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a b s t r a c t
Introduction: Rivaroxaban (RXA) is licensed for prophylaxis of venous thromboembolism after major
orthopaedic surgery of the lower limbs. Currently, no test to quantify RXA in plasma has been validated in an
inter-laboratory setting.
Our study had three aims: to assess i) the feasibility of RXA quantiﬁcation with a commercial anti-FXa assay,
ii) its accuracy and precision in an inter-laboratory setting, and iii) the inﬂuence of 10 mg of RXA on routine
coagulation tests.
Methods: The same chromogenic anti-FXa assay (Hyphen BioMed) was used in all participating laboratories.
RXA calibrators and sets of blinded probes (aim ii.) were prepared in vitro by spiking normal plasma. The
precise RXA content was assessed by high-pressure liquid chromatography-tandem mass spectrometry. For
ex-vivo studies (aim iii), plasma samples from 20 healthy volunteers taken before and 2 – 3 hours after
ingestion of 10 mg of RXA were analyzed by participating laboratories.
Results: RXA can be assayed chromogenically. Among the participating laboratories, the mean accuracy and
the mean coefﬁcient of variation for precision of RXA quantiﬁcation were 7.0% and 8.8%, respectively. Mean
RXA concentration was 114 ± 43 μg/L .RXA signiﬁcantly altered prothrombin time, activated partial
thromboplastin time, factor analysis for intrinsic and extrinsic factors. Determinations of thrombin time,
ﬁbrinogen, FXIII and D-Dimer levels were not affected.
Conclusions: RXA plasma levels can be quantiﬁed accurately and precisely by a chromogenic anti-FXa assay on
different coagulometers in different laboratories. Ingestion of 10 mg RXA results in signiﬁcant alterations of
both PT- and aPTT-based coagulation assays.
© 2011 Elsevier Ltd. All rights reserved.

Introduction
Rivaroxaban (RXA) is an oral, direct, speciﬁc inhibitor of factor Xa
[1]. Its chemical structure and small size (435.9 g/Mol) enable it to ﬁt
into the active site pocket of FXa, thereby directly blocking FXamediated serine protease activity. No co-factor protein is necessary
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E-mail address: lars.asmis@unilabs.com (L.M. Asmis).

for this inhibition to occur. Due to its chemical properties RXA binds
only to FXa, it does not interact with thrombin or other serine
proteases involved in coagulation. The 10 mg per os application once
daily is licensed in more than 100 countries worldwide for the
prevention of venous thromboembolism (VTE) in patients after
orthopaedic surgery (elective hip and knee surgery).
Therapeutic drug monitoring (TDM) can be deﬁned as the
individualization of drug dosage by maintaining drug concentrations within a predeﬁned prophylactic or therapeutic range [2]. RXA
dose not require monitoring since it has a predictable pharmacokinetic which is proportional to the pharmacodynamic effect [3,4].
Single dosing with no monitoring was successfully used in all the
phase III studies performed so far [5–8]. However, there are situations
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such as emergency surgery or planned invasive procedures in patients
taking RXA, control of therapy adherence, putative RXA intoxication or
treatment failure, as well as bleeding events in patients taking RXA,
when treating physicians may want to know the RXA plasma level. For
these purposes a widely available, validated test for RXA quantiﬁcation is desirable. High-performance liquid chromatographytandem mass spectrometry (HPLC-MS/MS) is a validated method
to quantify RXA [9]. However, HPLC-MS/MS is not available at most
medical laboratories.
Samama et al. have published data and a recent review describing
the problems associated with RXA quantiﬁcation using global
coagulation tests such as the activated partial thromboplastin time
(aPTT) and prothrombin time (PT) according to Quick [10,11]. Barret
et al. have shown that chromogenic anti-factor Xa (FXa) assays are
superior to prothrombin time based assays for the measurement of
direct FXa inhibitors including RXA [12]. However, no commercial
laboratory assay has been validated for the determination of plasma
levels of RXA in an inter-laboratory setting thus far.
We hypothesize that a commercial chromogenic anti-FXa assay
employing RXA calibrators would produce reproducible and precise
RXA measurements in a real-life clinical setting. We tested this
hypothesis among the 9 member laboratories of the RIVAMOS group
(see Acknowledgements). Aims of this study were deﬁned as follows:
i) to assess the feasibility of a commercial chromogenic anti-FXa assay
for RXA quantiﬁcation, ii) to assess the accuracy and precision of this
assay on the different coagulometers of the RIVAMOS group utilizing
human plasma spiked with RXA in vitro as calibrators, and, ﬁnally iii),
to assess the inﬂuence of 10 mg of RXA on routine coagulation tests in
the different laboratories using plasma samples from 20 healthy male
volunteers taken 2–3 hours after RXA ingestion.
Methods
Preparation of calibrators and blinded samples
Stock solutions of RXA were prepared in 100% DMSO. Calibrators
(CAL) and blinded samples were obtained by spiking human plasma
with RXA stock solution (ﬁnal DMSO concentration was ≤2% v/v).
RXA concentrations in CAL, blinded samples (aim ii) and samples from
the ex-vivo studies (aim iii) were assessed at Dr Rohde's lab at Bayer
HealthCare by HPLC-MS/MS [9]. CAL were labelled with the
concentrations as determined by HPLC-MS/MS. Blinded samples
were labelled with letters A-H. Both CAL and blinded samples were
shipped at −20° to participating laboratories.
Analytics
The chromogenic anti-FXa assay used, Biophen Heparin 6 (Hyphen
BioMed, Neuilly-sur Oise, France; reference 221006), is CE labelled for
the measurement of heparins. This is a one stage assay that utilizes
endogenous antithrombin. It is an automated kinetic method during
which a constant amount of exogenously added bovine FXa is
inhibited by anticoagulants in the sample to be tested. Non-inhibited
FXa cleaves a FXa-speciﬁc chromogenic substrate, producing a yellow
signal that is detected at 405 nm. Preparation of the standard curve
was left to laboratory discretion.
For the HPLC-MS/MS method, lower level of quantiﬁcation
(LLOQ) of RXA is reported at 0.500 μg/l by Rohde et al. [9]. For the
chromogenic anti-FXa measurement of RXA, the limit of detection
(LOD) was determined by calculating the mean optical density of 7
independent blank values, subtracting 3 SD and converting that
value into a RXA concentration using a HPLC-MS/MS validated
standard curve (Fig. 1B). Laboratory platforms used by the
participating RIVAMOS laboratories are provided in Table 1. Reagents are speciﬁed in Fig. 3 for each assay. Innovin, Pathromtin,
Multiﬁbren, Innovance, Thromborel, Berichrom, Thromboclotin are

Fig. 1. Comparing chromogenic anti-FXa assay and HPLC-MS/MS measurements.
(A) The time course of anti-FXa levels (red circles) and HPLC-MS/MS measurements
(blue circles) were compared in a volunteer following the ingestion of 10 mg RXA. For
better comparability, the anti-FXa results were transformed (individual optical density
values were subtracted from the maximal value: y = 1649-x; these modiﬁed units were
designated as arbitratry unitssubtrated (AUsub)) to get a curve with a “positive” peak. For
better visibility values from the same time point were placed adjacently and not
superimposed. (B) Limit of detection (LOD) and dilution with different preparations of
normal human plasma. Plasma from a volunteer obtained 2 hours after ingestion of
10 mg RXA was diluted using normal human plasma to dilutions of 0%, 16%, 33%, 50%,
66%, 83% and 100%. The percentage speciﬁes the amount of volunteer plasma
containing RXA. One series of diluted plasmas was measured at day 0 (orange dots),
the same series was measured again one day later (day1, purple dots). The same
dilutions of the volunteer plasma was prepared with lyophilized plasma from a
commercial source (Siemens Healthcare; red square). (C) Correlation between RXA
quantiﬁcations derived from the chromogenic anti-FXa assay (laboratory G) and those
obtained by HPLC-MS/MS. Linear regressions for two different standard curves are
depicted (y = a + bx; r2: coefﬁcient of determination, a: intersection with the Y axis,
b: slope,). Blue circles indicate measurements derived from calibrators that were
prepared by adding RXA in vitro to plasma. Red circles indicate measurements based on
calibrators that were prepared by diluting RXA containing volunteer plasma.
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Table 1
Coagulometers used in the participating laboratories.
Laboratory

Company

Model

A
B
C
D
E
F
G
H
I

Siemens
Roche
Siemens
Siemens
Sysmex
Sysmex
Roche
Instrumentation Laboratory
Siemens

BCS-XP
STA-R
BCS-XP
BCS-XP
CA7000
CA1500
STA-R
ACL Top 700
BCS

trademarks of Siemens Healthcare. HemosIL, Recombiplastin are
trademarks of Instrumentation Laboratories, STA, Liatest are
trademarks of Stago, CRYOcheck is a trademark of Precision
BioLogic. VIDAS is a trademark of Biomérieux.
Volunteers
Following ethical approval through the relevant board at the
senior author's institution, 21 healthy male volunteers were
recruited and informed consent was obtained. Before and 2 to
3 hours after the ingestion of 10 mg of RXA per os up to 100-120 mL
of citrated venous blood were drawn as previously described [13].
Plasma samples were aliquoted, snap-frozen and shipped to
participating labs by courier at − 20 °C.
Preparatory studies
In order to evaluate aim i), we ﬁrst measured RXA containing
plasma samples from a volunteer having ingested 10 mg RXA with the
chromogenic anti-FXa assay and compared these results to HPLCMS/MS measurements (Fig. 1A). Secondly, we investigated the effect
of dilutions with buffers (data not shown) and various preparations of
plasma (frozen vs. lyophilized) on the anti-FXa measurements
(Fig. 1B). Thirdly, utilizing the chromogenic anti-FXa assay, we
determined the LOD for RXA as described above (mean-3SD method,
Fig. 1B). Fourthly, we compared a standard curve obtained with RXA
containing plasma probes prepared with a stock solution of RXA in
DMSO with the curve obtained with RXA containing plasma from a
volunteer after RXA ingestion; the RXA concentration of the latter
plasma probe had been assessed by HPLC-MS/MS (Fig. 1C). Fifthly, we
assessed whether, and down to which concentration, DMSO as a
vector inﬂuenced routine coagulation tests (not shown). Finally, a ﬁrst
quality control experiment was performed with a sample containing
an unknown concentration of RXA. This sample was sent out to the
participating laboratories for RXA quantiﬁcation (not shown).
In vitro studies
Three rounds of independent quality control experiments were
performed using calibrators and samples that were spiked with RXA
in vitro or stemmed from volunteers who had ingested RXA. The ﬁrst
round with a single blinded sample (as described above) was
performed to ascertain the feasibility of the project (aim i.). The
following two experiments (aim ii.) each involved a set of labeled
CAL and a set of four blinded samples (Fig. 2A: samples A-D and
Fig. 2B: samples E-H). Each set of blinded samples had one negative
sample, two samples with identical RXA concentrations that were
within the range of the supplied calibrators, and one sample with a
high RXA concentration requiring sample dilution. CAL and blinded
samples were prepared in laboratory I. Laboratory F, where anti-FXa
testing was not offered, and laboratory I, which was not blinded
were not included in the quality control analysis performed to

Fig. 2. Blinded quality control trials (in vitro) and RXA quantiﬁcation (ex-vivo). In
two rounds ((A) and (B)) of blinded quality control testing, four samples of normal
human plasma spiked with RXA in vitro were distributed per round. The participating
labs were unaware of the RXA concentration in the samples. The RXA concentration
measured by HPLC-MS/MS is speciﬁed under each sample and shown as a grey bar in
the ﬁgure. Purple points with error bars of the standard deviation represent the mean of
all submitted results obtained using the chromogenic anti-FXa assay. The purple points
represent the measurements of each participating lab. Accuracy (in %) and coefﬁcient of
variation of precision are speciﬁed under each sample. Not applicable (n.a.). (C) RXA
plasma concentration measured with the validated anti FXa assay in 20 volunteers:
purple points indicate the mean (+/− standard deviation) of the RXA concentration
measurements obtained in eight laboratories (Table 1: all labs, except Lab F)) for the 20
volunteers described under Volunteers & Methods.
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assess accuracy and precision. Laboratories were requested to report
RXA concentrations in μg/L.
Ex vivo studies
Plasma samples from 20 volunteers drawn before and 2–3 hours
after RXA ingestion were utilized to measure RXA plasma concentrations with the newly validated anti-FXa assay (Fig. 2C) and to determine
the inﬂuence of RXA on routine coagulation tests (aim iii.; PT, aPTT,
thrombin time, ﬁbrinogen, D-Dimer, FII, FV, FVII, FVIII, FIX, FX, FXI, FXIII;
Fig. 3). Not all laboratories performed all tests (see reagent speciﬁcations
in the respective graphs in Fig. 3).

“volunteer” and “laboratory”. Inter laboratory reliability was assessed
using a three way random ANOVA. Inter-laboratory reliability is the
ratio of the sum of variance components not depending on laboratory
and the sum of all variance components [14]. All analyses were
performed using SPSS 17 (SPSS Inc., Chicago, IL). P-values ≤ 0.05 are
considered statistically signiﬁcant. Reliability was not assessed for
anti-FXa measurements before vs after drug ingestion, due to missing
data.

Results
Preparatory studies

Data handling and statistics
Results were entered into spreadsheets (Excel 2003, Microsoft
Corp., Seattle, WA). Graphs were produced using Sigma Plot for
Windows, Version 11.0 (Systat Software Inc., Chicago, IL). Accuracy in
% was calculated by dividing the difference between the mean of antiFXa quantiﬁcations and the respective HPLC-MS/MS result by the
HPLC-MS-MS result and multiplying the result by 100; e.g. sample A in
Fig. 2A: [(78.6-74.6)/74.6] × 100 = 5.3%. The coefﬁcient of variation
(CV) for inter-laboratory precision of in vitro measurements was
assessed by dividing the standard deviation of 7 anti-FXa measurements (one from each blinded participating laboratory that performed anti-FXa testing) by the mean of these measurements and
multiplying the result by 100; e.g. sample A in Fig. 2A:
(2.1/78.5) × 100 = 2.8%. Missing data were not extrapolated and not
included in statistical analyses. The difference between the results of
the coagulation tests in the plasma samples before and after ingestion
of 10 mg of RXA was analyzed using a mixed effects analysis of
variance (ANOVA) with ﬁxed factor “time” and random factors

Measurements of RXA by the chromogenic anti-FXa assay and by
HPLC-MS/MS showed very similar time courses after ingestion of
10 mg RXA as illustrated in Fig. 1A. Both chromogenic and HPLCMS/MS measurements of RXA were more variable when RXA was
diluted in buffer vs. plasma (data not shown). Fig. 1B shows the LOD
for RXA measurements (about 14 μg/L, determined in lab I) and
illustrates the effect of various preparations of plasma (frozen vs
lyophilized) on anti-FXa measurements. Standard curves based on
RXA diluted in plasma using a stock solution of RXA in DMSO and
those using plasma from a volunteer after RXA ingestion were nearly
super-imposable (Fig. 1C). DMSO as a vector inﬂuenced routine
coagulation tests. We observed detectable prolongations of coagulation times for aPTT and PT at values N2% DMSO (data not shown).
Finally, a ﬁrst quality control experiment with a blinded sample that
was send out to participating laboratories showed reproducible
results (not shown). In summary these results demonstrate the
feasibility of RXA quantiﬁcation with a commercial chromogenic antiFXa assay (aim i.) without further modiﬁcations.

Fig. 3. Inﬂuence of RXA on coagulation tests. (A) Prothrombin time (PT). (B) activated partial thromboplastin time (aPTT). (C) PT-based factor determinations: Factors II, V, VII, X.
(D) aPTT-based factor determinations: Factors VIII , IX , XI. Grey circles indicate the mean of all measured results of all participating labs and the error bars indicate the mean SD for all
labs. Labs and reagents used by the labs are speciﬁed in the legend, n.d. for not determined in this lab. The asterix indicates a statistically signiﬁcant difference (before vs. after,
p b 0.05) determined by ANOVA (Volunteers and Methods). Results for thrombin time, ﬁbrinogen, D-Dimer, and FXIII were not signiﬁcantly different (before vs after RXA). These
graphs are not shown.
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In vitro studies
Results of two quality control experiments with blinded samples
in seven participating labs (lab F did not offer anti-FXa testing, lab I
was unblinded, see above) are shown in Fig. 2A and B. RXA
concentrations in the plasma probes measured by HPLC-MS/MS for
the respective samples are given under each sample. Accuracy (aim ii)
was high with values of 5.3%, b0.1%, 14.6% (sample A, C, D) and 8.2%,
6.2% and 7.9% (samples E, F, G), respectively. The mean result for
accuracy was 7.0% (range: 0.01%-14.6%). Inter-laboratory precision
(aim ii) was good with CV of 2.8%, 9.4%, 7.8% as well as 11.8%, 9.8% and
10.9%, respectively. Mean CV for inter-laboratory precision was 7.9%
(range: 2.6-10.5%). Accuracy and precision were not calculated for
negative controls (samples B + H).
Ex vivo studies
Blood samples were taken from 20 healthy volunteers before and
2–3 three hours after ingestion of 10 mg of RXA. Values for RXA
concentrations in the baseline samples were below LOD. After
ingestion of 10 mg per os, the mean RXA concentration obtained by
anti-FXa measurement was 114 ± 43 μg/L. For HPLC-MS/MS the mean
result was 100 ± 26 μg/L. Fig. 2C shows the mean RXA levels in the 20
volunteers 2–3 hours after the intake of 10 mg RXA measured by the
anti-FXa assay in eight laboratories (laboratory F did not offer antiFXa tests). Of note, RXA concentrations differ considerably between
the volunteers and the variability among the eight laboratories is
higher than in the quality control experiments.
To assess the inﬂuence of RXA on routine coagulation tests (aim iii)
sets of 2 × 20 samples (before and 2–3 hours after ingestion of 10 mg
RXA) were distributed to the nine participating laboratories. Each
laboratory used its established assays as speciﬁed in Table 1 and Fig. 3.
In lab F not all tests were offered. Fig. 3 illustrates the mean value per
test before (grey symbol on left) vs after (grey symbol on right)
ingestion of RXA. Error bars on the grey symbols represent the mean
standard deviation among the 9 partcipating laboratories. Colorcoded symbols in the middle depict the mean value of 20
measurements from a single laboratory as speciﬁed in the graph
(error bars were omitted for better visibility).
RXA prolonged PT (Fig. 3A), INR (not shown) and aPTT (Fig. 3B)
clotting times and the mean results from samples taken after vs.
before ingestion differed signiﬁcantly (p ≤ 0.05). Thrombin time,
ﬁbrinogen and D-Dimer results were not affected by RXA. PT-based
(Fig. 3C) and aPTT-based (Fig. 3D) speciﬁc coagulation factor tests
were all inﬂuenced by RXA and the values differed signiﬁcantly in
plasma samples taken after and before RXA ingestion. FXIII analysis
was not affected by RXA intake. As a tool for quality control, we
assessed agreement of the measured values in the participating
laboratories for a speciﬁc test by calculating inter-laboratory
reliability (see Volunteers and Methods: Data handling and statistics).
Minimal reliability is 0; maximal reliability is 1. Inter-laboratory
reliability was medium to high for most tests and ranged from 0.5 to
0.9. High reliability was found for PT (0.81), INR (0.76) and aPTT
(0.71) and most factor determinations. Thrombin time, D-Dimer
and FII determination were exceptions with very low to low reliability
values of 0.04, 0.34, 0.39, respectively. For thrombin time and
D-Dimer this may be explained by differences in thrombin concentration and in assay formats and antibodies.
Discussion
RXA quantiﬁcation
The results of this inter-laboratory evaluation demonstrate that
reliable quantiﬁcation of RXA in plasma is possible using a commercial
chromogenic anti-FXa assay and a set of validated RXA calibrators
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without further modiﬁcations. In experiments designed speciﬁcally to
assess accuracy and precision (aim ii), the chromogenic anti-FXa
results were compared to measurements made by HPLC-MS/MS,
which is a validated method to quantify RXA [9]. The anti-FXa assay
proved accurate (mean accuracy in quality control experiments 7.0%)
and precise (mean CV 8.8%, Fig. 2A, B). In the ex-vivo experiments of
aim iii measuring the RXA plasma concentrations in the 20 volunteers,
accuracy was 14% (mean RXA by HPLC-MS/MS 100 ± 26 μg/L vs. 114 ±
43 μg/L by anti-FXa assay). The result we obtained by anti-FXa
measurement is nearly identical to the one previously published by
Freyburger et al., who found a mean concentration of 117 ± 78 μg/L in
40 patients 2 hours after ingestion of 10 mg RXA [15]. The higher
variability of RXA measurements in the ex-vivo experiments (Fig. 2C)
compared to the quality control experiments (Fig. 2A, B) could
potentially be related to preanalytical issues including repeated
freezing and thawing and how long the samples were maintained at
room temperature. The range of the RXA plasma concentrations in the
20 volunteers (Fig. 2C), however, appears wide (43–150 μg/L, mean
100 ± 26 μg/L; 2 C). This is in line with previously reported data [16]
where it was demonstrated that a large range for RXA peak levels on
day 1 of RXA intake has to be expected, with a saturation effect (and a
narrower peak RXA range) on day 5.
Quantiﬁcation of drug plasma levels can be necessary or
desirable. There are three major sources of variability for drug
effects: i) pharmacokinetic variability, which refers to drug dosing
and plasma concentration, ii) pharmacodynamic variability, which
refers to a drug's concentration at the receptor level and the
response elicited, and iii) therapy adherence, which refers to a
patient's ingestion of the drug. For vitamin K antagonists (VKA) drug
monitoring in the form of INR testing is necessary, as VKA are
characterized by both high pharmacokinetic and pharmacodynamic
variability together with a narrow therapeutic window. For RXA,
however, monitoring is not routinely required, but quantiﬁcation
can be desirable in special situations, such as emergency surgery or
planned invasive procedures, putative RXA intoxication or treatment failure, as well as bleeding events in patients taking RXA.
Indeed, data from phase II trials show pharmacokinetic characteristics and a pharmacodynamic proﬁle with a large therapeutic
window making monitoring unnecessary [16]. None of the completed randomized controlled phase III trials that have led to RXA
registration for VTE prophylaxis in hip and knee surgery included a
procedure for RXA “monitoring” or – as we prefer to refer to it –
quantiﬁcation [5–8]. RXA quantiﬁcation is also not foreseen as a
necessary measure in an ongoing RCT with prophylactic doses of
RXA, Magellan study for VTE prophylaxis in medically ill patients,
or clinical trials with other doses of RXA, such as Einstein DVT
for treatment of deep vein thrombosis (20 mg), Einstein PE for
treatment of pulmonary embolism (20 mg), Einstein Extension for
extended anticoagulation (20 mg) or in the Atlas-ACS (TIMI-51) for
secondary prevention after acute coronary syndromes (2.5/5 mg)
and Rocket AF for atrial ﬁbrillation (20 mg) [17].
RXA impact on coagulation assays
Rivaroxaban inhibits both free FXa as well as FXa in the
prothrombinase complex bound to phospholipid bilayers in a highly
speciﬁc manner [1]. According to the model of the coagulation
cascade, RXA - in theory - should alter coagulation tests of both the
extrinsic and intrinsic system, including aPTT, PT and speciﬁc factor
tests. Tests of coagulation factors “below” the RXA inhibition site
(FXa), such as thrombin time and determinations of ﬁbrinogen, FXIII
or D-Dimer levels, - in theory - should not be inﬂuenced by RXA. Our
results conﬁrm this (Fig. 3). Recently, Samama et al. have published
data indicating that indeed PTT and PT are prolonged by RXA [10].
However, the range of lengthening, the slope of the resultant test
curves, and the variability observed for the aPTT or PT reagent used
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render these tests unsuitable for RXA quantiﬁcation. Our study
extends the data of Samama et al. i) by characterizing and validating
a readily available chromogenic anti-FXa assay for RXA quantiﬁcation
in 8 different laboratories using different platforms and ii) by deﬁning
the inﬂuence of RXA on routine coagulation tests in 9 different labs in
a group of volunteers large enough to permit statistical evaluation.
Limitations of the study
A limitation of our work is that we assessed only one chromogenic
anti-FXa assay and that the assay is not speciﬁc for RXA. Heparins and
other inhibitors of FXa in the sample will inﬂuence the test results. It is
conceivable that other anti-FXa assays are also suited to quantitate
RXA. Recently, results for a speciﬁc anti-FXa assay for RXA were
published [18]. We choose the Biophen Heparin assay since all
participating laboratories had implemented this assay already at the
time of study initiation. The range of this assay covers RXA
concentrations of up to 160 μg/L RXA, suitable to measure peak levels
of RXA after intake of 10 mg RXA [19]. For DVT treatment and stroke
prevention in patients with atrial ﬁbrillation, 20 mg RXA od have been
tested in the phase III studies (14). Sample predilution will be
necessary to quantitate the peak concentrations of RXA in these
patients. In our hands sample predilution was best performed using
plasma, as dilution in buffer lead to more variable results.
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Strengths of the study
Strong points of our study include the inter-laboratory setting with
nine participating labs, the large sample size (9 laboratories measuring
40 samples utilizing up to 13 tests), the variability of implemented
reagents, tests and test platforms, the use of a combined in vitro and exvivo approach, the implementation of a blinded quality control
approach and the correlation of data with HPLC-MS/MS measurements.
The novel direct anticoagulants, including RXA, may lead us into a
new era of anticoagulation [20]. This potential progress will not only
bear therapeutic consequences but may very well require a revised
approach regarding the interpretation of coagulation tests. We
hypothesize that an INR of 2.0 in a patient taking VKA will have
different implications regarding therapeutic efﬁcacy and bleeding risk
than an INR of 2.0 in a patient on RXA. In our study INR ranged from
1.0-1.5 (all labs utilized a recombinant tissue factor as activating agent
with an ISI close to 1). As the work by Samama et al. suggests the
highest observed INR in our study would be ≥2.0 utilizing a PT
reagent with an ISI of 1.75 [10]. PT reagents have been artiﬁcially
rendered insensitive to heparin through the addition of heparin
neutralizing agents. Such reagents could be added to the anti-FXa
assay to render it more speciﬁc for RXA. Furthermore one could
consider rendering tests such as the PT insensitive to RXA to obtain a
test devoid of the RXA inﬂuence. This could be achieved though
addition of a RXA “quencher”, similar to the herparin neutralizing
agent. We project that this and related topics will give rise to intense
research and debate in the imminent future.
In conclusion, we present a simple, accurate and precise
chromogenic anti-FXa assay for RXA quantiﬁcation, suitable for
many hospital laboratories. Our data show that coagulation tests
such as the prothrombine time, aPTT and derived coagulation factor
assays will be altered following the ingestion of 10 mg of RXA p.o. The
range and intensity of assay alteration will depend on the type of
assay and coagulometer used.
Conﬂict of interest statement
Lars Asmis has recieved honoraria (advosory board) from Bayer
Healthcare. The study was supported by an unrestricted grant form
Bayer Healthcare.

[1] Perzborn E, Roehrig S, Straub A, Kubitza D, Mueck W, Laux V. Rivaroxaban: a
new oral factor Xa inhibitor. Arterioscler Thromb Vasc Biol 2010 Mar;30(3):
376–81.
[2] Birkett DJ. Therapeutic drug monitoring. Aust Prescr 1997;20:9–11.
[3] Agnelli G, Gallus A, Goldhaber SZ, Haas S, Huisman MV, Hull RD, et al. Treatment of
proximal deep-vein thrombosis with the oral direct factor Xa inhibitor
rivaroxaban (BAY 59–7939): the ODIXa-DVT (Oral Direct Factor Xa Inhibitor
BAY 59–7939 in Patients With Acute Symptomatic Deep-Vein Thrombosis) study.
Circulation 2007 Jul 10;116(2):180–7.
[4] Buller HR, Lensing AW, Prins MH, Agnelli G, Cohen A, Gallus AS, et al. A doseranging study evaluating once-daily oral administration of the factor Xa inhibitor
rivaroxaban in the treatment of patients with acute symptomatic deep vein
thrombosis: the Einstein-DVT Dose-Ranging Study. Blood 2008 Sep 15;112(6):
2242–7.
[5] Eriksson BI, Borris LC, Friedman RJ, Haas S, Huisman MV, Kakkar AK, et al.
Rivaroxaban versus enoxaparin for thromboprophylaxis after hip arthroplasty.
N Engl J Med 2008 Jun 26;358(26):2765–75.
[6] Kakkar AK, Brenner B, Dahl OE, Eriksson BI, Mouret P, Muntz J, et al. Extended
duration rivaroxaban versus short-term enoxaparin for the prevention of venous
thromboembolism after total hip arthroplasty: a double-blind, randomised
controlled trial. Lancet 2008 Jul 5;372(9632):31–9.
[7] Lassen MR, Ageno W, Borris LC, Lieberman JR, Rosencher N, Bandel TJ, et al.
Rivaroxaban versus enoxaparin for thromboprophylaxis after total knee arthroplasty. N Engl J Med 2008 Jun 26;358(26):2776–86.
[8] Turpie AG, Lassen MR, Davidson BL, Bauer KA, Gent M, Kwong LM, et al.
Rivaroxaban versus enoxaparin for thromboprophylaxis after total knee
arthroplasty (RECORD4): a randomised trial. Lancet 2009 May 16;373(9676):
1673–80.
[9] Rohde G. Determination of rivaroxaban–a novel, oral, direct Factor Xa inhibitor–in
human plasma by high-performance liquid chromatography-tandem mass
spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci 2008 Sep 1;872
(1–2):43–50.
[10] Samama MM, Martinoli JL, LeFlem L, Guinet C, Plu-Bureau G, Depasse F, et al.
Assessment of laboratory assays to measure rivaroxaban–an oral, direct factor Xa
inhibitor. Thromb Haemost 2010 Mar 31;103(4):815–25.
[11] Samama MM, Guinet C. Laboratory assessment of new anticoagulants. Clin Chem
Lab Med 2011 May;49(5):761–72.
[12] Barrett YC, Wang Z, Frost C, Shenker A. Clinical laboratory measurement of direct
factor Xa inhibitors: anti-Xa assay is preferable to prothrombin time assay.
Thromb Haemost 2010 Dec;104(6):1263–71.
[13] Schmid P, Brodmann D, Fischer AG, Wuillemin WA. Study of bioaccumulation of
dalteparin at a prophylactic dose in patients with various degrees of impaired
renal function. J Thromb Haemost 2009 Apr;7(4):552–8.
[14] Rousson V, Gasser T, Seifert B. Assessing intrarater, interrater and test-retest
reliability of continuous measurements. Stat Med 2002 Nov 30;21(22):
3431–46.
[15] Freyburger G, Macouillard G, Labrouche S, Sztark F. Coagulation parameters in
patients receiving dabigatran etexilate or rivaroxaban: two observational studies
in patients undergoing total hip or total knee replacement. Thromb Res 2011
May;127(5):457–65.
[16] Mueck W, Borris LC, Dahl OE, Haas S, Huisman MV, Kakkar AK, et al. Population
pharmacokinetics and pharmacodynamics of once- and twice-daily rivaroxaban

Please cite this article as: Asmis LM, et al, Rivaroxaban: Quantiﬁcation by anti-FXa assay and inﬂuence on coagulation tests, Thromb Res
(2011), doi:10.1016/j.thromres.2011.06.031

L.M. Asmis et al. / Thrombosis Research xxx (2011) xxx–xxx
for the prevention of venous thromboembolism in patients undergoing total hip
replacement. Thromb Haemost 2008 Sep;100(3):453–61.
[17] Haas S. Rivaroxaban – an oral, direct Factor Xa inhibitor: lessons from a broad
clinical study programme. Eur J Haematol 2009 May;82(5):339–49.
[18] Samama MM, Amiral J, Guinet C, Perzborn E, Depasse F. An optimised,
rapid chromogenic assay, speciﬁc for measuring direct factor Xa inhibitors
(rivaroxaban) in plasma. Thromb Haemost 2010 Nov;104(5):1078–9.

7

[19] Kubitza D, Becka M, Wensing G, Voith B, Zuehlsdorf M. Safety, pharmacodynamics,
and pharmacokinetics of BAY 59–7939–an oral, direct Factor Xa inhibitor–after
multiple dosing in healthy male subjects. Eur J Clin Pharmacol 2005 Dec;61(12):
873–80.
[20] Bounameaux H. The novel anticoagulants: entering a new era. Swiss Med Wkly
2009 Feb 7;139(5–6):60–4.

Please cite this article as: Asmis LM, et al, Rivaroxaban: Quantiﬁcation by anti-FXa assay and inﬂuence on coagulation tests, Thromb Res
(2011), doi:10.1016/j.thromres.2011.06.031

