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Background. The aim of this study was to evaluate ex vivo and in vitro interference of a direct factor
I1a inhibitor, dabigatran, on a prothrombinase-based assay to detect activated protein C resistance.

Materials and methods. An ex vivo study was performed in six heterozygous factor V Leiden
carriers and 12 normal subjects without the factor V Leiden mutation who were treated with dabigatran.
An in vitro study was also performed considering 12 plasma samples (six from normal subjects and
six from heterozygous factor V Leiden carriers) spiked with dabigatran. The dabigatran concentration
was evaluated using a diluted thrombin time assay, activated protein C resistance was evaluated using
a prothrombinase-based assay.

Results. In both the ex vivo and in vitro studies dabigatran interfered significantly with activated
protein C resistance ratios observed in normal subjects and in factor V Leiden heterozygous carriers.

Discussion. The results reported in this paper seem to confirm that dabigatran is able to interfere
with the Penthafarm prothrombinase-based assay used to study activated protein C resistance,
significantly increasing observed ratios. This effect appears to be present already at low concentrations
of dabigatran (6 ng/mL) and affects both normal subjects and heterozygous carriers of factor V Leiden.
In this group of patients, dabigatran, at concentrations in the therapeutic range (100-200 ng/mL),
could markedly increase the activated protein C resistance ratio, bringing it up to within the reference

range for normal subjects, thus potentially leading to misclassification of patients.
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Introduction

Activated protein C (APC) is a natural anticoagulant
that is capable of hydrolysing activated factor V (FVa)
at three arginine sites (R306, R506, and R679). Factor V
Leiden (FVL) is characterised by a single point mutation
(G1691A) that changes the arginine in position 506 to a
glutamine (R506Q); as a result of this mutation APC is
less efficient at cleaving FVL. Thus FVL is "resistant"
to APC, resulting in a hypercoagulable state'-2. Activated
protein C resistance (APCr) is almost always caused
by FVL. In clinical laboratories, the first approach to
detecting the presence of FVL is usually a functional
assay for APCr3.

The original APCr assay yields a ratio between a
baseline activated partial thromboplastin time (aPTT)
and the aPTT after purified exogenous APC has been
added. APC-mediated cleavage of FVa prolongs the
aPTT, and this prolongation is decreased in the presence
of FVL. Both the sensitivity and specificity of these first-
generation assays are unsatisfactory. This is in large part
due to the assay not being accurate when the baseline

aPTT is abnormal; conversely, low ratios that falsely
suggest APCr are caused by a variety of conditions
including acute phase reactions and pregnancy (due to
elevated factor VIII and low protein S), and hormone
replacement therapy or oral contraceptives (due to low
protein S)>4.

Second-generation APCr assays effectively eliminate
the influence of abnormal factor levels by adding a step
in which the patient's plasma is diluted in FV-deficient
(but otherwise normal) human plasma. Moreover,
polybrene, a heparin neutraliser is added. These
modifications increase the sensitivity and specificity
of FVL detection. However, direct thrombin inhibitors
and rivaroxaban can give falsely elevated APCr results’.

More recently, APCr assays have been developed
that use Russell viper venom (RVV) from the snake
Daboia russelli. The RVV time is analogous to the
aPTT, except that the clotting cascade is initiated by
the RVV factor X activator (RVV-X). This sidesteps the
contact pathway and thereby eliminates influences of
factor VIII, IX, XI and XII concentrations. There is no
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dilution into FV-deficient plasma, therefore low factor
IT or FV levels may interfere with these assays, as may
low fibrinogen concentrations, direct thrombin inhibitors
and direct factor Xa inhibitors. The reagent contains a
heparin neutraliser as well as phospholipids intended
to prevent any interference from lupus anticoagulants?.

In another APCr assay the role of factor Xa is
replaced by noscarin, a FVa-dependent but phospholipid-
independent prothrombin activator derived from
the snake Notechis scutatus. Factor deficiencies or
elevations are overcome by dilution into FV-deficient
plasma. Moreover, phospholipid and calcium are not
present in the reagent. Phospholipid independence
should eliminate interference by lupus anticoagulants.
FV is activated by RVV FV activator (RVV-V) in
the presence or absence of exogenous APC. Another
characteristic of this prothrombinase-based assay is that
a ratio based on prothrombin time is used®.

Only few data concerning the interference that
dabigatran may have on assays to detect APCr are
available. Furthermore, most studies investigating
this problem have been in vitro investigations and
usually evaluated assays based on the aPTT ratio. The
aim of this study was to evaluate ex vivo and in vitro
interference of the direct factor Ila inhibitor dabigatran
on a prothrombinase-based assay to detect APCr.

Materials and methods
Samples
Ex vivo study

We considered 18 subjects with non-valvular atrial
fibrillation treated with dabigatran etexilate (150 mg
twice daily) for thromboprophylaxis: 12 subjects
were wild-type homozygotes for FVL and six were
heterozygous for FVL. For each of these subjects at least
four samples were available: a basal sample obtained
before treatment, a pair of samples obtained after 1
month of treatment (the first before and the second
2 hours after taking the drug), and at least one more
sample. The dabigatran concentration and APCr ratios
were estimated in these samples. A total of 62 samples
were taken from the normal subjects: 12 samples were
obtained before drug administration (group O), in
15 samples the dabigatran concentration was below
100 ng/mL (group A), in 19 samples the dabigatran
concentration was between 100 and 200 ng/mL (group
B), and in 16 the concentration was over 200 ng/mL
(group C). A total 0of 29 samples were taken from the FVL
heterozygous carriers: six samples were obtained before
drug administration (group O1), in seven samples the
dabigatran concentration was below 100 ng/mL (group
Al), in eight samples it was between 100 and 200 ng/mL
(group B1), and in eight other samples the dabigatran
concentration was over 200 ng/mL (group C1).

In vitro study

We prepared 12 plasma samples: six from normal
subjects and six from FVL heterozygous patients.
These samples were from subjects previously evaluated
for FVL and stored at —80 °C. We made a solution
containing 1 mg/mL of dabigatran’® and prepared six
test-tubes for each plasma sample. No dabigatran was
added to the first tube (D and D1 for normal subjects
and FVL heterozygous carriers, respectively); the
other tubes were spiked with dabigatran to obtain drug
concentrations of 6 (Eand E1), 12 (Fand F1), 25 (G and
G1), 50 (H and H1), and 100, ng/mL (I and 11). Each
tube was tested in duplicate to evaluate the effective
dabigatran concentration and APCr ratio.

Laboratory methods

Dabigatran concentration was determined using a
diluted thrombin time assay supplied by Hyphen and a
Sysmex Ca-7000 analyser (Dasit SpA, Milan, Italy)°.
APCr was evaluated using a prothrombinase-based assay
(Pefakit APC-R FVL; Pentapharm, Basel, Switzerland)
and a Sysmex CA-7000 analyser'?. The prothrombinase-
based assay for detecting APCr evaluated in this study
is a plasma-based functional clotting assay. It relies
on a FVa elimination step and a FVa detection step. In
accordance with the manufacturer's instructions, in the
first analytical step the patient's plasma is mixed with
normal human plasma that has been depleted of FV and a
reagent that contains APC and a snake venom specifically
activating the FV in the plasma sample (Russell viper
venom-factor V [RVV-V] isolated from Daboia russelli
venom). This step effectively eliminates the influence of
abnormal coagulation factor levels; moreover, a heparin
inhibitor (polybrene) is added to minimise interference
from unfractionated or low-molecular weight heparin.
During a first incubation period, FVa is inactivated
by APC. The velocity of the inactivation of the FVa
molecules depends on their binding kinetics to APC and,
thus, is decelerated significantly in the case of a FVL
mutation. Subsequently, a second reagent that contains
a FV-dependent prothrombin activator (noscarin from
the venom of Notechis scutatus scutatus) and EDTA are
added. The prothrombin activator converts prothrombin
to thrombin and, thus, induces clotting of the sample.
Phospholipid and calcium are not present in the reagent.
The clotting time is recorded. If the FVa molecules in
the sample have been eliminated during the incubation
step, the velocity of prothrombin activation by the FV-
dependent noscarin is slow and, therefore, the clotting
time is long. If the FVa elimination has been incomplete
(e.g., because of a FVL mutation), the velocity of
prothrombin activation is high and the clotting time
is short. A second determination is performed under
identical assay conditions, with the exception that no
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APC is added to the first reagent. Thus, the baseline
clotting time is determined without the inactivation of
the FVa molecules by APC. This determination is called
the APC(—) measurement, as opposed to APC(+) for the
test with the FVa elimination by APC. The ratio between
the APC(+) and APC(-) results is calculated, so in this
assay factor deficiencies or elevations are overcome
by dilution into factor V-deficient plasma. The role of
factor Xa is replaced by noscarin, a FVa-dependent but
phospholipid-independent prothrombin activator!-!4,
The F5 genotype was assessed using a Cepheid
GeneXpert assay'’ (Cepheid Italia Srl, Pero, MI, Italy).

Statistical analysis

We used MedCalc 8.0 (Medcalc Software,
Ostend, Belgium) for the statistical computations. For
comparisons of means we adopted a Student's #-test: a
p-value <0.05 was considered statistically significant. All
results are reported as meansttwo standard deviations.

Results
Ex vivo study

The results obtained in the FV wild-type homozygote
patients (the so-called normal subjects) are reported in
Table I. As shown in Figure 1A, there was a significant
relationship between dabigatran concentration and APCr
ratio (y=4.25+0.13x, r=0.88). The results obtained in
FVL heterozygous patients are also reported in Table I. As
shown in Figure 1B, there was a significant relationship
between dabigatran concentration and APCr ratio also
in this group (y=1.39+0.05x, r=0.92).

In vitro study

The results obtained in plasma samples from FV
wild-type subjects are reported in Table II. As illustrated
in Figure 2 A, there was a significant relationship between

Table I - Results from the ex vivo study.

APCr_Ratio

(B)

APCR_Ratio

Figure 1 -

Activated protein C resistance (APCr) ratios and
dabigatran etexilate (DAB) concentrations in
(A) FV wild-type subjects and (B) FV Leiden
heterozygous patients: ex vivo results.

DAB APCer ratio
concentration

0 ng/mL 3.69+0.41

<100 ng/mL 5.38+0.66

O vs A p<0.01

100-200 ng/mL 6.88+0.88

O vs B p<0.005

Avs B p<0.05

Q|lw|»| 0O

>200 ng/mL 7.77+1.02

OvsC
p<0.001

Avs Cp<0.01 B vs C P<0.05

DAB APCr ratio
concentration

01 0 ng/mL 1.34+0.08

Al <100 ng/mL 1.79+0.11

O1 vs Al p<0.05

Bl 100-200 ng/mL 2.23+0.14

O1 vs B1 p<0.01

Al vs B1 p<0.05 -

Cl >200 ng/mL 2.74+0.83

Ol vs C1 p<0.001

Al vs Cl p<0.01 B1 vs C1 p<0.05

APCr: activated protein C resistance; DAB: dabigatran etexilate; FV wild-type homozygous subjects: groups O, A, B and C. FV

Leiden heterozygous patients: groups O1, Al, Bl and C1.
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Table II - Results from the in vitro study.

DAB concentration APCr ratio p p p p p
D 0 ng/mL 3.45+0.44
E 6 ng/mL 4.42+0.47 DvsE
p<0.01
F 12 ng/mL 4.82+1.05 DvsF EvsF
p<0.005 p<0.05
G 25 ng/mL 5.05+0.77 Dvs G EvsG FvsG
p<0.001 p<0.01 p<0.05
H 50 ng/mL 5.16+0.66 DvsH GvsH FvsH GvsH
p<0.001 p<0.01 p<0.01 p<0.05
1 100 ng/mL 6.44+1.15 Dvsl Evsl Fvsl Gsl Huvs1
p<0.001 p<0.001 p<0.01 p<0.01 p<0.01
DAB concentration APCr ratio
D1 0 ng/mL 1.33+0.12
E1l 6 ng/mL 1.66+0.15 D1 vs E1
p<0.05
F1 12 ng/mL 1.79+0.14 D1 vsFl1 ElvsF1
p<0.01 p<0.05
Gl 25 ng/mL 1.97+0.18 D1 vs G1 El vs G1 F1lvs Gl
p<0.005 p<0.01 p<0.05
H1 50 ng/mL 2.41+0.40 D1 vs H1 Elvs H1 Flvs H1 Gl vs H1
p<0.001 p<0.01 p<0.01 p<0.05
I 100 ng/mL 2.59+0.48 D1vs 1l Elvs1l Flvs 1l Gl sl H1 vs 11
p<0.001 p<0.01 p<0.01 p<0.01 p<0.05

APCr: activated protein C resistance; DAB: dabigatran etexilate. Plasma samples from normal subjects (FV wild-type homozygotes): groups D, E, F, G, H
and I. Plasma samples from heterozygous FVL carriers: groups D1, E1, F1, G1, H1 and 11.

dabigatran concentration and APCr ratio (y=4.11+0.25x,
r=0.71). The corresponding results obtained in plasma
samples from FVL heterozygous subjects are also
reported in Table II. Likewise, Figure 2B shows that
there was a significant relationship between dabigatran
concentration and APCr ratio (y=1.57+0.12x, r=0.82)
in plasma samples from FVL carriers.

Discussion

Dabigatran etexilate is an oral anticoagulant drug
with a direct inhibitory action against factor Ila. Because
of its action as a direct thrombin inhibitor, dabigatran
is known to interfere with essentially all clot-based
coagulation assays. Among routine coagulation assays,
the most sensitive to the presence of dabigatran was
found to be the thrombin time, which is prolonged
even at low dabigatran concentrations. Relatively low
levels of dabigatran (75 ng/mL) are consistent with
prolongation of the aPTT, whereas relatively high levels
of dabigatran (200 ng/mL) are needed to prolong the
prothrombin time assay’'®!7.

Only few data concerning dabigatran's influence
on the assay for detecting APCr were available.
Furthermore, most studies investigating this problem
were in vitro investigations and usually evaluated assays
based on the aPTT ratio. For example, Adcock et al.”

and Lindahl et al.'” observed, in two in vitro studies
performed using aPTT-based functional assays, that
dabigatran was able to increase the APCr ratio. However,
only homozygous wild-type FV subjects were included
in those studies. There are no studies evaluating the effect
of inhibitors of factor Ila on the determination of APCr
ratio performed using prothrombinase-based functional
assays. In a previous paper we reported, in three FVL
heterozygous carriers that, using a prothrombinase-
based assay, APCr ratios observed during dabigatran
treatment were significantly higher than values observed
in samples obtained before treatment'.

In this study, both ex vivo and in vitro investigations
were performed in order to evaluate the effect of
dabigatran on a prothrombinase-based assay for the
detection of APCr. In the ex vivo study 91 samples
obtained from 18 subjects were considered: 29 samples
were taken from six FVL heterozygous carriers and
62 samples were from 12 normal (FV wild-type
homozygous) subjects. These samples were divided
into four groups (O, A, B and C for normal subjects;
O1, Al, Bl and C1 for FVL carriers) according to their
dabigatran concentration: 0 ng/mL (groups O and O1),
<100 ng/mL (groups A and Al), between 100 and 200
ng/mL (groups B and B1), and >200 ng/mL (groups C
and C1).
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Figure 2 - Activated protein C resistance (APCr) ratios and
dabigatran etexilate (DAB) concentrations in
(A) FV wild-type subjects and (B) FV Leiden
heterozygous patients: in vitro results.

In the ex vivo study, we observed a clear interference
of dabigatran on APCr ratios among normal subjects.
As indicated in Table I, the APCr ratios detected in
the four groups of samples classified according to
plasma dabigatran concentration (O, A, B and C)
differed from each other in a statistically significant
manner in all cases. As further confirmation of the
ability of dabigatran to interfere with the study
of APCr we constructed a regression line relating
dabigatran plasma concentration and APCr ratios;
as shown in Figure 1A we observed a satisfactory
correlation with r=0.88.

In vitro, the mean APCr ratio observed in group
D was 3.45+0.44, a value similar to that in group
O (both groups studied without the presence of
dabigatran). In group E (dabigatran concentration
6 ng/mL) the mean APCr ratio was significantly
higher (p<0.05) than that in group O. Thus, even at
concentrations as low as 6 ng/mL, much lower than
the recommended therapeutic levels, dabigatran
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was able to interfere with the assay, significantly
increasing the APCr ratios. As indicated in Table II,
the APCr ratios determined in six plasma samples
spiked with various concentrations of dabigatran,
ranging from 0 to 100 ng/mL (D, E, F, G, H and 1),
differed from each other, in all cases in a statistically
significant manner. As further confirmation of the
ability of dabigatran to interfere with the study
of APCr we constructed a regression line relating
dabigatran plasma concentration and APCr ratios;
as shown in Figure 2A, we observed a satisfactory
correlation with r=0.71.

Among FVL heterozygous patients we observed,
ex vivo, a clear influence of dabigatran on APCr ratios.
As indicated in Table I, APCr ratios in the four groups
of samples classified according to plasma dabigatran
concentration (O1, Al, B1 and C1) were all statistically
significantly different from each other and the regression
line relating dabigatran plasma concentration and APCr
ratio (Figure 1B) showed a satisfactory correlation
(r=0.92), thus further confirming the ability of dabigatran
to interfere with APCr assays.

In vitro, the mean APCr ratio in group D1 was
1.33+0.12, a value similar to that obtained in group O1
(both groups studied in the absence of dabigatran). In
group E1 (dabigatran concentration 6 ng/mL) the mean
APCr ratio was significantly higher (p<0.05) than that
in group O. Thus, in FVL heterozygous patients, just
as in normal subjects, at concentrations as low as6 ng/
mL, much lower than recommended therapeutic levels,
dabigatran interfered with the APCr assay, significantly
increasing the ratios. As indicated in Table II, APCr
ratios detected in the six plasma samples spiked with
various amounts of dabigatran (range of concentrations
from 0 to 100 ng/mL; D1, E1, F1, G1, H1 and I1) were
all statistically significantly different from each other.
Once again the ability of dabigatran to interfere with the
APCr assay was confirmed by the regression line relating
the drug's plasma concentration and APCr ratio, which
had a satisfactory correlation of r=0.82 (Figure 2B).

Conclusions

The results reported in this paper seem to confirm
that dabigatran is able to interfere with the Penthafarm
prothrombinase-based assay for the study of APCr,
significantly increasing the ratios. This effect appears to
be present already at low concentrations of dabigatran
(6 ng/mL) and affects both normal subjects and
heterozygous carriers of FVL. In this latter group
of patients, at concentrations of dabigatran in the
therapeutic range (100-200 ng/mL), there could be
marked increases in the APCr ratio, bring it up to within
the reference range for normal subjects, thus potentially
leading to misclassification of patients with APCr.
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