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A B S T R A C T

Background: Reliable assays to measure direct oral anticoagulant (DOAC) levels and their activity in critical
situations are needed. Drug levels alone are not representative of the effect of DOACs on an individual's coa-
gulation. We developed a technique that provides direct assessment of the global effect of rivaroxaban on the
individual's coagulation in addition to plasma concentrations.
Methods: DOAC concentrations were determined in fifty patients using rivaroxaban, with the new assay, Xross-
CAT. The effect of rivaroxaban on coagulation (activity) was measured with thrombin generation (TG) in platelet
poor plasma using 5 pM tissue factor on the same device. The levels were validated with the Biophen DiXal
assay. The prothrombin time (PT) and dilute Russell viper venom time (dRVVT) were performed to estimate the
effect on coagulation.
Results: The variability of Xross-CAT was below 12%. Xross-CAT correlates well with Biophen DiXaI
(rs= 0.885). The bias, determined by Bland-Altman analysis, was 4.9% and the Passing-Bablok equation was
y= 1.1x− 2.1. The correlation of plasma levels with TG was moderate (ETP rs=−0.548; Peak rs=−0.559),
as for the PT (rs= 0.739) and the dRVVT (rs= 0.692).
Conclusions: Xross-CAT shows a good correlation with Biophen DiXaI that was previously confirmed to accu-
rately assess rivaroxaban levels. Bleeding and thrombotic complications are not necessarily associated with drug
levels and could be influenced by concomitant risk factors. The main benefit of Xross-CAT is that it can be
performed simultaneously with thrombin generation, providing an overview of the global anticoagulation status
of a patient in relation to circulating DOAC levels.

1. Introduction

Direct oral anticoagulants (DOACs) are currently prescribed ac-
cording a fixed dose regimen in routine clinical practice. Their phar-
macokinetic and pharmacodynamic profiles are more predictable and
less prone to drug-drug interactions than those of vitamin K antagonists

(VKAs). Therefore, DOACs are not monitored regularly. There are
multiple clinical scenarios in which laboratory assessment of drug
concentrations can be important (e.g. at the occurrence of a thrombotic
or hemorrhagic event, before an invasive procedure, before thrombo-
lysis therapy, in patients with a high bleeding risk, an extreme body
weight, a decreased renal function, or when drug accumulation or an
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overdose is suspected) [1–5]. Furthermore, measuring DOACs may be
helpful in assessing antidote requirement and around antidote admin-
istration [2], to estimate the effect of drug-drug interactions or to guide
the transition between VKAs and DOACs. In the future, specialized
measurement of DOAC levels may even support clinicians in choosing
an appropriate anticoagulant for individual patients.

While drug levels can be useful to assess the individual's pharma-
cokinetic response, correlations to clinical outcome are still uncertain.
Patients have developed thrombosis with DOAC levels in the “on-
therapy” range [6,7]. Similarly, cases of spontaneous bleeding have
been reported within the “on-therapy” range or even below this
threshold, demonstrating that the drug level alone may not be sufficient
to identify those who are more at risk [8,9]. Additionally, there is a
tendency to undertreat patients by choosing a lower dose of DOACs, out
of fear of inducing bleeding complications [10–12]. This scenario in-
creases the risk of ischemic stroke without diminishing the risk is of
bleeding, and should therefore be avoided by all means. Reliable tools
to measure DOAC concentrations and their anticoagulant effect can
help to prevent these situations and provide reassurance to the physi-
cian.

Rivaroxaban was the first direct factor Xa (FXa) inhibitor that was
approved for clinical use e.g. to treat and prevent venous thromboem-
bolism (VTE), and in patients with atrial fibrillation (AF). Moreover,
rivaroxaban in a low dose combined with asprine, is the first DOAC that
can be used for secondary cardiovascular prevention, in patients with
stable atherosclerosis [13]. Assays to determine the rivaroxaban levels
that are based on clotting times (e.g. prothrombin time (PT)) turned out
to have limited sensitivity, high inter-reagent variability and poor
comparability with specific assays for DOAC levels [3,14–19]. Stan-
dardized rivaroxaban-calibrated, chromogenic anti-FXa assays are
currently the most reliable for the quantification of rivaroxaban levels
in the routine laboratory [20]. However, multiple studies have shown
that drug levels in real-life patients can differ extremely between pa-
tients, [5,19,21,22], resulting in broad ranges of trough and peak levels
(6–87 ng/ml at Ttrough and from 189 to 419 ng/ml at Tmax in VTE pa-
tients, and 12–137 ng/ml and 184–343 ng/ml for AF patients, respec-
tively) [15]. Moreover, the variability of rivaroxaban levels within in-
dividuals over time has not yet been sufficiently investigated.

Besides this large inter-individual variation, meaningful inter-
pretation of drug levels is complicated by a lack of guidance on extra-
polating anti-Xa activity to bleeding and thrombosis. In other words,
levels alone do not provide sufficient information about the influence of
rivaroxaban on the coagulation of individual patients. Of note, this not
only applies to anticoagulants, but also to antiplatelet agents. Different
trials demonstrated that adjusting the dose of P2Y12 inhibitors based
on platelet-function monitoring did not reduce bleeding nor ischemic
events [23,24]. For the abovementioned purpose, a functional test,
which is able to measure both rivaroxaban levels as well as their effect
on the coagulation process, is needed. The rivaroxaban test described in
the current study, the Xross-CAT, is based on the capacity of rivarox-
aban to inhibit both free FXa as well as bound FXa. Rivaroxaban can
still bind to the active site of FXa when it is bound to α2-macroglobulin
(α2M) or when it is in the prothrombinase complex, due to its small size
and lack of necessity for a cofactor [25]. It is known that direct
thrombin inhibitors (e.g. dabigatran) interfere with the measurement of
calibrated automated thrombinography (CAT) by inhibiting the cali-
brator (α2M-thrombin complex) [26,27]. We speculated that the α2M-
FXa complex will be inhibited by small molecule FXa inhibitors such as
rivaroxaban. We used this principle to develop a test to measure plasma
rivaroxaban levels. Since this test is based on the CAT method, it is
possible to determine not only drug levels but also the overall coagu-
lation activity (by determining thrombin generation) within the same
setup. We hypothesize that this novel approach will accurately measure
rivaroxaban concentrations together with the possibility to measure the
effect on the coagulation system in the same CAT setup, and will
therefore provide a major advantage over currently used level assays.

2. Materials & methods

2.1. Reagents

Recombinant tissue factor (TF) was Innovin (Dade-Behring,
Marburg, Germany). Synthetic phospholipids (PL) were purchased from
Avanti Polar Lipids Inc. (Alabaster, AL, USA) and used in the form of
vesicles consisting of phosphatidylserine, phosphatidylethanolamine
and phosphatidylcholine (1:1:3, mol:mol:mol). The fluorogenic sub-
strate Z-Gly-Gly-Arg aminomethylcoumarin (ZGGR-AMC) was obtained
from Bachem (Basel, Switzerland). The calibrator (α2M-thrombin (α2M-
IIa)) was prepared according to Hemker et al. [28]. Hepes buffers
containing 5mg/ml or 60mg/ml bovine serum albumin (BSA5 and
BSA60) were prepared as described by Hemker et al. [29]. Rivaroxaban
(Xarelto®) was obtained by crushing tablets (Bayer, Berlin, Germany) or
as powder (100% purity) from Alsachim (Illkirch Graffenstaden,
France).

2.2. Study population

Fifty plasma samples from different patients on rivaroxaban were
collected from September 2014 until October 2015 in the Centre
Hospitalier Universitaire UCL Namur, Yvoir, Belgium. The study was
performed in accordance with the Declaration of Helsinki and sample
collection was approved by the Medical Ethics Committee of the Centre
Hospitalier Universitaire UCL Namur in Yvoir, Belgium (number of
approval BU039201422406). The inclusion criteria were patients re-
ceiving rivaroxaban for secondary prevention of thromboembolic
events in atrial fibrillation or treatment of venous thromboembolism, as
well as collection of blood samples at trough (24 ± 2 h after last pill
intake) or peak (2–3 h after last pill intake) concentrations. In this case,
the included patients were inpatients.

2.3. Plasma preparation

Blood was taken by venipuncture in the antecubital vein using a 21-
gauge needle (Terumo) or through a peripheral venous catheter (BD
Insyte-W, 18- or 16-gauge) and collected into 0.109M sodium citrate
(9:1 v/v) tubes (Venosafe, Terumo, Heverlee, Belgium). Platelet poor
plasma (PPP) was obtained from the supernatant fraction after double
centrifugation at 1500g for 15min at room temperature. Samples were
then aliquoted and frozen immediately at −80 °C. Plasma sample ali-
quots were thawed and heated to 37 °C for at least 5 min before running
the experiment. Normal pooled plasma (NPP) was prepared from blood
collected from 116 healthy volunteers. Blood was centrifuged at 2500g
for 5min after which plasma was pooled. The pooled plasma was then
ultracentrifuged at 100,000g for 10min. (This speed was mainly used to
remove microparticles. Since this plasma is only used as a medium for
α2M-FXa, rivaroxaban and the substrate, for the concentration de-
termination; or as a control for experimental variation in thrombin
generation, the high speed did not affect experimental results.) Aliquots
of 500 μl were snap-frozen in liquid nitrogen and stored at −80 °C until
analysis.

2.4. Calibrated automated thrombinography

Thrombin generation was performed in platelet poor plasma using
CAT as described previously by Hemker et al. [28]. In summary, cali-
brator wells consisted of 20 μl calibrator with 80 μl of plasma.
Thrombin generation wells consisted of 20 μl TF/PL reagent and 80 μl
of PPP. The final concentration of TF was 5 pM and 4 μM PL. After
10min of incubation at 37 °C 20 μl of CaCl2 solution containing the
fluorescent substrate (final concentration: 416.7 μM) were dispensed
into the wells. Measurements were performed on a Fluoroskan Ascent
fluorimeter (Thermo Labsystems, Helsinki, Finland). Data were ana-
lysed with specialized software from Thrombinoscope (version 5.0,

S. Bloemen, et al. Thrombosis Research 184 (2019) 8–15

9



Maastricht, The Netherlands). In each run, NPP was included in order to
control for experimental variation.

2.5. α2M-FXa preparation

The preparation of α2M-FXa consists of two steps. Firstly, semi-pure
α2M was prepared and in the second step the α2M was incubated with
FXa to form the α2M-FXa complex. The α2M-FXa was purified further
by running it on a Ni-Sepharose column.

In step 1, α2M was prepared by adding 3% (w/v) PEG 20,000 to
bovine plasma containing 10mM tri-sodium citrate and 4mM citric
acid and incubating the suspension for 30min at room temperature
(RT) while stirring. The formed precipitate was spun down (25min at
5277×g) and discarded. Then, an additional 3% (w/v) PEG 20,000 was
added to the supernatant containing α2M and again stirred for 30min
at RT. The precipitate was spun down as before. The pellet containing
α2M was dissolved in 68.4mM NaCl, 8.5 mM Na-citrate (pH 7.0).
Residual fibrinogen was removed by adding 200 nM thrombin, stirring
for 20min at RT and spinning down the formed fibrin at 5277×g
during 30min. The fibrin pellet was discarded. The traces of α2M-
thrombin and free thrombin in the supernatant were inactivated by
addition of 400 nM PPACK. The raw α2M was put at 4 °C overnight in
order to allow the excess PPACK to decay and then filtered (0.22 μm)
before further use.

In the second step, for further preparation and purification of α2M-
FXa, 8ml FXa (70 μM) were added to 62ml α2M (10 μM) and incubated
for 3.5 h at 37 °C. Twenty-three milliliters of α2M-FXa were applied to a
150ml Ni-Sepharose column (5 cm2×30 cm). Unbound material was
removed by eluting the column with 350ml 500mM NaCl, 20mM
HEPES, 2mM imidazole, 0.02% NaN3 (pH 7.35). Then the α2M-FXa was
eluted in a 750-ml gradient of 2–32mM imidazole and the obtained
material was concentrated by precipitation in 40% saturated ammo-
nium sulfate (=242 g/l) by stirring for 30min at RT and centrifuging
for 20min at 5277×g. The pellet was dissolved in calibrator buffer
(20mM HEPES, 100mM Na3-citrate, 0.02% NaN3 (pH 7.35)) and cen-
trifuged (20min at 5277×g) to remove insoluble material before gel
filtration. To the preparation 200 nM AT and 2 U/ml heparin were
added to inactivate free FXa.

2.6. DOAC concentration assay (Xross-CAT)

The new Xross-CAT assay is based on the known CAT setup. Twenty
microliters of α2M-FXa were incubated with 80 μl of plasma that was
diluted 8 times in Hepes buffer containing bovine serum albumin (BSA)
(BSA5 buffer) [29]. Upon addition of 20 μl of ZGGR-AMC substrate in
BSA 60 buffer [29] (final concentration: 416.7 μM), the activity of
rivaroxaban was gauged kinetically by the conversion of the fluorescent
AMC-substrate on a Fluoroskan Ascent fluorimeter (Thermo Labsys-
tems, Helsinki, Finland) using Ascent software (version 2.6). Because of
the similar set-up as thrombin generation determinations via the CAT
assay, this could be assessed in the same 96-well plate. Since it is
usually unknown in what range the plasma concentration is situated,
the samples had to be measured at two concentrations of α2M-FXa
(30 nM and 90 nM, as further explained in the Results section). The
lower concentration was appropriate for determining levels between 22
and 218 ng/ml (which corresponds to 50–500 nM) and the higher
concentration for levels between 218 and 436 ng/ml (corresponding to
500–1000 nM). These concentrations of α2M-FXa were selected based
on an inhibition of the slope by rivaroxaban at different concentrations
in the range of 15–85%. The reference curves were prepared by spiking
NPP with rivaroxaban. The samples were compared to two reference
curves in each experiment (22, 44, 87, 131, 174 and 218 ng/ml for the
lower concentration of α2M-Xa and 218, 262, 305, 349, 392 and
436 ng/ml for the higher concentration). Fluorescence was measured
during 15min. The conversion of the ZGGR-AMC substrate by α2M-FXa
will result in straight lines (over a period of time of at least 10min, see

Fig. 1). The slope of these lines will decrease upon addition of in-
creasing concentrations of rivaroxaban. The data were analysed by
calculating the slope of the fluorescent curve (0–10min) and comparing
those values to the reference curves. Concentrations that were quanti-
fied below 44 ng/ml were not included in the analysis, as explained in
the Results section.

2.7. PT Triniclot PT Excel S®

The prothrombin time was measured using Triniclot PT Excel S®
(TrinityBiotech, Bray, Ireland) on a STA-R Evolution® coagulometer.
Triniclot PT Excel S® is derived from rabbit brain. The PT was per-
formed as previously described [30]. We have chosen these reagents as
they were known to be the more sensitive one [30].

2.8. Dilute Russell viper venom time (dRVVT)

Briefly, 100 μl of plasma sample was incubated during 240 s at 37 °C
[31]. Thereafter, 100 μl of STA®-Staclot®DRVV-Confirm (containing
high PL concentration) was added, starting the reaction on a STA-R
Evolution® coagulometer. Results are given in seconds.

2.9. Biophen direct factor Xa inhibitors

Two hundred microliters of diluted plasma (1:50 with Tris-NaCl-
EDTA buffer at pH 7.85) were incubated with 75 μl of human FXa
(Hyphen BioMed) for 120 s at 37 °C, then 75 μl of a specific FXa sub-
strate [CS-11(65)] (Hyphen BioMed) were added to start the reaction
on a STA-R Evolution® coagulometer (Diagnostica Stago) [32]. The
concentrations of calibrators for the normal therapeutic range of riv-
aroxaban (Biophen Rivaroxaban Plasma Calibrator, Hyphen BioMed)
were 50, 250 and 500 ng/ml in the initial samples after reconstitution.
The low concentration procedure (Biophen DiXaI LOW) was the same as
the normal one except that plasma was diluted 1:8 in buffer and the
calibration was performed with standards for low plasma concentra-
tions of rivaroxaban (Biophen Rivaroxaban Calibrator Low). The stan-
dard rivaroxaban concentrations were 0, 52 and 110 ng/ml.

2.10. Statistical analysis

Statistical analyses were performed with Graphpad Prism software
(version 5.00). Passing-Bablok regression was performed with MedCalc
(version 17.7.2). Data are represented as mean with standard deviation
(SD). Assay variation coefficients were calculated according to the

Fig. 1. Dose dependent effect of increasing rivaroxaban concentrations on α2M-
FXa. The effect of 0, 22, 44, 87, 131, 174 and 218 ng/ml (lines from top to
bottom) of rivaroxaban (mean of two curves) on α2M-FXa is illustrated. FU,
fluorescence units.
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Clinical and Laboratory Standards Institute (CLSI) guidelines [33].
Normality of the data was assessed using the Shapiro-Wilk test. Cor-
relation analysis was performed with the Spearman test. A two-sided p-
value of 0.05 was considered statistically significant. Bland-Altman
analysis was executed by analysing the percentage difference of the two
methods (100 ∗ (A− B) / average) versus the average ((A+B) / 2) of
the two methods. Method A was the new rivaroxaban assay and method
B was the Biophen DiXaI assay. Passing-Bablok regression analysis was
used to analyse the comparability of measurements, with the new assay
on the y-axis and the established assay on the x-axis. The limit of de-
tection (LOD) and limit of quantification (LOQ) were assessed ac-
cording to ICH Q2R1 guideline. The LOD and LOQ were determined
based on 5 measurements of the reference curve and 5 measurements of
the blank as follows: LOD= ((3 ∗ SD of Y0) / slope) and
LOQ= ((10 ∗ SD of Y0) / slope); with Y0 being the y-axis intercept.

3. Results

3.1. Optimal α2M-FXa concentrations

In order to set up this assay, the effect of different concentrations of
rivaroxaban on α2M-FXa was evaluated and found to be dose-depen-
dent (Fig. 1). Dose response curves were constructed to determine the
concentrations of α2M-FXa at which a linear relation with rivaroxaban
concentrations was found. The curves were constructed at 10, 20, 30,
40, 50, 60, 70, 80, 90 and 100 nM of α2M-FXa, in the presence of eleven
concentrations of rivaroxaban (between 22 ng/ml and 436 ng/ml). The
two α2M-FXa concentrations were selected in which the inhibitory ef-
fects of all rivaroxaban concentrations were between 15 and 85%.
Thirty nM of α2M-FXa was the most fitting concentration for rivarox-
aban levels from 22 to 218 ng/ml (Fig. 2A) and 90 nM of α2M-FXa for
levels between 218 and 436 ng/ml (Fig. 2B).

3.2. Assay performance

The variability and accuracy of the assay are characterized in
Table 1. These results suggest that the precision of the assay is adequate
for the assay to be implicated in the laboratory. For the Xross-CAT the
LOD was determined to be 3.3 ng/ml and the LOQ was 10.1 ng/ml.
However, the variability and accuracy of the assay for samples spiked
with 22 ng/ml, the coefficients of variation (CVs) increased con-
siderably (a within-run variation of 37% and a between-run variation of
42%). For all other tested concentrations> 22 ng/ml the CVs were
below 13% (Table 1). Since the CVs for 22 ng/ml were high, samples
with concentrations below<44 ng/ml were considered as unreliable
and therefore excluded from analysis.

3.3. Comparison of the assay to other tests

In order to test the applicability of the new assay, it was compared

to several assays that are known to be affected by rivaroxaban. Samples
from 50 patients taking rivaroxaban were tested. The median time since
last intake for the rivaroxaban samples was 3 h (min–max: 0–180 h,
interquartile range: 2–20 h, n=44).

We compared the Xross-CAT to the PT and the dRVVT, which are
both able to detect rivaroxaban but have limited sensitivity. The PT and
dRVVT, displayed a relatively good correlation with our assay
(rs= 0.739 and 0.692, respectively) (Fig. 3). To evaluate the applic-
ability of the new assays to detect concentration levels, we compared
the Xross-CAT with the Biophen DiXal assay, which is currently used in
the clinic as the most reliable assay to detect DOAC levels. Our assay
showed the best correlation with the Biophen DiXaI assay (rs= 0.885)
(Fig. 4). As it can be expected that no addition of rivaroxaban would
result in any detection by the Xross-CAT or the Biophen DiXal assay, the
trend line was forced through zero. A Bland-Altman analysis was per-
formed to analyse the agreement between our assay and the Biophen
DiXaI assay, which showed a bias of 4.9% between the two tests (95%
limits of agreement: −34.2%–44.0%). The Passing-Bablok regression
equation was y=1.1 (95% CI: 0.9 to 1.2)x− 2.1 (95% CI: −41.8 to
27.8).

We also evaluated the correlation between the Xross-CAT levels
with the four main TG parameters: endogenous thrombin potential
(ETP), peak, lag time and time-to-peak (ttPeak). As shown in Fig. 5, TG
is very sensitive to rivaroxaban. When comparing thrombin generation
parameters to the Xross-CAT levels (Fig. 6), we found a moderate cor-
relation between rivaroxaban levels and the lag time and time to peak
(rs= 0.646 and rs= 0.601, respectively). As anticipated, no linear
correlation between the ETP and the peak was found. As is displayed in
Fig. 5, there was an indication for a hyperbolic relation, which can be
explained by the fact that low concentrations of rivaroxaban can al-
ready suppress the peak considerably. Above a certain concentration
the peak is inhibited completely (a plateau phase is reached). This
applies to the ETP as well.

4. Discussion

In the past years, DOACs have become the primary choice as an-
ticoagulants for patients with atrial fibrillation or venous thrombosis.
Rivaroxaban is also proven to be useful in patients with coronary artery
disease and/or peripheral arterial disease (with stable atherosclerotic
vascular disease) for the reduction of ischemic events [13]; since ar-
terial thrombi also contain fibrin (not only platelets), showing the in-
volvement of the coagulation pathway [34]. One of the most important
advantages of DOACs is that they can be given in a fixed dose and do
not require regular monitoring. However, there are certain clinical
scenarios in which laboratory assessment of DOAC levels is needed to
optimize treatment and increase patient safety. As bleeding or throm-
botic complications in patients receiving DOACs may not be system-
atically associated to the drug levels, a combined measurement of drug
levels and global haemostatic activity might be more informative than

Fig. 2. Dose-response of increasing rivaroxaban concentrations at chosen α2M-FXa concentrations. Increasing concentrations of rivaroxaban measured at the 30 nM
[A] and 90 nM [B] α2M-FXa; n=5. Data are presented as mean ± SD. FU, fluorescence units.
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drug levels alone.
We developed an assay, the Xross-CAT, to measure plasma rivar-

oxaban levels via the dose-dependent inhibitory effect on the α2M-FXa
complex. We have optimized the test with a large range of rivaroxaban
concentrations (44 to 436 ng/ml). These concentrations include in vivo
rivaroxaban levels of patients with atrial fibrillation (12–343 ng/ml)
and VTE (6–419 ng/ml) [4]. Although not shown in the current

manuscript, the principle of this test is also applicable to other direct
FXa inhibitors (apixaban or edoxaban).

Many approaches have been proposed to measure rivaroxaban le-
vels [3,14,15,30]. Some assays are based on clotting times, others on
the anti-FXa activity [35]. In order to specify which coagulation assays
may be recommended for the measurement of rivaroxaban levels, they
need to be compared to liquid chromatography coupled with tandem
mass spectrometry (LC-MS/MS) or to the assays with the best relation
to LC-MS/MS. At the moment, rivaroxaban-calibrated anti-FXa assays,
such as the Biophen DiXaI assay, showed the best correlations with LC-
MS/MS [20,36]. However, it should be taken into account that the
quality of calibrators can differ [37]. Xross-CAT showed a high agree-
ment with the Biophen DiXaI assay in the Bland-Altman and the Pas-
sing-Bablok analysis. This indicates that this newly developed assay
reliably reflects the patient plasma concentrations. However, plasma
levels assessed with the Xross-CAT are slightly higher compared to the
Biophen DiXaI assay, which can also be concluded from the Bland-
Altman and the Passing-Bablok analysis. This is likely due to the use of
different calibrators for the two assays. In the Xross-CAT, the use of
homemade calibrators may introduce an unwanted bias. The use of the
same sets of calibrators within the two assays could reduce this dis-
crepancy. However, as samples in the Xross-CAT were measured ret-
rospectively, this was not possible in the present study. Further vali-
dations are thus required to confirm this hypothesis. At this moment we
were not able to reliably detect low concentrations of rivaroxaban
(22 ng/ml) with the concentration of calibrator α2M-FXa used, al-
though this is not in agreement with the found LOD and LOQ of the
assay. Therefore, we would not recommend using this assay to measure
concentration lower than 44 ng/ml.

Table 1
Assay variability and accuracy.

Added concentration (ng/ml) Mean concentration (ng/ml) SDwr SDrr SDdd SDt CVwr CVrr CVdd CVt

43.6 51.0 5.1 1.1 0.2 5.3 10.0 2.2 0.4 10.4
174.4 187.9 17.6 15.5 0.0 23.5 9.4 8.2 0.0 12.5
436.0 464.3 16.2 23.4 24.5 37.5 3.5 5.0 5.3 8.1

SD, standard deviation; CV, coefficient of variation; wr, within run; rr, between run; dd, between day; t, total. SDs are presented in ng/ml. CVs are presented in %.

Fig. 3. Correlation of rivaroxaban concentration (as determined by the Xross-CAT assay) with [A] prothrombin time (PT) and [B] dilute Russell Viper Venom time
(dRVVT). The correlations were determined via Spearman correlation analysis. PT, n=33, dRVVT, n= 24.

Fig. 4. Correlation and Bland-Altman analysis be-
tween rivaroxaban concentration as determined by
the Xross-CAT assay and the concentration de-
termined by the Biophen DiXaI assay. [A] The cor-
relations were determined via Spearman correlation
analysis, n= 38. [B] The % difference in the Bland-
Altman analysis is calculated as: (100 ∗ (A− B) /
average) with A being the concentration determined
by the Xross-CAT and B the concentration determined
by the Biophen DiXaI assay, n= 38. The mean dif-
ference was 4.9% (95% limits of agreement: −34.2%
to 44.0%).

Fig. 5. Effect of different rivaroxaban concentrations on thrombin generation
curves. Increasing concentrations of rivaroxaban were added to NPP in the
thrombin generation assay, measured at 5 pM TF.
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The strength of our assay is that rivaroxaban concentrations can be
measured in combination with the coagulation state of the patient,
using thrombin generation. Our measurements displayed a significant
correlation between rivaroxaban concentrations and thrombin genera-
tion parameters, which turned out to be the method of choice for
measuring hyper- and hypo-coagulable state [28,38–41]. The correla-
tions between rivaroxaban levels and ETP as well as peak describe a
hyperbola. This can be explained because rivaroxaban inhibits the
amplification phase of thrombin formation. Hence, the effect of rivar-
oxaban is more pronounced on ETP and peak. Moreover, this demon-
strates that low levels of rivaroxaban are sufficient to reduce the am-
plification phase considerably. Therefore, at high rivaroxaban
concentrations, the extent of the effect on peak and ETP is relatively
small [42]. Similar correlations were reported between rivaroxaban
levels measured by chromogenic anti-FXa assays [43]. It should be
noted that in the large trials performed with DOACs [44–46], drug le-
vels were generally not compared to clinical outcomes, as the one-dose-
fits-all principle was one of the important benefits of the new drugs.
Ultimately, a large prospective clinical trial could solve the correlation
between DOAC doses, levels and clinical outcomes. Because this would
require a large study population and will be very costly, it is unlikely
that such a trial will be performed in the near future. Therefore, the best
option would be to study the relation between DOAC levels and the true
effect of the DOACs on the coagulation system. Recently, an interesting
observational study was published by Testa et al., which showed a re-
lation between low trough levels of DOACs and the occurrence of
thrombotic events in AF patients. Their results support the concept that
measuring DOAC levels in a steady state could help identify low re-
sponders. In conjunction with clinical risk, this may help to identify
those more at risk of a thrombotic event [7]. The current study is a
proof of concept and larger studies are required for definite confirma-
tion. Larger registries are currently on-going, and results are expected
soon. Ideally, these studies will not solely test DOAC levels, but will also
assess the effect of DOACs on coagulation.

For this purpose, a global coagulation test should be used with a
good correlation to clinical outcomes. Multiple studies reported that
thrombin generation is related to bleeding in patients treated with
anticoagulants and in patients with hemophilia as well [39,47,48].
Other studies have shown that thrombin generation parameters are
related to thrombosis [49–51]. The thrombin generation peak was

shown to stay elevated in patients for up to 6months in patients with
acute coronary syndrome [52,53]. Taking this into consideration, the
main advantage of the new assay is that it would provide an evaluation
of rivaroxaban concentrations and the effect of rivaroxaban on coagu-
lation (via thrombin generation) within the same measurement.

There were also limitations to this study. The turn-around time of
our assay is 50min, which is partly caused by the preparation of pla-
telet poor plasma. The ideal DOAC test should allow near-patient
measurements, ideally in whole blood, to facilitate a direct decision
regarding treatment. However, these tests are currently not available.
At the moment, although the determination of rivaroxaban concentra-
tions and the effect on thrombin generation could be determined in one
run, some manual calculations will be involved. Hopefully, in the fu-
ture, software can be developed to integrate both determinations.

Although measuring DOAC levels is becoming increasingly avail-
able, the importance for customizing treatment of individual patients
remains to be delineated. This study was retrospectively conducted.
Ideally, there would be a follow-up study to clinically validate the
assay, in which the Xross-CAT is prospectively measured in patients on
rivaroxaban treatment and linked to potential bleeding or re-throm-
bosis outcomes.

In conclusion, the Xross-CAT shows a good correlation with a cali-
brated anti-FXa assay, which was confirmed to accurately assess riv-
aroxaban levels in patient samples. Measuring DOAC levels together
with DOAC activity in an individuals' coagulation system provides an
overview of the anticoagulation status in patients in relation to circu-
lating DOAC levels. These findings could facilitate further develop-
ments towards personalized treatment in patients at risk of bleeding or
recurrent thrombosis.
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