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Thromboembolism is one of the major complications after
primary elective total hip and knee replacement surgery
(resulting in considerable preventable morbidity and mortal-
ity)1 and in patients with nonvalvular atrial fibrillation (AF;
leading to cerebral ischemic stroke and systemic embolism).2

Limitations of the conventional regimes for prophylaxis of
venous thromboembolismwith low-molecular-weight hepa-
rin (LMWH) include bleeding hematoma, local allergy, hepa-
rin-induced thrombocytopenia type I and type II, transient
increase of liver enzymes, and the requirement for parenteral
administration.3 Anticoagulation in patients with AF using

vitamin K antagonists (VKA) reduces the incidence of ische-
mic stroke and systemic embolism and mortality, but severe
bleeding complications, including intracranial hemorrhage,
may occur.4 Also, VKA usage requires frequent dose adjust-
ments to maximize the time in the therapeutic range of
international normalized ratio values between 2 and 3.5,6

Many interactions with food and drugs and the slow onset
and offset of action of VKAs necessitate simultaneous admin-
istration of unfractionated heparins or LMWHs during induc-
tion of anticoagulation as well as during discontinuation of
anticoagulation. The new oral anticoagulants (NOACs) have
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Abstract Rivaroxaban and dabigatran are new oral anticoagulants (NOACs) that inhibit directly
factor Xa and thrombin, respectively. These NOACs effectively prevent thromboembolic
complications using fixed doses without the need for dose adjustment according to
laboratory results. About 60% of rivaroxaban is cleared from circulation by glomerular
filtration, 30% of which is excreted as active drug. About 80% of dabigatran is excreted
into urine as active compound. Accordingly, both NOACs can be determined in urine by
means of chromatographic methods. Only a few laboratories are able to perform such
methods, and results are not available within short time frames. New methods have to
be developed to obtain results within minutes and possibly as point-of-care (POC)
techniques. This testingmay be useful for special patient populations such as those with
acute deterioration of renal function due to any disease, before surgical interventions,
during unexpected bleeding or thrombotic episodes while on therapy with NOACs, the
oldest and youngest populations, pregnancy, suspicion of overdose and intoxication,
and to determine adherence to therapy. Here we describe results of a POC qualitative
assay using urine samples from patients on treatment with dabigatran and rivaroxaban.
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thereby been developed to overcome most of these draw-
backs of heparins and VKAs and to help improve patient care.7

The oral direct factor IIa inhibitor dabigatran and the oral
direct factor Xa inhibitors rivaroxaban and apixaban have
been approved in patients for prevention of venous throm-
boembolism in total hip and total knee replacement surgery.
Dabigatran and rivaroxaban have received approval for pre-
vention of embolism in patients with AF and rivaroxaban for
treatment of venous thromboembolism, pulmonary embo-
lism, and prevention of recurrent events. Differences of doses
exist for some of the NOACs between the approval by the U.S.
Food and Drug Administration and the European Medicinal
Agency. Approvals for additional indications and for other
NOACs are pending.

One of the advantages of the NOACs such as rivaroxaban
and dabigatran is use of a daily fixed dosage without labora-
tory-guided drug monitoring.8 Despite this, the amount of
anticoagulant present in a given individual may need to be
determined in several clinical situations. The need of deter-
mination of anticoagulant effects is increasingly evident for
patients with deterioration of renal function, in the elderly or
oldest population, for surgery or in acute clinical situations,
during recurrent events or during bleeding complications, or
to check compliance.9,10 The concentration of NOACs can be
accurately determined by high-pressure liquid chromatogra-
phy methods. These techniques are, however, unsuitable for
clinical routine use. Thrombin and factor Xa–dependent
coagulation or chromogenic substrate assays have therefore
been developed to respectively determine the concentration
or activity of dabigatran and rivaroxaban.11,12 However,
point-of-care (POC) methods to measure NOACs have not
been reported so far.

POC methods are useful tools to improve patient care and
are available for assessment of several cardiovascular bio-
markers. POCmethods for cardiac troponinT, N-terminal pro-
brain natriuretic peptide,13 andD-dimer are themost used, in
particular for cardiovascular risk stratification.14 The clinical
value of D-dimer, an indicator of fibrin degradation and
coagulation activation, lies in its high negative predictive
value for excluding deep vein thrombosis and pulmonary
embolism.15 Other POC methods are available for assessment
of genetic defects of blood coagulation factors resulting in an
increased thromboembolic risk.16 In blood coagulation, POC
testing is normally performed for control of treatment with
VKA,17 for control of antiplatelet therapy,18 and for assess-
ment of coagulation using thrombelastography.19

NOACs are excreted into the urine, up to 66% for rivarox-
aban, 30% of which as active form,20 and up to 80% for
dabigatran, all of which as the active form of the parent
compound.21 The NOACs can be determined in urine by high-
pressure liquid chromatography methods as in plasma sam-
ples, but these methods are complex and not generally
available. Easier to perform methods have also recently
been described to determine these anticoagulants in urine
from patients on treatment. However, assessment may also
be difficult to interpret because the concentration depends on
the time between intake of the drug and urine sampling.
Advantages of urine sampling include the non-invasive tech-

niques and the possibility to develop POC test systems. These
assays can be performed by trained personal or by the
patients themselves, and can be easily repeated. Here we
describe the results of a validation of POC qualitative tests for
dabigatran and rivaroxaban using urine samples from pa-
tients on treatment and compared with the results obtained
using plasma samples.

Methods and Patients

Analysis of Dabigatran

Urine Samples
In urine, dabigatran was determined by a POC method
incubating the lyophilized reagents on ministrips followed
by incubation with patient’s urine22 (International Patent
Application No. PCT/EP2012/002540). During the incubation
of the strips with urine, the blue color of the solution changes
to a green color in the absence of dabigatran within 15
minutes. In the presence of dabigatran in urine the color
remains blue after 15 minutes of incubation. The reaction is
stoppedwith acetic acid, and the color is identified by eye and
is documented photographically.

Plasma Samples
The chromogenic substrate S2238 (Instrumentation Labora-
tory GmbH, Kirchheim, Germany) was used to determine
dabigatran in plasma.23 Standard curves were computed
using serial concentrations of dabigatran ranging from 25
to 500 ng/mL added to normal pool plasma. The assay was
performed as described previously.24

Origin and Quality of Dabigatran
Dabigatranwas purified from commercially available Pradaxa
(Dabigatran etexilate, Boehringer Ingelheim Pharma, Ingel-
heim, Germany), and its purity was characterized by analyti-
cal methods.24 The thrombin inhibition capacity was
determined by a S2238 thrombin-specific chromogenic sub-
strate assay in comparison with the hemoclot assay contain-
ing dabigatran from Boehringer Ingelheim (Hyphen BioMed,
Neuville-sur-Oise, France). The correlation of the concentra-
tion of dabigatran by these two assays was r ¼ 0.6733
(p < 0.01).24

Patients on Treatment with Dabigatran
Urine and plasma samples were taken from patients with
nonvalvular AF on treatment with 110 or 150 mg dabigatran
twice daily (n ¼ 110) and healthy persons (n ¼ 112) after
having given written informed consent.

Preparation and Analysis of Samples

Urine Samples
Urine samples were taken from control subjects, aliquoted,
centrifuged at 1,800 � g and 4°C, shock frozen, and stored at
–72°C until analysis. Urine samples from patients were taken
2 hours after intake of dabigatran and also processed as
described above. Samples were later thawed and incubated
with strips containing the reagents for 15 minutes, and the
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color was read at 405 mm and by eye and documented
photographically.

Plasma Samples
Blood samples were taken from non-anticoagulated control
subjects, and from patients 2 hours after intake of the
anticoagulant into plastic tubes containing 3.8% sodium
citrate (v/v, 1/10, citrate/plasma), centrifuged within 30
minutes at 1,800 � g and 4°C, and the plasma supernatant
was shock frozen, and kept at �72°C until analysis.

Sensitivity and Specificity

Urine Samples
The sensitivity and specificity of the qualitative reading of the
color of urine samples were calculated from control samples
and samples from patients on treatment with dabigatran,
respectively. The green color represented a negative result,
meaning the samples did not contain dabigatran. The blue
color of the solution represented the presences of dabigatran.

Kappa Index and Youden Index
Color development was read by three skilled persons indepen-
dently to determine the kappa coefficient of the interreader
agreement.25,26 To determine the diagnostic test accuracy the
Youden index (Youden ¼ sensitivity þ specificity – 1) was
used, which is preferable to the diagnostic odds ratio.27 The
Youden index was determined for the urine samples using the
results by judgment of the color by the three independent
readers.

Analysis of Rivaroxaban

Urine Samples
Control urine samples were taken before administration of
10 mg rivaroxaban once daily from patients admitted for
primary elective knee or hip replacement surgery. The second
urine sample was collected from every patient 12 hours after
4 to 6 days of daily intake of rivaroxaban in the evening.

Preparation and Analysis of Samples
Urine and plasma samples were obtained and processed as
described previously for dabigatran.

Urine Samples
In urine, rivaroxaban was determined by a POC method
incubating the lyophilized reagents on strips followed by
incubation with patient’s urine over 15 minutes28 (inter-
national patent PCT/WO2012/069139A1). The yellow color
of the urine itself is diluted with the reagents to a trans-
parent solution. If the urine does not contain rivaroxaban, a
yellow color develops during incubation with the
reagents immobilized on the strips. If the urine contains
rivaroxaban, no color develops and the solution remains
clear.

Plasma Samples
The S2222 chromogenic substrate assay (N-benzoyl-L-iso-
leucyl-L-glutamylglycyl-L-arginine-p-nitroaniline hydrochlo-

ride and its methyl ester, Instrumentation Laboratory GmbH,
Kirchheim, Germany) was used to determine rivaroxaban in
plasma as described.29

Source of Rivaroxaban as Standard Solution for Assays
Rivaroxaban was purified from commercially available Xar-
elto (Rivaroxaban, Bayer HealthCare, Wuppertal, Germany).
The purity and anti-factor Xa activity were described earli-
er.30 Standard solutions were prepared for determination of
rivaroxaban in urine and plasma. Serial concentrations of
rivaroxaban ranging from 12.5 to 500 ng/mL were added to
pool plasma obtained from 20 healthy donors. Blood samples
were collected as described above to obtain and store plasma
samples.

Patients on Treatment with Rivaroxaban
Urine and plasma samples were taken from patients
(n ¼ 144) after having givenwritten informed consent before
and once at days 4 to 6 after total knee replacement and total
hip replacement surgery on antithrombotic therapy with
10 mg daily rivaroxaban.

Sensitivity and Specificity of the Assays
The sensitivity of the urine and plasma assays and the inte-
reader agreement and the diagnostic test accuracy were
determined as described above.

Results

Dabigatran

Urine Samples
Using the POC method for dabigatran in urine, all 112 control
persons had negative values by eye judgment (►Table 1).

During therapy with dabigatran, all 110 patients had
positive color development as judged by eye. Accordingly,
the sensitivity, specificity, and accuracy were 100%
(►Table 1). The Youden index was 1. The interrater agree-
ment was 1.0 of the three independent persons.

Plasma Samples
Control patients displayed plasma concentrations of 40 � 30
ng/mL. In patients on therapy the concentration of dabigatran
was 120 � 80 ng/mL (n ¼ 110).

Rivaroxaban

Urine Samples
Using the POC method for rivaroxaban in urine before
start of therapy (available samples 117 of 144
patients), all 117 patients had negative values as judged
by eye.

During therapy with rivaroxaban, 4 of 125 of 144 available
samples showed a yellow color development by eyemeasure-
ment. One hundred twenty-one of 125 patients showed no
color development as judged by eye. The sensitivity was
96.8%, the specificity 100%, and the accuracy 98.3%
(►Table 2). The Youden index of the interrater agreement
was 96.8%.
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Plasma Samples
Patients displayed plasma concentrations of 11.1 � 7.1 ng/mL
before administration of rivaroxaban. During therapy the
concentration of rivaroxaban was 76.7 � 36.6 ng/mL.

Discussion

The results of the investigations demonstrate that the POC
method from urine samples of patients on treatment with
dabigatran and rivaroxaban displays a specificity of 100%. The
sensitivity and accuracy are 100% for dabigatran and about
97% for rivaroxaban. The test was developed as a qualitative
determination for the presence or absence of the anticoagu-
lants. Therefore, negative and positive results can be judged
by eye with different colors. Negative and positive detections
of dabigatran were related to green and blue color of the
solution of the POC test and yellow and no color for the
absence or presence of rivaroxaban, respectively. The inter-
rater agreement is relevant because the readers have to
decide which color they see by eye. The interrater agreement
was 1.0 for dabigatran and 0.97 for rivaroxaban samples.

NOACs are given in fixed doses once or twice daily without
need for laboratory-guided dose adjustment. However, cer-
tain clinical situations may require the determination of their
anticoagulant effect. These situations may occur more fre-
quently in acute than in chronic situations. POC methods are
available and are successfully used for determination of the
international normalized ratio during treatment with VKA. At
present, the thromboplastin reagents used for the currently
available coagulation POC monitors are not sensitive toward
rivaroxaban or dabigatran.31 In chronic therapy for many
diseases, adherence to drug treatment was shown to increase
by using POC methods.32 POC methods from urine samples
have been reported for several drugs33 and have similarly
been shown to improve adherence to therapy.34 Urine sam-
ples are easy to collect and are commonly used to control
adherence to drug therapy. The patient and any health care
personal may collect urine samples. If samples are analyzed
by a POC system, results are available within minutes.

Chronic disease is a common presentation in general
practice. Improving long-term medication adherence is cru-
cial to improving chronic disease outcomes. Evidence from
large-scale, randomized, controlled trials is that medication
adherence is suboptimal,35,36 which is influenced by many
variables, includingnumber and cost ofmedications, duration
of disease, age, and patient attitudes, beliefs, and perceptions
relating to illness.37,38 Factors that positively influence pa-
tients’ outcomes include active patient involvement in deci-
sion-making processes affecting their care, good
communication, and providing patients with education and
quality information about their disease.39,40 POC testing
produces an immediate test result, thus enabling immediate
decisions and discussion about patient treatment, and has the
potential to engage patients in their own care. A systematic
review of POC testing by Delaney and colleagues suggested
that these methods may be valuable in managing patients
with chronic conditions.41 This indicates the potential of POC
methods for the NOACs dabigatran, rivaroxaban, apixaban,
and others in development.

The strengths of themethods are that theyare not invasive,
they are repetitively easy to perform, the results are available
within 15 minutes, they can be performed by patients them-
selves, and they do not require standard solutions. The
methods are highly sensitive, specific, accurate, and posses
a very high interrater agreement.

Limitations of the POC methods include the lack of precise
data on the pharmacokinetics in relation to the urinary
excretion of dabigatran and rivaroxaban over time. Another
limitation refers to severe renal impairment. The NOACs may
not be excreted into urine in those patients. Urine assessment
of the NOACs does not necessarily reflect the acute concen-
tration of the drug but rather its concentration in the previous
hours (i.e., from the last urine produced). This is particularly
essential for emergency physicians, who should be aware of
how to interpret results. However, acute urine samples can be
repetitively obtained in emergency situations to cover this
problem.

In conclusion, the POC methods using urine samples from
patients on treatment with dabigatran and rivaroxaban are

Table 2 Rivaroxaban in urine samples

Control During therapy

Positive:
no color (n) 0 121

%
False positive
0

Correct positive
96.8

Negative:
yellow color (n) 117 4

%
Correct negative
100

False negative
3.2

Sum (N) 117 125

Note: Results of the determination of rivaroxaban in urine samples of
patients not taking any anticoagulant (control) and 4–6 days on treatment
12 hours after intake of rivaroxaban 10 mg once daily (samples available
only from 117/144 patients before and 125/144 patients during therapy).
Data are given as negative and positive according to the color visible to eye.

Table 1 Dabigatran in urine

Control During therapy

Positive:
blue color (n) 0 110

%
False positive
0

Correct positive
100

Negative:
green color (n) 112 0

%
Correct negative
100

False negative
0

Sum 112 110

Note: Results of the determination of dabigatran in urine samples of
patients not taking any anticoagulant (control) and 4–6 months on
treatment 2 hours after intake of dabigatran 110 or 150 mg twice daily
(samples during therapy available only from 110 patients). Data are given
as negative and positive according to the color visible to the naked eye.
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characterized by a very high sensitivity, specificity, and
accuracy. The POC method is noninvasive, easy to perform,
and can be done repetitively. The validity of these methods in
pathologic urine samples and the real world use by patients
remain to be investigated.
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