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Abstract

Background: Traditional coagulation tests are included in emergency guidelines for management of patients on
direct oral anticoagulants (DOACs) who experience acute bleeding or require surgery. We determined the ability
of traditional coagulation tests and fast whole blood thromboelastography (ROTEM®) to screen for anticoagulation
activity of dabigatran and rivaroxaban as low as 30 ng/mL.

Methods: One hundred eighty-four citrated blood samples (75 dabigatran, 109 rivaroxaban) were collected from
patients with non-valvular atrial fibrillation (NVAF), to perform screening tests from different manufacturers, (diluted, D)
PT, aPTT, TT and ROTEM®. The activity of DOACs was quantitatively determined by clot detection assays: Hemoclot DTT
and DiXaI test (Biophen), on CS2100 (Siemens). The clotting time (CT) of INTEM and EXTEM ROTEM® (Werfen) were
used as test parameters.

Results: Dabigatran, ≥ 30 ng/mL, was accurately detected by five coagulation tests: APTT Actin FSL (93%), PT
Neoplastin (93%), APTT Cephascreen, Thromboclotin, and Thrombin (all 100%), but not by PT Innovin (49%).
CT-EXTEM (91%) was sufficiently sensitive, but not CT-INTEM (52%). APTT Cephascreen and Thrombin showed
good linearity (R2 = 0.71,R2 = 0.72). For the other tests linearity was moderate to poor. Rivaroxaban was
accurately detected by PT Neoplastin (98%) and less so by APTT Cephascreen (85%). In addition, rivaroxaban
was also accurately detected by CT-INTEM (96%). PT Neoplastin showed good linearity (R2 = 0.81), all other
tests had moderate to poor linearity.

Conclusion: In patients with NVAF, the ability of routine coagulation tests to detect the presence of significant levels
of DOACs is test and reagent dependent. CT-INTEM and CT-EXTEM may be fast whole blood alternatives.

Trial registration: The Institutional Review Board of the MUMC approved this study (December 2011, project
number 114069).
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Background
For more than 60 years vitamin K antagonists (VKA)
were the drugs of choice to prevent thrombosis in
patients with NVAF and mechanical heart valves, as well
as to treat and prevent recurrence of thrombosis in pa-
tients with venous thromboembolism (VTE).
The management of patients on anticoagulant therapy

was guided by laboratory testing of prothrombin time
(PT), which was internationally harmonized by the ISI
factor resulting in (international normalized ratio) INR,
an easily interpretable laboratory test [1]. With the
introduction of direct oral anticoagulants it was empha-
sized that no routine laboratory testing would be needed
[2–7]. However, in emergency situations the need for
testing remains since residual activity of the anticoagu-
lant treatment might introduce e.g. bleeding during sur-
gery. Screening tests for detecting anticoagulants, which
can be performed 24 h a day instead of just during work-
ing hours should therefore be available to guide treat-
ment decisions. The concentration below 30 ng/mL is
proposed as a safe-for surgical treatment threshold [8].
Thereby, this concentration is sufficient to administer
antidote against DOAC if needed [9].
Activity-based drug levels in plasma can be determined

but are not obtainable in all care settings [10]. Traditional
routine coagulation tests are widely available and may be
used for first line testing in emergency situations [11–15].
In many countries regional guidelines have been issued
upon the introduction of the DOACs indicating the pre-
ferred strategies of action for both the prescription and
(laboratory) management of these drugs [16–18]. These
guidelines do indicate that the thrombin time (TT) is the
most sensitive routine coagulation assay for detection of
dabigatran and that the PT is the most sensitive routine
coagulation assay for detection of rivaroxaban. Guidelines
do however not (sufficiently) report on the sensitivity of
the different individual TT, PT and activated partial
thromboplastin Time (aPTT) tests that are commercially
available. This may be due to the fact that most of these
guidelines were based on laboratory data using plasma
spiked with DOAC instead of samples acquired from pa-
tients using the drugs.
We therefore set out to evaluate two proposed screening

algorithms [16, 18] and at the same time validate seven dif-
ferent routine anticoagulation tests for screening of plasma
drug activity in daily practice, using plasma samples from
a cohort of patients on dabigatran and rivaroxaban. In
addition we evaluated ROTEM® for the same purpose in
whole blood in a subsample of the study population [19].

Methods
Patients
This analysis comprises the first 76 non-valvular Atrial
Fibrillation (NVAF) patients (30 on dabigatran, 46 on

rivaroxaban) that were structurally followed in an
observational DOAC study in the Maastricht University
Medical Center (MUMC+), the Netherlands. The study
is ongoing.

Study population
All patients came from a single institution, the anticoa-
gulation clinic Maastricht, and were referred by cardiol-
ogists of the MUMC. Patients were followed in an
observational cohort study, which started January 2012
and is still ongoing. The Institutional Review Board of
the MUMC approved the study (December 2011, project
number 114069). All patients enrolled in the follow-up
signed informed consent. All consecutive patients with
NVAF and a CHADS2 score ≥ 2 who were initiated on a
DOAC were eligible for inclusion in the study.

Study design
This laboratory study is part of a prospective observa-
tional cohort study. Patients were invited to a special
structured nurse-based office visit at the anticoagulation
clinic. All patients were followed for 1 year, during
which 5 visits were planned (at start of DOAC therapy,
1 month after start DOAC, 3 months, 6 months and
12 months). Important parameters recorded during
these visits were: thrombotic events and bleeding com-
plications, side effects of medication, compliance to
medication, intermittent illness and/or hospital admis-
sions and renal function. Renal function was assessed at
4 points in time; additional blood for testing of a panel
of laboratory tests was drawn. The panel of laboratory
tests consisted of: APTT Actin FSL (Siemens), APTT
Cephascreen (Stago), PT Innovin (Siemens), PT neoplas-
tin (Stago), Diluted PT (DPT) Innovin (Siemens), TT
Thromboclotin (Siemens), TT Thrombin (Stago), CT
INTEM (ROTEM®), and CT EXTEM (ROTEM®,
Werfen). Diluted TT Hemoclot (Biophen) was set as
gold standard for the detection of dabigatran and anti
Xa activity DiXal (Biophen) for the detection of rivaroxa-
ban. For this paper clinical details are not presented be-
cause the blood samples were purely used for laboratory
validation.

Blood sampling and laboratory measurements
Blood was taken by antecubital venipuncture and
collected into 3,2% citrated vacutainer® tubes using a 21
gauche eclipse signal blood collection needle (BD vacu-
tainer®), sampling was standardized and timed between 9
and 11 a.m.
Plasma was obtained after centrifugation for 10 min at

2000 g at room temperature. Plasma samples were
frozen at −80 °C and thawed in a standard procedure be-
fore coagulation testing. PT and DPT Innovin, APTT
Actin FSL, TT Thromboclotin and diluted TT Hemoclot
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as well as Anti-Xa activity were performed on a CS2100
analyzer (Siemens). PT Neoplastin, APTT Cephascreen,
TT Thrombin were performed on a STA-R analyzer
(Stago), Whole blood was used for ROTEM® analyses.
Table 1 summarizes the different methods. The cut-off
for a clinical relevant detection limit was set at ≥30 ng/mL
for both rivaroxaban and dabigatran as determined as
anticoagulation activity by the diluted TT Hemoclot and
DiXaI test (both Biophen) on CS2100 using dabigatran
and rivaroxaban as calibrators.

Statistics
The statistical package of Graph Pad® (version 6) was
used for statistical analysis. Correlations were analyzed
by linear regression analysis and slope, intercept and R2

were determined and presented. For the sensitivity the
cut-off for detection for all routine laboratory tests was
set at 30 ng/mL for both dabigatran and rivaroxaban.
Sensitivity and specificity were calculated using a diag-
nostic test evaluation calculator (MedCalc®).

Results
In total 184 citrated blood samples (75 dabigatran samples
and 109 rivaroxaban samples) were collected. Dabigatran ac-
tivity in a steady state situation, determined by diluted TT
Hemoclot varied considerably between patients: Mean geometric

104 (± 53) ng/mL. Rivaroxaban activity determined by DiXaI
test showed similar variability, mean geometric 187 (± 139) ng/
mL. Clinical relevant dabigatran activity (≥ 30 ng/mL) was
detected accurately by both thrombin time assays: TT
Thromboclotin (100%), and TT Thrombin (100%). In
addition good sensitivity was reached for four other coagula-
tion tests in the panel: APTT Actin FSL (93%), APTT
Cephascreen (100%), PT Neoplastin (93%), but not for PT
Innovin (49%). Also CT-EXTEM of ROTEM® (91%) was suf-
ficiently sensitive, but not CT-INTEM (52%). (Table 2).
APTT Cephascreen and TT Thrombin showed good

linearity (R2 = 0.71 and R2 = 0.72). For the other tests
linearity was moderate to poor (APTT Actin FSL
(R2 = 0.59), PT Neoplastin (R2 = 0.19), Thromboclotin
(R2 = 0.18), and PT Innovin (R2 = 0.09). All correla-
tions were highly significant (all <0.0001 and 0.0046
for PT Innovin; Fig. 1, Fig. 3).
Rivaroxaban activity was only accurately detected by two

tests in the panel (PT Neoplastin (98%), and less so by
APTT Cephascreen (85%). In addition Rivaroxaban activity
was also accurately detected by CT intem of ROTEM®
(96%). PT Innovin was not sufficiently sensitive (68%). PT
Neoplastin showed good linearity across concentrations
(R2 = 0.81). All other tests had moderate to poor linearity;
APTT Cephascreen (R2 = 0.55), APTT Actin FSL (R2 =
0.53), and ROTEM® CT-EXTEM (R2 = 0.58). All correla-
tions were significant (<0.0001). (Fig. 2, Fig. 3).

Discussion
The main findings of the present study are that in pa-
tients with NVAF, the ability of routine coagulation tests
to detect the presence of significant levels of dabigatran
or rivaroxaban is test and reagent dependent. Therefore,

Table 1 Overview of screening tests, analysers and cut-off
values used in this study

Reagent Analyser Firm Cutt-off

PT Innovin CS2100 Siemens 12 s

PT Neoplastin STA-R Stago 15 s

aPTT Actin FSL CS2100 Siemens 32 s

aPTT Cephascreen STA-R Stago 32 s

TT Thromboclotin CS2100 Siemens 25 s

TT Thrombin STA-R Stago 25 s

CT INTEM (Tem) ROTEM Siemens 195 s

CT EXTEM (Tem) ROTEM Stago 60 s

Diluted TT Hemoclot CS2100 Hyphen 30 ng/mL

Anti-Xa activity DiXal CS2100 Hyphen 30 ng/mL

APTT Activated partial thrombin time, PT Phrothrombin time, TT Thrombin
time, CT Closure time, Sec Seconds

Table 2 Sensitivity and specificity, PPV and NPV of a panel of coagulation tests for detecting > = 30 ng/mL dabigatran or
rivaroxaban and correlation with the calibrated activity measurement of dabigatran or rivaroxaban

Dabigatran Rivaroxaban

Detection ≥30 ng/mL Sensitivity Specificity PPV NPV R2 Sensitivity Specificity PPV NPV R2

APTT Actin FSL 93 67 92 78 0.59 67 81 95 30 0.53

APTT Cephascreen 100 28 85 100 0.71 85 62 93 42 0.55

PT neoplastin 93 39 86 58 0.19 98 24 88 63 0.81

PT Innovin 49 78 90 27 0.09 68 67 92 27 0.26

TT Thrombin clotin 100 33 86 100 0.18 – – – – –

TT Thrombin 100 39 86 100 0.72 – – – – –

CT-INTEM ROTEM® 52 50 86 15 0.63 77 80 95 36 0.69

CT-EXTEM ROTEM® 91 75 86 15 0.51 96 75 96 75 0.58

PPV Positive predictive value, NPV Negative predictive value, APTT Activated partial thrombin time, PT Prothrombin time, TT Thrombin time, CT Closure time
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emergency care protocols should ensure that local test
reagents are sufficiently accurate for detecting the pres-
ence of DOACs. Otherwise, the CT-INTEM and CT-
EXTEM of ROTEM® may be good and fast whole blood
alternatives that may be readily available on site.
In emergency situations it is crucial that routine coagu-

lation tests are clinically validated and that the test sensi-
tivity for the detection of minimal and clinically important
levels of anticoagulation is known. In patients with serious
bleeding or requiring urgent intervention with bleeding
risk, a drug concentration > 30 ng/mL is proposed as clin-
ical relevant and sufficient to administer antidote against

DOAC [9]. Emergency coagulation testing according to
suggested algorithms is usually dependent on whether
knowledge of the actual intake and the timing of ingestion
of DOAC is available or not. If the DOAC taken by the pa-
tient is indeed known, one may choose the most appropri-
ate test for the drug: for dabigatran the most appropriate
screening test is stated to be the TT15. If the TT is not
prolonged, the presence of dabigatran can be completely
excluded. The PT is the most appropriate screening test
for rivaroxaban; for most PT reagents a normal PT im-
plies that clinical relevant concentrations of rivaroxa-
ban can be excluded [15]. According to current
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Fig. 1 Correlations for dabigatran activity determined by diluted TT Hemoclot and the panel of coagulation assays in 75 samples from patients
using dabigatran. The dotted red lines represent the standard error
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guidelines, a panel of conventional coagulation tests
(aPTT, PT and TT) should be used in case of intake
of an unknown DOAC, to thereby exclude relevant
drug levels for either dabigatran or rivaroxaban. In
addition, for other DOACs such as apixaban or edoxaban,
calibrated drug specific anti-Xa levels still need to be mea-
sured; screening tests are not yet available [20, 21].
However, whether the suggested algorithms are actu-

ally feasible in real life situations has not been tested yet.
APTT, PT and TT are both widely and rapidly available
in emergency situations, but one should be careful with
the interpretation of these tests [22–25]. One needs to
realize that these standard coagulation tests with low

screening sensitivity might lead to a false reassurance
when indicating absent drug levels. In our cohort both
TT tests were able to pick up clinically relevant levels of
dabigatran (≥30 ng/mL). In case of rivaroxaban however,
there was a marked difference in sensitivity between the
two PT tests used: PT neoplastin had a sensitivity of
97.5%, PT Innovin expressed a much lower sensitivity of
only 67.7%. This may result in a underestimation of drug
levels in more than 32% of patients in case PT Innovin
is used for screening for active drug levels, while this is
much less for PT Neoplastin (<3%). As can be appreci-
ated from the data, most of the before mentioned tests
are only useful as in- or exclusion tests (Yes, No). It
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Fig. 2 Correlations for rivaroxaban activity determined by DaXa activity for the panel of coagulationassays 109 samples from patients using rivaroxaban
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would be a great advantage if also actual drug levels
could be predicted form the result of a test in an emer-
gency situation. Therefore, the correlations between
drug levels and the panel of routine coagulation tests
were also assessed. For dabigatran APTT Cephascreen
and Thrombin were both sensitive and accurate. For riv-
aroxaban only PT Neoplastin was both sensitive and
level predictive. Moreover, rapid measurement of DOAC
plasma concentration levels have become available and
might therefore also feasible for use in emergency situa-
tions [26]. Their role in the algorithms should be evalu-
ated in the near future. For all laboratory tests applies
that handling of samples by laboratory technicians is
mandatory. This is time consuming and may impact
swift and adequate interventions in an emergency set-
ting. A point of care test for which whole blood can be
used would improve the decision making process.
The CT-EXTEM showed good sensitivity for both

rivaroxaban and dabigatran, its linearity is however mod-
erate. Our results differ from previous studies where
ROTEM® was able to show a dose dependent increase in
DOAC levels in spiked whole blood samples, but poorly
performed at low DOAC levels [27]. Our study showed
that the ‘real life’ sensitivity of ROTEM® is better in
patients using DOAC and might therefore be a good can-
didate for emergency testing. The added advantage of
ROTEM® testing is that the results are readily available (<
5 min) and there is uniform performance with worldwide
standardization. ROTEM® can be used by emergency

personnel or as point of care testing in operating theaters,
but also with standard situations in most hospitals labora-
tories. ROTEM® testing may in addition also offer the pos-
sibility of monitoring the use of antidotes.
Our study has some weaknesses: we included a relatively

small number of patients and the DOACs used were lim-
ited to dabigatran and rivaroxaban, as patients in our co-
hort did not use apixaban or edoxaban. We furthermore
did not use the accepted gold standard test, liquid chro-
matography with mass spectrometry (LC-MS) for quanti-
fication of DOACs [28] although the selected coagulation
activity assays correlated well with LC-MS techniques.
Strengths of our study are 1) that real life samples to

assess the feasibility of current guidelines on DOAC test-
ing and 2) an extensive panel of 7 different anticoagula-
tion tests in addition to ROTEM® testing was used.

Conclusion
We conclude that guideline proposed screening algo-
rithms are feasible in a real life steady state NVAF
population. However, the ability of routine coagula-
tion tests to detect the presence of significant levels
of dabigatran or rivaroxaban is extremely test and re-
agent dependent.
Emergency care protocols should ensure that local test

reagents are sufficiently accurate for detecting the presence
of DOACs. CT-INTEM and CT-EXTEM of ROTEM® can
be considered as effective whole blood alternatives that
have the advantage to be readily available on site.
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Fig. 3 Correlations for activity levels of dabigatran (diluted TT, Hemoclot) and rivaroxaban (DaXa) withCT –EXTEM and CT-INTEM

Henskens et al. Thrombosis Journal  (2018) 16:3 Page 6 of 7



Abbreviations
APTT: Activated Partial Thromboplastin Time; CT: Closure time; DOAC: Direct
oral anticoagulants; INR: International Normalized Ratio; LC-MS: Liquid
chromatography with mass spectrometry; MUMC +: Maastricht University
Medical Center; NVAF: Non-valvular atrial fibrillation; PT: Prothrombin time;
TT: Thrombin time; VKA: Vitamin K antagonists; VTE: Venous thromboembolism

Acknowledgements
None

Funding
No funding was obtained for this article.

Availability of data and materials
The dataset supporting the conclusions of this article is available upon
request by contacting the corresponding author.

Authors’ contributions
Conceived an designed the study: YMCH, HTC, ATC, SS and HJC. Collected the
data: RvO, RW, PV, HS, YMCH, ATC. Wrote the analyses plan and analyzed and
interpreted the data: YMCH, ATC. Wrote and corrected the paper: YMCH, AJWG,
RvO, RW, PH, HS, SS, HJC, HTC and ATC. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
The Institutional Review Board of the MUMC approved this study (December
2011, project number 114069).

Consent for publication
Not applicable

Competing interests
HTC is consultant at Stago. The other authors state that they have no
conflicts of interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Central Diagnostic Laboratory, Maastricht University Medical Centre (MUMC
+), Maastricht, The Netherlands. 2Laboratory for Clinical Thrombosis and
Hemostasis, Internal medicine, CARIM, Maastricht, The Netherlands.
3Department of Cardiology, Cardiovascular center MUMC+, Maastricht, The
Netherlands. 4Internal medicine, MUMC+, Maastricht, The Netherlands.
5Thrombosis Expertise Centre, Vascular medicine, Cardiovascular Centre
MUMC+, Maastricht, The Netherlands.

Received: 20 October 2017 Accepted: 29 December 2017

References
1. van den Besselaar AM. Standardization of the prothrombin time in oral

anticoagulant control. Haemostasis. 1985;15(4):271–7.
2. van Ryn J, Stangier J, Haertter S, et al. Dabigatran etexilate–a novel,

reversible, oral direct thrombin inhibitor: interpretation of coagulation
assays and reversal of anticoagulant activity. Thromb Haemost. 2010;103(6):
1116–27.

3. Mueck W, Schwers S, Stampfuss J. Rivaroxaban and other novel oral
anticoagulants: pharmacokinetics in healthy subjects, specific patient
populations and relevance of coagulation monitoring. Thromb J. 2013;11(1):10.

4. Agency EM. Pradaxa [dabigatran etexilate], product information. http://www.
ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/
human/000829/WC500041059.pdf. Accessed 28 september 2015.

5. Agency EM. Xarelto [rivaroxaban], product information. http://www.ema.
europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/
human/000944/WC500057108.pdf. Accessed 17 July 2015.

6. Agency EM. Eliquis [apixaban], product information. http://www.ema.europa.
eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/
002148/WC500107728.pdf Accessed 29 October 2015.

7. Agency EM. Lixiana [edoxaban], product information.. http://www.ema.
europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/
human/002629/WC500189045.pdf. Accessed 3 July 2015.

8. Ebner M, Birschmann I, Peter A, et al. Point-of-care testing for emergency
assessment of coagulation in patients treated with direct oral
anticoagulants. Crit Care. 2017;21(1):32.

9. Levy JH, Ageno W, Chan NC, et al. When and how to use antidotes for the
reversal of direct oral anticoagulants: guidance from the SSC of the ISTH.
J Thromb Haemost. 2016;14(3):623–7.

10. Samuelson BT, Cuker A, Siegal DM, Crowther M, Garcia DA. Laboratory
assessment of the anticoagulant activity of direct oral anticoagulants: a
systematic review. Chest. 2017;151(1):127–38.

11. Funk DM. Coagulation assays and anticoagulant monitoring. Hematology
Am Soc Hematol Educ Program. 2012;2012:460–5.

12. Letertre LR, Gudmundsdottir BR, Francis CW, et al. A single test to assay
warfarin, dabigatran, rivaroxaban, apixaban, unfractionated heparin, and
enoxaparin in plasma. J Thromb Haemost. 2016;14(5):1043–53.

13. Garcia D, Barrett YC, Ramacciotti E, Weitz JI. Laboratory assessment of the
anticoagulant effects of the next generation of oral anticoagulants.
J Thromb Haemost. 2013;11(2):245–52.

14. Lind SE, Boyle ME, Fisher S, Ishimoto J, Trujillo TC, Kiser TH. Comparison of
the aPTT with alternative tests for monitoring direct thrombin inhibitors in
patient samples. Am J Clin Pathol. 2014;141(5):665–74.

15. Baglin T, Keeling D, Kitchen S. British Committee for Standards in H. Effects on
routine coagulation screens and assessment of anticoagulant intensity in
patients taking oral dabigatran or rivaroxaban: guidance from the British
Committee for Standards in Haematology. Br J Haematol. 2012;159(4):427–9.

16. Specialisten. WNvdwveOvM. Leidraad voor begeleide introductie nieuwe
orale antistollingsmiddelen. 2012; https://cvgk.nl/2013/01/04/leidraad-
begeleide-introductie-noacs/.

17. Salmonson T, Dogne JM, Janssen H, Garcia Burgos J, Blake P. Non-vitamin-K
oral anticoagulants and laboratory testing: now and in the future: views
from a workshop at the European medicines agency (EMA). Eur Heart J
Cardiovasc Pharmacother. 2017;3(1):42–7.

18. Tran H, Joseph J, Young L, et al. New oral anticoagulants: a practical guide
on prescription, laboratory testing and peri-procedural/bleeding
management. Australasian Society of Thrombosis and Haemostasis. Intern
Med J. 2014;44(6):525–36.

19. Adelmann D, Wiegele M, Wohlgemuth RK, et al. Measuring the activity of
apixaban and rivaroxaban with rotational thrombelastometry. Thromb Res.
2014;134(4):918–23.

20. Skeppholm M, Al-Aieshy F, Berndtsson M, et al. Clinical evaluation of
laboratory methods to monitor apixaban treatment in patients with atrial
fibrillation. Thromb Res. 2015;136(1):148–53.

21. Gouin-Thibault I, Flaujac C, Delavenne X, et al. Assessment of apixaban
plasma levels by laboratory tests: suitability of three anti-Xa assays. A
multicentre French GEHT study. Thromb Haemost. 2014;111(2):240–8.

22. Testa S, Legnani C, Tripodi A, et al. Poor comparability of coagulation
screening test with specific measurement in patients receiving direct oral
anticoagulants: results from a multicenter/multiplatform study. J Thromb
Haemost. 2016;14(11):2194–201.

23. Godier A, Dincq AS, Martin AC, et al. Predictors of pre-procedural
concentrations of direct oral anticoagulants: a prospective multicentre
study. Eur Heart J. 2017;38(31):2431–9.

24. Lessire S, Douxfils J, Pochet L, et al. Estimation of rivaroxaban plasma
concentrations in the perioperative setting in patients with or without
heparin bridging. Clin Appl Thromb Hemost. 2016:1076029616675968.

25. Douxfils J, Lessire S, Dincq AS, et al. Estimation of dabigatran plasma
concentrations in the perioperative setting. An ex vivo study using
dedicated coagulation assays. Thromb Haemost. 2015;113(4):862–9.

26. Seiffge DJ, Traenka C, Polymeris A, et al. Feasibility of rapid measurement of
rivaroxaban plasma levels in patients with acute stroke. J Thromb Thrombolysis.
2017;43(1):112–6.

27. Seyve L, Richarme C, Polack B, Marlu R. Impact of four direct oral anticoagulants
on rotational thromboelastometry (ROTEM). Int J Lab Hematol. 2017;

28. Gous T, Couchman L, Patel JP, Paradzai C, Arya R, Flanagan RJ. Measurement of
the direct oral anticoagulants apixaban, dabigatran, edoxaban, and rivaroxaban
in human plasma using turbulent flow liquid chromatography with high-
resolution mass spectrometry. Ther Drug Monit. 2014;36(5):597–605.

Henskens et al. Thrombosis Journal  (2018) 16:3 Page 7 of 7

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002629/WC500189045.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002629/WC500189045.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002629/WC500189045.pdf
https://cvgk.nl/2013/01/04/leidraad-begeleide-introductie-noacs/
https://cvgk.nl/2013/01/04/leidraad-begeleide-introductie-noacs/

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Patients
	Study population
	Study design
	Blood sampling and laboratory measurements
	Statistics

	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

