 
what is reported in the product leaflet.38

The dabigatran-induced reduction of the ETP was normal-
ized with several three- and four-factor PCCs and the acti-
vated PCC FEIBA. However, the results were dependent on 
the starting concentration of dabigatran. Low CFC concen-
trations fully restored thrombin generation in human plasma 
spiked with 200 ng/ml of dabigatran, with higher concentra-
tions required to normalize thrombin generation with 600 ng/
ml dabigatran and no agents effective at dabigatran concentra-
tions of 1,000 ng/ml. Administration of Octaplex and NovoS-
even did not result in any change in the ETP for any of the 
dabigatran concentrations tested. Thus, even though a general 
trend of assay normalization to control levels is seen with the 
majority of these CFCs when measuring ETP and some dabi-
gatran concentrations, Octaplex and NovoSeven had no effect 
on ETP even though bleeding time prolongation was reduced.

In the pursuit of an assay appropriate for predicting 
reduced blood loss, there seems to be a level of complexity 
that is not well understood.34 Several factors may be rele-
vant, including the assay used to measure reversal of antico-
agulation, the initial concentration of anticoagulant, and the 
concentration of CFC. It is clear that large gaps remain in 
our understanding of the assays used to measure reversal of 

anticoagulation and thereby reduce bleeding with the new 
oral anticoagulant therapies.

Several case reports have reported the use of CFCs to 
reverse dabigatran-related bleeding but with varying degrees 
of success.23,39–50 This may reflect the complexity of the clini-
cal setting, with factors such as severity of blood loss, dose 
and timing of administration of the CFC in relation to the 
bleeding, and the plasma concentration of the anticoagulant. 
In one case report, “off-label” use of high-dose NovoSeven 
(3 × 30 μg/kg doses followed by 2 × 90 μg/kg doses) in combi-
nation with hemodialysis was effective in the management of 
postsurgical bleeding in a patient taking dabigatran 150 mg 
twice-daily.40 However, in our study, only the highest dose 
of rFVIIa (500 μg/kg) reduced bleeding, which may in part 
be explained by the recognized differences between animals 
and humans with respect to the action of rFVIIa and tissue 
factor.51,52 However, it may also be that lower doses of rFVIIa 
are not as effective at reversing dabigatran-induced bleeding 
compared with other CFCs. Apart from rFVIIa (where supra-
therapeutic doses were required), bleeding was reduced with 
CFC doses recommended for human therapeutic use.

There are a number of strengths to our study, including the 
use of a large number of CFCs, both three- and  four-factor 
PCCs; oral administration of dabigatran; and multiple coagu-
lation assays in conjunction with an assessment of bleeding. 
However, we also acknowledge a number of limitations. First, 
as coagulation factor levels were normal in this animal model, 
sufficient FVII was present to compensate for the missing 
FVII in the three-factor PCCs. Second, the range of doses 
for each of the CFCs may not be applicable to those used 
in clinical practice. Third, extrapolation of findings from this 
animal study to humans requires caution. Although bleeding 
time is a recognized surrogate for bleeding in humans, it has 
limitations.53 Thus, it is uncertain how the observations in 
this rat model will be predictive of pathological bleeding in 
humans with high plasma levels of dabigatran. However, given 
the rarity of events involving major life-threatening bleeding, 
and that placebo-controlled randomized clinical trials are 
extremely challenging to perform, further in vitro or ex vivo 
studies evaluating different CFCs are likely to be undertaken.

Conclusions
In this animal model, bleeding induced by high doses of 
dabigatran was reduced by administration of CFCs. How-
ever, routine coagulation assays do not consistently predict 
this effect. This may be due to the fact that these agents pref-
erentially act locally at the site of injury rather than systemi-
cally or the inadequacy of routine assays for detecting the 
reversal of the anticoagulant effects of dabigatran in vivo.

Acknowledgments
The authors thank Davina Fischer (Boehringer Ingelheim, 
Biberach, Germany) for her technical support.

This research was funded by Boehringer Ingelheim Pharma  
GmbH & Co. KG, Biberach, Germany. The work should be 



Anesthesiology 2014; 120:1429-40 1439 van Ryn et al.

CRITICAL CARE MEDICINE

attributed to Boehringer Ingelheim Pharma GmbH & Co. 
KG, Biberach, Germany. Editorial assistance was provided 
by Oberon Ltd (London, United Kingdom), with funding 
from Boehringer Ingelheim.

Competing Interests
All authors are employees of Boehringer Ingelheim (Bib-
erach, Germany), the manufacturer of dabigatran etexilate. 
The authors declare no other competing interests.

Correspondence
Address correspondence to Dr. van Ryn: Department of 
CardioMetabolic Disease Research, Boehringer Ingelheim 
Pharma GmbH & Co. KG, Birkendorfer Strasse 65, 88397 
Biberach an der Riss, Germany.  joanne.vanryn@boeh-
ringer-ingelheim.com. This article may be accessed for 
personal use at no charge through the Journal Web site, 
www.anesthesiology.org.

References
 1. Weitz JI, Quinlan DJ, Eikelboom JW: Periprocedural manage-

ment and approach to bleeding in patients taking dabiga-
tran. Circulation 2012; 126:2428–32

 2. Lu G, DeGuzman FR, Hollenbach SJ, Karbarz MJ, Abe K, Lee 
G, Luan P, Hutchaleelaha A, Inagaki M, Conley PB, Phillips 
DR, Sinha U: A specific antidote for reversal of anticoagula-
tion by direct and indirect inhibitors of coagulation factor Xa. 
Nat Med 2013; 19:446–51

 3. Schiele F, van Ryn J, Canada K, Newsome C, Sepulveda E, 
Park J, Nar H, Litzenburger T: A specific antidote for dabiga-
tran: Functional and structural characterization. Blood 2013; 
121:3554–62

 4. Kaatz S, Kouides PA, Garcia DA, Spyropolous AC, Crowther 
M, Douketis JD, Chan AK, James A, Moll S, Ortel TL, Van 
Cott EM, Ansell J: Guidance on the emergent reversal of 
oral thrombin and factor Xa inhibitors. Am J Hematol 2012; 
87(suppl 1):S141–5

 5. Leissinger CA, Blatt PM, Hoots WK, Ewenstein B: Role of pro-
thrombin complex concentrates in reversing warfarin anticoagu-
lation: A review of the literature. Am J Hematol 2008; 83:137–43

 6. Patanwala AE, Acquisto NM, Erstad BL: Prothrombin com-
plex concentrate for critical bleeding. Ann  Pharmacother 
2011; 45:990–9

 7. Monroe DM, Hoffman M, Oliver JA, Roberts HR: Platelet 
activity of high-dose factor VIIa is independent of tissue fac-
tor. Br J Haematol 1997; 99:542–7

 8. Pragst I, Zeitler SH, Doerr B, Kaspereit FJ, Herzog E, 
Dickneite G, van Ryn J: Reversal of dabigatran anticoagula-
tion by prothrombin complex concentrate (Beriplex P/N) in 
a rabbit model. J Thromb Haemost 2012; 10:1841–8

 9. Bebulin VH (Factor IX Complex) Package Insert. Westlake 
Village, Baxter Healthcare, April 2011

 10. Profilnine SD (Factor IX Complex) Package Insert. Los 
Angeles, Grifols Biologicals Inc., January 2013

 11. Beriplex P/N (Human Prothrombin Complex) Summary of 
Product Characteristics. Marburg, Germany, CSL Behring 
GmbH, November 2012

 12. Octaplex (Human Prothrombin Complex) Summary of 
Product Characteristics. Lachen, Switzerland, Octapharma 
AG, May 11, 2010

 13. NovoSeven (Recombinant Coagulation Factor VIIa) Summary 
of Product Characteristics. Bagsværd, Denmark, Novo Nordisk 
A/S, 2010

 14. FEIBA NF (Anti-inhibitor Coagulant Complex) Package 
Insert. Westlake Village, Baxter Healthcare, February 2011

 15. Gustafsson D, Elg M, Lenfors S, Börjesson I, Teger-Nilsson 
AC: Effects of inogatran, a new low-molecular-weight throm-
bin inhibitor, in rat models of venous and arterial thrombosis, 
thrombolysis and bleeding time. Blood Coagul Fibrinolysis 
1996; 7:69–79

 16. Wienen W, Stassen JM, Priepke H, Ries UJ, Hauel N: Effects of 
the direct thrombin inhibitor dabigatran and its orally active 
prodrug, dabigatran etexilate, on thrombus formation and 
bleeding time in rats. Thromb Haemost 2007; 98:333–8

 17. Stangier J, Feuring M: Using the HEMOCLOT direct thrombin 
inhibitor assay to determine plasma concentrations of dabi-
gatran. Blood Coagul Fibrinolysis 2012; 23:138–43

 18. Hemker HC, Giesen P, Al Dieri R, Regnault V, de Smedt 
E, Wagenvoord R, Lecompte T, Béguin S: Calibrated auto-
mated thrombin generation measurement in clotting plasma. 
Pathophysiol Haemost Thromb 2003; 33:4–15

 19. van Ryn J, Stangier J, Haertter S, Liesenfeld KH, Wienen W, 
Feuring M, Clemens A: Dabigatran etexilate—A novel, revers-
ible, oral direct thrombin inhibitor: Interpretation of coagu-
lation assays and reversal of anticoagulant activity. Thromb 
Haemost 2010; 103:1116–27

 20. Liesenfeld KH, Lehr T, Dansirikul C, Reilly PA, Connolly SJ, 
Ezekowitz MD, 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; 9:2168–75

 21. Lassila R, Munsterhjelm E, Joutsi-Korhonen L, Armstrong E: 
Laboratory follow-up and clinical management of a patient 
case with severe bleeding complication on dabigatran for 
atrial fibrillation (abstract P-TH-227). J  Thromb Haemost 
2011; 9(suppl 2):129–30

 22. Legrand M, Mateo J, Aribaud A, Ginisty S, Eftekhari P, Huy 
PT, Drouet L, Payen D: The use of dabigatran in elderly 
patients. Arch Intern Med 2011; 171:1285–6

 23. Lillo-Le Louet A, Wolf M, Soufir L, Galbois A, Dumenil AS, 
Offenstadt G, Samama MM: Life-threatening bleeding in 
four patients with an unusual excessive response to dabiga-
tran: Implications for emergency surgery and resuscitation. 
Thromb Haemost 2012; 108:583–5

 24. Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, 
Buller HR, Levi M: Reversal of rivaroxaban and dabiga-
tran by prothrombin complex concentrate: A randomized, 
 placebo-controlled, crossover study in healthy subjects. 
Circulation 2011; 124:1573–9

 25. 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; 
42:3594–9

 26. Fukuda T, Honda Y, Kamisato C, Morishima Y, Shibano T: 
Reversal of anticoagulant effects of edoxaban, an oral, 
direct factor Xa inhibitor, with haemostatic agents. Thromb 
Haemost 2012; 107:253–9

 27. Godier A, Miclot A, Le Bonniec B, Durand M, Fischer AM, 
Emmerich J, Marchand-Leroux C, Lecompte T, Samama CM: 
Evaluation of prothrombin complex concentrate and recom-
binant activated factor VII to reverse rivaroxaban in a rabbit 
model. ANESTHESIOLOGY 2012; 116:94–102

 28. Marlu R, Hodaj E, Paris A, Albaladejo P, Crackowski JL, Pernod 
G: Effect of non-specific reversal agents on anticoagulant 
activity of dabigatran and rivaroxaban: A randomised cross-
over ex vivo study in healthy volunteers. Thromb Haemost 
2012; 108:217–24

 29. Pillitteri D, Pilgrimm-Thorp AK, Krause M, Scholz T, 
Schwerdtfeger R, Behrendt T, Kirchmaier C: Antidotal effects 
of non-specific reversal agents on anticoagulant-induced inhi-
bition of thrombin generation (abstract). Blood 2012; 120:2273

 30. Galan AM, Arellano-Rodrigo E, Sanz VV, Molina P, Reverter 
JC, Carne X, Villalta J, Tassies D, Diaz-Ricart M, Escolar G: 

mailto:joanne.vanryn@boehringer-ingelheim.com
mailto:joanne.vanryn@boehringer-ingelheim.com
http://www.anesthesiology.org


Anesthesiology 2014; 120:1429-40 1440 van Ryn et al.

Reversal of Anticoagulation with Dabigatran

Reversal of the antithrombotic action of rivaroxaban and 
dabigatran: A clinical study in healthy volunteers (abstract). 
Blood 2012; 120:2261

 31. Lambourne MD, Eltringham-Smith LJ, Gataiance S, Arnold 
DM, Crowther MA, Sheffield WP: Prothrombin complex con-
centrates reduce blood loss in murine coagulopathy induced 
by warfarin, but not in that induced by dabigatran etexilate. 
J Thromb Haemost 2012; 10:1830–40

 32. Zhou W, Zorn M, Nawroth P, Bütehorn U, Perzborn E, 
Heitmeier S, Veltkamp R: Hemostatic therapy in experimen-
tal intracerebral hemorrhage associated with rivaroxaban. 
Stroke 2013; 44:771–8

 33. Perzborn E, Gruber A, Tinel H, Marzec UM, Buetehorn U, 
Buchmueller A, Heitmeier S, Laux V: Reversal of rivaroxaban 
anticoagulation by haemostatic agents in rats and primates. 
Thromb Haemost 2013; 110:162–72

 34. Dinkelaar J, Molenaar PJ, Ninivaggi M, de Laat B, Brinkman 
HJ, Leyte A: In vitro assessment, using thrombin generation, 
of the applicability of prothrombin complex concentrate as an 
antidote for Rivaroxaban. J Thromb Haemost 2013; 11:1111–8

 35. Martin AC, Le Bonniec B, Fischer AM, Marchand-Leroux C, 
Gaussem P, Samama CM, Godier A: Evaluation of recombi-
nant activated factor VII, prothrombin complex concentrate, 
and fibrinogen concentrate to reverse apixaban in a rab-
bit model of bleeding and thrombosis. Int  J Cardiol 2013; 
168:4228–33

 36. Jeske W, Iqbal O, Fareed J, Kaiser B: A survey of animal mod-
els to develop novel antithrombotic agents, New Therapeutic 
Agents in Thrombosis and Thrombolysis, 2nd edition. Edited 
by Sasahara A, Loscalzo J. Boston, Marcel Dekker Inc., 2003, 
pp 9–32

 37. Sarode R, Milling TJ Jr, Refaai MA, Mangione A, Schneider 
A, Durn BL, Goldstein JN: Efficacy and safety of a 4-factor 
prothrombin complex concentrate in patients on vitamin 
K antagonists presenting with major bleeding: A random-
ized, plasma-controlled, phase IIIb study. Circulation 2013; 
128:1234–43

 38. Grottke O, Rossaint R, Henskens Y, van Oerle R, Ten Cate H, 
Spronk HM: Thrombin generation capacity of prothrombin 
complex concentrate in an in vitro dilutional model. PLoS 
One 2013; 8:e64100

 39. Khoo TL, Weatherburn C, Kershaw G, Reddel CJ, Curnow J, 
Dunkley S: The use of FEIBA® in the correction of coagula-
tion abnormalities induced by dabigatran. Int J Lab Hematol 
2013; 35:222–4

 40. Warkentin TE, Margetts P, Connolly SJ, Lamy A, Ricci C, 
Eikelboom JW: Recombinant factor VIIa (rFVIIa) and hemo-
dialysis to manage massive dabigatran-associated postcar-
diac surgery bleeding. Blood 2012; 119:2172–4

 41. Mastrobuoni S, Robblee JA, Boodhwani M: Spontaneous 
ascending aortic intramural haematoma in a patient on 

dabigatran. Interact Cardiovasc Thorac Surg 2012; 15: 
299–300

 42. Coufal F, Tominaga G, Wallach S, Schaffer K: A case study 
of dabigatran-induced coagulopathy with bilateral subdural 
hematomas after remote trauma with subsequent hyper-
coagulable complications in a 76 year old male with par-
oxysmal atrial fibrillation—Management without effective 
reversal strategy available (abstract 0788). Brain Injury 2012; 
26:722–3

 43. Dumkow LE, Voss JR, Peters M, Jennings DL: Reversal of 
 dabigatran-induced bleeding with a prothrombin complex 
concentrate and fresh frozen plasma. Am  J Health Syst 
Pharm 2012; 69:1646–50

 44. Wychowski MK, Kouides PA: Dabigatran-induced gastroin-
testinal bleeding in an elderly patient with moderate renal 
impairment. Ann Pharmacother 2012; 46:e10

 45. Chen BC, Viny AD, Garlich FM, Basciano P, Howland MA, 
Smith SW, Hoffman RS, Nelson LS: Hemorrhagic complica-
tions associated with dabigatran use. Clin Toxicol (Phila) 
2012; 50:854–7

 46. Cano EL, Miyares MA: Clinical challenges in a patient 
with dabigatran-induced fatal hemorrhage. Am  J Geriatr 
Pharmacother 2012; 10:160–3

 47. Truumees E, Gaudu T, Dieterichs C, Geck M, Stokes J: 
Epidural hematoma and intraoperative hemorrhage in a 
spine trauma patient on Pradaxa (dabigatran). Spine (Phila 
Pa 1976) 2012; 37:E863–5

 48. Harinstein LM, Morgan JW, Russo N: Treatment of 
 dabigatran-associated bleeding: Case report and review of 
the literature. J Pharm Pract 2013; 26:264–9

 49. Kamboj J, Kottalgi M, Cirra VR, Shah N, Kamboj R: Direct 
thrombin inhibitors: A case indicating benefit from ‘plas-
mapheresis’ in toxicity: A call for establishing “guidelines” 
in overdose and to find an “antidote”! Am  J Ther 2012; 
19:e182–5

 50. Dager WE, Gosselin RC, Roberts AJ: Reversing dabigatran in 
life-threatening bleeding occurring during cardiac ablation 
with factor eight inhibitor bypassing activity. Crit Care Med 
2013; 41:e42–6

 51. Petersen LC, Nørby PL, Branner S, Sørensen BB, Elm T, 
Stennicke HR, Persson E, Bjørn SE: Characterization of 
recombinant murine factor VIIa and recombinant murine 
tissue factor: A human-murine species compatibility study. 
Thromb Res 2005; 116:75–85

 52. Mackman N: Tissue-specific hemostasis: Role of tissue factor. 
J Thromb Haemost 2008; 6:303–5

 53. Peterson P, Hayes TE, Arkin CF, Bovill EG, Fairweather RB, 
Rock WA Jr, Triplett DA, Brandt JT: The preoperative bleed-
ing time test lacks clinical benefit: College of American 
Pathologists’ and American Society of Clinical Pathologists’ 
position article. Arch Surg 1998; 133:134–9


