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Summary

The perioperative management of dabigatran is challenging, and rec-
ommendations based on activated partial thromboplastin time (aPTT)
and thrombin time (TT) are unsatisfactory. Dedicated coagulation
tests have limitations at plasma concentrations <50 ng/ml. Therefore,
a more sensitive test, which is available 24/7, is required. It was our
aim to investigate the performance of the Hemoclot Thrombin In-
hibitors® LOW (HTI LOW) kit, a diluted thrombin time, and the STA® —
ECA Il (ECA-II) kit, a chromogenic variant of the ecarin clotting time,
that were developed to measure low dabigatran concentrations, com-
pared to reference dabigatran analysis by liquid chromatography tan-
dem mass-spectrometry (LC-MS/MS). This study included 33 plasma
samples from patients treated with dabigatran etexilate who had
plasma concentrations <200 ng/ml. HTI LOW and ECA-Il were per-
formed along with HTI, aPTT (STA®-C. K.Prest® and SynthasIL®) and TT
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Introduction

Pradaxa’ (Boehringer Ingelheim, Ingelheim, Germany), dabigatran
etexilate, has received its market authorisation for various indi-
cations worldwide and was developed and marketed to be used in
fixed dose regimens without a need for regular monitoring. How-
ever, assessments of drug plasma levels are desired to ensure a safe
use of the product in several specific situations (1). In this context,
the perioperative management of dabigatran is quite challenging, es-
pecially in the absence of a specific reversal agent. During the two
years of follow-up in the RE-LY study, approximately 25 % of the pa-
tients underwent at least one invasive procedure. Compared with
warfarin, dabigatran is associated with a similar rate of perioperative
bleeding and thrombotic complications, even among patients hav-
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(STA® — Thrombin). All procedures were performed according to rec-
ommendations by the manufacturers. Linear (or curvilinear) corre-
lations and Bland-Altman analyses were calculated. For free dabi-
gatran concentrations <50 ng/ml, the R? of linear correlations were
0.69, 0.84 and 0.61, with HTI, HTI LOW and ECA-II, respectively. The R?
for TT, STA®-C. K.Prest® and SynthasIL® were 0.67, 0.42 and 0.15. For
HTI, HTI LOW and ECA-II, Bland-Altman analyses revealed mean dif-
ferences of —6 ng/ml (95%Cl: =25-14 ng/ml), 1 ng/ml (95 %Cl:
—18-19 ng/ml) and —1 ng/ml (95 %Cl: —25-23 ng/ml), demonstrating
that tests dedicated to measuring low concentrations are more accu-
rate than HTI. In conclusion, the use of HTI LOW or ECA-Il to assess
low plasma dabigatran concentrations is supported by our findings.
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ing major or urgent surgery (2). However, in patients who had treat-
ment withdrawn > 3 days before the intervention dabigatran was as-
sociated with more bleeds, perhaps at least in part due to accumu-
lation of the drug in patients with poor renal function. Furthermore,
the equality of outcomes should be viewed in relation to how warfa-
rin-related bleeds or risk of bleeding were handled in the study.
Thus, vitamin K was given perioperatively to fewer than 5% of war-
farin-treated patients. Fresh-frozen plasma was given to 2%, and
prothrombin complex concentrate treatment was apparently not
used at all. The comparison of bleeding problems might have been
less favourable for dabigatran if patients taking warfarin would more
often have received treatments that are recommended by expert
opinion and guidelines (3). This underlines the necessity to imple-
ment risk minimisation strategies in the perioperative management
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of dabigatran in absence of specific antidote, especially for high-risk
surgery, e.g. major interventions or neurosurgery.

In the initial assessment report of the European Medicines
Agency (EMA), the marketing authorisation holder informed that
a dabigatran concentration below 48 ng/ml is equivalent to elimin-
ation of at least 75% of dabigatran and should be reached before
invasive intervention (4)... The “Groupe d’Intérét en Hémostase
Périopératoire (GIHP)” is much more conservative and put the
threshold at 30 ng/ml (5). A diluted Thrombin Time (dTT, i.e. the
Hemoclot Thrombin Inhibitors, Hyphen BioMed, Neuville-Sur-
Oise, France) has been proposed for accurate determinations of
dabigatran in plasma, but this test was not intended for measure-
ments of low levels of dabigatran (6). Other studies have assessed
the performance of this test, but also of a chromogenic variant of
the well-established ecarin clotting time (7). Both tests had lower
limits of quantitation between 30 and 50 ng/ml (8-11). Therefore,
a specific laboratory test, which is accurate in the low concen-
tration range and available 24/7, is highly requested. So far, most
routine coagulation tests for assessments of dabigatran concen-
trations or effects in the lower concentration range have been too
insensitive. This limits their usefulness in the perioperative setting,
and the use of the undiluted thrombin time test (TT) is currently
presented as an alternative due to its very high sensitivity to dabi-
gatran (12-14). This approach, although interesting, has some
limitations because T'T is affected by several analytical and biologi-
cal variables making its standardisation difficult (15).

In this study, we investigated the performance of two coagu-
lation tests specifically developed for measurements of low plasma
dabigatran concentrations (the Hemoclot Thrombin Inhibitors’
LOW (HTI LOW), a diluted thrombin time (Hyphen BioMed)
and the STA™-ECA 1I (ECA-II), a chromogenic variant of the eca-
rin clotting time (Diagnostica Stago’, Asniére-sur-Seine, France))
and to compare their results to direct measurements by a reference
liquid chromatography coupled with a tandem mass-spectrometry
(LC-MS/MS) method (9). We also assessed the performances of
the standard procedure of HTT (Hyphen BioMed') and the acti-
vated partial thromboplastin time (aPTT), which are recom-
mended in the EMA documents (4, 16), as well as of the T'T.

Materials and methods

The study was performed in accordance with the Declaration of
Helsinki and was approved by the Medical Ethics Committee of
the Centre Hospitalier Universitaire Dinant Godinne UcL Namur
in Yvoir, Belgium. Written informed consent was obtained from
each donor.

Clinical samples and normal pooled plasma

Thirty-three plasma samples from patients treated with dabigatran
etexilate for stroke prevention in non-valvular atrial fibrillation
were included in the study. Blood was taken by venipuncture in the
antecubital vein and collected into 0.109 M sodium citrate (9:1
v/v) tubes (Venosafe’, Terumo, Heverlee, Belgium) using a
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21-gauge needle (Terumo). Platelet-poor plasma (PPP) was ob-
tained from the supernatant fraction after double centrifugation
for 15 minutes (min) at 1500g at room temperature. Afterwards,
plasma was aliquoted and frozen at -80°C without delay. Frozen
plasma samples aliquots were thawed and heated to 37°C for at
least 5 min just before experiments. Plasma samples were taken
randomly and included in this study after a first assessment of
plasma dabigatran concentrations using the HTT to select samples
with plasma concentrations <200 ng/ml. The exact plasma level of
dabigatran was measured using a reference LC-MS/MS method, as
described below (9).

Normal pooled plasma (NPP) was obtained from the PPP of 27
healthy individuals which was prepared as for the clinical samples.
The exclusion criteria for the healthy individuals were: thrombotic
and/or haemorrhagic events, pregnancy, and use of antiplatelet
and/or anticoagulant medication and/or drugs potentially affect-
ing platelet and/or coagulation factor functions during two weeks
prior to sampling.

Liquid chromatography coupled with tandem mass
spectrometry

This method has been described previously (9). Briefly, plasma
concentrations of free dabigatran were determined after sample
preparation by protein precipitation of 50 uL citrated plasma with
150 pL acetonitrile containing dabigatran-d3 as an internal stan-
dard. The calibration curve for dabigatran in plasma was linear
over the range 1-400 ng/ml and the limit of detection (LOD) was
estimated to be <0.5 ng/ml. Validation experiments with three lev-
els of control samples (8.1, 202 and 393 ng/ml) on three different
occasions (six determinations per concentration), showed an
inter- and intra-assay precision between 6.0% and 9.2 % and be-
tween -0.9 % and 3.6 %, respectively.

Coagulation assays

For the ordinary HTT assay, a diluted thrombin time (dTT), the
tested plasma was diluted 1:8 in Owren-Koller buffer. Fifty pl of
diluted plasma were mixed with 100 pl of NPP and were incubated
during 240 seconds (sec). One hundred pl of highly purified
human thrombin, in the a-form pre-incubated at 37°C was then
added to start the reaction. The procedure was calibrated with a
3-calibrators kit at 35, 240 and 470 ng/ml (Hyphen BioMed'). For
HTI LOW, the methodology of the test was the same (i.e. it used
the same reagent than HTI) except that 1) the dilution of the
sample was reduced to 1:2 compared to 1:8 for the normal pro-
cedure, and that 2) specific calibrators (and controls) at lower con-
centrations (0, 57 and 110 ng/ml) were required (Hyphen
BioMed) to establish a new calibration curve. All calibrations were
defined by linear correlation.

For ECA-II, the tested plasma was diluted 1:5 in Owren-Koller
buffer. Fifty pl of diluted plasma were mixed with 140 pl of pro-
thrombin and then 70 pl of chromogenic substrate were added and
incubated during 240 sec. Seventy pl of ecarin, pre-incubated at
37°C, was then added to start the reaction. Optical density was fol-
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lowed during 40 sec (from 70 to 110 sec after ecarin addition) and
the result was expressed as the difference of OD/min. The procedure
was calibrated with a 5-calibrator kit at 0, 50, 96, 177 and 240 ng/ml
(Diagnostica Stago’) and results were fitted by an exponential decay
equation model. For results above 230 ng/ml, the ECA-II proposed
an automatic re-dilution of the sample (1:10 instead of 1:5).

Thrombin Time (TT), using STA"-Thrombin at 1.5 NIH units/
ml, with an upper limit of measurement (ULM, i.e. the maximal
clotting time for which the coagulometer provides a numerical re-
sult) extended to 300 sec (Diagnostica Stago’; NPP baseline clot-
ting time: 16.8 sec; standard deviation: 0.3 sec; local acceptable
range: 13.5-20.5 sec) and the activated partial thromboplastin
time (aPTT), using STA'-C.K.Prest” (Diagnostica Stago; NPP
baseline clotting time: 30.3 sec; standard deviation: 0.2 sec; accept-
able range: 26.4-37.6 sec) and SynthasIL’ (Instrumentation Lab-
oratory»; NPP baseline clotting time: 31.4 sec; standard deviation:
0.2 sec; local acceptable range 26.0-38.0 sec) reagents were also
measured to compare the performance of each of these tests in
presence of low concentrations of dabigatran.

All procedures were performed on a STA-R Evolution” coagulo-
meter (Diagnostica Stago '), according to the recommendations of
the manufacturers.

Table 1: Median plasma drug concentrations according to the time
elapsed since dabigatran etexilate administration. Two hours and 3
hours correspond to the expected C,,., of the drug while 12 hours
corresponds to the C;,. Plasma samples taken more than 20 hours
after the last intake of dabigatran etexilate were grouped together.

Statistical analyses

Statistical analyses were performed using GraphPad Prism version
5.00 (GraphPad Software, San Diego CA, USA, www.graphpad.
com) for Windows. Results for coagulation tests expressed in ng/
ml were compared to the LC-MS/MS method by linear regression.
Bland-Altman analyses were also performed and were calculated
as follows: Difference (A-B)/average, where A was the result of the
corresponding coagulation test and B, the result of the LC-MS/MS.

Thrombin time showed a linear regression while aPTT is better
fitted by a curvilinear (first-order) relation described by the fol-
lowing model: Y=YO0 + (Plateau-Y0)*(1-exp(-K*x)).

Sensitivity was defined as the concentration in dabigatran in
the original sample required to double the clotting time or halve
the optical density per min (OD/min). For the coagulation assays,
the lower limit of detection (LOD) and the lower limit of quanti-
tation (LOQ) were calculated as follows: LOD = [(3*standard devi-
ation of Y0)/ slope] and LOQ = [(10*standard deviation of Y0/
slope]. The standard deviation of YO was calculated by running the
tests 10 times with NPP.

For 11 samples, the exact time elapsed since the last intake was un-
known. T 0 hours correspond to baseline value (before the first intake of
dabigatran etexilate). * M>MMax means that the upper limit of measure-
ment (ULM) of the test (i.e. 300 seconds) was exceeded.

LC-MS/MS HTI HTI LOW STA®-ECA-Il  STA®-Thrombin  SynthasIL®  STA®-C.K.PREST®
(in ng/ml) (in ng/ml) (in ng/ml) (in ng/ml) (in sec) (in sec) (in sec)
Time elapsed since the last dose: 0 hourst (n=2)

Median 0 0 0 0 18.8 31.7 32.5

Range (min — max) 0to0 0to0 0to0 0to0 18.6 t0 19.0 31.5t031.8 27510375
Time elapsed since the last dose: 2 hours (n=4)

Median 133 122 138 153 229.2 56.8 52.9

Range (min —max) 65 to 185 64 to 191 87 to 168 77 to 204 18.1 to M>MMax+  32.6t059.3 27.5t056.9
Time elapsed since the last dose: 3 hours (n=4)

Median 125 119 132 146 235.4 51.1 48.3

Range (min — max) 49 to 200 68 to 194 790179 77 to 161 215.5 t0 292.5 42.1t057.7 42.2t057.1
Time elapsed since the last dose: 12 hours (n=5)

Median 76 46 76 83 157.8 48.2 42.9

Range (min — max) 52 t0 88 22 to 83 611to 103 6510 118 103.3t0 233.5 38.3t056.5 38.7 to 54.6
Time elapsed since the last dose: 20 hours (n=8)

Median 41 17 42 34 91.7 39.5 40.4

Range (min — max) 0to 76 0to 56 01095 0to 83 19.9 10 189.2 24.81052.5 24.2 t0 46.5
Time elapsed since the last dose: Unknown (n=10)

Median 9 0 1 8 26.5 32.0 28.7

Range (min — max) 0to 40 0to 30 0to 41 0 to 37 16.7 to 80.2 21.91t055.2 22.7 t0 35.5

HTI: Hemoclot Thrombin Inhibitors®; LC-MS/MS: Liquid chromatography coupled with tandem mass-spectrometry.
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Results

The plasma concentration range of free dabigatran was from 0 to
200 ng/ml according to LC-MS/MS measurements. »>Table 1 sum-
marises data on plasma drug concentrations according to the time
elapsed since dabigatran etexilate administration. Among these
samples, 17 were between 0 and 50 ng/ml. For assays that express re-
sults in ng/ml (i.e. HTT, HTI LOW and ECA-II) the linear corre-
lation parameters and the Bland-Altman analyses vs exact plasma
concentrations are provided in »>Table 2 and represented in P> Fig-
ure 1 for concentrations between 0 and 200 ng/ml. A stratification
for results between 0 and 50 ng/ml is also provided in the same table
and figure. P> Figure 2 shows the results for TT and aPTT.

Linear and curvilinear correlations

For concentrations between 0 and 200 ng/ml, the R? of the linear
correlations were 0.94, 0.94 and 0.85 for HTT, HTI LOW and ECA-
II, respectively. For STA’-Thrombin, the R? of the linear corre-
lation was 0.79 and the clotting time ranged from 16.7 to 292.5 sec.
For aPTT, the R? were 0.62 and 0.43 for STA'-C.K.Prest and Syn-
thasIL’, respectively. The clotting times ranged from 22.7 to 57.1
sec for STA'-C.K.Prest and from 21.9 to 59.3 sec for SynthasIL".
For concentration below 50 ng/ml, the R? of the linear corre-
lations were 0.69, 0.84 and 0.61 for HTI, HTI LOW and ECA-II,
respectively. The R? of the linear correlation for TT was 0.67 and
the longest clotting time for this range of concentrations was 248.7
sec for a sample with 49 ng/ml. For aPTT, linear correlation R
values of 0.42 and 0.15 were found for STA-C.K.Prest and Syn-
thasIL’, respectively. The highest clotting times in this concen-

tration range were 57.1 and 57.7 sec for STA'-C.K.Prest and Syn-
thasIL' for the sample with a plasma concentration of 49 ng/ml.

Bland-Altman analyses

For concentration between 0 and 200 ng/ml, the Bland-Altman
analysis showed a mean difference of —10 ng/ml (95% confidence
interval [CI]: -38 to 18 ng/ml), 1 ng/ml (95 %CI: -25 to 28 ng/ml)
and 4 ng/ml (95 %CI:-41 to 48 ng/ml) for HTI, HTT LOW and
ECA-II, respectively.

For concentration below 50 ng/ml, the Bland-Altman analysis
showed a mean difference of -6 ng/ml (95%CI: -25 to 14 ng/ml),
1 ng/ml (95 %CI: -18 to 19 ng/ml) and -1 ng/ml (95 %CIL:-25 to 23
ng/ml) for HTI, HTT LOW and ECA-II, respectively.

Sensitivity and limits of detection/quantitation

The concentrations of dabigatran in the sample required to double the
clotting time of HTI, HTI LOW, TT, aPTT (STA'-C.K.Prest) and
aPTT (SynthasIL)) were 298, 67, 6, 585 and 551 ng/ml, respectively.
For ECA-1I, the concentration of dabigatran required to halve the
DO/min was 102 ng/ml. The LOD and LOQ were 8 and 25, respect-
ively, for HTT compared to 2 and 7 ng/ml for HTT LOW. For ECA-II
the entire calibration curve is not defined by a linear correlation but by
a second order polynomial relation. Therefore, we took only the three
first points of the calibration curve, i.e. 0, 50 and 96 ng/ml, to calculate
the LOD and LOQ for ECA-IL These three points were well defined
by a linear correlation model (R? = 1.00). The LOD and LOQ for
ECA-II in this concentration range were 14 and 46 ng/ml while for
TT, the LOD and LOQ were 1 and 2 ng/ml, respectively.

HTI HTI LOW STA®-ECA-II STA®-Thrombin Table.Z: Summary of results obtained_with
the different analyses as related to direct
0 to 200 ng/ml (n=33) measurements of dabigatran in plasma by
R-square 0.94 0.94 0.85 0.79 LC-MS/MS. Results are given for the linear
regression (R2, slope, intercept) and the
slope LS e Lo Bland-Altman analyses. Results are also
95% Cl (0.8803t0 1.069)  (0.8773t0 1.055)  (0.8490 to 1.154) stratified for dabigatran concentrations up
intercept 8633 3.204 3635 to 200 ng/mL and <50 ng/mL.
95% Cl (-15.93t0-1.336)  (-3.672t0 10.08)  (-8.159 to 15.43)
Bland-Altman -10 1 4
(in ng/ml)
95% Cl (-38t0 18) (-25 t0 28) (-41 to 48)
0 to 50 ng/ml (n=17)
R-square 0.69 0.84 0.61 0.67
slope 0.8740 1.219 0.9403
95% Cl (0.5516t0 1.197)  (0.9268to 1.511)  (0.5302 to 1.351)
intercept -4.03 -2.629 -0.2403
95% Cl (-11.60 to 3.00) (-8.994t03.736)  (-9.182 t0 8.701)
Bland-Altman -6 1 -1
(in ng/ml)
95% Cl (-25to 14) (-18t0 19) (-25t0 23)
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Figure 1: Results of the linear correlation (A) and the Bland-Altman
analyses for the entire concentration range (B) for HTI, HTI LOW and
ECA-Il compared to LC-MS/MS. C) Bland-Altman analyses were also
extracted for concentration specifically <50 ng/ml. Bland-Altman analyses

were calculated as follow: Difference (A-B)/average, where A was the result
of the corresponding coagulation test and B, the result of the LC-MS/MS. HTI:
Hemoclot Thrombin Inhibitors® — HTI LOW: Hemoclot Thrombin Inhibitors®
— ECA-II: STA®-ECA Il
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sec; SD: 0.2 sec; acceptable range 26.0-38.0 LC-MSIMS {ng/mL) LC-MS/MS (ng/mL)
sec), respectively.

Discussion

Currently, there is no clear consensus regarding the perioperative
management of patients treated with dabigatran etexilate, es-
pecially not among patients with impaired renal function in whom
longer time periods are required to eliminate the drug (17). While
several authors recommend the use of a dTT, such as HTT, or an
aPTT in the perioperative context (18, 19), their insufficient sensi-
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tivity (8-11) limits their utility in patients with low plasma levels of
dabigatran (15, 20). The inaccuracy of HTI at low concentrations
may not change the clinical outcomes in invasive interventions
with low bleeding risk. However, in connection with high-risk sur-
gery, such as neurosurgery, a more accurate assessment may be
needed and risk minimisation strategies should be provided.
Thrombin time is an alternative in this context due to its very
high sensitivity towards dabigatran (21). However, it is influenced
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by several biological and analytical variables (22). Thus, up to now,
anaesthetists, surgeons and doctors involved in critical care units
are so far ill-equipped to cope with situations requiring accurate
evaluations of residual dabigatran effects and/or plasma concen-
trations and a specific laboratory test which is accurate in the low
concentration range and available 24/7 is highly requested.

Performance of dedicated coagulation tests
compared to global ones

Our results show that HTT LOW performs better than HTT and
ECA-II in the concentration range assessed in this study, i.e. from
0 to 200 ng/ml. It provides a steeper correlation compared with
ECA-II and a lower systematic difference compared to LC-MS/MS
with a narrower 95 % confidence interval (»Table 2). However,
ECA-II provides less systematic deviation than HTT (4 ng/ml vs
-10 ng/ml) for assessments of plasma concentrations in the 0-200
ng/ml range. For concentrations below 50 ng/ml, HTT LOW corre-
lates better with LC-MS/MS than HTI or ECA-II, which were
equivalent at these low concentrations. Regarding the systematic
deviation, both HTI LOW and ECA-II performed very well with a
small preference for HTI LOW due to a narrower 95% CL

Regarding sensitivity, HTT LOW was the most sensitive assay
followed by ECA-II and HTIL. Surprisingly, ECA-II did not per-
form better than previously shown for the “non-dedicated” meth-
odology (10, 11). However, both HTT LOW and ECA-II reflect
plasma dabigatran concentrations <50 ng/ml reasonably well with
a slight preference for HTT LOW due to narrower confidence in-
tervals. However, HTT LOW requires a new calibration curve and a
new set of controls which further increases the turn-around time
in an emergency situation. This is not required for ECA-IT which
directly introduces a calibration curve for the low concentrations
and an automatic re-dilution of the sample if the result exceeds
230 ng/ml. However, if the test is already calibrated on the coagu-
lometer, our proposal for sample management (see below) can re-
duce the turn-around time by choosing directly the right pro-
cedure to use between HTI and HTT LOW.

As expected, the lowest LOD and LOQ were obtained with TT,
i.e. 1 and 2 ng/ml, respectively. With the normal procedure (with
an upper limit of measurement (ULM) of 120 sec with
STA'-Thrombin at 1.5 NIH units/ml on a STA-R Evolution” coagu-
lometer), concentrations above 50 ng/ml frequently exceed the
ULM making the evaluation of the degree of anticoagulation im-
possible. For example, in our study, one sample with 49 ng/ml
dabigatran gave a TT of 248.7 sec while in another sample, TT
reached 86.2 sec for a plasma concentration of dabigatran of 54 ng/
ml (»Figure 2). Thus, thrombin time may be less useful than
dedicated assays to provide estimates of dabigatran effects. Initial
recommendations on the periprocedural management of patients
taking dabigatran etexilate stated that a normal aPTT indicated
the absence of a significant dabigatran effect. It was also recom-
mended that surgery should be delayed for >1 half-life after the
last dose of dabigatran or until the aPTT is normal or “near nor-
mal” (19). However, aPTT reacts differently depending on
reagents, coagulometers and their combinations, and a normal
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aPTT may be found in the presence of therapeutic dabigatran con-
centrations making these recommendations too simplistic (13, 23,
24). In the present study, one sample was within the normal range
of the STA-C.K.Prest (35.5 sec; normal range: 26.4 to 37.6 sec)
and SynthasIL" (32.1 sec; normal range: 26 to 38 sec), despite a
dabigatran concentration of 40 ng/ml. Two samples exhibited nor-
mal Synthasil and STA'-C.K Prest” values despite concentrations
of 76 and 34 ng/ml, respectively. Thus, the aPTT alone is not re-
liable and decisions based on aPTT should be avoided. Dedicated
coagulation tests should be preferably used to guide the perioper-
ative management. In the absence of dedicated coagulation tests,
the aPTT may be used but, only concomitantly with the TT, as
proposed previously (21, 22).

Proposal for sample management

The laboratory can be guided by TT regarding which dedicated
coagulation assay to use. We propose the following approach for
the rational management of plasma samples from patients on
dabigatran etexilate: For TT that exceeds the ULM (i.e.a TT <120
sec or * 6 times the upper limit of normal on a STA-R Evolution’
coagulometer using the recommendations of the manufacturer),
we propose the use of the standard HTT assay which has demon-
strate a sufficient accuracy in estimating plasma concentrations of
dabigatran above 50 ng/ml (6, 9-11). Following our experiments,
if TT is between the baseline clotting time and the ULM, a dedi-
cated method should be employed. The HTI LOW or the ECA-II
assays both provide good estimates of the plasma concentrations
but HTT LOW seems to be more accurate thanks to narrower CL
This simple paradigm may avoid unnecessary costs and ensure the
best estimation of the plasma concentrations when required, e.g.
in the perioperative setting.

Bridging therapy? The advantage of generating
meizothrombin

A recent prospective and non-interventional registry revealed that
heparin bridging did not reduce cardiovascular events in the peri-
operative context but lead to a significantly higher rate of major
bleedings. However, the use of heparin bridging increased with the
severity of the procedure (30 % of patients in this registry received
heparin bridging compared with 16 % in the RE-LY analysis). The
authors conclude that patients at cardiovascular risk who need to
undergo major procedures may benefit from heparin bridging
(25). In case of heparin bridging, the anticoagulant effect is tran-
siently affected by low-molecular-weight heparins to the effect of
dabigatran. Despite being less accurate than HTT LOW, one of the
main advantage of ecarin based assays is that in case of switching
or bridging therapy, meizothrombin, i.e. the intermediate product
released by ecarin from prothrombin, is unaffected by the presence
of heparin and derivatives. This allows an accurate assessment of
the direct thrombin inhibitor in plasma. This was demonstrated in
one of our patients who was bridged from dabigatran etexilate to
enoxaparin. While LC-MS/MS and ECA-II revealed no residual
dabigatran in plasma (0 ng/ml) the HTT LOW assay yielded a
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dabigatran plasma concentration of 8 ng/ml. The TT and the Syn-
thasIL  were 53.9 and 52.9 sec, respectively. Thus, HTT LOW may
be influenced by the presence of heparin or LMWH and labora-
tory tests should be interpreted in conjunction with the clinical
history. Another advantage of the ECA-II method is that the user
must not choose between a “LOW” or a “normal” procedure since
the test is intended to perform both by itself on a Stago™ platform.
However, this is at the expense of higher reagent consumption.

Limitations

Our study has some limitations. First, the LC-MS/MS method pro-
posed in this study only measured free dabigatran and does not in-
clude the conjugated form. However, the latter only contributes
approximately to 20% of the total dabigatran in plasma and is
most likely of minimal importance at these low concentrations of
dabigatran (15, 26). The second limitation concerns the low
number of samples assessed that did not allow us to provide strong
recommendations on whether HTT LOW or ECA-II should be
used at the lowest plasma concentrations. Nevertheless, Bland-Alt-
man analyses revealed that both HTT LOW and ECA-II perform
better than HTT in the concentration range tested in this study and
that they should be preferred to the standard procedure of HTI for
evaluations of assess plasma concentrations between 0 and 50 ng/
ml. This single-centre pilot study with a small patient material was
not designed and powered to address clinical outcomes. Conse-
quently, the implementation of a second-tier assay for dabigatran
testing in routine practice should be further investigated to con-
firm clinical benefits in a large, multicentric study.

Conclusions

So far, TT has been the only functional test sufficiently sensitive to
guide the management of patients in the perioperative context
since both the Hemoclot Thrombin Inhibitors’ (HTI) and the Eca-
rin Chromogenic Assay (ECA) showed weak performances when
assessing low dabigatran concentrations. Measurements of such
low plasma concentrations may have clinical implications for
high-risk surgery, and dedicated coagulation tests are therefore
required. The HTT LOW and the ECA-II assays, specifically
adapted to evaluate low dabigatran concentrations, performed well
with dabigatran concentrations in plasma <50 ng/ml. We there-
fore recommended the use of HTI LOW or ECA-II to assess the
plasma concentrations when they are suspected to be low, such as
those encountered in the perioperative context. HTI LOW seems
to be more accurate due to a narrower confidence interval but this
should be confirmed in a larger study. However, screening of such
samples by TT may be useful when choosing dedicated coagu-
lation tests in order to avoid unnecessary costs and ensure the best
estimation of dabigatran plasma concentrations, when required.
The clinical benefit of such a procedure should be confirmed in a
large multicentric study that addresses its impact on clinical out-
comes.

© Schattauer 2015

What is known about this topic?

o The perioperative management of dabigatran is quite challenging
especially in the absence of a specific reversal agent, and possibil-
ities to evaluate the intensity of the treatment are therefore valu-
able.

e The use of dTT or an aPTT has been recommended in the perioper-
ative context, but their insufficient sensitivity limits their utility in
patients with low plasma levels of dabigatran.

o Thrombin time is an alternative in this context due to its very high
sensitivity, but it is influenced by several biological and analytical
variables.

What does this paper add?

o The performance of two coagulation tests specifically developed
for measurement of low plasma dabigatran concentrations (the
Hemoclot Thrombin Inhibitors® LOW and the STA®-ECA Il was as-
sessed and compared to direct measurements by a reference LC-
MS/MS method.

e The HTI LOW and the ECA-II assays, specifically adapted to evalu-
ate low dabigatran concentrations, performed well with dabi-
gatran concentrations in plasma <50 ng/ml.

e Screening by the thrombin time test may be useful in choosing
the dedicated coagulation tests (i.e. HTI or HTI LOW/ECA-II) in
order to avoid unnecessary costs.
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