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2 Abbreviations

ACT
aPTT

CI

DOAC

dTT

EDTA

FEU

GFR (CDK-EPI)

GFR (MDRD)
GGT

GOT

GPT

INR

IQR

LMWH
NSAR
POCT

PT
UPLC-MS/MS
VKA

Activated Clotting Time

Activated Partial Thromboplastin Time

Confidence interval

Direct Oral Anticoagulation

Diluted thrombin time

Ethylenediaminetetraacetic acid

Fibrinogen equivalent units

Glomerular filtration rate (Chronic Kidney Disease Epidemiology
Collaboration)

Glomerular filtration rate (modification of diet in renal disease)
Gamma-glutamyl transpeptidase
Glutamat-oxalacetat-transaminase
Glutamat-pyruvat-transaminase

International Normalized Ration

Interquartile range

Low molecular weight heparin

Non-steroidal anti-rheumatic

Point-Of-Care Testing

Prothrombin time

High-Performance Liquid Chromatography/Mass Spectrometry
Vitamin K Antagonist



3 Introduction

3.1 Direct oral anticoagulation

Since their introduction into the market, direct oral anticoagulants (DOAC) — i.e., the factor-Ila
inhibitor, dabigatran etexilate (Pradaxa®, Boehringer Ingelheim, Germany) and the factor-Xa
inhibitors apixaban (Eliquis®, Bristol-Myers Squibb/Pfizer, USA), edoxaban (Lixiana®, Daiichi
Sankyo, Japan), and rivaroxaban (Xarelto® - Bayer, Germany, and Janssen, USA) — have been
widely used for the prevention of stroke and systemic thromboembolism resulting as a result of
non-valvular atrial fibrillation (Steffel et al., 2021) as well as for the prevention and treatment of

venous thromboembolism (Konstantinides et al., 2016).

Dabigatran acts as a reversible thrombin (factor-I1a) inhibitor and thereby prevents the thrombin-
induced conversion of fibrinogen to fibrin and the thrombocyte aggregation and thus, the thrombus
formation. The factor-Xa inhibitors i.e. apixaban, edoxaban and rivaroxaban inhibit the coagulation
cascade one step before, and prevent the conversion of prothrombin to thrombin by reversible
inhibition of the activated factor-Xa. Due to the numerous advantages of these pharmaceutical
products, dabigatran and rivaroxaban received a marketing authorization valid throughout the
European Union in 2008 (European Medicines Agency (EMA), 2008a, European Medicines
Agency (EMA), 2008b). Apixaban was approved onto the market in 2011 (European Medicines
Agency (EMA), 2011b) whereas edoxaban was approved more recently in 2015 (European
Medicines Agency (EMA), 2015). The approval of these drugs took place initially without the

availability of an antidote or quick tests for emergencies.

One of the frequent indications for DOAC is for the prevention of venous thromboembolism which
has an annual incidence of 75-269 cases per 100 000, with patients 70 years of age or older having
an incidence of up to 700 per 100,000 (Konstantinides et al., 2016). In patients who have undergone
knee or hip replacement, DOAC is likewise indicated for the prevention of secondary

thromboembolism (Rachidi et al., 2013).

The global population is experiencing a surge in medical indications warranting treatment with

DOAC. The frequent cardiac arrhythmia, atrial fibrillation, has shown a 3-fold increase in



prevalence over the last 50 years (Schnabel et al., 2015). In 2019 for instance, the global prevalence
of atrial fibrillation was 60 million, which was double the number of cases estimated in 1990 (Roth
et al., 2020). Atrial fibrillation affects approximately 2% of the German population (Wilke et al.,
2013). In Europe, its prevalence is projected to reach 17.9 million by the year 2060, which will be
a double of atrial fibrillation prevalence in 2010 (Krijthe et al., 2013). The United States is likewise
experiencing an exponential increase in the prevalence of atrial fibrillation. This is projected to
reach approximately 12.1 million by 2030 (Colilla et al., 2013) and 16 million by 2050 (Miyasaka
et al., 20006).

The general increase in the prevalence of atrial fibrillation is likely due to extended life expectancy,
increased cardiovascular risk factors such as obesity, hypertension and diabetes mellitus, and a
better survival after cardiovascular events for example myocardial infarction and heart failure, in
comparison to previous decades (Heeringa, 2010). In 2017, the GLORIA-AF registry reported that
DOAC was prescribed in 52.3% of all patients with atrial fibrillation in Europe and in 47,6% of all
patients with atrial fibrillation globally (Huisman et al., 2017). These figures are however, believed
to be underestimated (Steinberg et al., 2017). In 2017, an increase of 78.9% in prescription of
DOAC since their introduction onto the market in 2010 was reported in the United States alone
(Zhu et al., 2018) while in England a surge from 9% in 2015 to 74% in 2019 was recorded (Ho et
al., 2020). This implies an increasing tendency in the prescription of DOAC. Furthermore, DOAC
have been shown to be a more preferable alternative in handling non-valvular atrial fibrillation
compared to vitamin K antagonists (VKA) which are limited by narrow therapeutic interval, the
need for frequent monitoring as well as dose adjustments, and increased bleeding complications

(Kirchhof et al., 2016).

In addition to cardioembolic ischemic strokes due to atrial fibrillation, a substantial number of
cryptogenic ischemic stroke, which accounts for approximately 25% of ischemic stroke, could be

attributed to non-valvular atrial fibrillation (Hart et al., 2014).

Although DOAC is prescribed for the secondary prevention of non-valvular cardioembolic stroke,
DOAC is nonetheless associated with approximately 2% annual incidence of acute ischemic stroke
with an annual stroke risk of 0.9-1.8% (Almutairi et al., 2017, Pfeilschifter et al., 2016, Connolly
etal., 2011, Connolly et al., 2009, Patel et al., 2011, Giugliano et al., 2013). The incidence of major



bleeding including intracranial hemorrhage in patients under DOAC therapy is approximately 1.4-
3.6% (Connolly et al., 2011, Connolly et al., 2009, Patel et al., 2011, Giugliano et al., 2013).
Furthermore, an annual mortality of up to 3.75% has also been reported in association with DOAC

(Pirlog et al., 2019).

In spite of the clinical significance of DOAC, it continues to be of neurological concern in patients.
In patients undergoing treatment with DOAC, urgent assessment of DOAC plasma concentration
is necessary during acute ischemic stroke, to guide decision-making relevant to thrombolysis
according to current stroke guidelines. In accordance with recent recommendations, the American
Heart Association/American Stroke Association (AHA/ASA) suggests the avoidance of
thrombolysis within 48-hours of last DOAC intake in acute ischemic stroke patients (Powers et al.,
2019). Based on this recommendation, 12-18% of such patients, who are otherwise potentially
eligible for thrombolysis since actual DOAC plasma concentration might not be clinically

significant, could be excluded from thrombolysis (Meinel et al., 2021).

In case of intracranial hemorrhage, other major bleedings or emergency surgery, urgent assessment
of DOAC plasma concentration is likewise important to guide decision-making relevant to DOAC
reversal therapy since unnecessary anticoagulation reversal comes at a considerable financial cost
as well as thromboembolic complications: Idarucizumab (Pollack et al., 2017) and andexanet alfa
(Connolly et al., 2019) are potent DOAC reversal agents but yet expensive. Prothrombin complex
concentrate (Burnett et al., 2016) and andexanet alfa (Gomez-Outes et al., 2021) pose the risk of
thromboembolic complications, especially in those 20% of patients in whom DOAC intake is
supposed, but no relevant anticoagulant concentration can be detected on emergency admission
(Sennesael et al., 2018). With regards to emergency surgery, urgent assessment of DOAC plasma
concentration will help guide safe selection of patients for surgical intervention since unnecessary

delays due to bleeding concerns might have detrimental consequences (Moster and Bolliger, 2022).



3.2 Definition of clinically relevant DOAC concentrations (treatment

thresholds)

Currently, international guidelines recommend plasma DOAC concentrations of 30 or 50 ng/ml as
thresholds considered safe for immediate thrombolysis or emergency surgery, or — in case of
intracranial and other life-threatening hemorrhage — safe for withholding reversal treatment. It
should be noted that although these thresholds have been recommended as clinically relevant by
international guidelines, they are yet to be supported by random clinical trials (RCT) and might
change with time when supporting RCT data are available (Table 1).



Table 1: Recommended treatment thresholds

Dabigatran Rivaroxaban Apixaban Edoxaban VKA
Emergency surgery/invasive surgery permitted when:
Pradaxa CHMP (EMEA), 2011 (European Medicines Agency
(EMA), 2011a) 48 ng/ml B B B B
Eikelboom and Weitz, 2013 (Eikelboom and Weitz, 2013) 50 ng/mL _ _ _ _
Suggestions GIHP, 2013 (Pernod et al., 2013) 30 ng/mL 30 ng/mL _ _ _
Recommendation ISTH, 2016 (Levy et al., 2016) 30 ng/mL 30 ng/mL 30 ng/mL 30 ng/mL _
Thrombolysis during acute ischemic stroke permitted when:
Steiner et al., 2013(Steiner et al., 2013) 50 ng/mL 100 ng/mL 10 ng/mL - INR<1,7
N(?rmal dTT, Normal AXA,
DGN guidelines 2015 (Neurologie, 2015) 1?St intake > 48 h last intake > 48 h INR < 1.7
with normal kidney . . . -
function with normal kidney function
Recommendation ESO-KSU, 2016 (Ahmed et al., 2017) 30 ng/mL 30 ng/mL 30 ng/mL 30 ng/mL INR<1,7
Recommendation SFNV and GFHT, 2018 (Touzé et al., 2018) | 50 ng/mL 50 ng/mL 50 ng/mL 50 ng/mL INR<1,7
Recommendation ESO-KSU, 2018 (Ahmed et al., 2019) 30 ng/mL 30 ng/mL 30 ng/mL 30 ng/mL INR<1,7
Normal aPTT/INR,
ECT, TT, Normal INR/aPTT, AXA,
AHA/ASA guidelines 2019 (Powers et al., 2019) last intake > 48 h last intake > 48 h INR <1,7
with normal kidney with normal kidney function
function
PERY AXA < 05
ESO guidelines 2021 (Berge et al., 2021) TT<60s AXA <0,5 U/mL UL AXA <0,5U/mL | INR<1,7
m
DGN guidelines 2021(Neurologie, 2021) _ _ _ _ _
Antidote during life-threatening bleeding during:
AHA/ASA guidelines 2015 (Powers et al., 2015) _ — - — INR>12to>1,4
Recommendation ISTH, 2016 (Levy et al., 2016) 50 ng/mL 50 ng/mL 50 ng/mL 50 ng/mL _
Recommendation ESO-KSU, 2016 (Ahmed et al., 2017) 30 ng/mL 30 ng/mL 30 ng/mL 30 ng/mL INR > 1,2
Recommendation ESO-KSU, 2018 (Ahmed et al., 2019) 30 ng/mL 30 ng/mL 30 ng/mL 30 ng/mL INR > 1,2
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ESO guidelines 2019 (Christensen et al., 2019) _ - - - INR > 1,2
DGN guidelines 2021 (Neurologie, 2021) _ _ - — INR > 1,2
CHMP, Committee for Medicinal Products for Human Use; EMEA, European Medicine Agency, KSU, Karolinska Stroke Update

Conference; GIHP, Groupe d’Intérét en hémostase périopératoire; ISTH, International Society on Thrombosis and Haemostasis; SFNV,

Société Francaise Neuro-Vasculaire; GFHT, Groupe Francais d'Etudes sur I'Hémostase et la Thrombose; VKA, Vitamin K antagonist



3.3 Anticoagulation testing in emergency situations

Point-of-care testing (POCT) for DOAC although not widely available, are currently part of local
clinical guidelines of some institutions. Previous studies that evaluated POCT devices in assessing
anticoagulation by VKA found a net time gain of 28 + 12 minutes compared to routine laboratory-

based coagulation tests (Rizos et al., 2009).

It is believed that global laboratory coagulation test such as prothrombin time (PT), activated partial
thromboplastin time (aPTT), international normalized ration (INR) and activated clotting time
(ACT) do not accurately reflect plasma DOAC concentration and therefore, its use for this purpose
is discouraged (Steffel et al., 2021). This happens to be the case even when highly DOAC-sensitive

reagents are used.

To guide emergency treatment in patients under DOAC therapy (i.e., can thrombolysis or surgery
be initiated? should a reversal agent be administered?) only qualitative assessment is required (i.e.,
is the DOAC plasma concentration above or below the currently recommended treatment

thresholds) (Mbroh and Poli, 2021).

Using the upper limit of the normal range for these parameters as reference values for selecting
patients above or below the recommended threshold considered safe for thrombolysis or surgery
i.e. recommended treatment threshold of 30 and 50 ng/ml (Ahmed et al., 2019), has been shown to
be erroneous (Lippi et al., 2014). By so doing, ineligible patients might be falsely considered for
thrombolysis, surgery or DOAC reversal. This has been attributed to an overlap between test results
obtained from patients under DOAC therapy and normal results of healthy patients who are not

under DOAC therapy (Lippi et al., 2014, Ebner et al., 2017a).

However, by using reagent-specific cut-offs which might be different from the assay’s own normal
range, global coagulation assays could qualitatively identify plasma concentrations above or below
a predefined DOAC concentration (Lippi et al., 2014). These cut-off should be set with safety of
the decision-making being the topmost priority. Available data confirm the feasibility of using

assay-specific cut-offs to qualitatively identify DOAC plasma concentrations above or below the
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recommended treatment thresholds. These cut-offs are set for each DOAC (DOAC-specific), each
POCT device (POCT-device-specific) and each POCT assay (POCT-assay-specific). Compared to
laboratories which may all use different coagulation assays and test devices, POCT devices and
POCT assays are standardized which allows using the cut-offs with the respective device and assay
anywhere worldwide. Some global coagulation POCT assays have been found unsuited to detect

dabigatran, and data for apixaban has not been promising for any POCT so far (Ebner et al., 2017a).

3.3.1 CoaguChek® POCT

The CoaguChek® (Roche, Switzerland) device is a used for measuring global coagulation
parameters depending on the type of test strip used. The currently available test strips, aPTT and
INR, consist of desiccated reagents which consists of activators, a peptide substrate, and
nonreactive components. Upon application of the blood sample on the test strip, the reagent
dissolves and the activators start the coagulation process which leads to the formation of the
enzyme, thrombin. The built-in meter begins to measure the time. Thrombin cleaves the peptide
substrate, generating an electrochemical signal. Depending on the time elapsed when this signal
first appears, it is converted via an algorithm into customary coagulation units depending on the
test, i.e., INR or seconds for aPTT, and the result is displayed (Roche, 2022). The turnaround time,

including blood sampling and measurement is usually between 3-5 minutes.

Apixaban and dabigatran were shown not to be detectable with CoaguChek®-INR with a
sufficiently high safety margin (Ebner et al., 2015, Hartig et al., 2020). The CoaguChek®-INR test
cards was however shown to detect edoxaban and rivaroxaban plasma concentrations < 30 ng/mL
correctly in 44% and 12% of cases respectively when specific INR cut-off of 1.0 and 0.9,
respectively, is applied (Hértig et al., 2020). At the same cut-offs, edoxaban and rivaroxaban
plasma concentrations > 30 ng/mL could be detected with an accuracy of 96% and 99%
respectively (Hartig et al., 2020). Once again, these cut-offs are below the normal range of INR
which ranges up to an INR value of 1.2 for the CoaguChek® INR assay (Table 2). Seen from a
different perspective, patients under edoxaban (i.e. 44%) and rivaroxaban (i.e. 12%) could be safely
treated with thrombolysis, in case of acute ischemic stroke, or safely spared from receiving
potentially prothrombotic anticoagulation-reversal therapy, in the case of hemorrhagic stroke,

based on results of CoaguChek®-INR (i.e. if INR < 1.0 for edoxaban and < 0.9 for rivaroxaban).
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On the other hand, > 95% of edoxaban and rivaroxaban patients with CoaguChek®-INR of > 1.0
and > 0.9, respectively, could be timely identified for anticoagulation reversal in case of
hemorrhagic stroke or urgent surgery. These patients would however not per se be disqualified
from these treatments but may receive delayed therapy based on calibrated DOAC-specific
laboratory results. These studies did use blood samples obtained in real-life DOAC-treated patients
at 6 different time-points. By assessing DOAC concentration at 6 time-points, these studies aimed
to cover a wide range of DOAC plasma concentration including high peak and low trough

concentrations.

Table 2: CoaguChek® POCT (Ebner et al., 2015, Hirtig et al., 2020)

DOAC Plasma concentration | Test card (Cut- | Sensitivity (95% | Specificity
threshold off) CD (95% CI)
Edoxaban 30 ng/mL INR > 1,0 96% (87-99) 44% (30-59)
50 ng/mL INR > 1,1 95% (86-99) 86% (74-93)
Rivaroxaban 30 ng/mL INR>0,9[>1,0] | 99% (92-100) | 12% (5-26)
[88% (77-94)] [71% (55-84)]
50 ng/mL INR > 0,9 100% (93-100) | 12% (5-26)
[>1,0] [91% (81-96)] [65% (50-78)]
100 ng/mL INR > 1,0 96% (85-99) 52% (40-64)

Gray: > 5% false negative POCT-results in favor of higher sensitivity which could pose patients at
risk and should only be used in selected cases after careful risk-benefit evaluation.

INR: international normalized ratio; CI: confidence interval

3.3.2 Hemochron® Signature Elite POCT

The use of global coagulation tests with assay-specific and DOAC-specific cut-offs, has also been
studied using the Hemochron™ Signature Elite (Werfen, Spain), together with the INR and ACT+
test cartridges. Data was shown to correlate with actual plasma concentrations of the thrombin
inhibitor, dabigatran, as well as the factor-Xa inhibitors, edoxaban and rivaroxaban, measured by
means of high-performance liquid chromatography/mass spectrometry (UPLC-MS/MS) (Ebner et
al., 2017b, Hartig et al., 2021). Similarly to the above-mentioned studies which tested DOAC using
the CoaguChek® (Ebner et al., 2015, Hartig et al., 2020), blood samples were obtained in real-life
DOAC-treated patients at 6 different time-points.
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With sensitivity of > 95%, Hemochron™ Signature Elite (Werfen, Barcelona, Spain) could detect
concentrations of dabigatran, edoxaban and rivaroxaban higher than the recommended treatment
thresholds of 30 and 50 ng/mL, which permits to identify patients in a pass or fail manner for

thrombolysis, anticoagulation reversal therapy or urgent surgery (Table 3).

Table 3: Hemochron™ Signature Elite POCT (Ebner et al., 2017b, Hirtig et al., 2021)

DOAC Plasma Test card (Cut- | Sensitivity (95% | Specificity (95%

concentration off) CD CI

threshold
Dabigatran 30 ng/mL INR > 1,1 99% (92-100) 47% (37-58)

50 ng/mL INR > 1,2 98% (88-100) 66% (56-74)
Edoxaban 30 ng/mL INR > 1,5 99% (91-100) 98% (88-100)

50 ng/mL INR > 2,1 97% (88-99) 97% (87-99)
Rivaroxaban 30 ng/mL ACT+>120s 96% (87-99) 67% (52-80)

50 ng/mL ACT+>125s 97% (88-99) 81% (67-90)

100 ng/mL ACT+>130s 96% (85-99) 68% (55-78)

ACT: activated clotting time; INR: international normalized ratio; CI: confidence interval; s:

seconds

As a guide for emergency physicians, significant plasma concentration of dabigatran, edoxaban
and rivaroxaban, i.e. plasma concentrations > 30 ng/mL, could be identified using both, the
Hemochron™-INR and the Hemochron™-ACT+ test cartridges. Specificity however was highest
with Hemochron™-INR in case of dabigatran and edoxaban and with Hemochron™-ACT+ in case
of rivaroxaban (Ebner et al., 2017b, Hirtig et al., 2021). The Hemochron™ and the assays i.e.
ACT+ and INR test cards, are currently commercially available, approved and widely used for

assessing global coagulation e.g. in patients on VKA (Dolscheid-Pommerich et al., 2018).

Hemochron™ is not reliable for assessing apixaban plasma concentration (Ebner et al., 2017b,
Hirtig et al., 2021). Data indicate weak correlations between Hemochron™-POCT and apixaban
concentrations for PT/INR (r = 0.37, p < 0.001), moderate for ACT+ (r = 0.48, p < 0.001) and no
significant correlation for aPTT or ACT-LR (Ebner et al., 2017b).
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Despite a high sensitivity of > 96% in detecting dabigatran, edoxaban and rivaroxaban plasma
concentration above the recommended treatment thresholds of 30 and 50 ng/ml, the specificity for
dabigatran (47%) and rivaroxaban (67%) is not very high. Hemochron™ nonetheless ensures
patients’ safety since > 96% of patients under dabigatran, edoxaban and rivaroxaban with actual
DOAC plasma concentration above the recommended treatment thresholds could be correctly
identified as such and hence, excluded from thrombolysis in the case of an acute ischemic stroke
or urgent surgery, thereby avoiding bleeding complications. In the case of acute hemorrhagic
stroke, > 96% of these patients could be identified for anticoagulation reversal, thereby avoiding
hemorrhagic complications. When considered differently, a substantial number of patients the other
hand could be identified for thrombolysis or urgent surgery while the remaining could receive late
intervention based on results from laboratory coagulation assays. In other words, 47% dabigatran
patients and 67% rivaroxaban patients with actual DOAC plasma concentration below the
recommended treatment thresholds could be correctly identified as such for thrombolysis or urgent
surgery, while the remaining could receive late intervention based on results from laboratory
coagulation assays which would have been performed irrespective of POCT. These figures could
be argued as significant especially in the case of stroke where urgent intervention is vital in
reducing mortality and morbidity. It is worth noticing that the Hemochron™-INR can correctly
identify > 97% of patients with actual edoxaban plasma concentration above or below the
recommended treatment thresholds as well as identify (Table 3) (Ebner et al., 2017b, Hértig et al.,
2021).

3.3.3 Viscoelastic coagulation testing

3.3.3.1 Thromboelastography

The thromboelastography (TEG) analyzer, which makes use of a disposable multi-channel DOAC-
specific microfluid cartridge, assesses hemostatic property of blood and its response to antiplatelet
therapy by means of resonance-frequency viscoelasticity measurements (Gurbel et al., 2016). A
prototype 4-channel cartridge has been developed for DOAC assessment however, these are not
commercially available. The direct thrombin inhibitor channel assesses anticoagulation by the
thrombin inhibitor, dabigatran, whereas the anti-factor-Xa channel assesses anticoagulation by

factor-Xa inhibitors. It has a turn-around time of approximately 10 minutes.
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Using the TEG®6s (Haemonetics Corporation, Massachusetts, USA) device, data for dabigatran
shows a strong correlation with anticoagulation assessment using laboratory-based DOAC-assays,
i.e.r=0.94, p <0.0001 (Artang et al., 2019). For apixaban and rivaroxaban, correlations of 0.93
and 0.83, respectively; p < 0.0001, were reported. Data for edoxaban were however not provided.
In spite of these strong correlations, values of the measured samples with relevance the
recommended treatment threshold are less represented in this study. A cut off of 150s for both
thrombin inhibitors and factor-Xa inhibitors was associated with 100% sensitivity and > 90%

specificity in detecting DOAC plasma concentrations > 50 ng/ml (Artang et al., 2019).

In general, TEG might be appropriate in determining supratherapeutic concentration of DOAC but
there seem to be a high uncertainty in discriminating DOAC concentration around the
recommended treatment threshold which is relevant in urgent decision-making. TEG is influenced
by antiplatelet therapy (Qin et al., 2018) making results obtained from patients under DOAC and

concomitant antiplatelet therapy difficult to interpret.

3.3.3.2 Rotational Thromboelastometry (ROTEM®)

The rotational thromboelastometry (ROTEM®) (TEM Innovations GmbH, Munich, Germany)
uses a multichannel testcard with standard or modified thromboelastometric assays which allows
simultaneous testing to differentiate between thrombin inhibitors and factor-Xa inhibitors
(Gorlinger et al., 2016, Schafer et al., 2020). With a turn-around-time of 10 minutes, the DOAC
specific ROTEM® clotting time assays i.e. low-tissue-factor test (TFTEM) and ecarin-based test
(ECATEM) have been shown to correlate strongly with anti-factor-Xa activity (r = 0.86; p <
0.0001) as well as anti-thrombin activity (r = 0.72; p < 0.0001) respectively (Schafer et al., 2020).
Although not commercially available, these two assays could differentiate between plasma
dabigatran and rivaroxaban concentration (Schafer et al., 2020). Data are for apixaban and
edoxaban as well as the relevance of ROTEM® in identifying DOAC plasma level with respect to
recommended treatment thresholds are so far not available. Just as in other thromboelastometric

tests, ROTEM® might be potentially influenced by antiplatelet therapy.
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3.3.4 ClotPro®

The ClotPro® (Enicor GmbH, Munich, Germany) POCT device makes use of six channels for
simultaneous coagulation testing (Oberladstatter et al., 2021). It measures clotting time of blood
by using an ecarin test clotting time (ECT) for thrombin inhibitors or Russell’s viper venom test

(RVV) for factor-Xa inhibitors (Fong et al., 2020).

The ClotPro® provides a sensitivity of 100% for the thrombin inhibitor, dabigatran, and a sensitivity
of 90-100% for factor-Xa inhibitors, edoxaban and rivaroxaban, in detecting DOAC plasma
concentration are actually > 50 ng/ml (Oberladstatter et al., 2021).

For the thrombin inhibitor, dabigatran, plasma concentrations > 50 ng/ml have been shown to be
associated with the cut off 180s while factor-Xa inhibitors with plasma concentrations > 50 ng/ml

are associated with the cut off 100s (enicor GmbH, 2020).

In spite of the promising data, the ClotPro® is semiautomated and has a long turn-around time
partly contributed by sample pipetting which may be cumbersome in the emergency setting.

ClotPro® has so far only been evaluated for the 50 ng/ml threshold.

3.3.5 DOASENSE™ DOAC Dipstick

The DOASENSE™ DOAC Dipstick (DOASENSE GmbH, Germany) is the only available POCT
method which does not make use of blood. Instead, it assesses anticoagulation by making use of
urine due to its ability to detect traces of DOAC in urine (Harenberg et al., 2013, Harenberg et al.,
2019) since approximately 54-85% of DOAC is excreted in urine due to their hydrophilic nature
and the small molecular weight of DOAC (Gomez-Outes et al., 2021). The DOASENSE™ DOAC
Dipstick has two test pads for the detection of the presence of the thrombin inhibitor dabigatran
and the factor Xa inhibitors. Two additional test pads indicate abnormal urine color and creatinine
(Harenberg et al., 2019). The DOASENSE™ DOAC Dipstick is currently commercially available

and has been recommended in some guidelines for detecting DOAC (Tan et al., 2023).

At > 30 ng/ml threshold, a sensitivity of 100% has been reported for thrombin inhibitors (Margetic
et al., 2022, Merrelaar et al., 2022, Ord et al., 2022). For factor-Xa inhibitors, sensitivities ranging
from 90%-100% have been reported in different studies (Margetic et al., 2022, Merrelaar et al.,



19

2022, Papageorgiou et al., 2023, Ord et al., 2022). At a threshold > 50 ng/ml, 92% sensitivity was
recorded for DOAC-naive patients 4 to 6 hours after first DOAC intake (Tan et al., 2023).

In spite of these data, the DOASENSE™ DOAC Dipstick requires urine to be obtained from
patients which in the case of reduced consciousness or aphasia, could lengthen the turn-around
time since urine would have to be obtained by means of urine catheter insertion, and moreover,
under sterile conditions. Interpretation of changes in color of the urine pads are most often
dependent on the observer although a low interobserver variability has been reported (Harenberg
et al., 2021). Nonetheless, specific DOASENSE readers are available to assist interpretation of
color changes. It is also unknown how long it takes after drug intake before a positive urine test
could be detected. Since urine concentration is not the same as plasma concentration of DOAC, the

relevance of a mere positive test result to the recommended treatment threshold is arguable.
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4 Aims of the project

The aim of this project was to study the diagnostic accuracy of the CoaguChek® (Roche, Rotkreuz,
Switzerland) used together with the aPTT test strips (Roche, Rotkreuz, Switzerland) to qualitatively
identify patients with plasma DOAC concentrations above the currently recommended treatment
relevant thresholds (i.e., DOAC concentrations that would allow for immediate reversal treatment
in case of intracranial or other life-threatening hemorrhage or surgery, or that would justify
withholding thrombolysis if necessary) for all four currently Food and Drug Administration- and
European Medicines Agency-approved DOAC, i.e. the thrombin inhibitor dabigatran, and the

factor-Xa inhibitors apixaban, edoxaban and rivaroxaban, in real-life patient samples.
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5 Materials and Methods

5.1 Study design

Single-center, prospective diagnostic study with blinded outcome assessment. The study was
conducted at the Department of Neurology & Stroke of the Tiibingen University Hospital, a tertiary
care facility. We planned to enroll a total of 80 patients, 20 patients for each of the 4 DOAC, who
were scheduled to receive DOAC for secondary thromboembolic prevention. Study was registered
on ClinicalTrials.gov with the unique identifier NCT04679298. The abstract and preliminary
results for this study was recently presented at the World Stroke Conference in October 2023 (Sage
Journals, 2023).

5.2 Standard protocol approval

An approval was obtained from an independent review board of the Ethics Committee of the
Tiibingen University (protocol no. 703/2020BO1) before all study-related activities began. The
final version of the ethics proposal was submitted on 16.11.2020 and approved on 23.11.2020.

5.3 Eligibility criteria

5.3.1 Inclusion criteria

Patients were considered for enrollment into the study if they were > 18 years, had an indication
for the initiation of DOAC therapy and could provide a written informed consent. A written

informed consent was obtained from all patients prior to enrollment.

5.3.2 Exclusion criteria

Patients were excluded from enrollment on the basis of treatment with VKA < 14 days, heparinoids
(e.g. fondaparinux) < 72 hours, unfractionated heparin < 12 hours and LMWH < 24 hours prior to

first DOAC intake. Patients on prior DOAC treatment were excluded if last DOAC intake was <
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72 hours before enrollment. Furthermore, patients were excluded if they had a known
coagulopathy, abnormal coagulation parameters at baseline defined by INR > 1.2/Quick < 70% or
aPTT > 40 s.

5.4 Data and Sample collection

5.4.1 Data collection

Data collected as part of the baseline characteristics of enrolled patients included age, sex, height,
weight, baseline serum creatinine, GFR (MDRD), GFR (CDK-EPI), GFR (Cockcroft-Gault), liver
function tests as well as cardiovascular risk factors including heart insufficiency, arterial
hypertension, hypercholesterinemia, diabetes mellitus, nicotine abuse, coronary artery disease,
previous myocardial infarction, peripheral artery disease, previous hemorrhage, abnormal INR,
current therapy with NSAR or antiplatelet and alcohol consumption. Based on these baseline
characteristics, the CHA2DS>-VASc (Lip et al., 2010) and HAS-BLED (Pisters et al., 2010) scores
were calculated. CHA2DS2-VASc was scored according to the following criteria: 1 point for age
65-74 or 2 points for age > 75, 2 points for stroke or transient ischemic attack (TIA), and 1 point
each for heart insufficiency, arterial hypertension, diabetes mellitus as well as coronary artery
disease. HAS-BLED was scored according to the following criteria: 1 point each for age > 65,
serum creatinine >2.3mg/dl, GGT/GOT/GPT >3x the normal range or bilirubin >2x the normal
range, arterial hypertension, previous hemorrhage, abnormal INR, current therapy with NSAR or

antiplatelet therapy, alcohol consumption as well as stroke or TIA.

5.4.2 Sample collection

Blood samples were collected either directly by means of venipuncture or through a venous catheter
at six defined time points, i.e., at baseline before DOAC intake, 0.5, 1, 2, 8 hours after DOAC
intake and directly before the next DOAC intake i.e., at 12 hours for dabigatran and apixaban or
24 hours for edoxaban and rivaroxaban. At baseline, blood was collected into one EDTA blood
sampling tube for assessing full blood count and one heparin blood sampling tube for assessing
inflammatory markers, protein/albumin as well as liver and kidney function tests at the Tiibingen

University Hospital central laboratory. During each blood sampling, 0.5—-1 ml blood was collected
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directly into a non-heparinized syringe (Injekt, B.Braun, Melsungen, Germany) before transferring
onto aPTT test strips which has been inserted into the pre-programed CoaguChek® POCT device
within 5 seconds. At the same time, 2-3 ml blood was collected into 3 citrated blood sampling
tubes (S-Monovette Citrate 3.2%, Sarstedt, Niimbrecht, Germany). One of the tubes containing
citrated whole blood was transported to the Tiibingen University Hospital central laboratory, where
coagulation parameters were assessed (see 5.4.3 laboratory assessment). They remaining two
citrated whole blood were centrifuged at 1500 revolutions per minute for 10 minutes to yield
citrated plasma which were pipetted into at least 0.5 ml aliquots and stored at -80°C at our center.
One citrated plasma per timepoint of blood collection for each patient was transported on dry ice
to the Institute for Laboratory and Transfusion Medicine at the Heart and Diabetes Center of Ruhr

University (Bad Oeynhausen, Germany) for UPLC-MS/MS.

5.5 Coagulation assessment

5.5.1 Point-of-care testing

Point-of-care testing was performed with the CoaguChek® Pro II device. It is required to switch on
the device, followed by selection “patient test” and then “aPTT”. The insertion of a valid aPTT test
strip is then required. The insertion of the aPTT test strip was done in such a way so as to avoid
contact with the blood sampling surface of the test strip. A period of 5-10 seconds was allowed for
test strip to warm up after which the device indicates end of warming up. After this, the whole
blood sample, usually 8ul, is applied within a maximum of 3 minutes. Upon application of the

blood sample, time is allowed, usually 2-3 minutes, until aPTT results are shown on the device.

5.5.2 Laboratory assessment

Laboratory-based tests were conducted at the Tiibingen University Hospital central laboratory. One
standard tube of citrated blood was sent to the central laboratory for assessing DOAC-specific
coagulation. Dabigatran was measured using Innovance direct thrombin inhibitor on a Sysmex CS-
5100 (both Siemens Healthineers, Erlangen, Germany). Calibrated anti-Xa activity was assessed
using the Innovance Heparin assay on a Sysmex CS-5100 (both Siemens Healthineers, Erlangen,

Germany).
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Laboratory-based global coagulation parameters assessed included INR measured using Dade
Innovin® (Siemens Healthineers, Erlangen, Germany) and aPTT measured using Dade® Actin FS®
(Siemens Healthineers, Erlangen, Germany). Other laboratory-based coagulation tests performed
included fibrinogen (Clauss) and D-dimers. All laboratory coagulation testing was performed

according to manufacturers’ instructions by well trained technicians.
y

At baseline, the following tests were performed using blood samples collected into standard EDTA
tubes: creatinine, urea, total protein, albumin, C-reactive protein, procalcitonin, cholinesterase,
glutamat-pyruvat-transaminase/alanin-aminotransferase and glutamate-oxalacetat-

transaminase/aspartat-aminotransferase.

5.5.3 Ultra-performance liquid chromatography - tandem mass spectrometry

UPLC-MS/MS was performed at the Institute for Laboratory and Transfusion Medicine, Heart and
Diabetes Center, Ruhr University Bochum, Bad Oeynhausen, Germany. Test was performed using

citrated plasma from blood sample collected simultaneously during POCT.

Blood samples in citrated tubes were centrifuged at 1500 revolutions per minute for 10 minutes
shortly after blood sampling. Citrated plasma samples of at least 1.5 ml were collected into
Eppendorf tubes and stored in -80°C until transport for UPLC-MS/MS. In case citrated plasma
samples were stored at -20°C, UPLC-MS/MS was performed within 2 weeks of sample collection.
Details of UPLC-MS/MS has been previously described (Kuhn et al., 2018).

5.6 Blinding

All laboratory tests as well as UPLC-MS/MS tests were conducted and interpreted by independent
technicians blinded to POCT results, which was conducted by an investigator who was likewise

blinded to all laboratory and UPLC-MS/MS tests.
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5.7 Statistics

The statistics for this study was designed in accordance to recommendations from the institute for
clinical epidemiology and applied biometry of the Eberhard Karls University of Tiibingen.
Statistics was performed using the SPSS 29 (IBM, Armonk, NY, USA) software.

Spearman’s rho correlation coefficient for non-parametric correlations was used to estimate the
strength of correlation between CoaguChek®-aPTT values and UPLC-MS/MS values as well as all
other correlation analyses. Correlation strength was graded as proposed by Evans: <0.20 very weak,

0.20-0.39 weak, 0.40—0.59 moderate, 0.60-0.79 strong, and >0.80 very strong (Evans, 1996).

Fisher’s exact test was calculated to determine differences in the proportions of baseline
CoaguChek®-aPTT results between the study groups and to examine the association between
CoaguChek®-aPTT results and DOAC concentrations dichotomized to concentrations above and

below the currently recommended treatment thresholds of 30 and 50 ng/ml.

The diagnostic accuracy of the CoaguChek®-aPTT test stripes was assessed based on sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and likelihood ratio
of different CoaguChek®-aPTT cut-off values to qualitatively discriminate DOAC plasma
concentrations above from below the treatment thresholds of 30 and 50ng/ml. The free online
VassarStats Clinical Calculator 1 was used for calculating the diagnostic sensitivity and specificity,
negative predictive values and likelihood ratios with 95% confidence intervals according to the

efficient-score method as described by Newcombe (Newcombe, 1998).

Sensitivity was defined as the percentage of samples containing clinically relevant plasma DOAC
concentrations as detected by UPLC-MS/MS, that were correctly identified as such by high
CoaguChek®-aPTT values. These group of patients theoretically belong to a those eligible for
anticoagulation reversal therapy in the case of hemorrhagic stroke or severe bleeding, or might be
excluded from immediate thrombolysis or surgery. Specificity on the other hand was defined as
the percentage of samples containing no clinically relevant plasma DOAC concentrations as
detected by UPLC-MS/MS, that were correctly identified as such by low CoaguChek®-aPTT

values. These group of patients theoretically belong to a those eligible for immediate thrombolysis
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or surgery, or might be excluded from anticoagulation reversal therapy in the case of hemorrhagic

stroke or severe bleeding.

PPV was defined as the ratio of samples containing clinically relevant plasma DOAC
concentrations as detected by high CoaguChek®-aPTT values to all samples containing clinically
relevant plasma DOAC concentrations as detected by UPLC-MS/MS expressed as percentage.
NPV on the other hand was defined as the ratio of samples containing no clinically relevant plasma
DOAC concentrations as detected by low CoaguChek®-aPTT values to all samples containing no
clinically relevant plasma DOAC concentrations as detected by UPLC-MS/MS expressed as

percentage.

Likelihood ratio (sensitivity/1-specificity) indicates how much more likely a CoaguChek®-aPTT
result is found in samples containing > 30 or > 50 ng/ml compared to samples containing < 30 or

< 50 ng/ml of DOAC.

For the sake of safety, an ideal CoaguChek®-aPTT cut-off was pre-defined as the highest possible
value that yielded a sensitivity of > 95%, i.e., a misprediction percentage (1- specificity) < 5%, in
order to avoid false positives. All DOAC concentrations are reported as median and interquartile
range (IQR). In further analysis, a less conservative approach was implemented, i.e. sensitivity of
90%, to see to which extent the specificity for CoaguChek®-aPTT could be improved. This was

done for the purpose of identifying a possible balance between sensitivity and specificity.
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6 Results

6.1 Baseline characteristics

In total, 80 patients were enrolled in the study, 20 patients for each DOAC. First patient was
enrolled on 05.01.2021, and last patient on 28.09.2022. A total of 459 out of the planed 480
samples, corresponding to 96%, were successfully collected and analyzed; dabigatran n = 115,
apixaban n = 113, edoxaban n = 116 and rivaroxaban n = 115. Samples which were not collected
were due to several reasons including early discharge (n = 12), study drop-out (4), futility in blood

sampling (n=2) and erroneous administration of heparin during the study (n = 3).

34 women, i.e. 42.5%, were enrolled. The median age was 78 years (IQR 63—86) with the
youngest being 19 and the oldest being 99 years. The average body mass index (BMI) was 26.5 +
5.0; dabigatran n = 28.1 £ 4.6, apixaban n = 25.5 + 4.1, edoxaban n = 26.3 + 5.6 and rivaroxaban
n=26.0 + 5.3. The median baseline creatinine was 0.1 mg/dl (IQR 0.7—1.1) which corresponded
to a median GFR (Cockcroft Gault) of 74,3 ml/min/1.73 m? (IQR 53.1—102.3). The lowest
creatinine across the population was 0.5 mg/dl while the highest was 2.4 mg/dl corresponding to
GFR (Cockeroft Gault) of 271.5 ml/min/1.73 m? and 24.2 ml/min/1.73 m? respectively. A median
urea value of 33.5 mg/dl (IQR 27.0—42.8) was recorded; lowest was 14 mg/dl while highest was
85 mg/dl. Median D-dimer was 1.2 pg/ml FEU (IQR 0.5—1.9), lowest being 0.19 pg/ml FEU and
the highest 22 pg/ml FEU.

Abnormal liver function, defined as GGT/GOT/GPT > 3x normal value or bilirubin > twice the
normal value, was observed in only five patients, 2 under apixaban treatment and 3 under edoxaban
treatment. The most predominant cardiovascular risk factor of this study population was
hypertension, followed by hypercholesterinemia with the entire population being generally pre-
obese. The frequency of other cardiovascular risk factor were coronary heart disease, nicotine
abuse and diabetes mellitus in descending order. It was observed that majority of the patients, i.e.
63.7%, received DOAC due to cardioembolic causes of stroke with a corresponding median
CHA2DS2-VASc score of 5 points. 85% of all patients had a history of stroke and in most cases
were being treated for a recent stroke at the time of study enrollment. The median HAS-BLED

score was 2 points. Data for the baseline characteristics are summarized in table 4.
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Table 4: Baseline characteristics of study population

Dabigatran Apixaban Edoxaban Rivaroxaban All (N=80)

(N=20) (N=20) (N=20) (N=20)
Age [years] 72 (63—288) 76 (56— | 84 (78—90) 78 (60—87) 78 (63—86)

80.5)

No. of samples | 116 115 113 115 459
collected
Female (N) 6 (30%) 8 (40%) 9 (45%) 11 (55%) 34 (42.5%)
BMI, kg/m2 28.1+4.6 25.5+4.1 26.3+5.6 26.0+5.3 26.5+5.0
Risk factors
Abnormal liver | 3 (15%) 0 2 (10%) 0 5(6.3%)
function*
Baseline creatinine. | 0.9 (0.7—1) 09 (0.8—1]09(0.7—1.3) | 0.9(0.6—1) 09 (0.7—
mg/dL 1.2) 1.1)
GFR [mL/min] | 87.3 £31.3 74.6 £21.4 71.7+£27.1 85.7+24.3 79.8 £26.7
(MDRD)
GFR [mL/min] | 76.1 £ 18.0 73.1+19.0 64.7 £20.3 779 +£15.1 72.9 £18.6
(CDKEPI)
GFR [mL/min] | 89.5 (61.8— | 78.4 (56.2— | 553 (39.9— | 78.8 (60.3— 74.3 (53.1—
(Cockeroft-Gault) 106.8) 106.1) 73.5) 111.8) 102.3)
CrCl < 30 ml/min 1 (5%) 0 1 (5%) 0 2 (2.5%)
CrCl < 50 ml/min 3 (15%) 4 (20%) 8 (40%) 3 (15%) 18 (22.5%)
Congestive  heart | 2 (10%) 1 (5%) 0 2 (10%) 5(6.3%)
failure
Arterial 18 (90%) 15 (75%) 16 (80%) 12 (60%) 61 (76.3%)
hypertension
Hypercholesterinem | 8 (40%) 6 (30%) 7 (35%) 5(25%) 26 (32.5%)
ia
Diabetes mellitus 0 1 (5%) 5(25%) 3 (15%) 9 (11.3%)
Nicotine abuse 7 (35%) 5 (25%) 1 (5%) 5(25%) 18 (22.5%)
Coronary heart | 7 (35%) 5 (25%) 8 (40%) 2 (10%) 22 (27.5%)

disease
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History of | 3 (15%) 1 (5%) 4 (20%) 2 (10%) 10 (12.5%)
myocardial

infarction

History of PAD 2 (10%) 1 (5%) 1 (5%) 2 (10%) 6 (7.5%)
Previous oral | 4 (20%) 6 (30%) 5(25%) 8 (40%) 13 (16.3%)
anticoagulation

Therapy with | 4 (20%) 4 (20%) 6 (30%) 8 (40%) 22 (27.5%)
antiplatelets

Alcohol abuse 1 (5%) 1 (5%) 0 1 (5%) 3 (3.8%)
History of stroke 17 (85%) 18 (90%) 16 (80%) 17 (85%) 68 (85%)
CHA,DS,-VASc 5(3—6) 4,5 (4—5) 6 (3,3—7) 4 (3—6) 5(3—6)
Score

HAS-BLED Score | 2 (1—3) 2(1,3—2) 2 (1,3—-3) 2(2—3) 2 (1—-3)
Indication for

anticoagulation

therapy

Atrial fibrillation 9 (45%) 17 (85%) 11 (55%) 14 (70%) 51 (63.7%)
Patent foramen | 10 (50%) 1 (5%) 6 (30%) 5(25%) 22 (27.5%)
ovale

Others** 1 (5%) 2 (10%) 3 (15%) 1 (5%) 7 (8.8%)

BMI, body mass index; CHE, choline esterase; CrCl, creatinine clearance; GOT, Glutamic-

Oxaloacetic Transaminase; GGT, gamma-glutamyl transferase GPT, glutamic-pyruvic
transaminase; PAD, peripheral artery disease

*GGT/GOT/GPT > 3x normal value or bilirubin > 2x normal value

** others, Embolic stroke of undetermined source, pulmonary embolism, deep venous thrombosis,

cerebral venous sinus thrombosis, paraneoplastic syndrome

Ideally, a baseline plasma DOAC level of 0 ng/dl detected by UPLC-MS/MS was expected. In 9
patients however, traces of DOAC, i.e. 0.9-9.8 ng/ml (apixaban, n = 5; dabigatran, n = 1), up to
significant DOAC concentration, i.e. 34.3—75.4 ng/ml (edoxaban, n = 1; rivaroxaban, n = 2), was
observed at baseline. These patients were enrolled at least 3 days after last known DOAC intake
and were all patients who had at time of study enrollment, received a DOAC different from that

previously administered prior to study enrollment. Only one of these nine patients had a renal
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impairment with creatinine clearance of 31.5 ml/min and a corresponding baseline plasma DOAC
level of only 0.9 ng/ml. This patient belonged to the apixaban group. Of the nine patients, four had
a creatinine clearance of 50-89 ml/min (apixaban, n = 2; edoxaban, n= 1; rivaroxaban n = 1), and
the remaining four had a creatinine clearance of > 100 ml/min (apixaban, n = 2; dabigatran, n= 1;
rivaroxaban n = 1). All the nine patients did not have any history or present manifestation of hepatic
dysregulation. The age of patients with significant plasma DOAC concentration ranged between

59-92 years.
6.2 Descriptive statistics of coagulation parameters

6.2.1 CoaguChek®-aPTT

The mean CoaguChek®-aPTT and corresponding SD recorded for all samples was 35s + 10. The
lowest value of 19s was recorded for all four DOAC. The highest value of 69s was recorded across

all samples. This was seen in a patient the edoxaban (Table 5).

Table S: Descriptive data of coagulation parameters

Dabigatran Apixaban Edoxaban Rivaroxaban All
Mean + SD | Min.— Mean = SD | Min.— | Mean+ SD | Min.— Mean + SD | Min.— Mean + SD | Min.—
or Median | Max. or Median | Max. | or Median | Max. or Median | Max. or Median | Max.
(IQR) (IQR) (IQR) (IQR) (IQR)
CoaguChek®- 29+5 19-43 32+8 19— 37+10 19-69.4 40+11 19-65 35+10 19-69
aPTT, s 61.2
UPLC-MS/MS, 12 (0—58) 0-234 39 (4—71) | 0- 61 (3— | 0-1349 113 (24— | 0444 55(2-115) | 0-1349
ng/ml 267 191) 185)
Lab-based 19 (19—54) | 19-203 40 (10— | 8- 70 (19— | 19-513 101 (22— | 10-420 43(19-110) | 8-513
calibrated 69) 235 184) 182)
DOAC, ng/ml
Anti-Xa activity, 02 (0.1— | 0.1- 03 (0.1— | 0.1-1.6 0.8 (0.10— | 0.1-1.6 03 (0.1- | 0.1-1.6
IU/ml 0.4) 1.6 1.2) 1.4) 1.0)
Lab-based 25(23—29) | 19-48 24 (22— | 19- 25 (23— | 18-57 27 (24— | 1847 25(23-29) | 2-57
aPTT, s 26) 31 30) 30)
INR 1.1 (1—1.1) | 0.9-1.3 1.1 (1.1— | 0.9- .1 (1— | 131 1.2 (1.1— | 0.9-4.1 1.1 (1.0- | 0.9-4.1
1.2) 1.6 1.3) 1.3) 1.2)

INR, international normalized ration; PTT partial thromboplastin time; UPLC-MS/MS, Ultra-

performance liquid chromatography — tandem mass spectrometry
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6.2.2 High-performance liquid chromatography/mass spectrometry (UPLC-
MS/MS)

The median UPLC-MS/MS recorded for all samples was 55 ng/ml (IQR 2—115). A trough level
of 0 ng/ml was recorded for all DOAC, mostly at baseline and in some cases up to 2 hours after

DOAC intake. The highest peak concentration of 1349 ng/ml was recorded in the edoxaban group
(Table 5).

6.2.3 Laboratory-based calibrated DOAC plasma level

The mean laboratory-based calibrated DOAC plasma concentration varied across all DOAC
groups. DOAC plasma concentration as low as 8 ng/ml was recorded in the apixaban group and as
high as 513 ng/ml was recorded in the edoxaban group with a median of 43 ng/ml (IQR 19-110)

across all samples (Table 5).

6.2.4 Anti-Xa-Activity

The median anti-Xa-activity for across samples was 0.3 IU/ml (0.1-1.0) which was mainly
influenced by the relatively higher anti-Xa-activity of rivaroxaban, i.e. 0.75 IU/ml (IQR 0.10—
1.08), in comparison to the other DOAC. The lowest value of 0.1 IU/ml and highest value of 1.62
IU/ml were recorded for all factor Xa inhibitors corresponding to trough and peak concentration

respectively (Table 5).

6.2.5 Laboratory-based aPTT

The median aPTT did not vary among all the individual DOAC. The individual median as well as
the cumulative median for all DOAC were below the laboratory-specific normal range of 40s for
the reagent used, i.e. Dade® Actin® FS (Siemens Healthineers, Erlangen, Germany). The highest

aPTT value of 48s, which lies outside the normal range was found in the dabigatran group.
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6.2.6 INR

The median INR did not vary across the different DOAC. The highest INR of 4.1 was recorded in
the rivaroxaban group after 24 hours of DOAC intake.

6.3 Correlation analysis

The Spearman's tho correlation analyses was used for the non-parametric data at 95% confidence

interval.

6.3.1 Correlation between CoaguChek®-aPTT and UPLC-MS/MS

Dabigatran and apixaban showed moderate correlations between CoaguChek®aPTT and UPLC-
MS/MS, i.e. 0.49 and 0.50 respectively each, while edoxaban and rivaroxaban showed very strong

and strong correlations i.e. 0.84 and 0.79 respectively, all at p< 0.001 (Figure 1a-1d).

Dabigatran

250 r =0.49**

200

150

100

UPLC-MS/MS, ng/ml

50

CoaguChek aPTT, s

Figure 1a: Correlation between CoaguChek®-aPTT and UPLC-MS/MS for dabigatran
**significant at the 0.01 level
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Apixaban

r=0.50**

300

UPLC-MS/MS, ng/ml

100

10

CoaguChek aPTT, s

Figure 1b: Correlation between CoaguChek®-aPTT and UPLC-MS/MS for apixaban
**significant at the 0.01 level

Edoxaban

1500 r = 0.84*

1000

UPLC-MS/MS, ng/ml

500

CoaguChek aPTT, s
Figure 1c: Correlation between CoaguChek®-aPTT and UPLC-MS/MS for edoxaban
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**significant at the 0.01 level

Rivaroxaban

r=0.79*

200

UPLC-MS/MS, ng/ml

100

10

CoaguChek aPTT, s

Figure 1d: Correlation between CoaguChek®-aPTT and UPLC-MS/MS for rivaroxaban
**significant at the 0.01 level

6.3.2 Correlation between laboratory-based calibrated DOAC assay and
UPLC-MS/MS

All DOAC showed a very strong correlation between laboratory-based calibrated DOAC plasma
level and UPLC-MS/MS. Spearman's rho correlation coefficients of 0.88, 0.95, 0.98 and 0.99 were
recorded for dabigatran, apixaban, edoxaban and rivaroxaban respectively, all at significant at p<

0.001 (Figure 2a-d).
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Figure 2a: Correlation between laboratory-based calibrated DOAC assay and UPLC-MS/MS
for dabigatran
**significant at the 0.01 level

UPLC-MS/MS, ng/ml
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Apixaban
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Figure 2b: Correlation between laboratory-based calibrated DOAC assay and UPLC-
MS/MS for apixaban
**significant at the 0.01 level

Edoxaban

1500 r =0.98**

1000

UPLC-MS/MS, ng/ml

500

0 100 200 300 400 500 600
Laboratory-based calibrated DOAC assay, ng/mli

Figure 2c: Correlation between laboratory-based calibrated DOAC assay and UPLC-MS/MS
for edoxaban

**significant at the 0.01 level
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Rivaroxaban

r =0.99*
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200

UPLC-MS/MS, ng/ml
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0 100 200 300 400 500

Laboratory-based calibrated DOAC assay, ng/ml

Figure 2d: Correlation between laboratory-based calibrated DOAC assay and UPLC-
MS/MS for rivaroxaban
**significant at the 0.01 level

6.3.3 Correlation between anti-Xa-activity and UPLC-MS/MS

All factor-Xa inhibitors, i.e. apixaban, edoxaban and rivaroxaban, showed a very strong correlation

with UPLC-MS/MS (Figure 3).
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Figure 3: Correlation between anti-Xa activity and UPLC-MS/MS for all factor-Xa inhibitors
**significant at the 0.01 level

6.3.4 Correlation between laboratory-based aPTT and UPLC-MS/MS

There was a strong correlation between laboratory-based aPTT and UPLC-MS/MS for dabigatran,
i.e. 0.67 (Figure 4a). For factor-Xa inhibitors, a weak correlation was recorded for apixaban, i.e.
0.22 (Figure 4b). This correlation was however very strong for edoxaban and strong for

rivaroxaban, i.e. 0.83 and 0.73 respectively, all at p< 0.001 (Figure 4c-d).
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Figure 4a: Correlation between laboratory-based aPTT and UPLC-MS/MS for dabigatran

**significant at the 0.01 level
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Figure 4b: Correlation between laboratory-based aPTT and UPLC-MS/MS for apixaban

**significant at the 0.01 level
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Figure 4c: Correlation between laboratory-based aPTT and UPLC-MS/MS for edoxaban
**significant at the 0.01 level
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Figure 4d: Correlation between laboratory-based aPTT and UPLC-MS/MS for rivaroxaban
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**significant at the 0.01 level

6.3.5 Correlation between CoaguChek®-aPTT and laboratory-based aPTT

The correlation between CoaguChek®-aPTT and laboratory-based aPTT was moderate for
dabigatran and apixaban, i.e. 0.62 and 0.64 respectively, but very strong for edoxaban and

rivaroxaban, i.e. 0.86 and 0.87 respectively, all at p< 0.001 (Figure 5a-d).

Dabigatran

r=0.62**

50

40 (<] o

Laboratory-based aPTT, s

15 20 25 30 35 40 45

CoaguChek®-aPTT, s

Figure 5a: Correlation between lab-based aPTT and CoaguChek®-aPTT for dabigatran
**significant at the 0.01 level
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Apixaban
r=0.64**
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Figure 5b: Correlation between lab-based aPTT and CoaguChek®-aPTT for apixaban
**significant at the 0.01 level

Edoxaban
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Figure 5¢: Correlation between lab-based aPTT and CoaguChek®-aPTT for edoxaban
**significant at the 0.01 level
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Rivaroxaban
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Figure 5d: Correlation between lab-based aPTT and CoaguChek®-aPTT for rivaroxaban
**significant at the 0.01 level

6.4 Diagnostic accuracy of CoaguChek®-aPTT at > 30 ng/ml
threshold

Samples with actual plasma concentration > 30 ng/ml detected by means of UPLC-MS/MS were
detected as such by CoaguChek®-aPTT in 38/107 (35.5%), 65/104 (62.5%), 66/78 (84.6%) and
82/93 (88.2%) samples for dabigatran, apixaban, edoxaban and rivaroxaban respectively.
Percentage values represent the definition for sensitivity (see section 5.8). On the other hand, 5/8
(62.5%), 6/9 (66.7%), 35/38 (92.1%) and 18/22 (81.8%) samples were correctly identified as
samples < 30 ng/ml for dabigatran, apixaban, edoxaban and rivaroxaban respectively, representing

specificity of CoaguChek®-aPTT (See section 5.8).

To avoid false positives, the ideal cut-off was pre-defined as the highest possible CoaguChek®

aPTT value that yielded a sensitivity of > 95% and thus a misprediction percentage < 5%.
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For dabigatran, no cut-off could yield a sensitivity of at least 95%. For apixaban, a sensitivity and
specificity of 95.6% (95%-CI 89.0-98.9) and 13.3% (95%-CI 5.5-25.2) respectively were recorded
when using a cut-off of 20s, all p < 0.00. At cut-offs of 32s and 30s, edoxaban and rivaroxaban
yielded a sensitivities of 95.7% (95%-CI 89.1-98.9) and 95.3% (95%-CI 89.5-98.5) respectively,
with a corresponding specificity of 74.5% (95%-CI 60.9—-85.4) and 62.1% (95%-CI 43.9-78.2)
respectively, p < 0.00 (Table 6).



Table 6: Diagnostic parameters of CoaguChek®-aPTT for all DOAC with corresponding cut-offs using 30 and 50 ng/ml thresholds

using a more and less conservative definition for sensitivity at > 95% and > 90% respectively.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR
(Ideal) Cut off for p p p P N P
CoaguChek®-
aPTT (s)
Dabigatran 30 ng/ml | 20 92.7 (82.1-98.1) | 0.00 | 6.8 (2.5-14.0) 0.02 | 35.5(26.9-44.8) | 0.00 | 62.5(29.0-89.0) | 0.00 | 0.01 | 0.91
26 90.2 (78.8-96.9) | 0.00 | 31.1(21.3-42.1) | 0.00 | 42.0 (32.1-52.6) | 0.00 | 85.2 (68.9-95.1) | 0.00 | 7.41 | 0.01
50 ng/ml | 22 97.1(87.7-99.8) | 0.00 | 11.1 (5.5-19.1) 0.00 | 31.4 (23.140.7) | 0.00 | 90.0 (62.8-99.4) | 0.00 | 2.42 | 0.12
26 91.2(78.7-97.7) | 0.00 | 32.1 (22.6-42.7) | 0.00 | 36.0 (26.4-46.5) | 0.00 | 89.7 (75.3-97.3) | 0.00 | 7.92 | 0.00
Apixaban 30 ng/ml | 20 95.6 (89.0-98.9) | 0.00 | 13.3 (5.5-25.2) 0.01 | 62.5(53.0-71.4) | 0.00 | 66.7 (34.5-90.5) | 0.00 | 2.87 | 0.09
22 91.1(81.0-97.2) | 0.00 | 22.1(13.3-32.8) | 0.00 | 78.9 (57.6-92.9) | 0.00 | 43.6 (33.9-53.7) | 0.00 | 2.90 | 0.09
50 ng/ml | 21 96.1 (88.4-99.3) | 0.00 | 19.4 (10.9-30.3) | 0.00 | 49.5(39.7-59.3) | 0.00 | 85.7 (62.1-97.5) | 0.00 | 6.86 | 0.01
25 90.2 (80.1-96.4) | 0.00 | 25.8 (16.0-37.5) | 0.00 | 50.0 (39.9-60.1) | 0.00 | 76.2 (55.6-90.7) | 0.00 | 4.99 | 0.03
Edoxaban 30 ng/ml | 32 95.7 (89.1-98.9) | 0.00 | 74.5(60.9-85.4) | 0.00 | 84.6 (75.5-91.4) | 0.00 | 92.1 (80.8-98.0) | 0.00 | 68.65 | 0.00
34 90.0 (81.3-95.5) | 0.00 | 85.1(73.2-93.3) | 0.00 | 89.9 (81.3-95.5) | 0.00 | 85.1(73.2-93.3) | 0.00 | 71.75 | 0.00
50 ng/ml | 34 95.2 (88.1-98.8) | 0.00 | 79.2 (67.1-88.6) | 0.00 | 84.5(74.9-91.6) | 0.00 | 93.3 (83.6-98.3) | 0.00 | 76.68 | 0.00
35 90.5 (81.6-96.1) | 0.00 | 84.9 (73.7-92.8) | 0.00 | 87.7(78.3-94.2) | 0.00 | 88.2 (77.6-95.1) | 0.00 | 74.51 | 0.00
Rivaroxaban | 30 ng/ml | 30 95.3(89.5-98.5) | 0.00 | 62.1(43.9-78.2) | 0.00 | 88.2 (80.6-93.7) | 0.00 | 81.8 (62.7-94.0) | 0.00 | 41.41 | 0.00
33 90.7 (83.4-95.6) | 0.00 | 79.3 (62.5-91.2) | 0.00 | 92.9 (86.1-97.1) | 0.00 | 74.2 (57.3-87.3) | 0.00 | 51.25 | 0.00
50 ng/ml | 31 95.0 (88.2-98.3) | 0.00 | 51.3 (35.9-66.5) | 0.00 | 79.1 (70.0-86.6) | 0.00 | 83.3 (65.4-94.5) | 0.00 | 32.43 | 0.00
34 90.0 (81.3-95.0) | 0.00 | 69.2 (53.8-82.2) | 0.00 | 85.0(76.1-91.7) | 0.00 | 77.1 (61.6-88.8) | 0.00 | 42.04 | 0.00

LR: likelihood ratio; NPV: negative prediction value; PPV: positive prediction value. Significant at the 0.01 level.
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Receiver operator characteristic (ROC) curves are shown in figure 6. The highest area under the
ROC curve (AUROC) was recorded for edoxaban with 0.93 (95%-CI 0.89—-0.98), followed by
rivaroxaban with 0.91 (95%-CI 0.85—-0.97). Dabigatran and apixaban recorded an AUROC of 0.78
(95%-CI 0.68-0.88) and 0.74 (95%-CI 0.65-0.83) respectively, all at p < 0.000 (Table 7).

ROC Curve = 30 ng/ml
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Figure 6: Receiver operator characteristics curve at > 30 ng/ml for all DOAC

Table 7 Area under the receiver operator characteristics curve for all DOAC
DOAC Threshold | AUROC Two-tailed p-Value

Dabigatran | >30 ng/ml | 0.78 (0.68-0.88) | 0.00
>50ng/ml | 0.8 (0.70-0.89) | 0.00
Apixaban >30ng/ml | 0.74 (0.65-0.83) | 0.00
>50ng/ml | 0.79 (0.71-0.88) | 0.00
Edoxaban >30ng/ml | 0.93 (0.89-0.98) | 0.00
>50ng/ml | 0.94 (0.90-0.98) | 0.00
Rivaroxaban | >30 ng/ml | 0.91 (0.85-0.97) | 0.00
>50ng/ml | 0.89 (0.83-0.95) | 0.00
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AUROC: area under the receiver operator characteristics curve. Significant at the 0.01 level.

6.5 Diagnostic accuracy of CoaguChek®-aPTT at > 50 ng/ml
threshold

Samples > 50 ng/ml were correctly detected by CoaguChek®-PTT in 33/105 (31.4%), 60/71
(84.5%), 66/78 (84.6%) and 72/91 (79.1%) samples for dabigatran, apixaban, edoxaban and
rivaroxaban respectively. On the other hand, 9/10 (90.0%), 12/14 (85.7%), 42/45 (79.2%) and
20/24 (83.3%) samples were correctly identified as samples < 50 ng/ml for dabigatran, apixaban,

edoxaban and rivaroxaban respectively.

Using a cut-off of 22s, the dabigatran group showed a sensitivity of 97.1% (95%-CI 87.7-99.8)
and a low specificity of 11.1% (95%-CI 5.5-19.1), p < 0.00. For apixaban, although a sensitivity
of > 95% was attainable using a cut-off of 21s, a corresponding low specificity of 19.4% (95%-CI
10.9-30.3) was recorded, p < 0.00. At a cut-off of 34s and 31s, edoxaban and rivaroxaban yielded
a sensitivity of 95.2% (95%-CI 88.1-98.8) and 94.7% (95%-CI 88.2-98.3) respectively, with a
corresponding specificity of 79.2% (95%-CI 67.1-88.6) and 51.3% (95%-CI 35.9-66.5)
respectively, p < 0.00 (Table 6).

ROC curve for > 50 ng/ml threshold are shown in figure 7. Dabigatran and apixaban recorded an
AUROC of 0.80 (95%-CI 0.70-0.89) and 0.79 (95%-CI 0.71-0.88) respectively, all at p < 0.000
(Table 7). The highest area under the receiver operator characteristics curve (AUROC) was
recorded for edoxaban with 0.94 (95%-CI 0.90-0.98), followed by rivaroxaban with 0.89 (95%-CI
0.83-0.85).
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Figure 7: Receiver operator characteristics curve at > 50 ng/ml for all DOAC
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7 Discussion

This study assessed the diagnostic accuracy of the CoaguChek® used together with the aPTT test
strips to qualitatively guide urgent decision-making with regards to thrombolysis, surgery or
anticoagulation reversal in patients under DOAC. Based on the results of previous studies,
CoaguChek® used together with the then available test strips, i.e. INR, was shown not to be suitable
to safely exclude clinically relevant plasma concentration of dabigatran and apixaban prior to
thrombolysis, or guide reversal therapy in stroke patients (Ebner et al., 2015, Hértig et al., 2020).
This current study therefore sought to extend the capability of the CoaguChek® with the now
available test strips, i.e. aPTT, to safely exclude clinically relevant plasma concentration of all four

currently Food and Drug Administration- and European Medicines Agency-approved DOAC.

Similar to the previous CoaguChek® studies (Ebner et al., 2015, Hirtig et al., 2020), a low
correlation between the CoaguChek®-aPTT was found for the thrombin inhibitor, i.e. dabigatran
and the factor Xa inhibitor, apixaban. A high correlation was detected for the factor Xa inhibitors,
edoxaban and rivaroxaban. The CoaguChek®-aPTT could further on detect plasma concentrations
> 30 and 50 ng/ml in edoxaban and rivaroxaban with a sensitivity of > 95% and corresponding
specificity of > 51%. Using a less conservative limit for sensitivity, i.e. 90%, the study could show
an improvement in specificity of > 69%, hence, making room for balance in both sensitivity and

specificity.

7.1 Diagnostic capability of CoaguChek®-aPTT

Analyses showed a very strong correlation between CoaguChek®-aPTT and UPLC-MS/MS for
edoxaban (r = 0.84) (Figure 1¢) and strong correlation for rivaroxaban (r = 0.79) (Figure 1d). These
data were comparable to that obtained with the CoaguChek®-INR for edoxaban (r = 0.73) (Hértig
et al., 2020) and rivaroxaban (r = 0.82) (Ebner et al., 2015). Similarly to CoaguChek®-INR, the
CoaguChek®-aPTT was shown to be not suitable for the qualitative assessment of dabigatran and
apixaban plasma concentration prior to thrombolysis, or guide reversal therapy in stroke patients.
Although correlational analyses depicted a superiority of the CoaguChek®-aPTT, i.e. dabigatran (r
= 0.49; p< 0.001) (Figure la) and apixaban (r = 0.50; p< 0.001) (Figure 1b), compared to the
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CoaguChek®-INR dabigatran (r = 0.04; p< 0.001) and apixaban (r = 0.32; p< 0.001) (Ebner et al.,
2015), this effect is still not significant. For dabigatran, just as for all DOAC, its sensitivity to aPTT
might rather be assay-specific (Cuker et al., 2014). None of the currently studied global coagulation
POCT systems has been shown to qualitatively assess plasma concentration of apixaban (Ebner et
al., 2015, Ebner et al., 2017b, Ebner et al., 2017a). Since CoaguChek®-aPTT might be reliable for
qualitative assessment of edoxaban and rivaroxaban with regards to urgent decision-making, prior

knowledge of the DOAC administered is therefore essential.

7.1.1 Qualitative anticoagulation assessment using 30 ng/ml threshold

As a primary requirement, this study sought to establish cut-offs whereby safety was the main
priority. For this reason, a more conservative definition for sensitivity, i.e. > 95%, was strived for
in identifying DOAC concentration > 30 and 50 ng/ml. In this case, > 95% of patients with actual
DOAC plasma concentration > 30 and 50 ng/ml would be correctly identified as such and excluded
from thrombolysis in the case of acute ischemic stroke, or be included for anticoagulation reversal
in the case of hemorrhagic stroke or urgent surgery. By using the idea of qualitative assessment of
DOAC in the emergency setting (Mbroh and Poli, 2021), a cut-off of 20s yielded a sensitivity of
95.6% for apixaban and 92.7% for dabigatran with a corresponding specificity of 13.3% and 6.8%,
hence limiting its diagnostic capability (Table 6). It is worth noticing that for dabigatran, a
sensitivity of 95% was not even attainable. A cut-off of 32s and 30s yielded a sensitivity of 95.7%
and 95.3% with a corresponding specificity of 74.5% and 62.1% for edoxaban and rivaroxaban >
30 ng/ml respectively (Table 6). Data showed a high AUROC for edoxaban 0.93 and rivaroxaban
0.91 (Table 7). In comparison, the CoaguChek®-INR only yielded a specificity of 44.0% and 11.9%
for edoxaban and rivaroxaban respectively, at sensitivity > 95% with a corresponding AUROC of
0.92 for edoxaban and 0.90 for rivaroxaban (Ebner et al., 2015, Hirtig et al., 2020). In spite of
CoaguChek®-aPTT being better in identifying samples < 30 ng/ml than CoaguChek®-INR, the
general diagnostic performance of both CoaguChek®-aPTT and CoaguChek®-INR is fairly similar.

In further analysis, a less conservative approach was implemented, i.e. sensitivity of 90%, to see to
which extent the specificity for CoaguChek®-aPTT could be improved. This approach could not
improve the general diagnostic capability of CoaguChek®-aPTT for apixaban and dabigatran.
Using a cut off of 34s for edoxaban, a sensitivity of 89.9% (81.3-95.5) yielded corresponding
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specificity of 85.1% (73.2-93.3). A cut-off of 33s for rivaroxaban likewise showed a good balance
for sensitivity and specificity, i.e. 90.7% (83.4-95.6) and 79.3% (62.5-91.2) respectively (Table
6).

7.1.2 Qualitative anticoagulation assessment using S0 ng/ml threshold

Using 50 ng/ml as threshold, CoaguChek®-aPTT does not provide any evidence of the possibility
of extending the diagnostic use of CoaguChek® to include apixaban and dabigatran. Using a
conservative definition, i.e. 95%, as well as a less conservative definition, i.e. 90%, for sensitivity,
data from this study did not show any improvement in the diagnostic capability of CoaguChek®-
aPTT for both edoxaban and rivaroxaban (Table 6). AUROC for edoxaban and rivaroxaban were
0.94 (95%-CI 0.90-0.98) and 0.89 (95%-CI 0.83-0.95) respectively using CoaguChek®-aPTT
(Table 7) which is similar to that reported for CoaguChek®-INR (Ebner et al., 2015, Hértig et al.,
2020).

A threshold of > 50 ng/ml did not show much variation in the cut-offs for attaining a sensitivity >
95% compared to the cut-offs for > 30 ng/ml threshold. This shows that the thresholds 30 and 50
ng/ml are rather low and close to each other (Hértig et al., 2020). The choice of threshold in clinical

practice could therefore be individualized and the risk-to-benefit ratio should always be considered.

Based on current data, the Hemochron™ shows superiority over the CoaguChek® in general by
showing a higher sensitivity and specificity at both 30 and 50 ng/ml thresholds for dabigatran,

edoxaban and rivaroxaban (Table 2).
7.2 Diagnostic capability of other coagulation parameters

7.2.1 Global coagulation parameters

DOAC seemed to influence global coagulation parameters such as INR and CoaguChek®-aPTT
values. Different DOAC seemed to show different extent of influence on INR and CoaguChek®-
aPTT values (Table 5). On the contrary, the median laboratory-based aPTT was fairly similar
among all DOAC (Table 5). The difference in response between CoaguChek®-aPTT and
laboratory-based aPTT and the absence of a perfect correlation between CoaguChek®-aPTT and
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laboratory-based aPTT (Figure 5a-d) is due to different assays, which measure the same parameter,
responding differently to the same DOAC (Douxfils et al., 2014). This reagent-dependency was
also evident in the correlational analysis between laboratory-based aPTT and UPLC-MS/MS
(Figure 4a-d) compared that between CoaguChek®-aPTT and UPLC-MS/MS (Figure 5a-d). In
some cases, reagents of laboratory-based global coagulation parameters are optimized to avoid the
influence of DOAC or the influence of DOAC on laboratory-based global coagulation parameters
are dependent on the sensitivity of the reagent to DOAC (Dunois, 2021). The lack of clear response
of laboratory-based aPTT to different DOAC in this study could also be due to the optimization of

the reagents in order to avoid the influence of DOAC or due to a lower sensitivity to DOAC.

7.2.2 Specific coagulation parameters

The specific laboratory-based coagulation parameter, anti-Xa-activity, and calibrated DOAC-
specific assays are already adjusted to detect DOAC. As expected, factor Xa inhibitors showed an
effect on anti-Xa-activity. Rivaroxaban however showed the highest response to anti-Xa-activity
in comparison to apixaban and edoxaban (Table 5). Similarly, all four DOAC influenced the values

of calibrated DOAC-specific assays to different extents.

Laboratory-based calibrated DOAC assays correlated very strongly with UPLC-MS/MS for all
factor Xa inhibitors (Figure 2a-d) while anti-Xa-activity also correlated very strongly with UPLC-
MS/MS for both the thrombin inhibitor, dabigatran, and all factor Xa inhibitors (Figure 3). This
continues to show that in the absence of the possibility of exact measurement of plasma
concentration of DOAC by means of UPLC-MS/MS, and also in the absence of urgency, the
specific coagulation parameters, i.e. anti-Xa-activity for factor Xa inhibitors and DOAC-specific

laboratory-based calibrated DOAC assays continue to be the most reliable alternative.

After DOAC intake, a trough level of 0 ng/dl could be recorded even up to 2 hours which indicates
the need for careful interpretation of plasma DOAC concentration irrespective of the test used. A
history of the last DOAC intake is therefore essential in interpreting results of plasma DOAC

concentration.
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7.3 Strengths and limitations of study

In this study, blood samples of patients in a non-emergency setting were collected in which
measurements were done under physiologic conditions making it more ideal than other studies
which used spiked plasma (Van Ryn et al., 2012). As a standard of measuring DOAC plasma
concentration, UPLC-MS/MS, which is the most sensitive and considered the gold standard for
assessing DOAC plasma concentration, was used. This, as opposed to other qualitative POCT
studies for DOAC, provides more reliable correlational analyses (Groene et al., 2021,
Oberladstatter et al., 2021, Ord et al., 2022, Margetic et al., 2022, Schafer et al., 2021, Artang et
al., 2019). Analogous to several other previous studies (Ebner et al., 2017b, Hértig et al., 2021,
Ebner et al., 2015, Hértig et al., 2020, Artang et al., 2019), this study assessed POCT for DOAC
with respect to the two currently recommended treatment thresholds of 30 and 50 ng/ml instead of
only 30 ng/ml (Margetic et al., 2022) or 50 ng/ml (Oberladstatter et al., 2021). It is worth
mentioning that in spite the absence of data for 30 ng/ml, the latter is yet still in approved in Europe
for assessing DOAC. Although the currently recommend treatment thresholds are yet to be
validated in prospective clinical studies, data from this study could be used for recalculation of
DOAC specific ideal cut-offs to match any treatment thresholds in the future. In spite of the low
specificity, CoaguChek®-aPTT ensures high safety in guiding emergency decision-making.
Meaning, > 95% of patients with actual DOAC plasma concentration > 30 and 50 ng/ml would be
correctly identified as such and excluded from thrombolysis in the case of acute ischemic stroke,

or be included for anticoagulation reversal in the case of hemorrhagic stroke or urgent surgery.

As a limitation, this study is based on a single-center experience and future trials could benefit
from a multi-center study, ideally spontaneous POCT measurement in the emergency setting.
Similar to most available POCT for DOAC, CoaguChek® requires knowledge of the type of DOAC

taken by the patient for qualitative assessment of anticoagulation by DOAC.
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8 Summary

There is a global surge in the prescription of DOAC, i.e. the thrombin (factor-Ila) inhibitor,
dabigatran and the factor-Xa inhibitors apixaban, edoxaban, and rivaroxaban, for the prevention of
stroke and systemic thromboembolism resulting from non-valvular atrial fibrillation, prevention
and treatment of venous thromboembolism, as well as prevention of secondary thromboembolism
(Steffel et al., 2021, Konstantinides et al., 2016, Rachidi et al., 2013, Huisman et al., 2017). DOAC
has gradually replaced VKA over the past ten to fifteen years in the management of non-valvular
atrial fibrillation since VKA are limited by narrow therapeutic interval, need for frequent
monitoring as well as dose adjustments, and increased bleeding complications (Kirchhof et al.,
2016). In spite of the primary indication for DOAC which also includes secondary stroke
prevention, DOAC are associated with approximately 2% annual incidence of acute ischemic
stroke with an annual stroke risk of 0.9-1.8% (Almutairi et al., 2017, Pfeilschifter et al., 2016,
Connolly et al., 2011, Connolly et al., 2009, Patel et al., 2011, Giugliano et al., 2013), 1.4-3.6%
incidence of major bleeding including intracranial bleeding (Connolly et al., 2011, Connolly et al.,
2009, Patel et al., 2011, Giugliano et al., 2013) and an annual mortality of up to 3.75% (Pirlog et
al., 2019). This means several patients under DOAC continue to present with acute neurological
and surgical emergencies where urgent decision-making with regards to thrombolysis or DOAC

reversal is imminent.

POCT for DOAC is believed to facilitate urgent decision-making since this has been shown to
provide a net time gain of 28 & 12 minutes compared to routine laboratory-based coagulation tests
(Rizos et al., 2009). In view of this, several studies have researched into the extent to which POCT
devices can assess anticoagulation of DOAC. Majority of these studies are based on the principle
of qualitative detection of DOAC plasma concentration above or below the currently recommended
treatment thresholds of 30 and 50 ng/ml. The CoaguChek® together with the INR test strips
provides > 95% sensitivity in detecting plasma concentration of edoxaban and rivaroxaban which
are actually above 30 and 50 ng/ml (Ebner et al., 2015, Hartig et al., 2020). The Hemochron™
together with the INR and ACT+ provides > 95% sensitivity in detecting plasma concentration of
dabigatran, edoxaban and rivaroxaban which are actually above 30 and 50 ng/ml (Ebner et al.,
2017b, Hirtig et al., 2021). The ClotPro® provides a sensitivity of 100% for the thrombin inhibitor,

dabigatran, and a sensitivity of 90-100% for the factor-Xa inhibitors edoxaban, and rivaroxaban in
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detecting DOAC plasma concentration which are actually above 50 ng/ml (Oberladstatter et al.,
2021). The DOASENSE™ DOAC Dipstick which unlike the above mentioned POCT tests the
presence or absence of DOAC in urine as an indirect determination of presence of DOAC in
plasma, provides > 95% sensitivity in detecting positive test results (Ord et al., 2022, Margetic et

al., 2022, Papageorgiou et al., 2023).

In this study, we assessed the diagnostic accuracy of the CoaguChek® used together with the aPTT
test strips to qualitatively identify patients with plasma DOAC concentrations above the currently
recommended treatment relevant thresholds (Mbroh and Poli, 2021) (i.e., DOAC concentrations
that would allow for immediate reversal treatment in case of intracranial or other life-threatening
hemorrhage or surgery, or that would justify withholding thrombolysis if necessary) for all four
currently Food and Drug Administration- and European Medicines Agency-approved DOAC, i.e.
apixaban, dabigatran, edoxaban and rivaroxaban, in real-life patient samples. Analogous to the
previous CoaguChek® study which used INR test strips (Ebner et al., 2015, Hartig et al., 2020),
patients > 18 years who had an indication for the initiation of DOAC therapy were enrolled. Patients
with known coagulopathy, abnormal coagulation parameters at baseline which could also be as a
result a recent treatment with VKA < 14 days, heparinoids < 72 hours, unfractionated heparin < 12
hours and low molecular weight heparin (LMWH) < 24 hours prior to first DOAC intake were
excluded. Blood samples were collected at six defined time points, i.e., at baseline before DOAC
intake, 0.5, 1, 2, 8 hours after DOAC intake and directly before the next DOAC intake i.e., at 12
hours for dabigatran and apixaban or 24 hours for edoxaban and rivaroxaban. As a standard for
measuring the actual DOAC concentration, high-performance liquid chromatography/mass

spectrometry (UPLC-MS/MS) was performed.

A total of 80 patients were enrolled in the study, 20 patients for each DOAC. A total of 459 out of
the planed 480 samples, corresponding to 96%, were successfully collected and analyzed. The
number of samples collected for each of the four DOAC was fairly equal. DOAC groups did not
show much variation in baseline characteristics which included demographics and cardiovascular
risk factors. Coagulation parameters including laboratory-based aPTT, CoaguChek®-aPTT and
INR did not show much variation across all four DOAC. Laboratory-based calibrated DOAC, anti-
Xa activity and UPLC-MS/MS were elevated in the rivaroxaban group. To address our primary
aim, data showed that correlation between CoaguChek®-aPTT and UPLC-MS/MS was weak for
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dabigatran and apixaban, but strong — very strong for edoxaban and rivaroxaban. These results
therefore restrict diagnostic capability of CoaguChek®-aPTT to edoxaban and rivaroxaban. and
does not extend the diagnostic capability of CoaguChek® to all four all four currently Food and
Drug Administration- and European Medicines Agency-approved DOAC. For the sake of patient
safety, we strived for a sensitivity of > 95% in identifying samples with actual plasma concentration
> 30 and 50 ng/ml. Using the CoaguChek®-aPTT, cut offs of 32s and 30s for edoxaban and
rivaroxaban respectively, met the conservative definition for sensitivity, i.e. > 95% in detecting
plasma concentration > 30. For plasma concentration > 50 ng/ml, cut offs of 34s and 31s for
edoxaban and rivaroxaban respectively provided sensitivity of > 95%. These cut offs can be
considered safe since > 95% of patients with actual edoxaban and rivaroxaban plasma
concentrations > 30 and 50 ng/ml, could be excluded from thrombolysis and could be spared the
bleeding complications associated with thrombolysis. Patients under treatment with edoxaban and
rivaroxaban with CoaguChek®-aPTT below the suggested cut off (Table 6) could be therefore

spared the administration of DOAC reversal agents.

At a sensitivity of > 95%, CoaguChek®-aPTT shows a better balance for specificity and therefore
shows a considerable preference compared to the CoaguChek®-INR with respect to edoxaban and

rivaroxaban.

The very strong correlation between laboratory-based calibrated DOAC assays and UPLC-MS/MS
for all DOAC, as well as the very strong correlation between anti-Xa Activity and UPLC-MS/MS
for all factor-Xa inhibitors shown in this study continues to support the fact that laboratory-based
calibrated DOAC assays and anti-Xa-activity are by far the most and practically reliable in
assessing DOAC plasma concentration. These tests are however still challenged by the long turn-
around time and its scarcity in most laboratories, limiting its applicability in urgent DOAC
assessment (Dolscheid-Pommerich et al., 2018, Rizos et al., 2010). As a compromise for this time-
factor, these laboratory tests could supplement and address the lower specificities of CoaguChek®-
aPTT, hence allowing emergency physicians make initial clinical decisions with regards to
thrombolysis, anticoagulation reversal and urgent surgery, which are considered safe and not
detrimental in patient management. An algorithm for safe implementation of CoaguChek®-aPTT
for edoxaban and rivaroxaban is shown in Figure 8. Validation through prospective, multi-centric

studies, ideally in emergency setting, are warranted.
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| Dabigatran ‘ ‘ Apixaban | ’ Edoxaban | ‘ Rivaroxaban

CoaguChek® POCT-based
it ion testing

Acute ischemic stroke:
Start thrombolysis

CoaguChek®-
aPTT
$32134s

CoaguChek®- yes
aPTT
S30/31s

5 g Idarucizumab
intravenous

Acute intracranial hemorrhage:
No antidote/PPSB required

Acute ischemic stroke:
No thrombolysis

Acute ischemic stroke:
Start thrombolysis

Acute intracranial hemorrhage:
Antidote/start PPSB

Central-laboratory-based
qualitative ion testing

Acute ischemic stroke:
Start thrombolysis

DOAC-specific
coagulation test
available?

DOAC plasma- yes

<30/50 ng/mL

Acute intracranial hemorrhage:
Stop antidot/PPSB

Acute ischemic stroke:
No thrombolysis/stop
thrombolysis

Acute intracranial hemorrhage: |

Cut-off for 30 ng/mL threshold Continue antidotPPSB

Cut-off for 50 ng/mL threshold

Figure 8: Proposed algorithm for using the CoaguChek®-aPTT (CC-aPTT) point-of-care testing
system for qualitative anticoagulation assessment of edoxaban and rivaroxaban to guide urgent
decision-making with respect to thrombolysis, anticoagulation reversal and intracranial
hemorrhage (ICH).
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Deutsche Zusammenfassung

Weltweit werden direkte orale Antikoagulanzien (DOAK; der Thrombinhemmer Dabigatran und
die Faktor-Xa-Hemmer Apixaban, Edoxaban und Rivaroxaban) zur Vorbeugung von
Schlaganfillen und systemischen Thromboembolien infolge nicht-valvulirem Vorhofflimmerns
sowie zur Vorbeugung und Behandlung venodser Thromboembolien zunehmend hiaufiger
verschrieben (Steffel et al., 2021, Konstantinides et al., 2016, Rachidi et al., 2013, Huisman et al.,
2017). DOAK haben Vitamin-K-Antagonisten (VKA) in diesen Indikationen im letzten Jahrzehnt
aufgrund gleicher Effektivitét bei besserer Sicherheit (v.a. weniger Hirnblutungen) und hoherem
Einnahmekomfort (kein Therapiemonitoring erforderlich) graduell ersetzt (Kirchhof et al., 2016).
Trotz DOAK Einnahme liegt das jdhrlichen Schlaganfallrisiko bei 0,9—-1,8 % (Almutairi et al.,
2017, Pfeilschifter et al., 2016, Connolly et al., 2011, Connolly et al., 2009, Patel et al., 2011,
Giugliano et al., 2013) und fiir schwere Blutungen bei 1,4-3,6 % (Connolly et al., 2011, Connolly
et al., 2009, Patel et al., 2011, Giugliano et al., 2013). Konsekutiv steigt die Inzidenz DOAK
assoziierter neurologischer und chirurgischer Notfille, bei denen eine dringende Entscheidung zum

Beispiel hinsichtlich einer Thrombolyse oder einer DOAK-Antagonisierung erforderlich wird.

Bei VKA assoziierten Notfdllen beschleunigt eine bettseitige Point-of-care-Gerinnungstestung
(POCT) der International Normalized Ration (INR) die Entscheidungsfindung um ca. 30 Minuten
(Rizos et al., 2009). POCT fiir DOAK wurden erst rezent in Studien untersucht. Diese verfolgten
das Prinzip der qualitativen Beurteilung, d.h. konnen Blutproben von Patienten mit
therapierelevanter Antikoagulation sicher identifiziert werden. Je nach Leitlinie und Indikation
(d.h. Thrombolyse oder Notfalloperation bzw. Antidotgabe) werden hierfir die DOAK-

Plasmakonzentrationen unterhalb bzw. oberhalb 30 und 50 ng/ml empfohlen.

Mit dem CoaguChek® und den INR-Teststreifen gelang die qualitative Beurteilung fiir Edoxaban
und Rivaroxaban (Ebner et al., 2015, Hértig et al., 2020). Mit dem Hemochron™ Signature Elite
gelang dies zusitzlich auch fiir Dabigatran (Ebner et al., 2017b, Hartig et al., 2021). Der ClotPro®
wurde zwar fiir alle vier DOAK zugelassen, allerdings nur der 50 ng/ml
Plasmakonzentrationsschwellenwert untersucht (Oberladstatter et al., 2021). Auch das
DOASENSE™ DOAC Dipsticks ist fiir alle DOAK geeignet, jedoch wird nicht die DOAK-

Konzentration im Plasma sondern — mit fraglicher Relevanz fiir die klinische Einschitzung der
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Gerinnungssituation — im Urin getestet (Ord et al., 2022, Margetic et al., 2022, Papageorgiou et al.,
2023).

In dieser Promotionsarbeit wurde nun die diagnostische Genauigkeit des CoaguChek® zusammen
mit den neu kommerziell verfiigbaren aPTT-Teststreifen untersucht (Mbroh and Poli, 2021)
therapierelevante DOAK-Konzentrationen in Patientenblutproben zu erkennen. Analog zur
vorherigen CoaguChek®-Studie, bei der INR-Teststreifen verwendet wurden (Ebner et al., 2015,
Hartig et al., 2020), wurden Patienten > 18 Jahre, bei denen eine Indikation zur Einleitung einer
DOAK-Therapie bestand, eingeschlossen. Ausgeschlossen wurden Patienten mit bekannter
Koagulopathie, abnormalen Gerinnungsparametern zu Studienbeginn und zuvor mit anderen
Antikoagulanzien behandelte Patienten. Blutproben wurden zu sechs definierten Zeitpunkten
entnommen, i.e. bei Baseline vor der DOAK-Einnahme, %, 1, 2, 8 Stunden nach und direkt vor der
ndchsten DOAK-Einnahme, i.e. nach 12 Stunden bei Dabigatran und Apixaban bzw. 24 Stunden
bei Edoxaban und Rivaroxaban. Die tatsichliche DOAK-Plasmakonzentration wurde mit Ultra-

Performance-Fliissigchromatographie-Tandem-Massenspektrometrie (UPLC-MS/MS) bestimmt.

80 Patienten wurden in die Studie eingeschlossen, 20 pro DOAK. Insgesamt wurden 459 (96%)
der geplanten 480 Proben erfolgreich gesammelt und analysiert. Die vier DOAK-Gruppen zeigten
keine relevanten Unterschiede in Demografie und kardiovaskuldren Risikofaktoren. Die
Korrelation zwischen CoaguChek®-aPTT und den mittels UPLC-MS/MS waren nur fiir Edoxaban
und Rivaroxaban ausreichend, nicht aber fiir Dabigatran und Apixaban. Die zur Patientensicherheit
priadefinierte Sensitivitdit > 95% zur Identifizierung von Blutproben mit tatsdchlichen
Plasmakonzentrationen > 30 ng/ml wurde mit den CoaguChek®-aPTT Cut-offs von 32 s bzw. 30 s
fiir Edoxaban bzw. Rivaroxaban erreicht. Cut-offs von 34 s bzw. 31 s ergaben eine Sensitivitdt von
> 95% fiir Edoxaban bzw. Rivaroxaban zur Identifizierung von Blutproben mit tatsdchlichen

Plasmakonzentrationen > 50 ng/ml.

Mit einer Sensitivitdt von > 95% weist CoaguChek®-aPTT ein besseres Balance hinsichtlich der
Spezifitit auf (75% bzw. 62% fiir Edoxaban bzw. Rivaroxaban bei Plasmakonzentrationen > 30
ng/ml und 79% bzw. 51% bei Plasmakonzentrationen > 50 ng/ml) und zeigt daher eine deutliche
Bevorzugung gegeniiber CoaguChek®-INR (44% bzw. 12% fiir Edoxaban bzw. Rivaroxaban bei

Plasmakonzentrationen > 30 ng/ml und 86% bzw. 12% bei Plasmakonzentrationen > 50 ng/ml).
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Labor-basierte kalibrierte DOAK-Assays waren erwartungsgemif in der Beurteilung der DOAK-
vermittelten Antikoagulation am zuverléssigsten. Diese Tests sind jedoch aufgrund der ldngeren
Bearbeitungszeit fiir die DOAK-Notfalltestung weniger geeignet (Dolscheid-Pommerich et al.,
2018, Rizos et al.,, 2010). Fir den DOAK-Notfall schlagen wir daher einen sequenziellen
Algorithmus vor welcher im Falle Edoxaban und Rivaroxaban sowohl die CoaguChek®-aPTT als
auch labor-basierte Testung beinhaltet (Abbildung 8). Eine Validierung dieses Algorithmus durch

prospektive, multizentrische Studien, idealerweise in Notfallsituationen, ist gerechtfertigt.



61

9 References

. RE: Clinical Calculator 1.

AHMED, N., AUDEBERT, H., TURC, G., CORDONNIER, C., CHRISTENSEN, H., SACCO,
S., SANDSET, E. C., NTAIOS, G., CHARIDIMOU, A., TONI, D., PRISTIPINO, C.,
KOHRMANN, M., KURAMATSU, J. B.,, THOMALLA, G., MIKULIK, R., FORD, G. A,
MARTI-FABREGAS, J., FISCHER, U., THOREN, M., LUNDSTROM, E., RINKEL, G.
J., WORP, H. B. V. D, MATUSEVICIUS, M., TSIVGOULIS, G., MILIONIS, H.,
RUBIERA, M., HART, R., MOREIRA, T., LANTZ, M., SIOSTRAND, C., ANDERSEN,
G., SCHELLINGER, P., KOSTULAS, K., SUNNERHAGEN, K. S., KESELMAN, B.,
KOROMPOKI, E., PURRUCKER, J., KHATRI, P., WHITELEY, W., BERGE, E.,
MAZYA, M., DIPPEL, D. W., MUSTANOIJA, S., RASMUSSEN, M., SODERQVIST, A.
K., ESCUDERO-MARTINEZ, 1. & STEINER, T. 2019. Consensus statements and
recommendations from the ESO-Karolinska Stroke Update Conference, Stockholm 11-13
November 2018. European Stroke Journal, 4, 307-317.

AHMED, N., STEINER, T., CASO, V. & WAHLGREN, N. 2017. Recommendations from the
ESO-Karolinska Stroke Update Conference, Stockholm 13—15 November 2016. European
Stroke Journal, 2, 95-102.

ALMUTAIRI, A. R., ZHOU, L., GELLAD, W. F., LEE, J. K., SLACK, M. K., MARTIN, J. R. &
LO-CIGANIC, W. H. 2017. Effectiveness and Safety of Non—vitamin K Antagonist Oral
Anticoagulants for Atrial Fibrillation and Venous Thromboembolism: A Systematic
Review and Meta-analyses. Excerpta Medica Inc.

ARTANG, R., ANDERSON, M. & NIELSEN, J. D. 2019. Fully automated thromboelastograph
TEG 6s to measure anticoagulant effects of direct oral anticoagulants in healthy male
volunteers. Research and Practice in Thrombosis and Haemostasis, 3, 391-396.

BERGE, E., WHITELEY, W., AUDEBERT, H., DE MARCHIS, G. M., FONSECA, A. C,
PADIGLIONI, C., DE LA OSSA, N. P., STRBIAN, D., TSIVGOULIS, G. & TURC, G.
2021. European Stroke Organisation (ESO) guidelines on intravenous thrombolysis for
acute ischaemic stroke. Eur Stroke J, 6, I-LXII.

BURNETT, A. E., MAHAN, C. E., VAZQUEZ, S. R., OERTEL, L. B., GARCIA, D. A. &
ANSELL, J. 2016. Guidance for the practical management of the direct oral anticoagulants
(DOACS) in VTE treatment. Journal of Thrombosis and Thrombolysis, 41, 206-232.

CHRISTENSEN, H., CORDONNIER, C., KORV, J., LAL, A., OVESEN, C., PURRUCKER, J.
C., TONIL D. & STEINER, T. 2019. European Stroke Organisation Guideline on Reversal
of Oral Anticoagulants in Acute Intracerebral Haemorrhage. Eur Stroke J, 4,294-306.

COLILLA, S., CROW, A., PETKUN, W., SINGER, D. E., SIMON, T. & LIU, X. 2013. Estimates
of current and future incidence and prevalence of atrial fibrillation in the U.S. adult
population. Am J Cardiol, 112, 1142-7.

CONNOLLY, S. J., CROWTHER, M., EIKELBOOM, J. W., GIBSON, C. M., CURNUTTE, J.
T., LAWRENCE, J. H., YUE, P., BRONSON, M. D., LU, G.,, CONLEY, P. B,
VERHAMME, P., SCHMIDT, J.,, MIDDELDORP, S., COHEN, A. T., BEYER-
WESTENDOREF, J., ALBALADEJO, P., LOPEZ-SENDON, J.,, DEMCHUK, A. M.,
PALLIN, D. J., CONCHA, M., GOODMAN, S., LEEDS, J., SOUZA, S., SIEGAL, D. M.,
ZOTOVA, E., MEEKS, B., AHMAD, S., NAKAMYA, J. & MILLING, T. J. 2019. Full
Study Report of Andexanet Alfa for Bleeding Associated with Factor Xa Inhibitors. New
England Journal of Medicine, 380, 1326-1335.



62

CONNOLLY, S. J., EIKELBOOM, J., JOYNER, C., DIENER, H.-C., HART, R., GOLITSYN, S.,
FLAKER, G., AVEZUM, A., HOHNLOSER, S. H., DIAZ, R., TALAJIC, M., ZHU, J.,
PAIS, P., BUDAIJ, A., PARKHOMENKO, A., JANSKY, P., COMMERFORD, P., TAN,
R. S., SIM, K.-H., LEWIS, B. S.,, VAN MIEGHEM, W., LIP, G. Y. H., KIM, J. H.,
LANAS-ZANETTI, F., GONZALEZ-HERMOSILLO, A., DANS, A. L., MUNAWAR,
M., ODONNELL, M., LAWRENCE, J., LEWIS, G., AFZAL, R. & YUSUF, S. 2011.
Apixaban in Patients with Atrial Fibrillation. New England Journal of Medicine, 364, 806-
817.

CONNOLLY, S. J,, EZEKOWITZ, M. D., YUSUF, S., EIKELBOOM, J., OLDGREN, J.,
PAREKH, A., POGUE, J., REILLY, P. A., THEMELES, E., VARRONE, J., WANG, S.,
ALINGS, M., XAVIER, D., ZHU, J., DIAZ, R., LEWIS, B. S., DARIUS, H., DIENER,
H.-C., JOYNER, C. D. & WALLENTIN, L. 2009. Dabigatran versus Warfarin in Patients
with Atrial Fibrillation. New England Journal of Medicine, 361, 1139-1151.

CUKER, A., SIEGAL, D. M., CROWTHER, M. A. & GARCIA, D. A. 2014. Laboratory
measurement of the anticoagulant activity of the non-vitamin K oral anticoagulants. J Am
Coll Cardiol, 64, 1128-39.

DOLSCHEID-POMMERICH, R. C., DOLSCHEID, S., EICHHORN, L., STOFFEL-WAGNER,
B. & GRAEFF, I. 2018. Thrombolysis in stroke patients: Comparability of point-of-care
versus central laboratory international normalized ratio. PLoS One, 13, e0190867.

DOUXFILS, J., TAMIGNIAU, A., CHATELAIN, B., GOFFINET, C., DOGNE, J.-M. &
MULLIER, F. 2014. Measurement of non-VKA oral anticoagulants versus classic ones: the
appropriate use of hemostasis assays. Thrombosis Journal, 12, 24-24.

DUNOIS, C. 2021. Laboratory Monitoring of Direct Oral Anticoagulants (DOACs). Biomedicines,
9.

EBNER, M., BIRSCHMANN, I, PETER, A., HARTIG, F., SPENCER, C., KUHN, J,
BLUMENSTOCK, G., ZUERN, C. S., ZIEMANN, U. & POLI, S. 2017a. Emergency
Coagulation Assessment During Treatment With Direct Oral Anticoagulants: Limitations
and Solutions. Stroke, 48, 2457-2463.

EBNER, M., BIRSCHMANN, I, PETER, A., SPENCER, C., HARTIG, F., KUHN, I,
BLUMENSTOCK, G., ZUERN, C. S., ZIEMANN, U. & POLI, S. 2017b. Point-of-care
testing for emergency assessment of coagulation in patients treated with direct oral
anticoagulants. Critical Care, 21.

EBNER, M., PETER, A., SPENCER, C., HARTIG, F., BIRSCHMANN, 1., KUHN, J., WOLF,
M., WINTER, N., RUSSO, F., ZUERN, C. S., BLUMENSTOCK, G., ZIEMANN, U. &
POLIL, S. 2015. Point-of-care testing of coagulation in patients treated with non-Vitamin K
antagonist oral anticoagulants. Stroke, 46, 2741-2747.

EIKELBOOM, J. & WEITZ, J. 2013. Procoagulants for management of bleeding with the new oral
anticoagulants. Thrombosis and Haemostasis, 110, 01.

ENICOR GMBH, M. 2020. ClotPro® DOAC assays.

EUROPEAN MEDICINES AGENCY (EMA). 2008a. Dabigatran (Pradaxa) EMA authorisation
for use in the European Union [Online]. Available:
https://www.ema.europa.eu/en/medicines/human/EPAR /pradaxa [Accessed].

EUROPEAN MEDICINES AGENCY (EMA). 2008b. Rivaroxaban (Xarelto) EMA authorisation
for use in the European Union [Online]. Available:
https://www.ema.europa.eu/en/medicines/human/EPAR/xarelto [Accessed].

EUROPEAN MEDICINES AGENCY (EMA) 2011a. CHMP assessment report.




63

EUROPEAN MEDICINES AGENCY (EMA). 2011b. Eliquis (apixaban) EMA authorisation for
use in the European Union [Online]. Available:
https://www.ema.europa.eu/en/medicines/human/EPAR/eliquis [Accessed].

EUROPEAN MEDICINES AGENCY (EMA). 2015. Edoxaban (Lixiana) EMA authorisation for
use in the European Union [Online]. Available:
https://www.ema.europa.eu/en/medicines/human/EPAR/lixiana [Accessed].

EVANS, J. D. 1996. Straightforward statistics for the behavioral sciences, Belmont, CA, US,
Thomson Brooks/Cole Publishing Co.

FONG, A. Y. Y., TIONG, L. L., TAN, S. S. N., GERUKA, D., APIL, G. G., CHOO, C. W. &
ONG, T. K. 2020. Effect of Dabigatran on Clotting Time in the Clotpro Ecarin Clotting
Assay: A Prospective, Single-Arm, Open-Label Study. Clin Appl Thromb Hemost, 26,
1076029620972473.

GIUGLIANO, R. P., RUFF, C. T., BRAUNWALD, E., MURPHY, S. A., WIVIOTT, S. D.,
HALPERIN, J. L., WALDO, A. L., EZEKOWITZ, M. D., PHIL, D., WEITZ, J. L,
SPINAR, J., RUZYLLO, W., RUDA, M., KORETSUNE, Y., BETCHER, J., SHI, M.,
GRIP, L. T., PATEL, S. P., PATEL, 1., HANYOK, J. J., MERCURI, M., ANTMAN, E.
M., BRIGHAM, F., WOMEN'S HOSPITAL, H. M., SCHOOL, B., SANKYO, D. &
DEVELOPMENT, P. 2013. Edoxaban versus Warfarin in Patients with Atrial Fibrillation.
N Engl J Med, 369, 2093-104.

GOMEZ-OUTES, A., ALCUBILLA, P., CALVO-ROJAS, G., TERLEIRA-FERNANDEZ, A. L,
SUAREZ-GEA, M. L., LECUMBERRI, R. & VARGAS-CASTRILLON, E. 2021. Meta-
Analysis of Reversal Agents for Severe Bleeding Associated With Direct Oral
Anticoagulants. J Am Coll Cardiol, 77, 2987-3001.

GORLINGER, K., BHARDWAJ, V. & KAPOOR, P. M. 2016. Simulation in coagulation testing
using rotational thromboelastometry: A fast emerging, reliable point of care technique. Ann
Card Anaesth, 19, 516-20.

GROENE, P., WAGNER, D., KAMMERER, T., KELLERT, L., GIEBL, A., MASSBERG, S. &
SCHAFER, S. T. 2021. Viscoelastometry for detecting oral anticoagulants. Thromb J, 19,
18.

GURBEL, P. A., BLIDEN, K. P., TANTRY, U. S., MONROE, A. L., MURESAN, A. A,
BRUNNER, N. E., LOPEZ-ESPINA, C. G., DELMENICO, P. R., COHEN, E., RAVIV,
G., HAUGEN, D. L. & ERETH, M. H. 2016. First report of the point-of-care TEG: A
technical validation study of the TEG-6S system. Platelets, 27, 642-649.

HARENBERG, J., KRAMER, S., DU, S., WEISS, C. & KRAMER, R. 2013. Concept of a point
of care test to detect new oral anticoagulants in urine samples. Thromb J, 11, 15.

HARENBERG, J., MARTINI, A., DU, S., KRAMER, S., WEISS, C. & HETJENS, S. 2021.
Performance Characteristics of DOAC Dipstick in Determining Direct Oral Anticoagulants
in Urine. Clin Appl Thromb Hemost, 27, 1076029621993550.

HARENBERG, J., SCHREINER, R., HETJENS, S. & WEISS, C. 2019. Detecting Anti-Ila and
Anti-Xa Direct Oral Anticoagulant (DOAC) Agents in Urine using a DOAC Dipstick.
Seminars in Thrombosis and Hemostasis, 45, 275-284.

HART, R. G., DIENER, H. C., COUTTS, S. B., EASTON, J. D., GRANGER, C. B.,, ODONNELL,
M. J., SACCO, R. L. & CONNOLLY, S. J. 2014. Embolic strokes of undetermined source:
The case for a new clinical construct. Lancet Publishing Group.

HARTIG, F., BIRSCHMANN, I, PETER, A., HORBER, S., EBNER, M., SONNLEITNER, M.,
SPENCER, C., BOMBACH, P., STEFANOU, M.-I., TUNNERHOFF, J., MENGEL, A.,
KUHN, J., ZIEMANN, U. & POLI, S. 2021. Point-of-care testing for emergency




64

assessment of coagulation in patients treated with direct oral anticoagulants including
edoxaban. Neurological Research and Practice, 3.

HARTIG, F., BIRSCHMANN, L, PETER, A., HORBER, S., EBNER, M., SONNLEITNER, M.,
SPENCER, C., BOMBACH, P., STEFANOU, M. I, KUHN, J., MENGEL, A,
ZIEMANN, U. & POLI, S. 2020. Point-of-care testing of coagulation in patients treated
with edoxaban. Journal of Thrombosis and Thrombolysis, 50, 632-639.

HEERINGA, J. 2010. Atrial fibrillation: is the prevalence rising? Europace, 12,451-2.

HO, K. H., VAN HOVE, M. & LENG, G. 2020. Trends in anticoagulant prescribing: a review of
local policies in English primary care. BMC Health Services Research, 20, 279.

HUISMAN, M. V., ROTHMAN, K. J.,, PAQUETTE, M., TEUTSCH, C., DIENER, H. C.,
DUBNER, S. J.,, HALPERIN, J. L., MA, C. S., ZINT, K., ELSAESSER, A., BARTELS,
D. B., LIP, G., ABBAN, D., ABDUL, N., ABELSON, M., ACKERMANN, A., ADAMS,
F., ADAMS, L., ADRAGAO, P., AGENO, W., AGGARWAL, R., AGOSTI, S., MARIN,
J. A, AGUILAR, F., AGUILAR LINARES, J. A., AGUINAGA, L., AHMAD, Z.,
AINSWORTH, P., AL GHALAYINI, K., AL ISMAIL, S., ALASFAR, A., ALAWWA,
A., AL-DALLOW, R., ALDERSON, L., ALEXOPOULOS, D., ALI, A., ALL, M.,
ALIYAR, P., AL-JOUNDI, T., AL MAHAMEED, S., ALMASSI, H., ALMUTIL K., AL-
OBAIDI, M., ALSHEHRI, M., ALTMANN, U., ALVES, A. R., AL-ZOEBI, A., AMARA,
W., AMELOT, M., AMJADI, N., AMMIRATI, F., ANDRAWIS, N., ANGOULVANT,
D., ANNONI, G., ANSALONE, G., ANTONESCLU, S. A., ARIANI, M., ARIAS, J. C,,
ARMERO, S., ARORA, R., ARORA, C., ASHCRAFT, W., ASLAM, M. S., ASTESIANO,
A., AUDOUIN, P., AUGENBRAUN, C., AYDIN, S., AZAR, R., AZIM, A., AZIZ, S.,
BACKES, L. M., BAIG, M., BAINS, S., BAKBAK, A., BAKER, S., BAKHTIAR, K.,
BALA, R., BANAYAN, J.,, BANDH, S., BANDO, S., BANERIJEE, S., BANK, A.,
BARBARASH, O., BARON, G., BARR, C., BARRERA, C., BARTON, J,, KES, V. B,,
BAULA, G., BAYEH, H., BAZARGANI, N., BEHRENS, S., BELL, A., BENEZET-
MAZUECOS, J., BENHALIMA, B., BERDAGUE, P., BERG VAN DEN, B. J., BERGEN
VAN, P. F. M. M., BERNGARD, E., BERNSTEIN, R., et al. 2017. The Changing
Landscape for Stroke Prevention in AF: Findings From the GLORIA-AF Registry Phase 2.
Journal of the American College of Cardiology, 69, 777-785.

KIRCHHOF, P., BENUSSI, S., KOTECHA, D., AHLSSON, A., ATAR, D., CASADEI, B.,
CASTELLA, M., DIENER, H. C., HEIDBUCHEL, H., HENDRIKS, J., HINDRICKS, G.,
MANOLIS, A. S., OLDGREN, J., POPESCU, B. A., SCHOTTEN, U., VAN PUTTE, B.,
VARDAS, P., AGEWALL, S., CAMM, J., BARON ESQUIVIAS, G., BUDTS, W.,
CARERJ, S., CASSELMAN, F., COCA, A., DE CATERINA, R., DEFTEREOS, S.,
DOBREV, D., FERRO, J. M., FILIPPATOS, G., FITZSIMONS, D., GORENEK, B.,
GUENOUN, M., HOHNLOSER, S. H., KOLH, P., LIP, G. Y. H.,, MANOLIS, A,
MCMURRAY, J, PONIKOWSKI, P., ROSENHEK, R., RUSCHITZKA, F.,
SAVELIEVA, 1., SHARMA, S., SUWALSKI, P., TAMARGO, J. L., TAYLOR, C. J,,
VAN GELDER, L. C., VOORS, A. A., WINDECKER, S., ZAMORANO, J. L. &
ZEPPENFELD, K. 2016. 2016 ESC Guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. European journal of cardio-thoracic surgery :
official journal of the European Association for Cardio-thoracic Surgery, 50, e1-e88.

KONSTANTINIDES, S. V., BARCO, S., LANKEIT, M. & MEYER, G. 2016. Management of
Pulmonary Embolism: An Update. Elsevier USA.

KRIJTHE, B. P., KUNST, A., BENJAMIN, E. J.,, LIP, G. Y., FRANCO, O. H.,, HOFMAN, A.,
WITTEMAN, J. C., STRICKER, B. H. & HEERINGA, J. 2013. Projections on the number



65

of individuals with atrial fibrillation in the European Union, from 2000 to 2060. Eur Heart
J, 34,2746-51.

KUHN, J., GRIPP, T., FLIEDER, T., HAMMERSCHMIDT, A., HENDIG, D., FAUST, I,
KNABBE, C. & BIRSCHMANN, I. 2018. Measurement of apixaban, dabigatran, edoxaban
and rivaroxaban in human plasma using automated online solid-phase extraction combined
with ultra-performance liquid chromatography-tandem mass spectrometry and its
comparison with coagulation assays. Clin Chim Acta, 486, 347-356.

LEVY, J. H.,, AGENO, W., CHAN, N. C., CROWTHER, M., VERHAMME, P. & WEITZ, J. L.
2016. When and how to use antidotes for the reversal of direct oral anticoagulants: guidance
from the SSC of the ISTH. Journal of Thrombosis and Haemostasis, 14, 623-627.

LIP, G. Y., NIEUWLAAT, R., PISTERS, R., LANE, D. A. & CRIINS, H. J. 2010. Refining
clinical risk stratification for predicting stroke and thromboembolism in atrial fibrillation
using a novel risk factor-based approach: the euro heart survey on atrial fibrillation. Chest,
137, 263-72.

LIPPI, G., ARDISSINO, D., QUINTAVALLA, R. & CERVELLIN, G. 2014. Urgent monitoring
of direct oral anticoagulants in patients with atrial fibrillation: A tentative approach based
on routine laboratory tests. Journal of Thrombosis and Thrombolysis, 38, 269-274.

MARGETIC, S., CELAP, 1., HUZJAN, A. L., PURETIC, M. B., GORETA, S. S., GLOJNARIC,
A. C., BRKLJACIC, D. D., MIOC, P., HARENBERG, J., HETJENS, S. & WEISS, C.
2022. DOAC Dipstick Testing Can Reliably Exclude the Presence of Clinically Relevant
DOAC Concentrations in Circulation. Thromb Haemost, 122, 1542-1548.

MBROH, J. & POLI, S. 2021. 2021 European Heart Rhythm Association Practical Guide on the
use of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation:
comment. Europace, 23, 1685.

MEINEL, T. R., BRANCA, M., DE MARCHIS, G. M., NEDELTCHEV, K., KAHLES, T.,
BONATIL, L., ARNOLD, M., HELDNER, M. R., JUNG, S., CARRERA, E., DIRREN, E.,
MICHEL, P., STRAMBO, D., CEREDA, C. W., BIANCO, G., KAGI, G., VEHOFF, J.,
KATAN, M., BOLOGNESE, M., BACKHAUS, R., SALMEN, S., ALBERT, S,
MEDLIN, F., BERGER, C., SCHELOSKY, L., RENAUD, S., NIEDERHAUSER, 1J.,
BONVIN, C., SCHAERER, M., MONO, M. L., RODIC, B., TARNUTZER, A. A,
MORDASINI, P., GRALLA, J., KAESMACHER, J., ENGELTER, S., FISCHER, U. &
SEIFFGE, D. J. 2021. Prior Anticoagulation in Patients with Ischemic Stroke and Atrial
Fibrillation. Annals of Neurology, 89, 42-53.

MERRELAAR, A. E., BOGL, M. S., BUCHTELE, N., MERRELAAR, M., HERKNER, H.,,
SCHOERGENHOFER, C., HARENBERG, J., DOUXFILS, J., SIRIEZ, R., JILMA, B.,
SPIEL, A. O. & SCHWAMEIS, M. 2022. Performance of a Qualitative Point-of-Care Strip
Test to Detect DOAC Exposure at the Emergency Department: A Cohort-Type Cross-
Sectional Diagnostic Accuracy Study. Thromb Haemost, 122, 1723-1731.

MIYASAKA, Y., BARNES, M. E., GERSH, B. J, CHA, S. S., BAILEY, K. R,
ABHAYARATNA, W. P., SEWARD, J. B. & TSANG, T. S. 2006. Secular trends in
incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and
implications on the projections for future prevalence. Circulation, 114, 119-25.

MOSTER, M. & BOLLIGER, D. 2022. Perioperative Guidelines on Antiplatelet and
Anticoagulant Agents: 2022 Update. Current Anesthesiology Reports, 12, 286-296.
NEUROLOGIE, D. G. F. 2015. Akuttherapie des ischimischen Schlaganfalls [Online]. Available:
https://dgn.org/wp-content/uploads/2021/05/030140 LL _akuter-ischaemischer-

schlaganfall rekanalisierende-therapie 2015_archiviert.pdf [Accessed].




66

NEUROLOGIE, D. G. F. 2021. Akuttherapie des ischimischen Schlaganfalls [Online]. Available:
https://dgn.org/wp-
content/uploads/2021/05/030_046_LL _Akuttherapie Ischaemischer Schlaganfall 2021.p
df [Accessed].

NEWCOMBE, R. G. 1998. Two-sided confidence intervals for the single proportion: comparison
of seven methods. Stat Med, 17, 857-72.

OBERLADSTATTER, D., VOELCKEL, W., SCHLIMP, C., ZIPPERLE, J., ZIEGLER, B.,
GROTTKE, O. & SCHOCHL, H. 2021. A prospective observational study of the rapid
detection of clinically-relevant plasma direct oral anticoagulant levels following acute
traumatic injury. Anaesthesia, 76, 373-380.

ORD, L., MARANDI, T., MARK, M., RAIDJUK, L., KOSTJUK, J., BANYS, V., KRAUSE, K.
& PIKTA, M. 2022. Evaluation of DOAC Dipstick Test for Detecting Direct Oral
Anticoagulants in Urine Compared with a Clinically Relevant Plasma Threshold
Concentration. Clin Appl Thromb Hemost, 28, 10760296221084307.

PAPAGEORGIOU, L., HETJENS, S., FAREED, J., AUGE, S., TREDLER, L., HARENBERG,
J., WEISS, C., ELALAMY, 1. & GEROTZIAFAS, G. T. 2023. Comparison of the DOAC
Dipstick Test on Urine Samples With Chromogenic Substrate Methods on Plasma Samples
in Outpatients Treated With Direct Oral Anticoagulants. Clin Appl Thromb Hemost, 29,
10760296231179684.

PATEL, M. R.,, MAHAFFEY, K. W., GARG, J., PAN, G., SINGER, D. E., HACKE, W.,
BREITHARDT, G., HALPERIN, J. L., HANKEY, G. J., PICCINL J. P., BECKER, R. C,,
NESSEL, C. C., PAOLINI, J. F., BERKOWITZ, S. D., FOX, K. A. A. & CALIFF, R. M.
2011. Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation. New England
Journal of Medicine, 365, 883-891.

PERNOD, G., ALBALADEJO, P., GODIER, A., SAMAMA, C. M., SUSEN, S., GRUEL, Y.,
BLAIS, N., FONTANA, P., COHEN, A., LLAU, J. V., ROSENCHER, N., SCHVED, J.
F., DE MAISTRE, E., SAMAMA, M. M., MISMETTI, P., SIE, P. & WORKING GROUP
ON PERIOPERATIVE, H. 2013. Management of major bleeding complications and
emergency surgery in patients on long-term treatment with direct oral anticoagulants,
thrombin or factor-Xa inhibitors: proposals of the working group on perioperative
haemostasis (GIHP) - March 2013. Arch Cardiovasc Dis, 106, 382-93.

PFEILSCHIFTER, W., FARAHMAND, D., NIEMANN, D., IKENBERG, B., HOHMANN, C.,
ABRUSCATO, M., THONKE, S., STRZELCZYK, A., HEDTMANN, G., NEUMANN-
HAEFELIN, T., KOLLMAR, R., SINGER, O. C., FERBERT, A., STEINER, T.,
STEINMETZ, H., REIHS, A., MISSELWITZ, B. & FOERCH, C. 2016. Estimating the
Quantitative Demand of NOAC Antidote Doses on Stroke Units. Cerebrovascular
Diseases, 42, 415-420.

PIRLOG, A. M., PIRLOG, C. D. & MAGHIAR, M. A. 2019. DOACs vs Vitamin K Antagonists:
a Comparison of Phase III Clinical Trials and a Prescriber Support Tool. Open Access
Maced J Med Sci, 7, 1226-1232.

PISTERS, R., LANE, D. A., NIEUWLAAT, R., DE VOS, C. B., CRIJNS, H. J. & LIP, G. Y. 2010.
A novel user-friendly score (HAS-BLED) to assess 1-year risk of major bleeding in patients
with atrial fibrillation: the Euro Heart Survey. Chest, 138, 1093-100.

POLLACK, C. V., REILLY, P. A.,, VAN RYN, J., EIKELBOOM, J. W., GLUND, S,
BERNSTEIN, R. A., DUBIEL, R., HUISMAN, M. V., HYLEK, E. M., KAM, C.-W.,
KAMPHUISEN, P. W., KREUZER, J., LEVY, J. H., ROYLE, G., SELLKE, F. W,
STANGIER, J., STEINER, T., VERHAMME, P., WANG, B., YOUNG, L. & WEITZ, J.




67

I. 2017. Idarucizumab for Dabigatran Reversal — Full Cohort Analysis. New England
Journal of Medicine, 377, 431-441.

POWERS, W. J., DERDEYN, C. P., BILLER, J., COFFEY, C. S., HOH, B. L., JAUCH, E. C,,
JOHNSTON, K. C., JOHNSTON, S. C., KHALESSI, A. A., KIDWELL, C. S., MESCHIA,
J. F., OVBIAGELE, B., YAVAGAL, D. R. & AMERICAN HEART ASSOCIATION
STROKE, C. 2015. 2015 American Heart Association/American Stroke Association
Focused Update of the 2013 Guidelines for the Early Management of Patients With Acute
Ischemic Stroke Regarding Endovascular Treatment: A Guideline for Healthcare
Professionals From the American Heart Association/American Stroke Association. Stroke,
46, 3020-35.

POWERS, W. J., RABINSTEIN, A. A., ACKERSON, T., ADEOYE, O. M., BAMBAKIDIS, N.
C., BECKER, K., BILLER, J.,, BROWN, M., DEMAERSCHALK, B. M., HOH, B,
JAUCH, E. C,, KIDWELL, C. S., LESLIE-MAZWI, T. M., OVBIAGELE, B., SCOTT, P.
A., SHETH, K. N., SOUTHERLAND, A. M., SUMMERS, D. V. & TIRSCHWELL, D. L.
2019. Guidelines for the early management of patients with acute ischemic stroke: 2019
update to the 2018 guidelines for the early management of acute ischemic stroke a guideline
for healthcare professionals from the American Heart Association/American Stroke A.
Lippincott Williams and Wilkins.

QIN, J., YAO, L., WANG, J. & YANG, B. 2018. Application of thromboelastography in evaluating
effects of aspirin with or without clopidogrel treatment as well as predictive factors for
aspirin resistance in patients with coronary artery disease. International Journal of Clinical
and Experimental Medicine, 11, 13673-13680.

RACHIDI, S., ALDIN, E. S., GREENBERG, C., SACHS, B., STREIFF, M. & ZEIDAN, A. M.
2013. The use of novel oral anticoagulants for thromboprophylaxis after elective major
orthopedic surgery. Expert Rev Hematol, 6, 677-95.

RIZOS, T., HERWEH, C., JENETZKY, E., LICHY, C., PETER, RINGLEB, A., HACKE, W. &
VELTKAMP, R. 2009. Point-of-Care International Normalized Ratio Testing Accelerates
Thrombolysis in Patients With Acute Ischemic Stroke Using Oral Anticoagulants.

RIZOS, T., JENETZKY, E., HERWEH, C., HUG, A., HACKE, W., STEINER, T. &
VELTKAMP, R. 2010. Point-of-care reversal treatment in phenprocoumon-related
intracerebral hemorrhage. Ann Neurol, 67, 788-93.

ROCHE. 2022. CoaguChek® Pro Il Operator’s Manual Publication version 4.0 Software version
04.07 [Online]. Available: https://assets.roche.com/f/173850/x/5599898431/ccproii-
07210841190-07237944190-en-can.pdf [Accessed].

ROTH, G. A., MENSAH, G. A., JOHNSON, C. O., ADDOLORATO, G., AMMIRATI, E.,
BADDOUR, L. M., BARENGO, N. C., BEATON, A. Z., BENJAMIN, E. J., BENZIGER,
C. P, BONNY, A., BRAUER, M., BRODMANN, M., CAHILL, T. J., CARAPETIS, J.,
CATAPANO, A. L., CHUGH, S. S., COOPER, L. T., CORESH, J., CRIQUI, M.,
DECLEENE, N., EAGLE, K. A., EMMONS-BELL, S., FEIGIN, V. L., FERNANDEZ-
SOLA, J., FOWKES, G., GAKIDOU, E., GRUNDY, S. M., HE, F. J., HOWARD, G., HU,
F.,INKER, L., KARTHIKEYAN, G., KASSEBAUM, N., KOROSHETZ, W., LAVIE, C.,
LLOYD-JONES, D., LU, H. S., MIRIJELLO, A., TEMESGEN, A. M., MOKDAD, A.,
MORAN, A. E., MUNTNER, P., NARULA, J., NEAL, B., NTSEKHE, M., MORAES DE
OLIVEIRA, G., OTTO, C., OWOLABI, M., PRATT, M., RAJAGOPALAN, S,
REITSMA, M., RIBEIRO, A. L. P., RIGOTTI N., RODGERS, A., SABLE, C., SHAKIL,
S., SLIWA-HAHNLE, K., STARK, B., SUNDSTROM, J., TIMPEL, P., TLEYJEH, I. M.,
VALGIMIGLI, M., VOS, T., WHELTON, P. K., YACOUB, M., ZUHLKE, L., MURRAY,
C., FUSTER, V. & GROUP, G.-N.-J. G. B. O. C. D. W. 2020. Global Burden of




68

Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the GBD 2019 Study.
J Am Coll Cardiol, 76, 2982-3021.

SAGE JOURNALS 2023. 15th World Stroke Congress, 10-12 October 2023, Toronto, Canada.
International Journal of Stroke, 18, 3-420.

SCHAFER, S. T., OTTO, A. C.,, ACEVEDO, A. C., GORLINGER, K., MASSBERG, S.,
KAMMERER, T. & GROENE, P. 2021. Point-of-care detection and differentiation of
anticoagulant therapy - development of thromboelastometry-guided decision-making
support algorithms. Thromb J, 19, 63.

SCHAFER, S. T., WIEDERKEHR, T., KAMMERER, T., ACEVEDO, A. C., FEIL, K.,
KELLERT, L., GORLINGER, K., HINSKE, L. C. & GROENE, P. 2020. Real-time
detection and differentiation of direct oral anticoagulants (rivaroxaban and dabigatran)
using modified thromboelastometric reagents. Thromb Res, 190, 103-111.

SCHNABEL, R. B., YIN, X., GONA, P., LARSON, M. G., BEISER, A. S., MCMANUS, D. D.,
NEWTON-CHEH, C., LUBITZ, S. A., MAGNANI, J. W., ELLINOR, P. T., SESHADRI,
S., WOLF, P. A., VASAN, R. S., BENJAMIN, E. J. & LEVY, D. 2015. 50 year trends in
atrial fibrillation prevalence, incidence, risk factors, and mortality in the Framingham Heart
Study: a cohort study. The Lancet, 386, 154-162.

SENNESAEL, A. L., LAROCK, A. S., DOUXFILS, J., ELENS, L., STILLEMANS, G., WIESEN,
M., TAUBERT, M., DOGNE, J. M., SPINEWINE, A. & MULLIER, F. 2018. Rivaroxaban
plasma levels in patients admitted for bleeding events: insights from a prospective study.
Thromb J, 16, 28.

STEFFEL, J., COLLINS, R., ANTZ, M., CORNU, P., DESTEGHE, L., HAEUSLER, K. G.,
OLDGREN, J., REINECKE, H., ROLDAN-SCHILLING, V., ROWELL, N., SINNAEVE,
P., VANASSCHE, T., POTPARA, T., CAMM, A. J., HEIDBUCHEL, H., LIP, G. Y. H,,
DENEKE, T., DAGRES, N., BORIANI, G., CHAO, T.-F., CHOI, E.-K., HILLS, M. T.,
SANTOS, I. D. S., LANE, D. A., ATAR, D., JOUNG, B., COLE, O. M. & FIELD, M.
2021. 2021 European Heart Rhythm Association Practical Guide on the Use of Non-
Vitamin K Antagonist Oral Anticoagulants in Patients with Atrial Fibrillation. EP
Europace, 19.

STEINBERG, B. A., GAO, H., SHRADER, P., PIEPER, K., THOMAS, L., CAMM, A. J,,
EZEKOWITZ, M. D., FONAROW, G. C., GERSH, B. J., GOLDHABER, S., HAAS, S.,
HACKE, W., KOWEY, P. R., ANSELL, J., MAHAFFEY, K. W., NACCARELLI, G.,
REIFFEL, J. A., TURPIE, A., VERHEUGT, F., PICCINI, J. P., KAKKAR, A,
PETERSON, E. D, FOX, K. A. A., GARFIELD, A. F. & INVESTIGATORS, O.-A. 2017.
International trends in clinical characteristics and oral anticoagulation treatment for patients
with atrial fibrillation: Results from the GARFIELD-AF, ORBIT-AF I, and ORBIT-AF II
registries. Am Heart J, 194, 132-140.

STEINER, T., BOHM, M., DICHGANS, M., DIENER, H. C., ELL, C., ENDRES, M., EPPLE, C.,
GROND, M., LAUFS, U., NICKENIG, G., RIESS, H., ROTHER, J., SCHELLINGER, P.
D., SPANNAGL, M. & VELTKAMP, R. 2013. Recommendations for the emergency
management of complications associated with the new direct oral anticoagulants (DOACs),
apixaban, dabigatran and rivaroxaban. Clinical Research in Cardiology, 102,399-412.

TAN, P. S., PARK, P. S. W., CODY, R., FROST, T., MCNAMARA, B., BOROSAK, M. & CHOI,
P. M. C. 2023. Assessment of Direct Oral Anticoagulant Status Using the DOASENSE
Dipstick in Thrombolysis Eligible Patients With Stroke: Proof-of-Concept Study. Stroke,
54, el42-e144.



69

TOUZE, E., GRUEL, Y., GOUIN-THIBAULT, 1., DE MAISTRE, E., SUSEN, S, SIE, P. &
DEREX, L. 2018. Intravenous thrombolysis for acute ischaemic stroke in patients on direct
oral anticoagulants. European Journal of Neurology, 25, 747-752.

VAN RYN, J., BARUCH, L. & CLEMENS, A. 2012. Interpretation of point-of-care INR results
in patients treated with dabigatran. American Journal of Medicine, 125, 417-420.

WILKE, T., GROTH, A., MUELLER, S., PFANNKUCHE, M., VERHEYEN, F., LINDER, R.,
MAYWALD, U., BAUERSACHS, R. & BREITHARDT, G. 2013. Incidence and
prevalence of atrial fibrillation: an analysis based on 8.3 million patients. Europace, 15,
486-93.

ZHU, J., ALEXANDER, G. C., NAZARIAN, S., SEGAL, J. B. & WU, A. W. 2018. Trends and
Variation in Oral Anticoagulant Choice in Patients with Atrial Fibrillation, 2010-2017.
Pharmacotherapy, 38, 907-920.



70

10 Declaration of personal contribution to the dissertation

This study was carried out in the Department of Neurology under the supervision of Prof. Dr. Sven
Poli, deputy medical director of the Department of Neurology, neurovascular diseases and head of

the study group. The study was designed by Prof. Dr. Sven Poli.

Introduction to the entire study process was carried out by Prof. Dr. Sven Poli and Mr. Mark
Divkovic. Patient information and patient enrolment was carried out by me with the support of
other medical doctors of the study group: Prof. Dr. Sven Poli, Dr. Khouloud Poli, Ms. Alexandra
Goémez Exposito, Mr. Kamaldeen Adeyemi and Dr. Johannes Tiinnerhoff. Samples were taken by

me with the support of Mr. Mark Divkovic.

The laboratory tests were carried out in the central laboratory of the University Hospital, Tiibingen.
Ultra-performance liquid chromatography — tandem mass spectrometry (UPLC-MS/MS) was
carried out at the Institute for Labor and Transfusion Medicine, Heart and Diabetes Center, Ruhr
University Bochum, Bad Oeynhausen, Germany under the supervision of PD Dr. med. Dr. rer. nat.

Ingvild Birschmann.

The statistical analysis was carried out independently by me after consultation with Dr. Gunnar

Blumenstock, Institute for Biometrics, University of Tiibingen.

I carried out data research in the form of digital patient documents from the clinic's internal
management system SAP, ICCA and LAURIS as well as data collection and data analysis
independently.

I herewith declare that I wrote the manuscript independently and that I did not use any sources

other than those specified by me. Parts that are direct quotes or paraphrases are identified as such.

Joshua Kobina Mbroh

Tiibingen, den 13.05.2024



