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Abstract

Background: dabigatran etexilate, a pro-drug of a direct thrombin inhibitor, was approved a fewyears ago
for non-valvular atrial fibrillation and deep venous thrombosis. Rapid monitoring of the dabigatran level is
essential in trauma and bleeding patients but the traditional plasma-based assays may not sufficiently display
the effect. Furthermore, no antidote existsand reversal of the anticoagulant effect isimpossible or difficult.
T he present study investigated the in vitro effect of dabigatran on whole blood thrombelastography (TEG)
and itsreversal by recombinant activated factor VIl and prothrombin complex concentrate.

Methods: Blood was collected from 10 healthy donorsand spiked in vitro with therapeutic doses of
dabigatran to a plasmaconcentration of 200 ng/mL, followed by therapeutic doses of recombinant activated
factor V11 (corresponding to 100 pg/kg) and prothrombin complex concentrate (corresponding to 50 IE/Kkg)
and evaluated by TEG.

Results: Compared to baseline, dabigatran changed all TEG parameters in a hypocoagulable direction
corresponding to increased R time and time to maximum rate of thrombus generation, reduced angle, A5,
A10, maximum amplitude and maximum rate of thrombin formation. Recombinant activated factor VIl had a
procoagulant effect on the majority of the investigated TEG parameters when added to dabigatran spiked
samples. Prothrombin complex concentrate appeared not to have a procoagulant effect on TEG, even when
the heparin content in the formulation was neutralized by heparinase.

Conclusions: TEGdisplaysthe presence of dabigatran in whole blood in vitro and the anticoagulant effect
of dabigatran is partly reversed by spikingwith recombinant activated factor VII.



Introduction

A new oral anticoagulant, dabigatran etexilate, a pro-drug of a direct thrombin inhibitor, was approved by the
Food and Drug Association (FDA) and the European Medicine Agency (EMA) a fewyearsago for the
treatment of patients with non-valvular atrial fibrillation (AF) and deep venous thrombosis (DVT)*.

As dabigatran hasa predictable pharmacodynamic effect when taken orally, no monitoring is recommended
in routine clinical practice. However, in the clinical setting when patients undergo emergency procedures or
experience bleeding episodes, monitoring of the anticoagulant effect is required. Monitoring dabigatran with
traditional assays has however proven complicated and time consuming. Activated partial thromboplastin
time (aPTT) showsa curvilinear dose-response to dabigatran with a steep increase at lowconcentrations.
Above 100 ng/ml, the aPTT isinvariably prolonged® and high aPT T indicates supra therapeutic levels
although the anticoagulant effect tends to be underestimated®. A normal aPTT is likely to exclude the
presence of therapeutic doses of dabigatran. The prothrombin time (PT) is insensitive to dabigatran’ whereas
thrombin time (TT) shows a linear concentration curve to dabigatran. Finally, neither the aPTT nor the TT
hasbeen validated in a clinical relevant population of bleeding patients.

The results of TT however depends on the reagents used, with most T T assays being too sensitive” *. APTT
hasbeen recommended by many expertsasa screening test of dabigatran anticoagulation but not asa test to
determine the drug level°. With regard to reversing the drug effect, no antidote is clinically available at
present and the means of reversal are few. An antidot was mentioned in Blood in 2013 measuring reversal of
dabigatran anticoagulant activity in ex vivo in rats’.

Current strategies for reversal suggest discontinuation of the drug, supportive care, activated charcoal if
ingested within one-hour, hemodialysis” hemofiltration and charcoal hemaperfusion. In the presence of life-
threatening bleeding, prothrombin complex concentrate (PCC), activated prothrombin complex concentrate
(aPCC) or recombinant activated factor seven (rFVila), have been advocated®. The use and effect of fresh
frozen plasma (FFP), PCCand rFVlla are debated and no human studies have been conducted showing
benefit of these treatments®. Thus, it is not known whetherthese drugs are useful for reversing the effects of
dabigatran in vivo. The first study on the effect of PCC conducted on healthy humans showed that PCC does
not reverse bleeding in patients treated with dabigatran.’ While thisis also true for rFV11a,'® both PCCand
rFVila continue to be used in clinical settings when other resorts are futile®. Thrombelastography (TEG) isa
viscoelastic, whole blood, hemostatic point-of-care (POC) test that delivers resultswithin 15 minutesand is
thus far more rapid than other tests. Its use has been implemented in traumaand many surgical settingsto
help guide transfusion therapy. Furthermore TEGis better correlated with clinical relevant bleeding
conditionsand isin many institutions preferred to and has replaced plasma-based assays'.

Given the lack of data on the ability of TEGto detect dabigatran, the aim of the present study wasto
investigate the effect of dabigatran in vitro on functional hemostasis evaluated by whole blood TEGand
furthermore to investigate the effect of in vitro reversal of dabigatran with PCC or rFVlla. Since TEGis
currently being used to guide transfusion strategy in bleeding patients, we hypothesized that this test would
reflect dabigatran anticoagulation and change towards normalization upon reversal.

Materialsand methods

Study Participants

T he study was conducted in accordance with the Declaration of Helsinki and approved by the regional ethics
committee in Copenhagen, Denmark (protocol number: H-4-2012-116). Written information was available to
each participant priorto trial entry. Blood was collected from 10 healthy Caucasian donors: 8 women and 2
men between the ages of 21-65. Exclusion criteriawere intake of any kind of anticoagulant or antithrombotic
medicine including recent intake of aspirin and non-steroid anti-inflammatory drugs and pregnancy/
breastfeeding.

T he study was performed at Rigshospitalet, Capital Region Blood Bank, University of Copenhagen,
Denmark.

Blood Sampling
Blood (9 mL, 3.2% citrate) was obtained by a smooth cubital venipuncture employing minimal stasis with a
21-gauge needle.

Experimental protocol



T he approved dose of dabigatran for atrial fibrillation is 150 mg two times daily resulting in a maximum
concentration (Cmax) of 254+70.5 ng/ml (mean+SD) in healthy elderly subjects'?. A plasma concentration of
200 ng/mlwas chosen, to mimic the peak concentration of dabigatran in healthy elderly subjects’. The active
form of dabigatran, BIBR 953 ZW, was used and the powder was reconstituted in pure dimethyl sulfoxide
(DMSO) and hydrogen chloride (HCL) according to instructions provided by Boehringer Ingelheim,
Germany.

Reversal agents

The reversal agents used in the experiments were rFVIla (NovoSeven, Novo Nordisk, Bagsvaerd, Denmark)
and PCC (Octaplex, Octapharm, Stockholm, Sweden). T he products were reconstituted according to
instructions from the manufacturer. The concentrations of the reversal agents were calculated assuming a
constant body weight of 70 kg with an average blood volume of 5 L. Octaplex isa nonactivated four-factor
PCC derived from human plasma. 500U contains the procoagulation factors I1 (280-760 IE), V11 (180-480
IE), IX (500 IE), and X (360-600 IE) aswell as the natural anticoagulants Protein C (260-620 IE), Protein S
(240-640 IE) and also heparin (100-250 IE). To neutralize the effect of heparin contained in Octaplex we
supplemented our analyseswith heparinase containing cups. Octaplex was added to citrated whole blood
containing dabigatran to obtain a blood concentration of 0.7 IE/mL that corresponds to the blood
concentration of a 70 kg patient given a therapeutic dose of 50 IE/kg. NovoSeven was added to citrated
whole blood containing dabigatran to obtain a blood concentration of 1.4 pg/mLthat corresponds to the blood
concentration in a 70 kg patient given a therapeutic dose of 100 pg/kg.

Reversal protocol

9,6 pl dabigatran with a concentration of 13,200 ug/ml was added to 1060 pl whole blood, corresponding to a
concentration of 200 ng/ml dabigatran in plasma (60 % of the fluid phase of whole blood).

15,5 ul FVIla or 31 pl PCC corresponding to a therapeutic dose of 50 1E/kg or 100 pg/kg was added to the
dabigatran spiked whole blood to reverse the effect of dabigatran.

Whole blood (baseline, BL), blood with dabigatran, blood with dabigatran and rFVlla and blood with
dabigatran and PCC were all diluted to the same extend (3,6%) to an end total volume of 1100 pl, incubated
for 15 minutesat 37°Cand analyzed by TEG.

Thrombelastography (TEG)

TEG®analyseswere performed according to the manufacturer’s recommendations on a 5000 Hemostasis
Analyzer System (Haemonetics Corp., MA, US, TEG® Analytical Software 4.2.3). The coagulation process
in the assay was initiated using kaolin as the activator. Normal cups; citrated kaolin (CK) and cups
containing heparinase to neutralize heparin from Octaplex; citrated kaolin heparinase (CKH) were used. T he
variables recorded were [normal range reported by Haemonetics Corp.]: reaction time (R [3-8 min], rate of
initial fibrin formation), angle (o [55-78 degrees], clot growth kinetics, reflecting the thrombin burst),
amplitudesat 5 and 10 min after measuring the R-time (A5, A10, reflecting clot strength at predefined time
points, see details for data extraction and extrapolation below), maximum amplitude (MA, clot strength [51-
69 mm], reflecting maximum clot strength) and lysis after 30 min (Ly30 [0-8%)], proportional reduction in
the amplitude after MA, reflecting fibrinolysis), maximum rate of thrombus generation in mm/min (MRTG),
time to maximum rate of thrombus generation (TMRTG) in minutes (see figure 1 for a visual description of
variables). MRT Gand TMRT Gcean be assed in the “velocity” mode of the TEGsoftware. T he day-to-day
CW% of TEGMA is < 7% in our laboratory™,

The TEGtracings were extracted from the TEG database for every individual CK and CKH sample and
processed in Microsoft Excel to identify early amplitudes (A) at 5 and 10 minutes post R-time.

Statistics

Analyseswere performed using the IBM SPSS 20 (IBM SPSS Statistics, Armonk, NY) statistical software.
The TEGresults are presented as medianswith 25th and 75th inter-quartile range (IQR). Differencesin the
investigated hemostatic parameters from baseline after dabigatran exposure and its reversal were assessed by
Friedman non-parametric repeated measures test and Wilcoxon signed rank post hoc test. p<0.05 was
considered statistically significant.



Results
Data on TEGare presented in Table 1 and visualized in figure 2 and 3.

Influence of dabigatran on TEG

Compared to BL samples, dabigatran changed all TEG parameters (Figure 1) for both CK and CKH in a
hypocoagulable direction corresponding to increased R time and TMRTG(Figure 1 and 3) and reduced
angle, A5, A10, MA, MRTG,; all p<0.05 (Figure 1 and 3). Absolute values and relative changesare
displayed in T able 1. The influence of dabigatran on the different TEG parameters were most pronounced for
variables reflecting clot initiation and early clot build up (R, A5, A10, MRTGand T MRTG). Fibrinolysis
assessed by LY30 was found to be minimal at baseline (CK: 0.7% (0.4-1.1) CKH: 0.9% (0.6-1.6)) and this
parameter was omitted from furtheranalyses.

Reversal of dabigatran by rFVlla and PCC

Recombinant FVIla had a procoagulant effect on the majority of the dabigatran spiked CK and CKH
parameters, although rFVlla did not restore these to baseline. Thus, rFV1la added to dabigatran samples
decreased R and TMRTGand increased A5 (for CK but not CKH), A10, angle and MA, though all remained
relatively hypocoagulable compared to baseline (Figure 2).

In contrast to rFV1la, PCC did not have a procoagulant effect on TEGbut rather an anticoagulant effect,
which in part reflected the heparin content in the PCC evidenced by the difference between relative changes
in CK and CHK (p<0.05 for all investigated parameters). Thus, by neutralizing the anticoagulant effect of
heparin in PCC by applying the heparinased TEG cups, all parameterswere significantly changed in a
procoagulant direction (Figure 2A and 2B). T o our surprise, CKH only reversed part of the anticoagulant
effect even though the heparinase in the cups far exceeds the amount needed to neutralize the heparin content
in PCC.

Discussion

The main findings in the present study were that dabigatran had a hypocoagulable effect onall the
investigated TEG parametersand that rFVila partially reversed the dabigatran effect on TEG. PCC, however,
did not reverse the anticoagulant effect of dabigatran but rather seemed to promote further hypocoagulability,
which may be in part due to the heparin content in the PCC.

In accordance with another study** TEGwas capable of displaying the anticoagulant effect of the dabigatran
concentration applied in the present study. Spiking plasma from healthy volunteers with the direct thrombin
inhibitor dabigatran in vitro asa mean to mimic the effect on plasma-based coagulation assaysin vivo has
previously been described."® Using whole blood viscoelastic tests in trauma and surgical settings to
determine the degree of anticoagulation has recently been implemented'® and this provides a readily
accessible, fast and low cost option for assessing hemostasis and reversal of treatment. TEG measuresthe
different phases of clot formation (initiation, amplification, propagation) and we found that the clot initiation
(reaction time) was prolonged according to the inhibitory effect of dabigatran on thrombin. The maximum
amplitude signifying maximal strength of the formed clot and the angle were lower than at BL which
emphasizes that thrombin inhibition also influences platelet function and the thrombin burst that takes place
at the surface of activated platelets'”.

Considering the partial reversal of dabigatran by rF\Vla, our results are in accordance with a rat tail bleeding
time model in which rFVlla was effective in correcting the coagulopathy.*® In a human healthy volunteer
study however, rFVl1a failed to correct the suppressed thrombin generation induced by melagatran, another
direct thrombin inhibitor*®. Though the data on rFVlla are few and inconclusive, rFVIIa is still recommended
for Iive—tgreatening bleeding caused by dabigatran since no alternative hemostatic agent is currently
available®.

In the present study, PCC did not reverse the effect of dabigatran but rather induced further anticoagulation,
which to our surprise was only partially reversed by neutralizing the heparin content in PCC.



T he remaining anticoagulant effects of PCC may be attributed to the content of the natural anticoagulant
Protein S(240-640 IE per 5001E PCC) and Protein C (260-620 IE per 500IE PCC), which isalso present in
the tested PCC (Octaplex).

An in vivo study of Cofact, a four-factor prothrombin concentrate complex showed failure to reverse the
effect of dabigatran®®, whereasa study of Beriplex, another four-factor prothrombin concentrate complex, did
reverse the coagulopathy caused by dabigatran monitored by volume of blood lossand time to hemostasis in
a rabbit trauma model?. Both of these products contain Protein Cand Protein S.

In vivo studies demonstrating the efficacy of PCC are in a haemorrhagic scenario supported by tissue factor
(TF) from subendothelial tissue beyond the supply from blood-bome cells. By extracting blood from the
vessel, the source of TF originating from the subendothelium is excluded. Manufacturer’s T F-based reagent
ex-TEM hasin previous studies?, due to high concentration, displayed inability to detect the effect of PCC
in warfarin-treated patientsin ROT EM® aswell as giving homophiliacsa false normal thromboelastography
profile. Therefore, monitoring PCC in viscoelastic haemostatic assays such asROT EM/TEGare dependent
on addition a specific concentration of TF in order to represent a coagulation similar to the in vivo milieu.
With an insufficient supply of TF, it can be hypothesized that the anticoagulant agents tend to affect the
coagulation to a greater extent than the procoagulants, hence the hypocoagulable results that maintained in
thisstudy. Supporting thistheory, a study from 2007% demonstrates the hypocoagulable effect of high dose
PCC added to citrated whole blood. The study showed a predominant anticoagulant influence of PCC-
derived heparin in ROTEM® as addition of protamine sulphate reversed the hypocoagulation.

T he most important components of the Protein C pathway involve thrombin, thrombomodulin, the
endothelial cell protein Creceptor (EPCR), protein Cand protein S. When Protein C is activated this
irreversibly inactivates factors Va and Vil1a and thereby exerts its anticoagulant properties®. Given that the
endothelium isnot present in vitro, the interaction between the components of this pathway and receptors
residing at the endothelium isnon-existing and thismay in part explain why this paradox anticoagulant effect
of PCC is observed in vitro but not in vivo®. Furthermore, in vivo, most heparins are coupled to
antithrombin (AT), which isbound to the endothelial glycocalyx, so the heparin effect of PCC becomes
neutralized (and linked to the endothelium) when evaluated in vivo. Hence, the clinical importance of this
PCC induced anticoagulation effect on the TEGparametersisnot clear. rFVila is known to be
prothrombotic® which PCCis not and one could speculate that in an in vivo system with all elements of
hemostasis (endothelium, circulating cells; RBC, LEU, PLT etc. and pro- and anti-coagulation proteins) that
this could have a beneficial thrombo-embolic protective effect.

T he present study hassome limitations. We included a small number of healthy volunteersthat were only
evaluated in vitro, leaving out e.g. the endothelium and its influence on hemostasis and the applied
procoagulants. TEGalso failed to monitor natural flowand shear stress effects on hemostasis. Several flow
dependent automated microchip flowchamber techniques have been introduced and give other results upon
correcting a dilutive coagulopathy with PCC than TEG®.

Second, while we attempted to reproduce those dosesand concentrations that might be seen in vivo, itis
possible that the levelswould be different (likely higher) in the population of patients that would be taking
these medications (elderly with or without renal insufficiency). Finally, while our clinical groups have found
good correlation with abnormal TEGvalues and life-threatening bleeding, disturbances of TEGvalues by
dabigatran (and their partial reversal with Vla) may not be clinically applicable.

In conclusion TEGdisplaysthe presence of dabigatran in whole blood in vitro and the anticoagulant effect of
dabigatran can be partly reversed by spiking with rFVIla whereas PCC did not seem to revert thiswhen
evaluated by TEGbut the clinical importance of thisneeds to be further evaluated. Whether the latter reflects
an in vitro phenomenon remains to be determined and so does the potential dose-response effect of
dabigatran on TEG. Given the increasing number of patients receiving dabigatran and the relatively few
studies conducted on the acute monitoring and reversal in vivo, studies investigating thisare highly
warranted.
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Table 1. Results

Baseline Dabigatran Dabigatran_+rFVIla i +PCC Friedman p (absolute)
A vs.baseline A vs.baseline A vs.baseline
Absolute Absolute (%) Absolute (%) Absolute (%) Dabi/fFVIla'  Dabi/PCC?

TEG:
CK R (min) 61 (586.2) 88 (7.90.0)* +43 (40-48) 7.8 (T1-84)*t} 430 (2037) 201 (134-226)*11 +223 (135-276)"  <0.001 <0.001
CK angle (°) 614 (60.4-62.3) 521 (49-583)* 17 (-20-7) 564 (542-583)*if 9 (11-7) 269 (46327)*1f  -55 (-60-47)" 0.003 <0.001
CK A5 (mm) 373 (36.7-40.3) 283 (255-322)% -26 (3214 311 (298322)%1} -19 (20-13) 119 (104-154)*+]  -68 (-72-61) 0.001 <0.001
CK A10 (mm) 511 (50.4-54.6) 415 (37.1-449)% 21 (27-14) 441 (A22-449)%f} -7 (A7-12) 242 (27-3L2)*t} -5l (55-43) <0.001 <0.001
CK MA (mm) 60.8 (59.4-64) 536 (51-57.3)* 13 (17-9) 564 (543577)%4i 10 (11-8) 455 (446-459)*1f  -26 (-28-23) <0.001 <0.001
CK MRTG (mm/min) 9.7 (9.3-10.9) 75 (65-8.8)* 27 (35-13) 7.9 (74-85)*% 22 (26-12) 28 (27-39)*t} 69 (-72--65)" 0.003 <0.001
CK TMRTG (min) 75 (7.1-7.6) 101 (95-106)*  +38 (31-42) 88 (8.1-94)*ff 417 (11-29) 258 (186-295)11 +239 (145-312)°  <0.001 <0.001
CKH R (min) 63 (6-65) 9.2 (86-9.4)* +46 (40-49) 82 (7.4-86)*t 431 (25-33) 102 (9.1-11.0)*f +63 (46-80)" <0.001 <0.001
CKH angle (°) 604 (584-60.7) 516 (49-536)* 17 (21-10) 570 (541502)*tF -8 (12-2) 486 (46-525)*1 -18 (-24-13) 0.002 0.006
CKH A5 (mm) 354 (34.1-395) 281 (27-314)* 23 (26-16) 205 (289-324)%f  -17 (-20-11)  27.1 (258292)*}  -24 (-26-19)° 0.003 0.002
CKH A10 (mm) 50.1 (48-53.7) 411 (39.5454)% 17 (-19-14) 423 (AL2-456)*FF -14 (16-10) 404 (39.4-42*} 20 (-21-13) <0.001 0.001
CKH MA (mm) 61 (58.8-64.5) 539 (5L2-56.0)* -12 (-15-9) 555 (837-57.3)%tf 9 (A2-7) 537 (52-55)*} 12 (-15--11)° <0.001 0.001
CKH MRTG (mm/min) 89 (8.3-10.3) 7 (6376 22 (33-11) 81 (6982 *i 16 (-21-3) 66 (6T 27 (-31-17) 0.006 0.002
CKH TMRTG (min) 79 (7.3-8) 104 (99-11)* +32 (26:37) 96 (86-9.7) *if +22 (1024) 117 (106-129)*f  +53 (27-65) <0.001 <0.001

TEG, thromboelastography; CK, citrated Kaolin TEG; CKH, citrated kaolin with heparinase TEG, R, reaction time; Ab, amplitude at R+5min; AL0, amplitude at R¥10min; MA, maximum
amplitude; MRTG, maximum rate of thrombus generation; TMRTG, time to MRTG; TRAP, trombin receptor activating peptide; AUC, area under the curve. Data shown as median (IQR) with
absolute values and relative values compared to baseline. 1, Friedman® tests for the groups: Baseline, Dabigatran and Dabigatran + rFVIla; 2, Friedman® test for the groups: Baseline,
Dabigatran and Dabigatran + PCC. *, p < 0.05 vs baseline (Wilcoxon signed rank post hoc test); f, p < 0.05 versus Dabigatran; 1, p < 0.05 for Dabigatran + PCC versus Dabigatran + rFVIla; ,
p< 0.05 for CK vs CKH.
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Fig 2. TEG results
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