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Besides the conventional vitamin K antagonists, the non–
vitamin K antagonist oral anticoagulants (NOAC) such as
dabigatran, rivaroxaban, apixaban, and edoxabanare approved
in many countries for the prevention of venous and arterial
thromboembolism.1 All compounds were developed with the
dual aims of avoiding laboratory monitoring and to be used at
fixed daily dose. As a consequence, plasma samples for post
hoc determination of the anticoagulant effect were not taken
in the pivotal studies or only assessed in subgroups of patients.

One of the common characteristics of these anticoagu-
lants is the considerable, though differing, impact of renal
function on their elimination. Dabigatran is excreted by the
kidneys to approximately 80%, rivaroxaban to �60%, of
which one half represents the active drug, and apixaban
and edoxaban to �25%. Dabigatran is therefore
contraindicated in patients with a creatinine clearance
below 30 mL/min, and the factor Xa inhibitors at below
15 mL/min.2 For intermediate decreases of renal function,
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Abstract Measurement of the anticoagulant effect of non–vitamin K antagonist oral antico-
agulants (NOAC) may be desirable, in particular in patients with acute medical
conditions. Useful methods should give results rapidly within minutes, should be
easy to perform, specific, and sensitive. Using plasma samples, chromogenic assays
can be made to be specific for the two types of NOAC (factor Xa and thrombin
inhibitors), and also hemoclot and ecarin clotting time specific for dabigatran. If plasma
samples anticoagulated with sodium citrate are not available, blood samples anti-
coagulated with ethylene diamine tetraacetic acid or serum samplesmay be regarded as
alternatives for the determination of NOAC. At present, dabigatran cannot be deter-
mined from serum samples because it may be consumed during the clotting process to
obtain serum. NOAC can be determined in urine samples due to their renal elimination.
Quantitative methods are preferable to qualitative methods, although the latter may be
advantageous in some situations, being developed as point-of-care tests for oral factor
Xa and thrombin inhibitors. In these tests, the presence and absence of NOAC in urine
can be identified with the naked eye after a few minutes and these tests are highly
specific and sensitive. New assays such as a semiquantitative determination in urine
samples and measurement using other sample matrices are currently under
development.
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individual reduction of doses of rivaroxaban, apixaban, and
edoxaban are required. In the clinical studies, patients with
impaired renal function with a creatinine clearance below
these limits were not included.

In real-world situations after market approval, NOACs are
administered to patient types not included into the clinical
studies, and patients may develop diseases over time or take
additional drugs (e.g., nonsteroidal anti-inflammatory
drugs) that result in reduction of renal function. Patients
may also have to undergo acute surgical interventions ormay
receive drugs interacting with NOAC metabolism at the level
of the cytochrome P450 3A4 system or with its transmem-
brane transport (e.g., in the gut) at the level of P-glycoprotein.
These and other clinical situations lead to the inevitable fact
that laboratory testing of NOAC will be required in specific
clinical situations in the future. Importantly, these clinical
situations most often require urgent medical decisions
necessitating rapid monitoring. Such rapid monitoring is
feasible specifically with point-of-care (POC) methods.
Conventional methods, POC methods, and alternative
matrices for determination of NOACs are reviewed in this
article (see ►Fig. 1).

Liquid Chromatography Methods

Liquid chromatographywith high-resolutionmass spectrom-
etry (LC-MS/MS) methods were used initially for the devel-
opment of theNOAC. Theywere adopted to identify the purity
of the compounds during the production process aswell as for
the identification of metabolites following administration to
animals and humans. However, the availability of these

methods is limited to a small number of specialized labora-
tories.3,4 Recently, these methods were used to compare the
sensitivity and specificity of chromogenic substrate assays
and of coagulation assays for NOACs after spiking to human
plasma or after administration to man.5 The most relevant
conclusion of those investigations is that the LC-MS/MS
methods show a strong correlation to the specific chromo-
genic substrate assays after spiking human plasma samples
with dabigatran, rivaroxaban, apixaban, and edoxaban, as
well as to a specific clotting test for dabigatran (Pearson
correlation r > 0.95). Following administration of these
NOAC to volunteers or patients, correlations were also very
strong with values of r > 0.90. Consequently, not all studies
used LC-MS/MS method as reference to measure NOAC from
human plasma samples but used the specific chromogenic
substrate assays for the oral direct factor Xa and thrombin
inhibitors.

LC-MS/MS results also demonstrated the limited utility of
global coagulation assays such as prothrombin time (PT) and
activated partial thromboplastin time (aPTT) assays including
different reagents for both type of assays. For other coagulation
assays, such comparisons were not performed. Because of the
strong correlation of the LC-MS/MSmethodswith chromogenic
substrate assays, comparisons of the anticoagulant effects of
NOAC with other clotting assays were reported in comparison
with the specific chromogenic substrate assays.3,4,6–8

A limitation of the LC-MS/MS methods3 is that they differ
in the experimental setting (e.g., turbulent chromatography6

and ultra-performance liquid chromatography–tandemmass
spectrometry [UPLC-MS/MS])7 and that these specific meth-
ods were not compared.

Fig. 1 Outline of the matrices and methods to measure NOAC. Identification of colors: red and yellow, color of the matrix (blood and urine);
green, anticoagulation ex vivo during blood sampling; no color, conventional matrix (citrated blood samples); blue, new matrices for
measurement of NOAC. POC tests for DTI (direct thrombin inhibitor: dabigatran and others) and DFXaI (direct factor Xa inhibitors: rivaroxaban,
apixaban, edoxaban and others): a negative (right side) and a positive (left side) tests for the absence or presence of DTI and DFXaI in urine samples
are shown. The colors can be identified by the naked eye within 10 to 15 minutes. Test details are described in Du et al.18
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Influence of Coagulation Platforms on
Coagulation Assays

Chromogenic substrate assays and coagulation assays are
performed on a variety of coagulation platforms. Every assay
needs to be adapted to a specific coagulation platform. An
example is given here: human plasma samples spiked with
different concentrations of apixaban were investigated in an
international collaborative study on factor Xa–specific chro-
mogenic substrate methods, such as STA Liquid Anti-Xa (Diag-
nostica Stago, Asnières sur Seine, France), STA Rotachrom
(Diagnostica Stago), Coamatic Heparin (Haemochrom, Essen,
Germany), HemosIL Anti-Xa liquid (Instrumentation Labora-
tory, Kirchheim, Germany), and Technochrome Anti-Xa (Tech-
noclone, Vienna, Austria).9 Each laboratory used its own
coagulation platform. Subanalysis and comparison of data
were done for centers using the ACL coagulation platform
(Instrumentation Laboratory) versus centers not using the ACL
coagulation platform, and also for centers using the Stago
coagulation platform versus centers not using the Stago coag-
ulation. As a result, the coefficient of variation (CV) of the data
was lower for all concentrations of apixaban if reagents and
platforms were from the same producer compared with the
data of centers using the chromogenic assays on platforms of
another producer. In detail, the chromogenic assays HemosIL
and Coamatic (Instrumentation laboratory) resulted in a lower
CV on the ACL platform compared with the other platforms.
The STA-Liquid Anti-Xa and Rotachrom chromogenic assays
(Diagnostica Stago) resulted in a lower CV when analyzed on
the Stago coagulation platform compared with the other
coagulation platform.10 Similar data can be anticipated for
coagulation assays when they are performed on coagulation
platforms on which the coagulation assays were developed.
These results show the importance of analyzing and describing
each assay for each coagulation platform. In addition, the data
show that assays perform better if they are used on the
coagulation platform on which the analysis has been opti-
mized by specific adaptations of the experimental setting.
These results also show that the variability of measurements
of NOAC concentrations or activities may result from such
differences in analytical techniques used in the publications.

Chromogenic Assays for Oral Direct
Thrombin Inhibitors

The direct thrombin inhibitor (DTI) dabigatran is a small
synthetic oral anticoagulant with a nonpeptidic, potent,
specific, competitive, and reversible binding to free and
fibrin-bound thrombin.11 Dabigatran etexilate is rapidly
hydrolyzed to its active form dabigatran after oral adminis-
tration and intestinal absorption by nonspecific, ubiquitous
esterases in gut, blood, and liver.12 To improve oral absorp-
tion, tartaric acid is added to the oral preparation.

Direct Thrombin Inhibitors Assay

One of the thrombin specific chromogenic substrate methods
is the DTI assay (SiemensHealthcareDiagnostics Inc.,Marburg,

Germany). This assay was initially developed and certified for
hirudins. New studies showed the applicability of the assay for
samples containing dabigatran following spiking to human
plasma and after administration to patients treated with
dabigatran.13 The concentrations of samples were calculated
from control samples containing known concentrations of
dabigatran.5,9,14

S2238 Chromogenic Method

The chromogenic substrate S2238 is another substrate spe-
cific for the determination of any thrombin inhibitor. It has
also been used for the measurement of dabigatran in plasma
samples spiked with dabigatran and form patients on treat-
ment with dabigatran. As outlined above, some differences in
the concentrations in plasma samplesmay be detected due to
the development of each chromogenic substrate assay for a
specific coagulation platform. Preliminary data seem to sup-
port this finding, which has been reported in more detail for
apixaban and various chromogenic methods on different
coagulation platforms.13

Ecarin Chromogenic Assay

Ecarin is a snake venom isolated from Echis carinatus; it is
used to convert prothrombin to meizothrombin, a prothrom-
bin intermediate that is sensitive to inhibition by DTIs.15,16

Ecarin actives factor V in the plasma sample resulting in a
conversion of prothrombin to thrombin. Thereby, thrombin is
not added to this type of chromogenic assay. A thrombin-
specific chromogenic substrate is released dose dependently
by thrombin and inhibited by dabigatran inversely to the
concentration of the inhibitor. This assay is specific for
dabigatran but is not presently used as frequently as other
chromogenic substrate assays for the determination of
dabigatran.

Clotting Time Assays for Oral Direct
Thrombin Inhibitors

Hemoclot Thrombin Inhibitor Assay
The procedure of hemoclot thrombin inhibitor assay (HTI)
(HYPHEN BioMed, Neuville-sur-Oise, France) is a diluted
thrombin clotting time method. Plasma is diluted 1 to 8
with human pool plasma and thrombin is added to induce
clotting. The clotting times are prolonged by low (�10 to 20
ng/mL) to high (�500 ng/mL) concentrations of dabigatran in
a linear fashion.17 This assay was introduced as a standard
method by the US Food and Drug Administration (FDA) to
determine dabigatran. In fact, many publications reported on
the high correlation to the LC-MS/MSmethod and to chromo-
genic methods and on the usefulness in patients. However, in
patient samples, a high variation of the results was observed,
a finding that was attributed mainly to the variation of the
pharmacokinetics of dabigatran, and patients’ adherence to
therapy rather than to the performance of the assay. Using
specific calibrators, the clotting times are converted to ng/mL
dabigatran per mL plasma.
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Ecarin Clotting Time
Ecarin is snake venom isolated from Echis carinatus as
described above. The ecarin reagent (Pentapharm, Basle,
Switzerland) is added to initiate clotting. The clotting times
are linearly prolonged by dabigatran, and through calibrators
the concentrations of dabigatran are calculated. As for the
ecarin chromogenic assay, this test is presently also not used
frequently for experimental analyses of the effect of
dabigatran.

Heptest Coagulation Assay
Recently, the effect of dabigatran was investigated for the
Heptest-STAT coagulation assay demonstrating a prolonga-
tion over a concentration range from approximately 50 to 500
ng/mL of the anticoagulant.18 The assay is less sensitive at
concentrations of dabigatran below 100 or 300 ng/mL and can
be used if overdosing of dabigatran is suspected. These
limitations in this assay are less pronounced for oral direct
factor Xa inhibitors, which more specifically prolong this
assay (see later).

Prothrombinase-Induced Clotting Time
The prothrombinase-induced clotting time (PiCT) assay uses
prothrombinase to modify factor V and consequently factor X
and prothrombin to activated clotting factors. Therefore, PiCT
is sensitive to unfractionated heparins, low-molecular-
weight heparins, danaparoid, fondaparinux, hirudins, direct
thrombin, and direct factor Xa inhibitors. For specific indirect
and direct factor Xa inhibitors, the test has to be performed as
a two-step method (reagents from Pentapharm, Basle,
Switzerland) (normal mean value 29.9 � 4.6 seconds19). For
other coagulation inhibitors, preincubation of plasma with
prothrombinase is not required.20

Prothrombin Time and Dilute Prothrombin Time
Assays
PT assays can be performed with many thromboplastin
reagents. It has been demonstrated in several studies that
every thromboplastin possesses an individual sensitivity
toward dabigatran. A standardization of the reagents in
relation to dabigatran has not been investigated. Importantly,
the international normalized ratio (INR) cannot be used to
standardize the influence of dabigatran on the PT as it was
done for patients on treatment with coumarins.21,22 This is
due to the fact that standardization of INR requires plasma
samples of patients treatedwith coumarin, which is depletion
of the vitamin K–dependent clotting factors. In contrast,
plasma of patients treated with dabigatran contains normal
concentration of these clotting factors rendering a calculation
of the INR as inappropriate.

Activated Partial Thromboplastin Time
As for PT reagents, aPTT can be performed by using several
commercially available activators for the assay. Transforma-
tion of the clotting times to ratios may be helpful to compare
the effects of dabigatran, but relationships between concen-
trations and ratios still vary between reagents. Further stan-
dardization activities have not been published for aPTT

reagents. All aPTT reagents are insensitive to low concen-
trations of dabigatran. High concentration of dabigatran in
plasma prolong coagulation times of aPTT, but the coefficient
of variation remains above 50% even for plasma samples
spiked with dabigatran and analyzed within 1 day (intraday
variation).23–26 For clinical use, large prolongations of aPTT
indicate high concentrations of dabigatran in plasma.
However, the variation of the results is toowide to sensitively
detect overdosing of dabigatran. This underpins the limited
value of aPTT for the determination of dabigatran in plasma
samples of patients treated with this anticoagulant.

Chromogenic Assays for Oral Direct Factor Xa
Inhibitors

Several chromogenic substrates have been proven to specifi-
cally determine the inhibition of rivaroxaban, apixaban,
edoxaban, and other oral direct factor Xa inhibitors in human
plasma samples. The dependence of each chromogenic meth-
od on the coagulation platform used with regard to the
measured concentration of apixaban was described above.
These findings should be applicable to other oral factor Xa
inhibitors as well. The chromogenic substrates differ in their
affinity, association, and dissociation constants toward factor
Xa. Consequently, the kinetics of interaction are also influ-
enced differently by the factor Xa inhibitors. This was inves-
tigated in detail for rivaroxaban using five chromogenic
substrates.27 Human plasma samples were spiked with vari-
ous concentrations of rivaroxaban and incubated with the
chromogenic substrate, and the release of para-nitroaniline
by the residual activity of factor Xa was determined. The
optical density (OD at 405 nm) was plotted versus the
concentration of rivaroxaban in the sample. The results
demonstrated significant differences between the OD and
concentration curves of the chromogenic substrates. By sta-
tistical methods taking these differences into account, over-
lapping OD versus concentration curves for rivaroxaban with
the various chromogenic substrates were obtained.27 By this
procedure, the variability between assay results was dramat-
ically reduced. The application of this method to clinical
samples remains to be validated. These data demonstrate
that differences between results of chromogenic substrate
assays can be eliminated by mathematical approaches. Care-
ful adaptation of chromogenic methods to hemostasis instru-
ment platforms may reduce this variability further.

Clotting Assays for Measurement of Oral
Direct Factor Xa Inhibitors

Heptest Coagulation Assay
Heptest STAT is a coagulation assay that is activated by a
reagent containing calcium, phospholipids, and factor V
(HemaXa Ltd, Tioga, TX). The previously available Heptest
coagulation assay sensitively determines the activities of
unfractionated heparins,28,29 low-molecular-weight hepa-
rins,30 fondaparinux,31 and heparinoids.32 Heptest was
used in phase I,33 phase II, or phase III clinical trials to
determine the pharmacodynamics effects of rivaroxaban34
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and apixaban.35 The utility of Heptest STAT under real-life
conditions has so far only been examined in patients treated
with low-molecular-weight heparins.36 A recent investiga-
tion demonstrated that Heptest STAT determined the con-
centrations of the NOACs rivaroxaban, apixaban, and
dabigatran as accurately as specific chromogenic assays.18

Prothrombinase-Induced Clotting Time
The PiCT assay is sensitive toward rivaroxaban and other
direct factor Xa inhibitors if plasma samples are preincubated
with prothrombinase.37 Newer publications on the influence
of NOAC on PiCT are not available.

Prothrombin Time and Dilute Prothrombin Time
PT is prolonged dose dependently by all thromboplastin
reagents. The sensitivity of the thromboplastin reagents varies
substantially for the different direct factor Xa inhibitors. In
addition, the factor Xa inhibitors differ substantially in their
inhibitory potency as determined by PT with rivaroxaban
being the most potent and apixaban the least potent agent
in this assay.38,39 The results from clinical trials vary substan-
tially. Adilution of the thromboplastin reagentdidnot improve
the sensitivity of the reagent toward the factor Xa inhibitors.
From a clinical point of view, the variability of the response of
thromboplastin reagents is too high to accurately identify low
or high concentrations of rivaroxaban.40

Determination of NOAC from Plasma
Samples Anticoagulated with EDTA

Sodium citrate is routinely added to blood samples to prevent
blood coagulation in vitro for coagulation assays, and ethylene
diamine tetraacetic acid (EDTA) is added for determination of
hematology and some clinical chemistry parameters. In con-
trast to plasma obtained with citrate, EDTA plasma specimens
cannot be accurately tested by clotting-based assays due to the
irreversible chelation of ionic calcium. While clotting assays
require ionized calcium for the enzymatic reaction, this may
not be the case for the interaction of factor Xa and a chromo-
genic substrate.39 Recent results demonstrated that rivarox-
aban determinations in plasma samples anticoagulated with
sodium citrate or EDTA and spiked with serial dilutions of
rivaroxaban were not statistically significantly different for
two chromogenic assays. For patients on treatment with
rivaroxaban, the original values for mean concentrations and
variances of rivaroxaban were also not different in samples
anticoagulated by either sodium citrate or EDTA during sam-
pling.41 Additional data need to be generatedwith other direct
factor Xa inhibitors and by increasing the number of patients
on treatment. However, this approach is promising and of
clinical relevance, if only EDTA, but no citrate plasma, samples
are available from patients.

Point-of-Care Tests Using Plasma Samples

To determine the presence of NOAC in blood samples in
emergency situations, POC tests from blood may offer advan-
tages over conventional clotting assays such as PT or aPTT. It

has to be considered that results of a POC test are influenced
by the sensitivity of the reagents toward the NOAC and by the
POC platform. This has been described in detail earlier for
apixaban and a chromogenic test. At present, one publication
is available with results for dabigatran and rivaroxaban
determined on two POC devices.42 The results show a high
variability of the results with both anticoagulants after
adopting an aPTT reagent for measuring dabigatran and
two PT thromboplastin reagents for rivaroxaban. The authors
concluded that both methods may be useful for detecting an
overdose of dabigatran and rivaroxaban in acute clinical
conditions.42 Additional publications are currently not
available.

Determination of NOAC from Serum Samples

Unlike plasma samples, serum samples are taken from all
patients in acute and nonacute clinical situations. Blood for
the determination of coagulation parameters needs to be
collected separately into plastic or siliconized glass tubes
containing sodium citrate to inhibit mechanical coagulation
activation in vitro. Potential pitfalls of blood drawing for
coagulation parameters are incomplete filling of the tube
resulting in wrong ratios of anticoagulant to blood leading to
incorrect coagulation results and the activation of blood
clotting during and after blood sampling due to incorrect
handling. In addition, correct handling also includes centri-
fugation at given temperatures, analysis within a given time
frame, and specific procedures for freezing and thawing of
samples.43 Published data indicate that rivaroxaban and
apixaban can be accurately determined from serum samples
of patients on treatment and that values correlate well with
those determined from plasma samples.44 This would seem
advantageous given the wider availability of serum samples
compared with plasma samples, and the easier handling/
preanalytical stability of serum samples.

In contrast, however, other data indicate that dabigatran
cannot be accurately determined from serum samples. The
variability of the lower values of dabigatran in serum com-
pared with plasma was twice as high using chromogenic
assays. An explanation for this finding includes a consump-
tion of dabigatran during thrombin generation of blood
samples to obtain serum. The determination from serum still
requires improvement before a general applicability in
patients may be achieved.13

Measurement of NOAC from Urine Samples

As stated earlier, the elimination of NOAC variably decreases
with decreasing renal function. Therefore, patients on treatment
with NOAC andwith impaired renal functionmay be exposed to
an increased risk of bleeding due to drug accumulation.2 For
example, themean clearance of total dabigatran decreased from
62.9 mL/min in the healthy control group to 10.3 mL/min in
subjects with severe renal impairment. The mean elimination
half-life of dabigatran increased from 13.8 hours in healthy
subjects to 16.6, 18.7, and 27.5 hours in subjects with mild,
moderate, and severe renal impairment, respectively (►Table 1).
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The determination of dabigatran in urine showed high
concentrations in the range of 2 to 20 µg/mL.13 The value of
measuring dabigatran in urine is that this method is not
invasive, may be repeated easily, and detect patients with a
lack of compliance even if considered as a semiquantitative
assessment. The measurement of dabigatran in urine is
feasible and may be used to check compliance as has been
already demonstrated with a qualitative test.9 The validity of
the assay results remains to be determined in specific clinical
settings under real-life conditions of therapy. Similar reports
are not yet available for rivaroxaban and apixaban.

Point-of-Care Test for NOAC from Urine
Samples

Development of POC methods for DOACs in urine is based on
their immediate glomerular filtration and excretion into the
urine if present in blood. The test principle is based on the
development of different colors in the presence and absence
of oral direct factor Xa or thrombin inhibitors, and which can
be identified by the naked eye. Two colors were chosen for
each class of inhibitors: for factor Xa (absence: yellow color;
presence: no color; ►Fig. 1) and for thrombin inhibitors
(absence: green color; presence: blue color; ►Fig. 1).46

The ability of patients to correctly identify the colors with
the naked eye as being positive and negative for dabigatran

and rivaroxaban was analyzed by a set of prepared samples
obtained from patients under therapy. The results of the
sensitivity, specificity, accuracy, and positive and negative
predictive indices are given in ►Table 2.46

In specific clinical situations, the rapid determination of
NOAC may be required for clinical decision making. Typical
examples are where it is necessary to know if the drug is on
board or not, or there are indications for fibrinolytic therapy
in cerebral embolism, for placement of a lumbar catheter,
and/or severe bleeding events. Renal function reduces with
increasing age. Advantages of using urine as test sample
include its noninvasive availability and the possibility to
develop POC test systems to be performed by trained personal
or by the patients themselves. These tests can be repeated
easily. In contrast, POC tests from blood require blood sam-
pling from the fingertip and accurate administration to the
test strip of the coagulation device. In addition, standardiza-
tion of the POC test is not required for urine samples, as
sensitivity and specificity of the NOAC tests in urine have
homogeneously been found to be above 95%.46 A scheme for
the clinical disease management of specific patient groups is
given in ►Table 3 in relation to the results of the qualitative
POC test for NOAC.

Discussion

Several chromogenic assays and clotting tests were evaluated
in the last couple of years tomeasure the anticoagulant effects
of NOAC in specific patient populations.47 Specific problems
were identified in these investigations. Standardization of
assays for each platform is required to improve comparability
of themeasurements and related publications. It has still to be
stressed that INR values as being specifically designed and
standardized with plasma samples of patients treated with
vitamin K antagonist are unsuitable for analyzing the effects
of NOAC. Specific liquid chromatography methods are not
suitable for routine monitoring due to the sophisticated
equipment required and the specific knowledge of specialists
to run these assays. Of note, comparisons between these test
systems remain to be performed. On the other hand, high
correlations of the LC-MS/MS methods with chromogenic
assays and Hemoclot limit the necessity to perform these
tests for experiments in the future.

Table 1 Ratios of Cmax and AUC (ng x h/mL) for samples from
patients with renal impairment and those from healthy subjects
following a single oral administration of dabigatran45

Parameter Renal impairment Ratio (90% CI)

Cmax (ng/mL) Mild 1.11 (0.61–2.03)

Moderate 1.70 (0.93–3.10)

Severe 2.12 (1.25–3.59)

AUC (ng x h/mL) Mild 1.50 (0.78–2.90)

Moderate 3.15 (1.63–6.08)

Severe 6.31 (3.54–11.25)

Abbreviations: AUC, area under the concentration time curve; CI,
confidence interval; Cmax, maximal concentration.

Table 2 Sensitivity, specificity, NPV, and PPV of the POC method using urine samples of patients on treatment as determined by
color reading by patients46

Dabigatran (n ¼ 484) Rivaroxaban (n ¼ 457)

Mean 95% CI Mean 95% CI

Sensitivity 100 99–100 96 94–98

Specificity 99 98–100 98 96–99

Accuracy 99 99–100 97 96–98

PPV 99 98–100 98 97–99

NPV 100 99–100 96 94–98

Abbreviations: CI, confidence interval; NPV, negative predictive value; POC, point of care; PPV, positive predictive value.
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Several recommendations or guidelines have been published
on the use of coagulation assays to monitor NOAC.10,16,40,48

However, careful reading of the recommendations may also
convey the impression that a consensus on this topic is not yet
obtained.38

Amajor limitation of all availablemethods is the fact that
a wide range of values is obtained from patients under
treatment and consequently essentially overlap in values
exists between controls and treated patients. Clinical
decision making may thus be difficult in relation to the

obtained coagulation values. Therefore, efforts are under-
taken to tackle this unmet medical need of accurately and
feasibly measuring the anticoagulant effects of NOAC. So
far, only the determination of NOAC in urine samples offers
a possibility to partly address this problem, which is related
to the high rate of renal excretion of these anticoagulants
reaching urinary concentrations of above 100 ng/mL as
soon as a NOAC is present in blood. Thus, an overlap with
controls was not observedwith such testing.13 These assays
were also developed as qualitative POC methods using
urine samples, which can be read by the naked eye within
a couple of minutes by different colors for a negative and
positive result (absence and presence of the NOAC).46 One
limitation of these methods is the time difference of
approximately 1 to 2 hours between actual concentration
of NOAC in blood and appearance in urine. Strengths of the
methods are that they are not invasive, can be repeated
easily, they are highly sensitive and specific, and that the
POC test can be performed by the patients themselves.
Further development of the test system is currently on
the way at specialized centers.

In conclusion, current methods to measure NOAC in
several matrices are chromogenic substrate assays and
some clotting methods. POC methods are developed to speed
up the decision making in critical care medicine. There is a
high possibility of solving the current methodological prob-
lems and limitations of the assays due to an intense collabo-
ration of producers of the drugs, of the assay reagents and
coagulation platforms, laboratory and clinical scientists, and
physicians.
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Table 3 Position of the urinary POC test results in the context of
clinical disease management

Bleeding complication

Test is negative:

• Patient did not takemedication within the past 1–24 h

• Stop bleeding, re-check POC after 1 h, determine
chromogenic test

Test is positive (patient took NOAC within the past 24 h):

• Perform a chromogenic test specific for NOAC or
hemoclot/ECT for dabigatran

• Wait for result, treat according to published guidance

Thrombotic event

Test is negative

• Patient did not take medication within the last 1–24 h

• Start anticoagulation regimen

Test is positive

• Perform specific test as above

• Wait for result and treat according to published
suggestions

None of above and no acute medical intervention required

Test is negative

• Patient education

• Start alternative anticoagulation if indicated

Test is positive

• Interrupt NOAC therapy, if medical intervention
requires this

• Redo POC within 24 h, take sample for specific
anticoagulant test

• Restart therapy after medical intervention

• Continue therapy with NOAC if medically indicated

Adherence to therapy

Test is negative

• Education program for patient to improve adherence
to therapy

Test is positive

• No action required, continue therapy

• Check creatinine if elevated values are suspected

Abbreviations: ECT, ecarin clotting time; NOAC, non–vitamin K antag-
onist oral anticoagulant; POC, point of care.
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