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Abstract Monitoring of anti-coagulation with the direct fac-
tor Xa inhibitor rivaroxaban is considered unnecessary in a
routine clinical setting. However, assessment of its anti-
coagulant effect may be desirable in certain clinical situations.
We assessed prothrombin time (PT) reagents and commercial-
ly available anti-Xa assays (Biophen) calibrated for
rivaroxaban and heparin in comparison to liquid chromatog-
raphy—mass spectrometry (LC-MS/MS) measurements of
rivaroxaban concentration in samples from patients on treat-
ment with rivaroxaban for stroke prevention in atrial fibrilla-
tion. Citrate plasma samples were obtained from 30 randomly
selected patients on uninterrupted treatment with rivaroxaban
for a minimum of 1 month. The anti-Xa assays, direct Xa
inhibitor (DiXa-I®), and Heparin LRT® were conducted for
both wide and low calibrations for rivaroxaban. Measure-
ments were compared to LC-MS/MS using correlation, linear
regression, intra-class correlation, and Bland—Altman analy-
sis. In 30 patients (9 female) of median age 71.5 years and
BMI 26.5 kg/m?, rivaroxaban concentrations between 2.4 and
625 ng/ml (median 82 ng/ml) were measured by LC-MS/MS.
PT reagents were poorly correlated with rivaroxaban concen-
trations (*=0.52 and 0.09). Anti-Xa assays DiXa-I (*=0.95)

P4 Cihan Ay
cihan.ay@meduniwien.ac.at

Clinical Division of Hematology and Hemostaseology, Department
of Internal Medicine I, Comprehensive Cancer Center, Medical
University of Vienna, Waehringer Guertel 18-20,

A-1090 Vienna, Austria

Clinical Institute of Medical and Chemical Laboratory Diagnostics,
Medical University of Vienna, Vienna, Austria

Central Institute for Medical and Chemical Laboratory Diagnostics,
Innsbruck Medical University, Innsbruck, Austria

and Heparin LRT (*=0.97) were correlated with rivaroxaban
in all concentrations, but especially in low concentrations with
low calibrations (+*=0.97 and 0.98, respectively). The highest
agreement occurred between Heparin LRT and low
rivaroxaban concentrations with a mean difference of
—5.3 ng/ml (limits of agreement, 12.9 to 2.4 ng/ml). Anti-Xa
assays can indirectly determine the concentration of
rivaroxaban for a wide range of concentrations in real-world
patients. An interpretation of anti-Xa and PT measurements in
treatment with rivaroxaban requires knowledge of the local
reagents.

Keywords Anti-coagulation - Method comparison -
Rivaroxaban - Stroke prevention

Introduction

Rivaroxaban is a direct inhibitor of coagulation factor Xa,
approved by the European Medicines Agency and the US
Food and Drug Administration for the treatment and second-
ary prevention of venous thromboembolism (VTE), stroke
prevention in non-valvular atrial fibrillation, and primary
VTE prevention after major orthopedic surgery. Contrary to
anti-coagulation with vitamin K antagonists, treatment with
non—vitamin K antagonist oral anti-coagulants (NOACsSs) such
as rivaroxaban does not require regular monitoring or dose
adjustment [1] and reaches a typical concentration of 41—
60 ng/ml in trough and 219-305 ng/ml in peak [2]. However,
a precise measurement to determine rivaroxaban therapy may
be advantageous in certain clinical situations, including the
accumulation of rivaroxaban in kidney failure, accidental or
intentional overdose, unclear duration of treatment interrup-
tion prior to elective surgery, before thrombolysis in ischemic
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stroke, or in acute critical bleeding with unknown influence of
rivaroxaban. [3, 4]. In these situations, decisions could be
aided by the results of anti-Xa assays with appropriate
calibrations.

The most precise method of measuring plasma concentra-
tions of rivaroxaban is high-performance liquid chromatogra-
phy with tandem mass spectrometry (LC-MS/MS) [5, 6], a
method regrettably not readily available in routine practice.
In previous studies, a correlation between plasma concentra-
tions of rivaroxaban and chromogenic anti-Xa assays has been
described [6]. Anti-Xa activity is measured by adding a
known amount of excess Xa to a sample of unknown
rivaroxaban concentration. The residual, uninhibited Xa then
cleaves a chromogenic substrate. The absorbance can be mea-
sured and is inversely proportional to the unknown concentra-
tion of rivaroxaban in the sample. The correlation between the
chromogenic anti-Xa method and rivaroxaban concentration
was reported to be linear over an on-treatment range of
rivaroxaban from approximately 20 to 660 ng [7-9], and
low concentrations could be more accurately measured if cal-
ibrations were chosen for low concentration ranges [10].

The aims of this investigation were to compare anti-Xa
assays and calibrations for rivaroxaban and to provide an ac-
curate assessment of rivaroxaban concentrations from real-
world patients with a wide range of concentrations by LC-
MS/MS, which will allow interpretation of anti-Xa assays
and prothrombin time results for given rivaroxaban
concentrations.

Materials and methods
Patients

Clinical plasma samples were obtained from 30 randomly
selected patients with a diagnosis of non-valvular atrial fibril-
lation on treatment with rivaroxaban (Xarelto®, Bayer Pharma
AG, Wuppertal, Germany), who visited the outpatient clinic
of the Clinical Division of Hematology and Hemostaseology
for routine consultation and assessment of their anti-coagulant
treatment. The study was approved by the local ethics com-
mittee (EC 1711/2014) and is in accordance with the princi-
ples set forth by the declaration of Helsinki. Blood was ob-
tained from venous puncture without stasis of the cubital vein
using a 2 1-gauge butterfly needle into a vacuum tube contain-
ing trisodium citrate 3.8 % (Vacuette® Greiner Bio-One,
Kremsmiinster, Austria; 9:1v/v) as part of routine analysis.
Within 1 h after sampling, citrate blood vials were centrifuged
at 2500x g for 15 min at 18 °C and the supernatant platelet-
poor plasma (PPP) immediately stored in aliquots at —80 °C
until assessment. For the present study, surplus plasma sam-
ples were used. Patients’ medical histories were recorded as
part of the routine stroke risk and bleeding risk assessments.
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Serum creatinine levels were obtained from routine blood
analysis and calculated to estimate glomerular filtration rate
according to Cockcroft-Gault and IDMS-traceable MDRD
equations. Time of last rivaroxaban administration was pre-
cisely assessed and recorded.

LC-MS/MS

Rivaroxaban quantification by LC-MS/MS was facilitated by
utilizing a previously established two-dimensional chroma-
tography setup (Agilent Technologies, Waldbronn, Germany)
hyphenated to an API4000Qtrap instrument (ABSciex, Fra-
mingham, MA, USA) operated in the electrospray ionization
(ESI) mode [11]. Based on this instrumentation, a research use
only (RUO) assay was developed and validated. A protein
precipitation protocol was used to prepare calibrators, quality
control, and patient samples. Aliquots of 150 pl were com-
bined with 400 ul precipitation solution [0.1 M ZnSO,/
MeOH=1:2 (v/v)] spiked with the stable isotope labeled inter-
nal standard rivaroxaban-13C6 (Alsachim, Illkirch, France).
After homogenization and centrifugation, a 50-pl aliquot of
the sample supernatant was transferred to the LC-MS/MS in-
strument. Residual matrix constituents were separated from
the analyte by combining online solid-phase extraction
(SPE) purification as first chromatographic dimension with
solvent gradient elution over reversed phase C-18 material
as second purification step. Analyte elution from the LC sys-
tem (2.1-min retention time) was detected in the mass spec-
trometer by monitoring ion pair transitions 436.1 to 145.0m/z
(rivaroxaban quantifier), 436.1 to 231.1m/z (rivaroxaban qual-
ifier), and 442.1 to 145.0m/z (rivaroxaban internal standard) in
the selected reaction monitoring (SRM) mode. Rivaroxaban
quantification was based on external calibration with
rivaroxaban (Alsachim) utilizing the above mentioned internal
standard. A calibrator set (nine levels, one blank) covering the
measurement range of 1.0 (lower limit of quantification
[LOQ]) to 600.0 ng/ml (upper LOQ) was used; a linear cali-
bration function with a 1/x weighting factor was employed.
Samples with concentrations exceeding the upper LOQ were
diluted with blank materials; samples with concentrations be-
low the lower LOQ were not reported. The inter-batch (n=10)
coefficient of variation of the assay was found to be better than
4.7 % for all quality control materials (4, 40, and 400 ng/ml);
the accuracy of these measurements was better than +4.9 %. In
patient samples, inter-batch coefficients of variation better
than 7.6 % were found.

Coagulation assays

The prothrombin time (PT) was measured using two reagents.
The Thromborel S® (Siemens Healthcare Diagnostics Prod-
ucts GmbH, Marburg, Germany) derived from human placen-
ta and the Normotest® (Technoclone GmbH, Vienna, Austria)
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of combined thromboplastin of rabbit brain and bovine plas-
ma. The PT was measured in the routine coagulation labora-
tory of the Department of Medical and Chemical Laboratory
Diagnostics of the Medical University of Vienna using an
accredited process.

Two different anti-Xa assays (provided by CoaChrom
Diagnostica GmbH, Maria Enzersdorf, Austria) were com-
pared. BIOPHEN DiXa-I® and BIOPHEN Heparin LRT®
(Hyphen—Biomed, Neuville—sur—Oise, France) were both cal-
ibrated for a wide and a low range of rivaroxaban concentra-
tions according to the manufacturer’s specifications. Three-
point calibration curves were constructed using the commer-
cially available calibrators (Rivaroxaban Plasma Calibrator,
CoaChrom Diagnostica) with concentrations 0, 276, and
497 ng/ml for the wide concentration range and 0, 55, and
102 ng/ml for the low concentration range. Calibrations result-
ed in linear calibration lines over the respective calibration
ranges. For each calibration, two control measurements were
performed in duplicate using Rivaroxaban Control Plasma
(CoaChrom Diagnostica).

The BIOPHEN Heparin LRT® assay was also calibrated
with commercially available low molecular weight heparin
(LMWH) calibrators in a separate run using a five-point cali-
bration curve of the concentrations 0.00, 0.38, 0.77, 1.18, and
1.51 U/ml. Control measurements were performed with
LMWH concentrations 0.24 and 0.86 U/ml and
unfractionated heparin (UFH) concentration 0.60 U/ml.

For the measurements, the blinded PPP samples were
thawed in a water bath at 38 °C for 10 min and diluted with
Tris-NaCl-EDTA buffer in the proportions 1:50 for DiXa-I,
1:20 for DiXa-I low calibration, 1:10 for Heparin LRT
rivaroxaban calibration, 1:2 for Heparin LRT low rivaroxaban
calibration, and 1:2 for Heparin LRT with heparin calibration.
Absorbance was measured at 405 nm on a STA-R Coagula-
tion Analyser (Diagnostica Stago, Asnieres sur Seine, France)
according to manufacturer instructions.

Statistical methods

Statistical analyses were performed using SPSS (Win-
dows Version 22.0, Armonk, NY: IBM Corp.). The pa-
tient cohort was described by their median, range, and/
or the 25th to 75th percentile for continuous variables
and by absolute and relative frequencies for categorical
variables. Measurements of LC-MS/MS rivaroxaban
concentration and anti-Xa assays were compared by
Spearman correlation, linear regression, and Bland—Alt-
man agreement analysis [12]. Bland—Altman analysis
was not feasible for the agreement between PT and
rivaroxaban concentrations as well as between Heparin
LRT calibrated for heparin and rivaroxaban concentra-
tions due to a difference in scale. The limits of agree-
ment of the Bland—Altman analyses were calculated by

the mean difference between the two measurements=+
1.96 xstandard deviation of the difference between the
two measurements for Sth and 95th percent limit of
agreement, respectively. Potential proportional bias in
the regression analysis was analyzed by visual analysis
of the Bland—Altman plot and a paired-samples ¢ test
with p<0.05. Inter-rater reliability (IRR) between LC-
MS/MS and anti-Xa assays was tested with a two-way
mixed, absolute agreement, intra-class correlation coeffi-
cient (ICC). Prothrombin time reagents were not ana-
lyzed by inter-rater reliability because of differences in
scale, but instead, a linear regression model was ap-
plied. Limit of detection (LOD) of anti-Xa assays for
both calibrations was calculated according to LOD=
3.3xS8SD/k and limit of quantification (LOQ) according
to LOQ=10%SD/k, where SD 1is the residual standard
deviation and & is the slope of the curve constructed
from calibrators.

Results
Patient cohort

Plasma samples from 30 patients on treatment with
rivaroxaban were included in the investigation. Patients
were in median 71.5 years of age and had a median
BMI of 26.5 kg/m?, and 9 patients (30 %) were female.
At the time of sampling, all patients were on treatment
with rivaroxaban after a median time on treatment of
4.8 months and minimum time of 1 month on
rivaroxaban. Twenty-one patients (70 %) received
20 mg rivaroxaban once daily (OD), eight patients
(26.6 %) received 15 mg rivaroxaban OD, and one pa-
tient (3.3 %) received 10 mg rivaroxaban OD temporar-
ily given by the treating physician due to a transient
high risk of bleeding in an off-label dosage. Time of
last drug administration was in median 2.9 h before
sampling. Concentrations of rivaroxaban measured by
LC-MS/MS reached 82 ng/ml in median (25th to 75th
percentile 22.4-204.0 ng/ml) and a concentration range
from 2.4 to 625 ng/ml. Detailed patient characteristics
are provided in Table 1. The concentrations of
rivaroxaban in 30 patient samples and corresponding
time since drug administration are provided in Fig. 1.
A subgroup of 17 patients with rivaroxaban concentrations
below 102 ng/ml was selected to compare coagulation assays
in a low concentration range. The median rivaroxaban con-
centration in this subgroup was 29.6 ng/ml (25th to 75th per-
centile 8.7-46.9 ng/ml) and the median time since last drug
administration was 15.5 h (25th to 75th percentile 1.9-24.8 h,
Table 1). In patients excluded from this subgroup, all anti-Xa
assays reliably measured a concentration above the upper
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Table 1 Patient characteristics
Full cohort Low concentration cohort®
(n=30) (n=17)
Female gender, n (%) 9 (30.0) 5(29.4)

Age, median (25th to 75th percentile)
BMI, median (25th to 75th percentile)
CHA2DS2-Vasc-Score, median (25th to 75th percentile)
HAS-BLED, median (25th to 75th percentile)
Months since AF diagnosis, median (25th to 75th percentile)
Type of AF

Recent AF diagnosis, 7 (%)

Paroxysmal AF, n (%)

Persisting AF, n (%)

Permanent AF, n (%)
eGFR (MDRD-IDMS), median (25th to 75th percentile)
CrCl (CG), median (25th to 75th percentile)
Comorbidities

History of stroke or TIA, n (%)

Diabetes, 1 (%)

Hypertension, n (%)
Anti-coagulation

Rivaroxaban 20 mg OD, n (%)

Rivaroxaban 15 mg OD, n (%)

Rivaroxaban 10 mg OD, n (%)
Duration of treatment with rivaroxaban (months)
Time since last drug administration (h), median (25th to 75th percentile)
Concomitant anti-platelet therapy, n (%)

On treatment concentration of rivaroxaban in ng/ml by LC-MS/MS, median (25th to 75th percentile) 82.0 (22.4-204.0)

71.5 (68.0-80.25)
265 (24.5-31.6)

78 (63.5-81.5)
275 (24.0-31.7)

4(2.75-6) 3(2.5-6)
2(1-2) 2(1-2)

24 (12-102) 12 (8-84)
3(10.0) 3 (17.6)
19 (63.3) 9 (52.9)
13.3) 0
7(23.3) 5(29.4)

67.1 (55.9-79.6)
67.1 (54.0-93.2)

66.7 (57.0-90.3)
70.7 (51.2-101.2)

8(26.7) 4(23.5)
12 (40.0) 8 (47.1)
27 (90.0) 14 (82.4)
21 (70.0) 11 (64.7)
8 (26.6) 5(29.4)
1(3.3) 1(5.9)
48 (1-13.5) 12 (0-12)
2.9 (1.7-21.9) 15.5 (1.9-24.8)
7(23.3) 5(29.4)
29.6 (8.7-46.9)

? Patients with low rivaroxaban were defined by a concentration <102 ng/ml measured by LC-MS/MS

calibration point for the low concentration range (data not
shown).

Prothrombin time

A median PT of 15.5 and 22.6 s was measured with
Thromborel S and Normotest reagents, respectively. The cor-
relation between PT and rivaroxaban concentration was mod-
erate using both Thromborel S and Normotest reagents in
patient samples with a rivaroxaban concentration ranging be-
tween 2.4 and 625 ng/ml (Table 2). The linear regression
coefficient of determination rz, however, revealed that the
PT using either reagent is a poor measure of rivaroxaban con-
centration (Table 2). Patient samples that were within the local
reference range for a normal PTwith the Thromborel S reagent
(11.0-14.0 s) had corresponding rivaroxaban concentrations
from 2.4 to 66 ng/ml (n=38). Patient samples within the normal
reference range for the Normotest reagent (16.7-22.8 s) had
corresponding rivaroxaban concentrations from 2.4 to
125 ng/ml (n=12).

@ Springer

Chromogenic anti-Xa assay Biophen DiXa-I

In a comparison of all patient samples, the Spearman
correlation between Biophen DiXa-I and LC-MS/MS
was strong (rho 0.98, p<0.001; linear regression r>=
0.95). In the Bland—Altman analysis, a mean difference
of —11.3 ng/ml (5th and 95th percent limit of agreement
=79.4 to 56.8 ng/ml) was found between DiXa-I and
LC-MS/MS. No proportional bias (p>0.05) was found
in the analysis of difference between the measures in
the Bland—Altman plot provided in Fig. 2. An excellent
intra-class correlation coefficient (ICC) of 0.98 (95 %
confidence interval (CI) 0.97-0.99) was found in the
reliability analysis. In patient samples with a low drug
concentration, DiXa-I measurements correlated very well
with LC-MS/MS measurements of rivaroxaban and even
improved slightly with calibrations for lower concentra-
tion range (Table 2). The 5th and 95th percent limits of
agreement decreased to —21.0 and 4.1 ng/ml when
recalibrated for low concentration ranges. This indicates
lower imprecision of the anti-Xa assay when calibrated
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for low concentration ranges (Fig. 3). A potential source
of bias for the low calibration range was identified in
the Bland—Altman analysis as the low calibrator slightly
overestimated low rivaroxaban concentrations
(»<0.001). The LOD and LOQ for Biophen DiXa-I im-
proved from 35.4 and 107.3 ng/ml, respectively, to 9.1
and 27.8 ng/ml with low calibrations.

Chromogenic anti-Xa assay Biophen Heparin LRT

The Spearman correlation coefficient between rivaroxaban-
calibrated Biophen Heparin LRT and LC-MS/MS in all sam-
ples from patients on rivaroxaban treatment was 0.99
(»<0.001; linear regression #*=0.97). In the Bland—Altman
analysis, a mean difference of 0.4 ng/ml (5th and 95th percent

Table2 Correlation statistics between coagulation assays and rivaroxaban concentration by LC-MS/MS in patients with non-valvular atrial fibrillation

Spearman correlation  Linear regression  IRR Bland-Altman analysis
Assay Correlation ” (p) ICcC Mean difference in  p for
coefficient (p) (95 %CI) ng/ml (£SD) bias
PT Thromborel S® (n=30) 0.73 (<0.001) 0.52 (<0.001) nal n.a. n.a.
PT Normotest® (n=30) 0.44 (0.018) 0.09 (0.116) n.a. n.a. n.a.
Biophen DiXa-I®
Wide rivaroxaban calibrator set (7=30) 0.98 (<0.001) 0.95 (<0.001) 0.98 (0.97-0.99) —11.3 (34.8) 0.085
LOW rivaroxaban calibrator set (n=17) 0.98 (<0.001) 0.97 (<0.001) 0.97 (0.45-0.99) —8.5(6.4) <0.001
Biophen Heparin LRT®
Wide rivaroxaban calibrator set (n=30) 0.99 (<0.001) 0.97 (<0.001) 0.99 (0.98-1.00) —0.4(27.8) 0.027
LOW rivaroxaban calibrator set (n=17) 0.97 (<0.001) 0.98 (<0.001) 0.99 (0.76-1.00) —5.3 (4.0) <0.001
Heparin LRT 7.5® heparin calibration in U/ml (n=17)  0.98 (<0.001) 0.98 (<0.001) n.a. n.a. n.a.

Correlation is assessed by Spearman correlation and linear regression. Agreement with LC-MS/MS is calculated for anti-Xa assays with inter-rater
reliability (IRR), represented by intra-class correlation coefficient (ICC), and Bland—Altman analysis

°Not applicable
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Fig. 2 Concentration measurement of Biophen DiXa-I® plotted against
LC-MS/MS measurement for the wide calibration of rivaroxaban
concentrations and Bland—Altman analysis of agreement (n=30). Anti-
Xa and LC-MS/MS measurements are both given in ng/ml rivaroxaban.

limits of agreement —54.1 to 54.9 ng/ml) was found between
Heparin LRT and LC-MS/MS measurements. In the Bland—
Altman plot, provided in Fig. 4, the scatter of differences
increases with increasing mean of LC-MS/MS and Heparin
LRT. This bias, however, disappears in the natural log trans-
formation of the Bland—Altman plot (detailed data not shown,
but can be provided upon request). The reliability analysis
shows excellent agreement with an ICC of 0.99 (95 % CI
0.98-1.0).

In patient samples with a low drug concentration, agree-
ment between Heparin LRT and LC-MS/MS for both low and
wide concentration ranges was very good, but the Sth and 95th
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Fig. 3 Concentration measurement of Biophen DiXa-I® plotted against
LC-MS/MS measurement for the low calibration of rivaroxaban
concentrations and Bland—Altman analysis of agreement (n=17).
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The limits of agreement of the Bland—Altman analysis were calculated by

the mean difference between the two measurements=+1.96 x standard de-

viation of the difference between the two measurements

percent limits of agreement decreased to —12.9 and 2.4 ng/ml,
respectively, when the low calibration was used (Figs. 4 and
5). Heparin LRT wide and low calibrations were also slightly
biased toward overestimating rivaroxaban concentrations, es-
pecially in very low concentrations with a p<0.05 in the
paired-samples ¢ test of the Bland—Altman analysis (Figs. 4
and 5). The LOD and LOQ of Heparin LRT improved from
49.1 and 148.7 ng/ml, respectively, to 2.1 and 6.3 ng/ml.

In separate runs of the Biophen Heparin LRT with a cali-
bration for LMWH, measurements correlated well with the
lower concentrations of rivaroxaban (Spearman correlation
coefficient 0.98, p<0.001, linear regression r2:0.98,
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Fig. 4 Concentration measurement of Biophen Heparin LRT® plotted against LC-MS/MS measurement for the wide calibration of rivaroxaban
concentrations and Bland—Altman analysis of agreement (#=30). The anti-Xa assay was calibrated for rivaroxaban concentrations 0—500 ng/ml

p<0.001, Table 2) but reached the upper limit of quantifica-
tion of 1.5 U/ml at a rivaroxaban concentration of approxi-
mately 101 ng/ml.

Discussion

A measurement of rivaroxaban concentration or activity is
generally considered unnecessary in a routine setting of con-
tinuous anti-coagulation therapy for non-valvular atrial fibril-
lation or VTE treatment and prevention [1, 4, 13]. The advan-
tageous pharmacokinetic and pharmacodynamic profile of
rivaroxaban and other NOACs provides clinicians with a good
option for treating patients with need for anti-coagulation

1204

100

E
E
g

80|
@ L
e
[14
.}
£
T 60
o
% L]

L]
c Y ..
@
< 404
5
= .
o
L4
204
- X0
L
L1
0+
T T T T T T T
0 20 40 60 80 100 120

Rivaroxaban ng/ml in LC-MSIMS

without routine treatment monitoring. Despite the advantages
of rivaroxaban, a need for measurement has been expressed in
certain clinical and especially critical situations.

Our LC-MS/MS concentration measurements confirmed
previous findings of a large inter-individual variability of
rivaroxaban concentrations [8], especially during the first 4 h
after drug administration. The nature of this variability may
originate from the resorption properties of rivaroxaban. The
LC-MS/MS method provides an exact concentration measure-
ment of rivaroxaban [5]. For instance, in our study of random-
ly selected real-world patients under rivaroxaban treatment,
we reached a LOQ of 1 ng/ml and an upper limit of quantifi-
cation of 600 ng/ml with a coefficient of variation of 4—
7 %.Unfortunately, LC-MS/MS is not available in most
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Fig. 5 Concentration measurement of Biophen Heparin LRT® plotted against LC-MS/MS measurement for the low calibration of rivaroxaban
concentrations and Bland—Altman analysis of agreement (n=17). The anti-Xa assay was calibrated for rivaroxaban concentrations 0—102 ng/ml
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coagulation laboratories, and most importantly, this method is
not available on short notice, which hampers its routine clin-
ical use.

Chronometric coagulation measures, which were de-
veloped for VKA and heparins, such as the aPTT and
the PT, are not or not reliably affected by rivaroxaban
to provide a convincing diagnostic tool [14]. Although,
overall, the PT correlated with the rivaroxaban concen-
tration in our study, it was not sensitive to rivaroxaban in
clinically relevant concentrations for neither of the re-
agents used. Our findings on the PT are in agreement
with previous studies [6, 14-16], and we were able to
show that a normal PT, measured with either the
Normotest or the Thromborel S reagent, does not exclude
clinically relevant concentrations of rivaroxaban and is
dependent on the reagents used in the local coagulation
laboratory [8]. In analogy to the findings by Hillarp
et al., we found the Quick-type Thromborel S assay
slightly superior to the Normotest assay [16], possibly
due to a different composition of thromboplastin.

Chromogenic anti-Xa assays were proposed to give a
very precise measurement of the rivaroxaban concentra-
tion in plasma when calibrated for rivaroxaban [2, 6, 8,
10, 9]. Using LMWH or UFH calibrated anti-Xa assays
may provide a crude estimate of the rivaroxaban concen-
tration present given knowledge and experience with the
local reagents and calibrations. The results of our coag-
ulation analyses provide an assessment of real-world pa-
tient samples on treatment with rivaroxaban rather than
of rivaroxaban-spiked plasma. We were able to show a
clear correlation between LC-MS/MS and the anti-Xa
assays Biophen DiXa-I and Biophen Heparin LRT cali-
brated for rivaroxaban.

Further, we could demonstrate that in patients with
rivaroxaban concentrations below 102 ng/ml, use of
the low calibrators for the anti-Xa assays slightly im-
proved the correlation, the linear regression, and the
inter-rater reliability with the LC-MS/MS measurement
(Table 2). In the Bland—Altman analysis, the anti-Xa
assays for both low and wide calibrations, but most
prominently in low concentrations, slightly
overestimated drug concentration resulting in an overall
negative mean difference. A proportional bias was dis-
covered in the Heparin LRT and the low calibration of
the DiXa-I assays, where the true concentration of
rivaroxaban was systematically overestimated. Despite
log transformation of the measurements, especially in
the lowest concentrations of rivaroxaban, the anti-Xa
assays and the LC-MS/MS method deviated the most.
We assume that in low concentrations, the anti-Xa ac-
tivity is more severely disturbed by endogenous factors
than in high rivaroxaban concentrations. Also, with in-
creasing specificity of the assays, inter-individual
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variability between real-world patient samples becomes
more apparent. The LOD and LOQ of anti-Xa assays
have been assessed in previous studies to lie at approx-
imately 10 and 30 ng/ml, respectively [2, 9]. The slight
deviation of the LOD in our results from previous find-
ings may be attributed to the differences in statistical
methods used.

Based on our results, we have to consider that in a
critical situation where a very high concentration of
rivaroxaban has to be excluded, such as accidental or
intentional overdose or accumulation in kidney failure, a
calibration for a wide range of rivaroxaban concentra-
tions would seem appropriate. A PT result within a
normal range can possibly rule out a high concentration
of rivaroxaban present but is highly dependent on local
reagents and thus requires some experience with local
circumstances [17]. In clinical situations, where a low
but relevant concentration has to be confirmed, such as
planned surgery with assumed residual rivaroxaban de-
spite adequate temporary interruption, before thrombol-
ysis in ischemic stroke patients, or an acute critical sit-
uation with unknown last administration of rivaroxaban,
a calibration for low ranges of rivaroxaban would seem
diagnostically most conclusive. A measurement of
rivaroxaban anti-coagulation during the first 3—4 h after
drug administration with any assay should be interpreted
with the knowledge that rivaroxaban concentration, like
other NOACs [18], may still be increasing (depicted in
Fig. 1). When calibrated for LMWH, the anti-Xa assay
may indicate the presence of clinically relevant concen-
trations of rivaroxaban, only if the presence of LMWH
or UFH can be excluded with certainty.

Our results contribute to the evidence on how to measure
and interpret the treatment with rivaroxaban in real-world pa-
tients. We are, however, aware of some limitations. The ad-
ministration of rivaroxaban was not controlled in our study.
Samples were collected from clinical surplus citrate plasma
and the information on the time of drug administration was
reported by the patients. We believe, however, that our cohort
relates to the clinical reality of anti-coagulation treatment
practice. Given the relatively small number of patients, the
coagulation measurements may be biased or lack discrimina-
tory power. We attempted to reduce bias by conducting LC-
MS/MS and anti-Xa measurements without knowledge of the
reciprocal results, patient characteristics, or time of drug ad-
ministration. We did not perform measurements in samples
with other NOACs such as apixaban or edoxaban and cannot
assess how our findings extend to other direct inhibitors of
FXa. Nonetheless, we believe in our investigation of coagula-
tion assays that the use of real-world patient samples was
advantageous to the use of drug-spiked normal plasma be-
cause we were able to capture more characteristics of the het-
erogeneous population of anti-coagulated patients.
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Conclusion

With more specific anti-Xa assays, such as the Biophen DiXa-
I and specific calibrators for low or wide concentration ranges,
the agreement with the LC-MS/MS measured rivaroxaban
concentration can be very precise. PT is an insufficient mea-
sure to exclude relevant concentrations of rivaroxaban. In or-
der to have confidence in the interpretation of the coagulation
tests, however, a communication of the clinical situation and
the time since last drug administration with the local coagula-
tion laboratory is important.
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