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Abstract:

With the widespread use of direct oral anticoagulants (DOACSs), there is an urgent need for a rapid assay to exclude clinically re-
levant plasma levels. Accurate and rapid determination of DOAC levels would guide medical decision-making to (a) determine
the potential contribution of the DOAC to spontaneous or trauma-induced hemorrhage; (b) identify appropriate candidates for
reversal, or (¢) optimize the timing of urgent surgery or intervention. The DOAC Dipstick test uses a disposable strip to identify
factor Xa- or thrombin inhibitors in a urine sample. Based on the results of a systematic literature search followed by an ana-
lysis of a simple pooling of five retrieved clinical studies, the test strip has a high sensitivity and an acceptably high negative
predictive value when compared with levels measured with liquid chromatography tandem mass spectrometry or calibrated
chromogenic assays to reliably exclude plasma DOAC concentrations >30ng/mL. Based on these data, a simple algorithm is pro-
posed to enhance medical decision-making in acute care indications useful primarily in hospitals not having readily available
quantitative tests and 24/7. This algorithm not only determines DOAC exposure but also differentiates between factor Xa- and
thrombin inhibitors to better guide clinical management.
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Supplementary Table S1

Author Rivaroxaban Apixaban Edoxaban
year, reference “IpT"EN [ FP | TN | TP | FN | FP | TN | TP | FN | FP | TN

Margeti¢

2022 (22) 29 0 19 5 27 0 3 1 0 0 0 0

Merrelaar

2022 (23) 74 0 9 40 | 56 5 2 33 | 60 0 11 | 37
Ord

2022 (20) 8 0 2 0 10 0 0 0 0 0 0 0

Papageorgiou

2023 (24) 64 1 10 2 38 2 2 1 0 0 0 0
= s | ol 1] o3| 212]o0of1]o0o]o0o]f o] o

2023 (25)
Sum 180 | 1 41 | 47 | 161 | 8 7 36 | 60 0 11 | 37
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Supplementary Table S2

Rivaroxaban Mean
(95% Cl)

Apixaban Mean
(95% CiI)

Edoxaban Mean
(95% ClI)*

Sensitivity

99.5 (97.0 -99.9)

95.3 (90.9-97.9)

100 (94.0-100)

Negative Predictive
Value

97.9 (88.9-99.9)

81.8 (67.3-91.8)

100 (90.5-100)

Positive Predictive
Value

81.5 (75.7.-86.4)

95.8 (91.6-98.3)

84.5 (74.0-92.0)

Specificity

53.4 (43.6 -65.4)

83.7 (69.3-93.2)

77.1 (62.7-88.0)

* Data from reference 23.
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Visual summary
Algorithm of clinical management of patients based on exclusion of intake of a DOAC based

supported by results of DOAC Dipstick

Abstract

With the widespread use of direct oral anticoagulants (DOACS), there is an urgent need for a
rapid assay to exclude clinically relevant plasma levels. Accurate and rapid determination of
DOAC levels would guide medical decision-making to (a) determine the potential contribution of
the DOAC to spontaneous or trauma-induced hemorrhage; (b) identify appropriate candidates
for reversal, or (c) optimize the timing of urgent surgery or intervention. The DOAC Dipstick test
uses a disposable strip to identify factor Xa- or thrombin inhibitors in a urine sample. Based on
the results of a systematic literature search followed by an analysis of a simple pooling of five
retrieved clinical studies, the test strip has a high sensitivity and an acceptably high negative
predictive value when compared with levels measured with liquid chromatography tandem mass
spectrometry or calibrated chromogenic assays to reliably exclude plasma DOAC

concentrations >30ng/mL. Based on these data, a simple algorithm is proposed to enhance
medical decision-making in acute care indications useful primarily in hospitals not having

readily available quantitative tests and 24/7. This algorithm not only determines DOAC
exposure but also differentiates between factor Xa- and thrombin inhibitors to better guide

clinical management.

Introduction

Direct oral anticoagulants (DOACSs) are used to prevent and treat thromboembolic events in
individuals with atrial fibrillation (AF) and venous thromboembolism (VTE). DOACs are at least
as efficacious as vitamin K antagonists (VKAs) and are associated with lower rates of
spontaneous and life-threatening bleeding. Consequently, recent guidelines and position papers

have recommended DOACs over VKAs for a broad spectrum of clinical indications (*, ?).

The management of patients treated with DOACs who experience spontaneous, peri-
interventional or trauma-related bleeding or require urgent surgery or other interventions
remains challenging (?). Unlike VKAs, DOAC levels are not routinely monitored and cannot be

determined with global tests of coagulation such as the prothrombin time or activated patrtial
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thromboplastin time (%, °). Instead, the levels must be determined by liquid chromatography
tandem mass spectrometry (LC-MS/MS) or with specialized assays, such as calibrated
chromogenic assays. Some position papers have suggested measuring DOAC levels in patients
presenting to emergency departments with serious bleeding, acute ischemic stroke or when
major surgical interventions or other invasive procedures associated with high bleeding risk are
needed (%). Various DOAC threshold plasma levels, ranging from <20 ng/mL to <100 ng/mL,
have been proposed to guide the administration of intravenous thrombolysis in DOAC treated
patients with an acute ischemic stroke (°, /). Plasma DOAC concentrations exceeding 50-75
ng/mL may warrant the administration of reversal agents in patients with life-threatening
bleeding (¢, °), whereas DOAC concentrations below 30-50 ng/mL are considered acceptable in
patients requiring urgent surgery or interventions associated with a medium to high risk of
bleeding (*°, '%).

Algorithms have been developed to help healthcare providers interpret the results of coagulation
tests (%, 3, 1, 1, 1%). Whereas conventional assays measure the anticoagulant effects of DOACs
in plasma, the DOAC Dipstick (DOASENSE™, Heidelberg, Germany) is a point-of-care test that
uses a disposable test strip to detect DOACSs in urine and to differentiate between dabigatran
and FXa inhibitors. Capitalizing on its ease of use and rapid turnaround time, we propose a
simple algorithm that uses the DOAC Dipstick test to rapidly exclude the presence of clinically

relevant plasma DOAC levels.
The DOAC Dipstick method

The DOAC Dipstick tests for the presence of DOACs in urine samples and is approved for use
in Europe, Australia, and Brazil. The test strip has 4 distinct pads: pad #1 contains 3,5-
dintirbenzoic acid in alkaline medium to semi-quantitatively measure creatinine; pad #2 does not
contain any reagents and is used to determine the influence of urine color on test result validity;
pad #3 contains a factor Xa specific peptide and a chromophore which will produce color in the
presence of FXa inhibitors; and pad #4 contains a thrombin specific peptide and a chromophore
which will produce color in the presence of a thrombin inhibitor (*). Once collected, a single
DOAC Dipstick is immersed in the urine for 2 — 3 seconds, ensuring that all pads are exposed to
urine. Excess urine is blotted using a tissue without touching the pads. The strip is then placed
on a flat surface, to await the 10 minutes reaction time at room temperature (15 — 25°C).
Evaluating the dipstick too early may yield false negative results if the chemical reactions have
not yet reached a plateau. Reading the test strip too late (20 min or later) may cause false
positive results because of a non-specific chemical reaction between reaction partners

(unpublished data from JH). If a DOAC is present, there is a specific color change on the
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respective test pad, which can be identified visually or with a semiautomated strip reader to
determine qualitative results. A color label of reactions for the DOAC test is provided on the

reagent vial to assist visual interpretation (Figure 1).

An abnormal urine color may potentially effect test pad results. The DOAC Dipstick color pad (pad
#2) addresses whether urine color might influence pad interpretation. If the colour of this pad is
darker than the color provided on the reagent vial color panel for pad #2, then results for all the other
pads (creatinine, factor Xa and thrombin) may not be accurate and make the test invalid. Reduced
renal function may also affect the test pad results accuracy. If the result for pad #1 (creatinine) is
“low” or lighter than the respective colour on the vial color panel, the urine creatinine is low indicating
renal insufficiency. In cases of renal insufficiency, there may be false negative reactions for pad 3 or

pad 4, and alternative blood testing methods are required.

One study demonstrated the relationship between DOAC Dipstick and urine concentrations of
DOAC as well as the agreement of visual interpretation of test pad results between testing centers
(*®). The specificity of the DOAC Dipstick test to oral anti-factor Xa medications was confirmed
in urine samples from drug naive individuals, and urine samples containing DOAC, heparin or

nadroparin (*°, %).

Methods

A systematic literature search was performed between 1993 and June 2023 to identify relevant
studies in PubMed (MEDLINE) and Cochrane Library databases. The literature search was
performed in collaboration with librarians at the Faculty of Medicine of the University of
Heidelberg. The reference lists of all included papers were hand-searched to identify other
relevant articles. The search string is listed in Table 1 (*). Inclusion criteria were the
determination of DOACSs in urine samples of patients treated with rivaroxaban, apixaban,
edoxaban and dabigatran. Duplicate publications, meta-analyses, reviews, case reports, and
studies that measured DOACSs only using coagulation and chromogenic tests, chromatography
methods or blood based point of care tests were excluded. Studies that reported DOAC Dipstick
results from urine samples and LC-MS/MS or hemostatic assay results for plasma samples
were screened for inclusion. Abstracts, reviews and meta-analyses were excluded. Pubications
were screened by two independent researchers (JH, SH) discrepancies were resolved by

discussion and eligible studies were included in the analysis by simple pooling.

Data from the clinical studies, reported in the publications, we decided to analyse by simple

pooling to determine DOAC Dipstick performance in terms of sensitivity, negative predictive
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value (NPV), positive predictive value (PPV) and specificity. In a subanalysis, the plasma
concentrations of rivaroxaban, apixaban, and edoxaban were used to determine FXa DOAC urine
dipstick pad performance. We calculated unweighted mean values of these statstics with 95%
confidence intervals (Cl) using Stata 17.0 for Mac (HH) and independently confirmed by SAS
version 4.5 (SH, CW).

Results

One thousand and six eligible studies were found in the database search. After removing
duplicate publications, reviews, case reports, studies that used other hemostatics methods
for detection of DOACS, other indications than anticoagulation for AF and DVT, investigated
effect of antidotes with other hemostatic methods, and use of prototype urine test strips, five
clinical studies were eligible for inclusion in the pooled analysis that assessed plasma
concentrations of DOACs and DOAC Dipstick results (Figure 2) (¥, 22, %, #, 2),

All identified studies used >30 ng/mL as a clinically significant threshold. True positives are
defined as DOAC Dipstick positive with plasma DOAC concentration >30 ng/mL while true
negatives are defined as DOAC Dipstick negative with plasma concentrations <30 ng/mL. A
false negative result represents a negative DOAC Dipstick in a patient with a plasma DOAC
concentration >30 ng/mL. A false positive result indicates a positive DOAC Dipstick in a patient
with plasma concentration <30 ng/mL. DOAC concentrations were measured using either LC-
MS/MS, representing the gold standard (23), or a calibrated chromogenic assay (20, 22, 24,
25). A summation of the DOAC Dipstick performance characteristics for each study is provided
in Table 2. Studies that included DOAC naive normal subjects (controls) were excluded in this
analysis (20, 25).

Study #1: A single-center, prospective cohort study that recruited subjects from the neurology
and cardiovascular disease departments, included those taking DOACs (n = 31 on apixaban, n

= 53 on rivaroxaban, and n = 44 on dabigatran) (22).

Study #2: A prospective, single center, cohort type cross sectional diagnostic study assessed
the performance of the DOAC Dipstick in patients taking DOACs and were admitted to an
emergency care unit with atrial fibrillation, VTE, or ischemic stroke (n = 65 on apixaban, n =77

on edoxaban, n = 92 on rivaroxaban, and n = 31 on dabigatran) (23).

Study #3: Described as a clinical pilot study, DOAC treated adult inpatients or outpatients from
internal medicine or cardiology departments were recruited. There were 10 patients treated with

apixaban, 10 patients treated with rivaroxaban, and 3 patients treated with dabigatran (20).
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Study #4: A prospective observational cohort study of consecutively enrolled outpatients treated

with apixaban (n = 43) or rivaroxaban (n = 77) for recurrent VTE (24).

Study #5: A single-center, prospective, 2-armed observational study comprised of an acute arm
including 17 patients with non-valvular atrial fibrillation (AF) and ischemic stroke with an indication
for thrombolysis (apixaban n = 11, rivaroxaban n = 5, and dabigatran n = 1) and a subacute arm
including 24 AF patients on secondary prophylaxis for ischemic stroke (n = 21 with apixaban, n =1

with rivaroxaban, n = 2 with dabigatran) (25).

The individual values of each study for true (TP) and false positive (FP) and for true (TN) and false
negative (FN) results of the direct oral factor Xa and thrombin inhibitor pads of the dipstick are
summarized in table 1. There were 10 subjects in each of two studies (20, 25) that were not
receiving a DOAC and served as controls. These subjects were excluded from the analysis.

Consequently, the reported number of patients differs from those of the 2 publications.

In one study (23), 4.8% and 3.0% of patients were excluded due to abnormal urine color and
creatinine pad "low", respectively. In another study (20), 8.7% of patients had reduced creatinine
clearance, a rivaroxaban plasma level <30 ng/mL, a positive FXA pad that was assessed as a false-
positive dipstick result (Table 2, Supplementary Table S1), and a creatinine pad that was not
assessed.In the remaining studies, no abnormal urine color pads and creatinine pad "low" were

observed.

In four studies (22, 20, 24, 25) urine dipstick results were compared to plasma DOAC

concentrations determined using DOAC specific calibrated chromogenic anti-Xa assays and in one
study (23), plasma concentrations of FXa DOACs and of dabigatran (n=265 each) were determined
by LC-MS/MS (Table 2). In total, there were n=842 (n=577 plus h=265) evaluations of urine dipstick

pads from all 5 studies.

The sensitivity was >97%, (lower 95% CI >90%) for both DOAC classes (Table 3). The NPV value
for the FXa pad was 87% (95% CI: 76%— 94%) and for the thrombin inhibitor pad was >99% (95%
ClI: 98% — 100%) (Table 3). The PPV for the DOAC Dipstick was similar to the NPV for factor Xa
inhibitors and less robust for thrombin inhibitors confirming the primary utility of a negative urine
DOAC Dipstick pad result is to identify clinically relevant DOAC concentrations at a threshold of >30
ng/mL in the blood. There was a discordance of specificity between DOAC classes for unclear
reasons, with the FXa inhibitor pad exhibiting less specificity (more false positive results) than the
thrombin inhibitor pad (Table 2).
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The subanalysis for rivaroxaban, apixaban (5 studies, 20, 22, 23 — 25) and edoxaban (1 study, 23)
showed a difference in their performance, with comparatively lower NPV for apixaban (81.8%) than
for rivaroxaban (97.9%) or edoxaban (100%). The other statistical parameters ranged between 53%
and 84% (Supplementary Tables S1 and S2).

Algorithm using the DOAC Dipstick

Based on the available studies, we propose an algorithm, reported in a simpler form (%), that
uses the DOAC Dipstick to assist in the management of critically ill patients presenting to
hospitals or urgent care centers not having available specific DOAC test within a short time
frame and 24/7 (Figure 3). If the test is negative (with normal creatinine pad results), then
clinically significant DOAC levels (>30 ng/mL) have been excluded. If the thrombin inhibitor or
FXa pad indicates positivity, the algorithm options are dependent on the laboratory's capacity to
provide a timely (within 30 minutes of receipt) quantitative DOAC measurement. If the laboratory
can provide timely quantitative DOAC measurements, these results may provide additional
guidance for determining the suitability of medical or surgical interventions, including DOAC
reversal strategies. If timely testing cannot be performed by the laboratory, the decision to
proceed with medical or surgical intervention should be based on the patient’s clinical history,
including reversal strategies. The proper course of action will depend on a host of factors
including type of procedure needed, urgency of procedure, and on the availability of reversal
agents. Unreliable dipstick results because of a low creatinine pad, abnormal urine color pad, or
other reasons for invalid pad results, e.g. expiry date of test strip passed or incorrect handling,

should be interpreted as “positive” in the algorithm.
Discussion

Accurate and rapid detection of DOACs in the circulation remains a major challenge in patients
presenting with major bleeding or with thrombotic events during treatment, or requiring urgent
surgery or an invasive procedure. Although LC-MS/MS is the gold standard for quantifying DOAC
levels in the plasma, this technique is not widely available and has a slow turnaround time. More
rapid methods for assessing plasma concentrations of DOACs such as hemostatic assays,
rotational thrombelastography using global or specific activators for blood clotting, have been
described (4, 12, 13). However, these methods still require the acquisition of a blood sample,
transportation of the blood sample to the testing lab, processing of the blood to yield a suitable
sample for testing (plasma), and the necessary instrumentation with suitable performing
reagents. In contrast, the urine dipstick method can be readily tested at the patient’s bedside,

without the need for sample processing or specialized equipment. Given the DOAC Dipstick’s
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high sensitivity (to both direct oral factor Xa- and thrombin inhibitors) and ability to differentiate
dabigatran from oral factor Xa inhibitors, this method is also suitable for screening patients
where medication history may not be reliable or readily available. The result of the urine dipstick
may be helpful in clinical circumstances if the dipstick test result supports a treatment decision for
the patient and is particularly suitable for hospitals or urgent care centers where a specialized

coagulation testing is not available or not available 24/7.

We describe an easy-to-use algorithm using the DOAC Dipstick based on the high NPV, thus
excluding significant blood concentrations of DOACs using the patient’s urine. This algorithm
can enhance medical decision-making in acute care indications by distinguishing whether drug
exposure is either an oral direct factor Xa- or thrombin inhibitor. This allows administration of the
correct reversal agent when indicated, and can improve the timing of invasive medical
diagnostic and therapeutic interventions. For time-sensitive interventions such as thrombolysis
for acute ischemic stroke, the “reverse and lyse” strategy is commonly used for patients
presumed to have recently ingested a DOAC (¥). Data from a recent retrospective real world
practice study suggests that clinicians appear to be effectively selecting those patients with
recent DOAC exposure who are at an appropriately low risk for intravenous thrombolysis. The
dipstick will exclude DOAC concentrations >30 ng/mL, even though proposed thresholds for
thrombolysis are higher. Thus, the dipstick may act as a green light for thrombolysis treatment if
negative, but DOAC Dipstick results may also be useful in cases where the risk and benefit of
thrombolysis are not as straightforward (*®). This also relates to medical diagnostic and
therapeutic interventions, balancing the patient's bleeding risk and the urgency of the patient's
intervention against the result of the dipstick with the threshold level being 30 ng/mL. The result
of the dipstick needs to be interpreted in relation to the clinical picture of the patient. Along with
DOAC Dipstick information, further decision-making can likely be improved based on additional
variables such as type of DOAC, time of last intake, concomitant disease states, and interfering
medications. Information from family members can also be helpful, especially in unconscious or

cognitively impaired patients.

Other algorithms for assessing DOAC exposure have been described, including the use of a
hemostastic assay with targeted thresholds of <30 ng/mL and <50 ng/mL (12). An algorithm for
rotational thromboelastography (ROTEM®) uses different blood coagulation activators and specific
clotting times at threshold values of <30 ng/mL and <50 ng/mL (13 - 15). Another algorithm for
bleeding patients suspected of taking DOACSs involves initial testing with the DOAC Dipstick
followed by ClotPro® testing for positive dipstick results (16). A potential advantage to this approach
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is that viscoelastic measurements can assess other hemostatic dysfunctions unrelated to DOAC

presence or effect.

Several limitations of DOAC Dipstick testing. The 87% NPV for exclusion of FXa inhibitors by the
dipstick may result in inadequate medical decisions in 13% of patients, if the treating physician relies
only on the urine dipstick test result. There is less apixaban excreted in urine than rivaroxaban or
edoxaban (19, 22, 23) consistent with apixaban's primary hepatic clearance mechanism (12.
Detailed data on appearance of DOACSs in plasma and urine following oral intake, the influence of
active DOAC metabolites on the urine dipstick test and of off-label uses or doses of these drugs

remain to be investigated.

There are a few additional limitations for the proposed algorithm. For anuric patients, blood samples
will need to be collected to assess DOAC exposure. For patients who are unable to provide
sponateous urine on their own, a urinary catheter may be placed if clinically indicated for other
medical reasons. However, in these catheterized patients, the urinary DOAC concentration may
not be accurately reflected by the urine dipstick test if an extended period of time has elapsed
since the catheter drainage bag was last emptied. The performance of the DOAC Dipstick in urine
samples collected from children has not yet been evaluated.

Other technical considerations for use of this algorithm would be the strict adherence to dipstick
testing conditions. In busy emergency or urgent care settings, or in conditions where poor lighting or
visual evaluation may be compromised (i.e. color blindness), the use of the DOAC Dipstick
photometric reader may be of value to ensure proper adherence to the manufacturer’s instructions

for use of the urine dipstick for DOAC screening.

Conclusion

The DOAC Dipstick algorithm is a simple, rapid method of delivering DOAC results using patient
urine. Advantages of the method are that it does not require knowledge of the specific DOAC
taken by the patient, is a point-of-care format, and has a rapid turnaround time, thereby enabling
use even in small facilities such as community hospitals. This test excludes clinically relevant
blood concentrations of DOACSs, which can speed-up clinical decision-making in critical medical
situations such as major bleeding, acute ischemic stroke with consideration for intravenous

thrombolysis, or urgent surgical procedures.
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What is known about this topic?

¢ Direct oral anticoagulant (DOAC) agents are widely used to treat and prevent thrombotic
events.

e There is an urgent need for a rapid and sensitive assay to exclude clinically relevant
plasma levels of DOACs to guide medical decision-making.

e The DOAC Dipstick tests for the presence or absence of DOACs in urine samples on a

disposable test strip at a plasma threshold of >30 ng/mL.

What does this paper add?
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¢ Pooled analysis of five available studies, comparing DOAC Dipstick with LC-MS/MS or
DOAC-calibrated chromogenic assays indicates an acceptably high negative predictive
value for exclusion of DOACs requiring verification of a match with the patient's clinical
picture.

e The DOAC Dipstick excludes clinically relevant blood concentrations of DOACs at a
threshold of >30 ng/mL, which may support clinical decision-making in critical medical
situations, such as excessive bleeding, prior to intravenous thrombolysis, or before

urgent surgical procedures.

Figure 1 Color label of DOAC Dipstick results for negative and positive thrombin- and factor Xa
inhibitor pad results (example A) and a positive and a negative thrombin- and factor Xa inhibitor
pad results (example B) in the presence of normal creatinine pad and of normal urine color pad

restuls.

Figure 2 Flowchart of the results of systematic review of the literature and reasons for exclusion

of publications for analysis by simple pooling.

Figure 3 Algorithm for the rapid and reliable exclusion of clinically relevant concentrations at
>30 ng/mL of DOACs using the DOAC Dipstick. NOTE: dashed lines for additional testing
should only be considered if the laboratory can provide suitable quantitative measurements

within 30 minutes of receipt.

Table 1 Search string of systematic review of the literature according Ref 21.

Table 1

(“direct oral anticoagulant_"[tiab] OR doac_|[tiab] OR"new
oral anticoagulant_"[tiab] OR Noac_[tiab] OR"Dabigatran”[
mh] OR “Rivaroxaban”’[mh] OR “apixaban”’[nm] OR
“Rivaroxaban”[nm] OR “Dabigatran”[nm] OR “edoxaban”
[nm] OR “apixaban”[tiab] OR “Rivaroxaban’[tiab] OR
“Dabigatran”[tiab] OR “edoxaban” [tiab]) AND (“Point-of-
Care Testing’[Mesh] OR Plasma[Mesh] OR Serum[Mesh] OR
Urine[Mesh] OR “Point of care”[tiab] OR Plasma[tiab] OR
Serum[tiab] OR Urine[tiab] OR Dipstick_[tiab] OR “Blood
Coagulation Tests"[Mesh] OR “Coagulation”[tiab] OR “Mass
Spectrometry’[Mesh] OR “Mass Spectrometry”[tiab] OR
“International Normalized Ratio_"[tiab] OR INR[tiab] OR
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“Partial Thromboplastin Time”[tiab] OR aptt[tiab] OR Ptt
[tiab] OR “Prothrombin Time_"[tiab] OR Pt[tiab] OR
Thromboelastography[tiab] OR Thromboelastometry[tiab]
OR “Thrombin Time_"[tiab] OR “whole blood clotting”[tiab]
OR “chromogenic”[tiab] OR Hemoclot[tiab]) AND (“sensitivity
and specificity”[Mesh] OR sensitiv_][tiab] OR “predictive
value_"[tiab] OR accurac_[tiab] OR diagnosis
[Subheading:noexp] OR diagnos_[tiab] OR specificity[tiab])

Table 2 True positive (TP), false negative (FN), false positive (FP), and true negative (TN)
results of visual evaluation of DOAC Dipstick factor Xa- and thrombin inhibitor pad colors using
a threshold of <30 ng/mL plasma DOAC concentration for true negative and >30 ng/mL drug

concentration for true positive dipstick results.

Downloaded by: Job Harenberg. Copyrighted material.

Author year, Factor Thrombin
reference Xa pad pad

TP FN FP TN TP FN FP TN
Margetic¢ 56 0 22 6 27 0 16 1
2022 (22)
Merrelaar 190 5 22 48 26 0 5 234
2022 (23)
Ord 2022 (20) | 18 0 2 0 3 0 0 0
Papageorgiou, | 102 3 12 3 0 0 0 0
2023 (24)
Tan 2023 (25) | 35 1 1 1 2 1 0 0
Sum 401 9 59 58 58 1 21 235

Table 3 Sensitivity, negative predictive value (NPV), positive predictive value (PPV), and
specificity values of DOAC Dipstick performance using a threshold of <30 ng/mL plasma DOAC
concentration for true negative and >30 ng/mL drug concentration for true positive dipstick

results from cited clinical studies (20, 22-25).

Direct oral factor Xa Direct oral thrombin
inhibitors inhibitor
Mean (95% CI) Mean (95% CI)
. 97.8 98.3
Sensitivity (95.6 — 99.0) (91.0 — 100)




Negative Predictive 86.6 99.6
Value (76.0 —93.7) (97.7 - 100)

Positive Predictive 87.2 73.4
Value (83.7-90.1) (63.7-83.2)

e 50.0 91.8
Specificity (40.2 —59.0) (87.7—94 .9)

Supplementary Table S1 True positive (TP), false negative (FN), false positive (FP), and true

negative (TN) results of visual evaluation of DOAC Dipstick factor Xa pad colors using a

threshold of <30 ng/mL plasma concentration for true negative and >30 ng/mL drug

concentration for true positive dipstick results for rivaroxaban, apixaban and edoxaban.

Supplementary Table S2 Sensitivity, negative predictive value (NPV), positive predictive value

(PPV), and specificity values of DOAC Dipstick performance for rivaroxaban, apixaban,

edoxaban using a threshold of <30 ng/mL plasma concentration for true negative and >30

ng/mL plasma concentration for true positive dipstick results from cited clinical studies (20, 22-

25).

References

Downloaded by: Job Harenberg. Copyrighted material.



' Chao TF, Joung B, Takahashi Y, et al. 2021 Focused Update Consensus Guidelines of the Asia
Pacific Heart Rhythm Society on Stroke Prevention in Atrial Fibrillation: Executive Summary. Thromb
Haemost 2022;122(1):20-47.

2 Stevens SM, Woller SC, Baumann Kreuziger L, et al. Executive Summary: Antithrombotic Therapy
for VTE Disease: Second Update of the CHEST Guideline and Expert Panel Report. Chest
2021;160(6):2247-2259.

¢ Almutairi AR, Zhou L, Gellad WF, et al. Effectiveness and Safety of Non-vitamin K Antagonist Oral
Anticoagulants for Atrial Fibrillation and Venous Thromboembolism: A Systematic Review and Meta-
analyses. Clin Ther 2017;39(7):1456-1478.

* Douxfils J, Adcock DM, Bates SM, et al. 2021 Update of the International Council for Standardization
in Haematology Recommendations for Laboratory Measurement of Direct Oral Anticoagulants.
Thromb Haemost 2021;121(8):1008-1020.

* Gosselin RC, Favaloro EJ, Douxfils J. The myths behind DOAC measurement: Analyses of
prescribing information from different regulatory bodies and a call for harmonization. J Thromb
Haemost 2022;20(11):2494-2506..

¢ Ahmed N, Audebert H, Turc G, et al. Consensus statements and recommendations from the ESO-
Karolinska Stroke Update Conference, Stockholm 11-13 November 2018. Eur Stroke J 2019;4(4):307-
317.

7 Seiffge DJ, Meinel T, Purrucker JC, et al. Recanalisation therapies for acute ischaemic stroke in
patients on direct oral anticoagulants. J Neurol Neurosurg Psychiatry 2021;92(5):534-541.

8 Levy JH, Ageno W, Chan NC, et al. When and how to use antidotes for the reversal of direct oral
anticoagulants: guidance from the SSC of the ISTH. J Thromb Haemost 2016;14(3):623-627.

? Milling TJ Jr, Middeldorp S, Xu L, Koch B, et al. Final Study Report of Andexanet Alfa for Major
Bleeding With Factor Xa Inhibitors. Circulation 2023;147(13):1026-1038.

* Douketis JD, Spyropoulos AC, Duncan J, et al. Perioperative Management of Patients With Atrial
Fibrillation Receiving a Direct Oral Anticoagulant. JAMA Intern Med 2019;179(11):1469-1478.

" Shaw JR, Li N, Vanassche T, Coppens M, et al. Predictors of preprocedural direct oral anticoagulant

levels in patients having an elective surgery or procedure. Blood Adv 2020;4(15):3520-3527.

2 Akpan |J, Cuker A. Laboratory assessment of the direct oral anticoagulants: who can benefit?
Kardiol Pol 2021;79(6):622-630.

¥ Hartig F, Birschmann |, Peter A, et al. Point-of-care testing for emergency assessment of

coagulation in patients treated with direct oral anticoagulants including edoxaban. Neurol Res Pract

Downloaded by: Job Harenberg. Copyrighted material.



2021;3(1):9. doi: 10.1186/s42466-021-00105-4.

* Schafer ST, Otto AC, Acevedo AC, et al. Point-of-care detection and differentiation of anticoagulant
therapy - development of thromboelastometry-guided decision-making support algorithms. Thromb J
2021;19(1):63. doi: 10.1186/s12959-021-00313-7.

5 Sahli SD, Castellucci C, Roche TR, et al. The impact of direct oral anticoagulants on viscoelastic
testing - A systematic review. Front Cardiovasc Med 2022;9:991675. doi: 10.3389/fcvm.2022.991675.

¥ Heubner L, Vicent O, Beyer-Westendorf J, Spieth PM. Bleeding management in patients with direct
oral anticoagulants. Minerva Anestesiol 2023;89(7-8):707-715.

Y Harenberg J, Schreiner R, Hetjens S, Weiss C. Detecting Anti-lla and Anti-Xa Direct Oral
Anticoagulant (DOAC) Agents in Urine using a DOAC Dipstick. Semin Thromb Hemost
2019;45(3):275-284.

8 Harenberg J, Beyer-Westendorf J, Crowther M, et al Accuracy of a Rapid Diagnostic Test for the
Presence of Direct Oral Factor Xa or Thrombin Inhibitors in Urine-A Multicenter Trial. Thromb
Haemost 2020;120(1):132-140.

¥ Harenberg J, Hetjens S, Weiss C. Patients' Plasma Activity of Heparin, low- Molecular-Weight
Heparin or no Anticoagulants on Urine Based DOAC Test Strips. Clin Appl Thromb Hemost 2022 Jan-
Dec;28:10760296221083667. doi: 10.1177/10760296221083667.

© Ord L, Marandi T, Mark M, et al. Evaluation of DOAC Dipstick Test for Detecting Direct Oral
Anticoagulants in Urine Compared with a Clinically Relevant Plasma Threshold Concentration. Clin
Appl Thromb Hemost. 2022 Jan-Dec;28:10760296221084307. doi: 10.1177/10760296221084307.

! Martini A, Harenberg J, Bauersachs R, et al. Detection of Direct Oral Anticoagulants in Patient Urine
Samples by Prototype and Commercial Test Strips for DOACs - A Systematic Review and Meta-
analysis. TH Open 2021;5(3):e438-e448.

2 Margeti¢ S, Celap |, Huzjan AL, Harenberg J et al. DOAC Dipstick Testing Can Reliably Exclude the
Presence of Clinically Relevant DOAC Concentrations in Circulation. Thromb Haemost
2022;122(9):1542-1548.

» Merrelaar AE, Bogl MS, Buchtele N, Harenberg J et al. 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 2022;122(10):1723-1731.

* Papageorgiou L, Hetjens S, Auge S, Harenberg J et al 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 2023 Jan-Dec;29:10760296231179684. doi:

Downloaded by: Job Harenberg. Copyrighted material.



10.1177/10760296231179684.

» Tan PS, Park PSW, Cody R, et al. Assessment of Direct Oral Anticoagulant Status Using the
DOASENSE Dipstick in Thrombolysis Eligible Patients With Stroke: Proof-of-Concept Study. Stroke
2023;54(4):el42-el144.

2 Celap I, Margeti¢ S, PeriSa J, Razum M,. Exclusion of relevant concentrations of direct oral
anticoagulants in blood by DOAC Dipstick — proposal of a diagnostic algorithm for improvement of
clinical decision-making in emergencies. https://abstracts.isth.org/abstract/exclusion-of-relevant-
concentrations-of-direct-oral-anticoagulants-in-blood-by-doac-dipstick-proposal-of-a-diagnostic-
algorithm-for-improvement-of-clinical-decision-making-in-emergencies/. Accessed October 9th 2023.

27

Kermer P, Eschenfelder CC, Diener HC, et al. Antagonizing dabigatran by idarucizumab in cases
of ischemic stroke or intracranial hemorrhage in Germany-Updated series of 120 cases. Int J Stroke

2020;15(6):609-618.

% Meinel TR, Wilson D, Gensicke H, et al. Intravenous Thrombolysis in Patients With Ischemic Stroke
and Recent Ingestion of Direct Oral Anticoagulants. JAMA Neurol 2023;80(3):233—-243.

Downloaded by: Job Harenberg. Copyrighted material.



Pad

1 =Thrombin inhibitor:
2 = Factor Xa inhibitor:
3 = Urine colour:

4 = Creatinine:

Example A  Example B

negative

positive

normal

normal .

positive J
negative
.

normal |

'_
normal .
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Identification

Eligibility Screening

Included

Records identified through
Database searching
(n=1206)

PubMed (n=996)
Cochrane Library (n=210])

Additional records

identified through other

sources
{n=0)

| —

Records after
duplicates removed
(n=1204)

L4

Full text articles
assessed for eligibility
(n=739)

Full text articles

included in analysis
(n=5)

Duplicates
(n=2)

Records excluded
Reviews (n=296)
Case reports (n=169)

Records excluded

Other methods (n=304)
Other indications (n=399)

Antidotes (n=28)

Prototype test strip (n=3)
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Patient on
oral Anticoagulation
+ DOAC intake

« unknown intake
* UNCONSCIoUSNess

Take urine sample

Emergency room or elsewhere

DOAC Dipstick
threshold level = 30 ng/mL

Example A Example B
Flla:  negative . positive
FXa: positive negative
Urine colour: normal normal
Creatinine: . normal B rormal
4 G ™
/ Algorithm
DOAC negative: DOAC positive: DOAC positive and
relevant DOAC proceed to test limitation:
concentration unlikely medical decision, + collect blood sample
* proceed to necessary consider for guantitative

-

medical intervention

* consider bleeding risk

* presence of DOAC
: reversal agent

DOAC measurement
+ delay procedure
if clinically feasible
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