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Abstract: Direct oral anticoagulants (DOACs) have demonstrated a favorable benefit-risk
profile in several thromboembolic disorders and are increasingly used in routine clinical
practice. A number of real-world studies on DOACs are ongoing, and data published so far
have shown broadly similar outcomes to those demonstrated in the respective phase III trials.
Despite their beneficial attributes, bleeding risk (as with any other anticoagulants) is often a
concern for physicians when prescribing DOACs, particularly in elderly patients, those with
significant comorbidities, and other high-risk patient populations. Although the absence of
routine coagulation monitoring is an advantage of the DOACs, measuring their anticoagulant
effect and/or plasma drug levels may be helpful in certain clinical scenarios to help patient
management and improve outcomes. In this paper, practical guidance and recommendations
are provided for clinical situations in which the test results may aid clinical decision-making,
including patients with life-threatening bleeding events, patients without bleeding but with
test results indicating a risk of bleeding, for those patients with a suspected thromboembolism
while receiving a DOAC, or prior to patients undergoing elective or urgent surgical procedures.
Finally, appropriate monitoring of the DOACs could be of substantial benefit to patients, and
there is a high potential for development in this area in the future.

Keywords: bleeding, direct oral anticoagulants, laboratory testing, perioperative management,
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Introduction

Direct oral anticoagulants (DOACs) are increasingly used in routine clinical practice
for the management of several thromboembolic disorders, including the prevention of
stroke and systemic embolism in patients with nonvalvular atrial fibrillation (NVAF),
and the treatment and secondary prevention of venous thromboembolism (VTE). Unlike
vitamin K antagonists (VKAs), the DOACs (ie, apixaban, dabigatran, edoxaban, and
rivaroxaban) have a fast onset of action and are given as fixed dosing regimens without
routine coagulation monitoring because of their more predictable pharmacokinetics
and pharmacodynamics. Reduced doses of the DOACs are only recommended for
specific patient populations (such as those with moderate/severe renal impairment
in patients with NVAF)."* Although the absence of routine coagulation monitoring
is an advantage of the DOACs, measuring their anticoagulant effects and/or plasma
drug levels may be helpful in certain clinical scenarios such as in patients with life-
threatening bleeding events, patients at a risk of bleeding, patients with suspected
thromboembolism, patients about to undergo elective or urgent surgery, patients due to
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undergo thrombolysis therapy, or patients with suspected drug
accumulation.’ The results of the laboratory tests could be
used to aid clinical decision-making in such circumstances.

As a class, the DOACs have demonstrated an improved
benefit-risk profile compared with standard-of-care war-
farin for long-term anticoagulant therapy (eg, for stroke
prevention in patients with NVAF) in randomized phase 111
clinical trials, with a significant reduction in the incidence
of spontaneous intracranial hemorrhage (ICH) and fatal
bleeding.®'° In addition, the outcomes of major bleeding
events were no worse or better than in patients treated with
warfarin.!!"""* Currently, a number of real-world studies on
DOAC:S are ongoing, and data published so far have shown
broadly similar outcomes to those demonstrated in the phase
IIT trials. However, despite their beneficial attributes, moni-
toring bleeding risk is often a concern for physicians when
prescribing the DOACs, particularly in older patients (eg,
>80 years old), those with comorbidities, and those taking
other medications that may increase the risk of bleeding.
There is a perception that the management of bleeding
events may be more difficult in patients taking a DOAC than
in those taking a VKA this is further complicated by the
lack of rapid quantitative tests to measure plasma levels of
the DOACs, " in contrast to the readily available, routinely
used international normalized ratio (INR) for the VKAs.'¢
Even with no ongoing hemorrhage, patients receiving the
DOACs may require urgent surgery or invasive procedures,
which poses an additional risk of bleeding. Irrespective of the
type of anticoagulant therapy (ie, oral or parenteral), rapid
assessment of bleeding risk and minimizing any modifiable
risk factors remain the most important patient management
strategies. With four DOACs available for clinical use, select-
ing the right drug and right dose for each individual patient
and strict medication adherence are essential for optimal
clinical outcomes.

As the use of DOACs becomes more prevalent in routine
clinical practice, it is even more important for physicians to
understand laboratory testing and bleeding management in
patients receiving these drugs. This article discusses labora-
tory tests for the DOACs, and how the test results can aid
clinical decision-making in emergency and other specific
clinical situations and provides practical guidance on optimal
bleeding management.

Laboratory testing of DOACs

Standard coagulation assays such as the prothrombin time
(PT) and activated partial thromboplastin time (aPTT) assays
are readily available in all hospitals and can be used as first-

line tests to provide a qualitative assessment of rivaroxaban
and dabigatran, respectively. More recently, global coagula-
tion assays such as viscoelastic tests (ROTEM® and TEG®)
and thrombin generation assays have also been suggested as
potential tests for the assessment of the anticoagulant effect
of DOACs.!"!® These assays deliver global information on
clot development, stabilization, and dissolution that signify
in vivo hemostasis and have several advantages such as
short turnaround time and the possibility of more accurate
measurements. Quantitative assays can accurately determine
plasma drug concentrations and can be used as second-line
tests (if the results are not required within 24 h). The mea-
sured trough plasma levels after therapeutic doses may be
helpful when assessing bleeding risk (Table 1); however,
these assays are currently not widely available.

Rivaroxaban

Rivaroxaban prolongs PT in a concentration-dependent man-
ner, but the effect varies markedly with different thromboplas-
tins because of their differing sensitivities to rivaroxaban.!-1°20
One study showed that the rank order of reagents for PT pro-
longation was Triniclot™ PT Excel S > RecombiPlasTin 2G
> Neoplastin R® > Neoplastin CI Plus® > Triniclot™ PT Excel
> Triniclot™ PT HTF > Innovin® in plasma samples spiked
with rivaroxaban (concentration range =11-1,090 ng/mL).*!
In plasma samples from patients receiving rivaroxaban for
the prevention of VTE after hip or knee replacement surgery,
Neoplastin CI Plus® and RecombiPlasTin 2G showed high
sensitivity to the effect of rivaroxaban, whereas PT measured
by using Thromborel® S and Innovin® had low sensitivity
to the effect of rivaroxaban.?? The general consensus is that
PT (particularly with a sensitive reagent) can be used as a
screening test for urgent assessment of rivaroxaban exposure
(Figure 1). In this regard, Neoplastin CI Plus® is recom-
mended for PT measurement by the European Heart Rhythm
Association (EHRA) and in the rivaroxaban — Summary of
Product Characteristics."> Rivaroxaban also prolongs the
aPTT, but this assay is less sensitive than the PT and is not
generally suitable for use in patients receiving rivaroxaban.
Rivaroxaban prolongs the clotting time of EXTEM (a test
for the extrinsic coagulation pathway) and INTEM (a test for
the intrinsic coagulation pathway) in the ROTEM® analysis
in a dose-dependent fashion (which could be used to detect
higher concentrations of the drug). However, there may be
situations in which the tests fail to determine the therapeutic
levels of rivaroxaban.'®?3-2% The thrombin generation assay
(TGA) also detects the effects of rivaroxaban in a dose-
dependent manner.?® Both tests have proven to be useful in
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Table | Pharmacokinetic characteristics of direct oral anticoagulants, methods, and indications for laboratory testing

Characteristic Rivaroxaban Apixaban Edoxaban Dabigatran
T (h 24 34 1-2 0.5-2
Half-life (h) 5-13 ~12 10-14 12-14

Renal clearance (as active drug; %) ~33 ~27 ~50 ~80

Laboratory testing
PT and aPTT show low
sensitivity in general and

Qualitative assessment PT (also affects aPTT,
but not suitable for use);
ROTEM®, TGA
Anti-factor Xa assay with

rivaroxaban calibrators

PT and aPTT show low sensitivity aPTT; TT (also affects PT,
but not suitable for use);
ROTEM®/TEG®, TGA

dTT or ECT/ECA

in general and not suitable for
use; ROTEM® or TGA
Anti-factor Xa assay with

not suitable for use
Anti-factor Xa assay with
edoxaban calibrators

Quantitative assessment
apixaban calibrators
Main indications for laboratory e Prior to urgent surgeries/invasive procedures
testing e Acute and chronic kidney failure

e Acute and chronic liver failure

e Suspected overdose or drug accumulation

o Onset of life-threatening bleeding or thrombotic events

o Assessing hemostatic status after giving antidotes

Note: Data from previous studies.'~'7:182427.28

Abbreviations: aPTT, activated partial thromboplastin time; dTT, diluted thrombin time; ECA, ecarin chromogenic assay; ECT, ecarin clotting time; PT, prothrombin time;
T .o time to maximum plasma concentration; TGA, thrombin generation assay; TT, thrombin time.

| Direct oral anticoagulants |

v

v

v

v

| Rivaroxaban ‘ | Apixaban | | Edoxaban ‘ ‘ Dabigatran ‘
’ Screening | |Quantification‘ Quantification Quantification | Screening | ’Quantification‘
’ PT | | Anti-FXa l Anti-FXa Anti-FXa | aPTT (or TT) | ’dTT (or ECT) ‘
Anti-FXa (ng/mL)? Anti-FXa (ng/mL)P Anti-FXa (ng/mL)° dTT (ng/mL)?
Cirough 44 (12-137) Cirough 103 (41-230) Cirough 21(2.5) Cirough 91 (61-143)
Crnax 249 (184-343) Crnax 171 (91-321) Crnax 241 (1.2) Crnax 175 (117-275)

Figure | Laboratory testing of DOACs and expected plasma levels (based on published mass spectrometry data or from the Summary of Product Characteristics) after
therapeutic doses.

Notes: *Estimated geometric mean (5/95th percentile) after the administration of rivaroxaban 20 mg once daily for stroke prevention.*’ *Estimated median (5/95th percentile)
after the administration of apixaban 5 mg twice daily for stroke prevention.? ‘Estimated geometric mean (standard deviation) after the administration of edoxaban 60 mg once

daily for stroke prevention.*® ‘Estimated geometric mean (25/75th percentile) after the administration of dabigatran 150 mg twice daily for stroke prevention.?

Abbreviations: anti-FXa, anti-factor Xa; aPTT, activated partial thromboplastin time; Cmax, maximum plasma drug concentration;

C

trough’

trough plasma drug concentration;

DOAC, direct oral anticoagulant; dTT, diluted thrombin time; ECT, ecarin clotting time; PT, prothrombin time; TT, thrombin time.

cases of treatment with prothrombin complex concentrate
(PCC).” However, the reports on TEG® parameters to detect
rivaroxaban are inconsistent.!”-*

A large number of studies have consistently dem-
onstrated the accuracy and sensitivity of drug-specific
anti-factor Xa chromogenic assays for the quantitative
measurement of rivaroxaban, as summarized in a compre-
hensive literature review.’! These assays (calibrated with
rivaroxaban) can measure a wide range of rivaroxaban
plasma concentrations that cover the expected levels after

therapeutic doses (Figure 1) and are, therefore, recom-
mended by the EHRA and the rivaroxaban — Summary of
Product Characteristics.!> However, the longer turnaround
time to obtain the test results makes them less convenient
than PT in emergency situations.

Apixaban

There is less published information on the laboratory test-
ing of apixaban, compared with rivaroxaban.*! In general,
routine coagulation tests show lower sensitivity to the effect
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of apixaban — most PT and aPTT reagents show only mild
or modest sensitivity. As with rivaroxaban, variability in
reagent sensitivity also exists.’>** Depending on the reagent
used, PT may remain normal at therapeutic concentrations
of apixaban.* Therefore, PT or aPTT assays are not recom-
mended for estimating the relative anticoagulation intensity
or plasma concentration of apixaban after therapeutic doses.
The general recommendation for the assessment of apixaban
exposure is anti-factor Xa chromogenic assays using specific
apixaban standard calibrators (Figure 1).>° Recent data sug-
gested that the ROTEM® assay and TGA may be useful for
screening, with ROTEM® providing quick results in emer-
gency situations.” Currently, there is no suitable standard
assay to be used as an initial quick screening test for apixaban
in emergency situations, although the dilute Russell’s viper
venom time (dRVVT) has been proposed as a potential option
(as well as for the other DOACs). This lack of a robust quick
initial screening test for apixaban could be problematic in
situations such as in patients experiencing major bleeding or
prior to emergency surgery, where getting accurate informa-
tion on coagulation status is important.

Edoxaban

Published data on laboratory measurement of edoxaban are
limited. Similar to apixaban, edoxaban prolongs the PT and
aPTT, but the changes after the expected therapeutic doses
are rather small and subject to a high degree of variability.
Therefore, these clotting assays are unsuitable for assessing
the anticoagulant effect of edoxaban.**35 Data from a recent
study using spiked plasma samples (concentration range
=0-1,000 ng/mL) suggested that PT could be informative,
but the effect depended on the assay reagent.* Another recent
publication showed that PT reagents — especially Triniclot™
PT Excel S — had a positive correlation with edoxaban
concentrations.?” The general consensus is that anti-factor
Xa assays (with edoxaban calibrators) are best suited for
assessing edoxaban exposure,** and these assays show a
linear relationship with edoxaban plasma concentrations.

Dabigatran

Dabigatran prolongs clotting assays such as aPTT and PT.
The concentration—response curve for prolongation of the
aPTT is curvilinear and flattens at higher concentrations
(2200 ng/mL).?* In addition, the test results at given dabiga-
tran concentrations vary between reagents because of their
different sensitivities to dabigatran.* Despite these limita-
tions, the aPTT can be a useful screening assay, but because
of its limited sensitivity, it is not suitable for quantification

of the anticoagulant effect of dabigatran, especially at high
concentrations.? The standard thrombin time (TT) assay is
highly sensitive to the presence of dabigatran, and a normal
TT value excludes the presence of even low levels of dabi-
gatran.’ For accurate quantitative measurement of dabigatran
concentrations, diluted thrombin time (dTT) tests (such as
Hemoclot®, Technoview®, or Hemosil®) using dabigatran
calibrators are recommended. The ecarin clotting time (ECT)
assay provides a direct measure of dabigatran activity, but it
is not routinely available. If the assessment of low dabigatran
plasma concentrations is required (eg, in the perioperative
setting), the ecarin chromogenic assay (ECA), as well as
dTT and ECT assays, can be used. For general and quick
screening, the viscoelastic tests (such as ROTEM® and TEG®)
seem to be useful and may guide treatment with PCC.2+40:41
However, TGAs are more accurate in monitoring treatment
with idarucizumab.*

Practical guidance on laboratory

assessment of DOACs

DOACS have relatively short half-lives compared with VK As,
and their maximum effects on clotting tests occur around their
maximum plasma concentrations, at 0.5—4 h after tablet intake
(depending on the drug; Table 1)."* Therefore, it is important
to know when the last dose of the DOAC was administered
relative to the time of blood sampling and to take this into
account, as well as the clinical profile of the patient (such as
renal and hepatic function). The PT and aPTT assays are read-
ily available throughout the day with a fast turnaround time
for the test results; therefore, these are the currently recom-
mended screening tests (Figure 1). However, because of the
large variations in the sensitivity of the assay reagents, each
laboratory should standardize and optimize their local assays.
If sensitive reagents are used, normal test results may infer
acceptable levels of rivaroxaban (with PT) or dabigatran (with
aPTT). Neither the PT nor the aPTT assay is suitable for the
measurement of the anticoagulation effects of apixaban.? For
edoxaban, the PT has been shown to be unsuitable because of
high variability; however, the aPTT may be suitable for mea-
suring the anticoagulation effects of edoxaban.* The assess-
ment of coagulation properties by using ROTEM® and TEG®
could provide information on the presence of the DOACsS,
and these assays have quick turnaround times and could be
used to guide the treatment (especially in emergency situa-
tions). Although TGAs are sensitive to most of the DOACs,
they are not currently standardized and are labor-intensive
to use in daily practice. INR was specifically developed for
monitoring VKA therapy, and therefore, point-of-care PT/INR
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testing (CoaguChek®) is not recommended for assessing the
anticoagulation intensity of DOACs.

Some patients treated with VKAs may be transitioned
to a DOAC. In such situations, the clinician may decide
to measure INR prior to stopping VKA administration in
order to ascertain when to initiate DOAC therapy and avoid
periods of inadequate anticoagulation.®* INR values will be
elevated for the first few days after transitioning because of
the influence of DOACs on PT/INR and the residual effects
ofthe VKA. However, this does not reflect the anticoagulation
intensity of the DOAC, and INR testing should be stopped
after the initiation of DOAC therapy.>*

Accurate estimation of exposure levels can be accom-
plished for dabigatran with the dTT or ECT, and ECA tests
and for rivaroxaban, apixaban, and edoxaban with anti-factor
Xa assays.>*! According to the drug information in the riva-
roxaban — Summary of Product Characteristics, the thresh-
olds at trough concentration that may be associated with an
increased risk of bleeding were a plasma level of >200 ng/mL
(eg, measured using the dTT test), ECT >3.0-fold, or aPTT
>2.0-fold of the upper limits of the normal values in patients
receiving dabigatran for stroke prevention and for the treat-
ment of VTE.? An analysis of plasma samples from 9,183
patients with NVAF enrolled in the RE-LY study showed an
inverse correlation between ischemic events and dabigatran
trough plasma concentrations.* Previously, it has been
suggested that rivaroxaban plasma levels of >200 ng/mL
measured at 212 h after tablet intake may indicate potential
drug accumulation (eg, in patients with worsening renal
function).?? There are currently no published studies on the
cutoff levels for apixaban and edoxaban. A subanalysis of
the ENGAGE AF-TIMI 48 trial showed that the probability
of major bleeding events increased with increasing trough
edoxaban concentrations of up to 150 ng/mL.* In general,
the threshold of plasma drug level indicative of an elevated
bleeding risk remains to be further established and supported
by clinical evidence, and the risk factors of patients should
always be considered when making clinical decisions.

dRVVT assays are available (although not at all times)
in many coagulation laboratories and are used for lupus
anticoagulant testing. Recent data suggested that the dRVVT
might be useful in urgent situations for screening patients
who are receiving a DOAC.*” It was shown that the dRVVT
(using STA®-Staclot® DRVV-Confirm) could provide a rapid
estimation of the intensity of anticoagulation with rivaroxa-
ban and dabigatran without any specific calibrators and can
identify supratherapeutic plasma levels of these drugs.*’
The potential role of the dRVVT (using a “Confirm” lupus

anticoagulant reagent) for urgent testing of the DOACs has
also been proposed by other studies,?' but further clinical
data are required before this assay can be recommended for
routine use as a first-line test for the DOACs.

According to the DOAC drug labels, neither the dose
nor dosing intervals should be changed in response to
changes in laboratory coagulation parameters alone for
the current registered indications. Instead, a change in the
type of DOAC, or a switch to a VKA, could be considered
in the event that laboratory parameters suggest consistent
overdosing or underdosing of a specific drug. Moreover,
the metabolism and elimination of DOACs is complex,
involving multiple liver and renal clearance pathways. Thus,
impairment of renal and hepatic function influences DOAC
exposure levels, as well as certain drug interactions (such
as drugs affecting cytochrome P450 3A4 [CYP3A4] and
P-glycoprotein [P-gp]).!* These factors should be considered
when interpreting test results, and clinicians should assess
whether a reduced dose is indicated (ie, in patient groups
as specified in the approved labels).'

A number of studies have also shown the potential influ-
ence of DOACs on coagulation function assessments (eg,
thrombophilia testing), and this topic has been discussed in
other dedicated, comprehensive reviews, which also provide
practical guidance on how to avoid diagnostic errors in
patients receiving DOACs.3!48

Emergency situations/
life-threatening bleeding while
receiving a DOAC

The DOACs have shown noninferiority to conventional
standard therapy in phase III trials for the management of
several thromboembolic indications, with a similar or bet-
ter safety profile.* For example, in patients with NVAF, the
DOACs were associated with a lower risk of spontaneous
ICH and other life-threatening bleeding events.®'® Such
serious adverse events, although rare, do occur in patients
receiving anticoagulant therapy. In emergency situations,
such as when patients treated with DOACs experience a
life-threatening bleeding event, the PT (for rivaroxaban)
and the aPTT or TT (for dabigatran) can be used as first-line
tests to assess the levels of the respective drug in plasma. A
normal PT or aPTT result with a sensitive reagent indicates
that it is unlikely that the bleeding event is enhanced by
rivaroxaban and dabigatran, respectively. Because of its high
sensitivity, a normal TT result in dabigatran-treated patients
with serious bleeding excludes the presence of clinically
relevant levels of dabigatran. Depending on the urgency of
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the situation, quantitative tests can be performed to deter-
mine the drug levels in plasma (eg, using dTT or ECT/ECA
for dabigatran and anti-factor Xa assays for rivaroxaban,
apixaban, and edoxaban). The test results may help in clini-
cal decision-making on whether reversal agents should be
administered (in addition to other factors to be considered
before making such decisions). However, it should be noted
that the turnaround time of many monitoring assays may
preclude their use in an emergency situation where time is
critical.®® The Subcommittee on Control of Anticoagulation
ofthe International Society on Thrombosis and Haemostasis
recommended that in patients with serious bleeding, a drug
concentration >50 ng/mL is likely to be sufficiently high to
warrant administration of an antidote. In patients requiring
an urgent surgical intervention that is associated with a high
risk of bleeding, antidote administration should be considered
if the drug concentration exceeds 30 ng/mL.>® However, it
should be noted that these are expert opinions, and the cutoff
levels are estimates (ie, not based on data from random-
ized clinical trials). Moreover, the clinical significance of
an elevated measurement remains unclear; therefore, it is
suggested that clinicians should interpret DOAC laboratory
results with caution.?”

Specific antidotes for the DOACs are in various stages
of development. Idarucizumab, an antidote for dabigatran, is
now approved by both the US Food and Drug Administration
(FDA) and the European Medicines Agency following the
phase III trial.>' Idarucizumab is indicated in adult patients
treated with dabigatran when rapid reversal of its antico-
agulant effects is required (ie, emergency surgery/urgent
procedures and in life-threatening or uncontrolled bleeding).
The recommended idarucizumab dose is 5 g; administration
of a second 5 g dose may be considered in situations such
as recurrence of clinically relevant bleeding together with
prolonged clotting times, if potential rebleeding would be
life-threatening and prolonged clotting times are observed,
or in patients who require a second emergency surgery/urgent
procedure and have prolonged clotting times (ie, aPTT, TT,
dTT, or ECT).? No licensed antidote is currently available
for the other DOACs, although andexanet alfa, an antidote
for the factor Xa inhibitors, is currently under review by
the FDA and has shown promise in ex vivo, animal, and
healthy volunteer studies to dose dependently reverse factor
Xa inhibition and restore thrombin generation.’> Andexanet
alfa is undergoing phase III clinical investigations; the
ANNEXA-4 study (NCT02329327) is evaluating the efficacy
and safety of andexanet alfa for the management of serious
bleeding in patients treated with rivaroxaban, apixaban, and

eventually edoxaban. In addition, ciraparantag (PER977),
a small molecule designed to bind unfractionated heparin,
low-molecular-weight heparin, and fondaparinux, as well as
the DOAC:s, has been reported to reverse the anticoagulant
effects of all of the DOACs and is currently at an early stage
of clinical development.*® It is important to note that although
such reversal agents diminish DOAC activity, they have no
effect on the underlying cause of bleeding.

Figure 2 outlines a general bleeding management
protocol, similar to that recommended in the current AF
management guidelines, including routine measures such
as stopping further drug administration, local compression
(if applicable), and surgical intervention.’ In cases of a
severe/life-threatening bleeding event, specific antidotes (eg,
idarucizumab, 5 g, in patients treated with dabigatran) or
nonspecific reversal agents, such as PCC (50 [U/kg followed
by 25 IU/kg, if required) or activated prothrombin complex
concentrate (aPCC; 50 IU/kg), may be considered (Figure
2). However, published studies on the nonspecific reversal
agents in the reversal of DOACs have been limited to animal
models and small numbers of healthy subjects. The outcomes
measured after PCC and aPCC administration have largely
been centered on PT, aPTT, TT, anti-factor Xa activity, and
thrombin generation parameters (ie, partial or complete
reversal). Although the restoration of coagulation does not
necessarily translate into a good clinical outcome, these tests
are helpful to assess the extent of reversal. For example, if
the PT (for rivaroxaban) or aPTT/TT (for dabigatran) is still
significantly prolonged after the first dose of a reversal agent
(eg, a suspected “rebound” with dabigatran)? or the plasma
drug concentration is still >50 ng/mL,*® the subsequent
administration of reversal agents may be considered, particu-
larly when there is a high risk of recurrent serious bleeding.

Patients without bleeding, but test

results indicate a risk of bleeding

When the results from the screening tests in an emergency
situation suggest a risk of bleeding in patients without bleed-
ing complications (eg, marked prolongations of the PT and
aPTT/TT for rivaroxaban and dabigatran, respectively), it
would be helpful to perform quantitative tests to confirm
the extent of drug exposure by measuring the plasma drug
concentrations with anti-factor Xa assays (ie, rivaroxaban,
apixaban, and edoxaban) or dTT or ECT/ECA (dabigatran).
The test results should be compared with the expected plasma
concentration range after the administration of therapeutic
doses, although it should be noted that the ranges can vary
widely and no “safe” therapeutic plasma concentrations
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Bleeding while using a DOAC

« Inquire about last DOAC intake
« Check for comedication use (eg, antiplatelets)
« Blood sample to determine renal function, hemoglobin, and WBC
« Inquire to lab about possibility for rapid coagulation assessment
— Screening (PT, aPTT/TT, ROTEM®TEG®)
— Plasma drug levels (dTT/ECT/ECA; anti-Factor Xa assays;
thrombin generation assays)

Mild bleeding Moderate-to-severe bleeding Life-threatening bleeding

Consider:
* PCC (eg, CoFact®) 50 U/kg;
+25 U/kg if indicated
» aPCC (Feiba®) 50 U/kg;
max 200 U/kg/day
« rFVlla (NovoSeven®) 90 pg/kg
(no data about additional benefit)
* For dabigatran-treated patients:
5 g intravenous idarucizumab®®

* Delay or discontinue next dose
» Reconsider concomitant medication

Supportive measures:

* Mechanical compression

» Endoscopic hemostasis if
gastrointestinal bleeding

« Surgical hemostasis

* Fluid replacement (colloids if needed)

» RBC substitution if needed

* Fresh frozen plasma

* Platelet substitution

For dabigatran:

* Maintain adequate diuresis

+ Consider hemodialysis

* Consider 5 g intravenous
idarucizumab

Figure 2 Protocol for the management of bleeding complications in patients receiving DOACs.

Notes: Heidbuchel H, Verhamme P, Alings M, et al. Updated European Heart Rhythm Association Practical Guide on the use of non-vitamin K antagonist anticoagulants
in_patients with non-valvular atrial fibrillation. Europace. 2015;17:1467-1507,% doi: 10.1093/europace/euv309. Reproduced with permission of Oxford University Press on
behalf of the European Society of Cardiology © The Author 2016 - All rights reserved. For permissions please email: journals.permissions@oup.com. Please visit: www.
escardio.org. European Society of Cardiology was not involved in the development of this EHRA Practical Guide and in no way influenced its content. No advertisements/
pharmaceutical branding to be used in association with the material. Inclusion under a Creative Commons license allowing onward reuse is prohibited vI.4. *In a subset of
patients, recurrence of plasma concentrations of unbound dabigatran and concomitant prolongation of clotting tests have occurred up to 24 h after the administration of
idarucizumab. Administration of a second 5 g dose of idarucizumab may be considered in the following situations: recurrence of clinically relevant bleeding together with
prolonged clotting times, if potential rebleeding would be life-threatening and prolonged clotting times are observed, or if patients require a second emergency surgery/urgent
procedure and have prolonged clotting times.? "The Subcommittee on Control of Anticoagulation of the International Society on Thrombosis and Haemostasis recommend
that in patients with serious bleeding, a plasma drug concentration >50 ng/mL is likely sufficiently high to warrant antidote administration.*

Abbreviations: aPCC, activated prothrombin complex concentrate; aPTT, activated partial thromboplastin time; DOAC, direct oral anticoagulant; dTT, diluted thrombin
time; ECA, ecarin chromogenic assay; ECT, ecarin clotting time; PCC, prothrombin complex concentrate; PT, prothrombin time; RBC, red blood cell; rFVlla, recombinant
factor Vlla; TT, thrombin time; WBC, white blood cell.

have been identified. Given the relatively short half-life of
the DOACs, a “wait-and-see” strategy can be advocated —
depending on the measured plasma drug levels.’ At the same
time, as outlined before, all the factors influencing plasma
activity levels, including impaired renal and liver functions,
potential drug—drug interactions, and dose and timing of drug
intake, should be assessed. Potential drug—drug interactions
include concomitant drugs that affect the CYP3A4 and/or
P-gp pathways (including certain antibiotics). Particularly
in elderly patients with concurrent disease associated with
a temporary deterioration in renal or hepatic function, the
treating physician might consider temporary adjustments
in DOAC administration, if recommended in the respective
Summary of Product Characteristics. This may include a
reduced dose (eg, based on their creatinine clearance [CrCl]

levels) for the duration of the impairment. In such situations,
it may be prudent to repeat clotting tests and to reevaluate
the appropriateness of dose adjustment as soon as the patient
(and renal function) recovers. In general, in patients without
an obvious bleeding (risk), the use of prohemostatic agents
or antidotes will not be indicated.

Patients with a suspected
thromboembolism while receiving
a DOAC

Although the risk of thromboembolic events is greatly
reduced in patients who are adequately anticoagulated, events
do still occur in some patients, particularly if the patient is
receiving suboptimal anticoagulant treatment. If a thrombotic
event occurs in patients receiving a DOAC (eg, stroke or deep
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vein thrombosis), laboratory testing is of clinical value. In this
situation, quantitative tests (rather than qualitative tests) are
more appropriate. If the drug level is lower than the expected
value, potential drug—drug interactions should be checked,
such as concomitant use of strong CYP3A4/P-gp inducers
(eg, rifampicin and St. John’s wort).’ It is also important to
check the patient’s compliance to the prescribed DOACsS,
including the drug administration (eg, taking with food for
the 15 and 20 mg doses of rivaroxaban), dose, and frequency
(once or twice daily). Continued and dedicated patient edu-
cation is a key to good adherence for optimal outcomes. If
noncompliance and other potential factors are largely ruled
out, a switch to another DOAC or VKA should be considered,
or temporary use of LMWH should be considered.>

Prior to elective and urgent surgical
procedures

Compared with the VKAs, perioperative management in
patients receiving DOACs is simpler because of their rela-
tively short half-life and more predictable pharmacokinetics

I

Patient requiring surgery

and pharmacodynamics. According to the EHRA practical
guidelines on the use of DOACs in patients with NVAF?
factor Xa inhibitors should be stopped =24 h prior to surgery
with a low bleeding risk and >48 h prior to surgery with a high
bleeding risk. However, the abstention time should be longer
(=236 and 248 h, respectively) in patients with severe renal
impairment (CrCl=15-30 mL/min). Because of its predomi-
nantly renal elimination, patients receiving dabigatran should
allow 236 (low risk) and 272 h (high risk) if their CrCl is
50-80 mL/min and >48 and 296 h, respectively, if their CrCl
is 30—50 mL/min. In general, laboratory testing is not neces-
sary in most patients if these protocols are followed correctly.
However, in high-risk patients (eg, those undergoing major
neurological, cardiac, or vascular surgeries), the measure-
ment of plasma drug levels prior to surgery may be helpful
(Figure 3). A cutoff level (<30 ng/mL) for dabigatran and
rivaroxaban before surgery has been proposed previously.>*

The Subcommittee on Control of Anticoagulation of the
International Society on Thrombosis and Haemostasis rec-
ommended the use of antidotes — if the drug concentration

Surgery with low bleeding risk

« Stop FXa inhibitors 224 h before
surgery (>36 h if
CrCl=15-30mL/min)

* Stop dabigatran =36 h before
surgery if CrCl=50-80 mL/min
(248 h if CrCI=30-50 mL/min)

surgery

Surgery with high bleeding risk
« Stop FXa inhibitors 248 h before
+ Stop dabigatran 272 h before

surgery if CrCI=50—-80 mL/min
(296 h if CrC1=30-50 mL/min)

~

/"« Screening tests (eg, PT
[rivaroxaban], aPTT/TT
[dabigatran])

* Assess drug levels (anti-
FXa assays or dTT/ECT)

» Consider antidotes or
nonspecific reversal agents if

drug level >30 ng/mL and
surgery with high bleeding risk
* Repeat tests to assess the

Laboratory testing not
necessary for most patients

Assess drug levels

* Anti-FXa assays (FXa
inhibitors)

« dTT/ECT (dabigatran)

\ extent of reversal if required

J

Figure 3 Patients requiring elective or urgent surgery.
Note: Data from Heidbuchel et al,* and Hass et al.*

Abbreviations: Anti-FXa, anti-factor Xa; aPTT, activated partial thromboplastin time;

PT, prothrombin time.

Surgery

CrCl, creatinine clearance; dTT, diluted thrombin time; ECT, ecarin clotting time;
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exceeds 30 ng/mL* in patients who need an urgent surgical
procedure that has a high risk of bleeding and cannot be
delayed to allow for drug clearance. Other situations include
emergency surgery or intervention in patients at a high
risk of procedural bleeding, such as neurosurgery (intra-
cranial, extradural, or spinal), lumbar puncture, cardiac,
vascular (aortic dissection/aneurysm repair), hepatic, or
other major organ surgery.* In such situations, nonspecific
reversal agents (eg, PCC) may be considered if specific
antidotes are not available (Figure 2). Screening tests can
be used in the first instance, which can be confirmed with
a quantitative test if there is a need to assess the extent of
the reversal. However, as noted previously, plasma drug
concentrations can vary widely, calling into question the
use of stringent cutoff points to influence perioperative
management decisions.

Suspected overdose

It is important to distinguish between an overdose with
and without bleeding complications; in the case of bleed-
ing complications associated with an overdose, standard
protocols for bleeding management should be followed. In
the cases of suspected overdose without bleeding, where
the anticoagulant is known but the amount ingested is
unknown, quantitative assays (eg, dTT for dabigatran and
anti-factor Xa assays for the direct factor Xa inhibitors) can
be used to assess the exposure levels (taking into account
the time of intake) and to determine how long the patient
should wait before taking the next dose. For example, if
the plasma level is 6-fold higher, the patient may need to
wait for 5-6 days before resuming the DOAC (based on
the elimination half-life). Renal function testing may also
be helpful, especially in patients with known chronic renal
diseases because the elimination time of the DOAC (dabi-
gatran in particular) will be longer in these patients. The use
of activated charcoal may reduce the continued absorption
of DOAC:s within the first hours after intake. A short-term
follow-up will be needed, and in some patients, the use of
proton-pump inhibitors may be helpful to reduce the risk
of gastrointestinal bleeding events. As a result of limited
absorption, a ceiling effect with no further increase in aver-
age plasma exposure is seen at supratherapeutic doses of
rivaroxaban (=50 mg).** Cases of overdosing of rivaroxaban
up to 600 mg have been reported without bleeding complica-
tions or other adverse reactions.! No such data are currently
available for the other DOACs. Hemodialysis can be used
for the removal of dabigatran from plasma, but not for the
direct factor Xa inhibitors.

Future needs in laboratory testing
of DOACs

There remains an unmet need to develop global assay(s)
for all anticoagulants. It would be helpful to have a simple,
standardized assay with a fast turnaround time that could be
available 24 h a day, which could be used to measure coagu-
lation status and the drug levels of all oral anticoagulants in
emergency situations using routinely available coagulation
equipment. This would also be of clinical value after the
administration of reversal agents (both specific antidotes and
nonspecific reversal agents, such as PCC) to guide clinical
decisions on whether to administer subsequent doses. Given
the limitations of the PT and aPTT assays as universal screen-
ing tests, efforts have been made to identify better assays for
this purpose. The dRVVT (using a “Confirm” lupus antico-
agulant reagent) has been suggested as a potential screening
test for the DOACs in emergency situations without the use of
specific calibrators.*’ In addition, a recent study showed the
potential of a dilute Fiix-PT (dFiix-PT; using highly diluted
thromboplastins, 1:1,156) for simple and rapid testing of
different classes of anticoagulants, including the DOACs dab-
igatran, rivaroxaban, and apixaban.’ In this study, the dFiix-
PT was linearly sensitive to dabigatran (32-475 ng/mL),
rivaroxaban (up to457 ng/mL), and apixaban (up to 572 ng/mL).
The test was then used to measure the concentrations of dabi-
gatran, rivaroxaban, and apixaban in samples obtained from
patients, and the results were compared with those obtained
using dTT and anti-factor Xa assays, respectively. Linear
relationships were observed when correlating the dFiix-PT
with dTT (for dabigatran) and anti-factor Xa assay (for rivar-
oxaban); apparent linear relationships were also observed for
apixaban, but the results were inconclusive because of a low
number of patient samples. It was concluded that the dFiix-PT
assay could provide an estimation of drug concentrations in
the range of 30-200 ng/mL for the three DOACs tested, but at
higher concentrations, sample dilutions with normal plasma
are needed or the results could be reported as >200 ng/mL.
The authors proposed that the test could easily be automated
using standard coagulation equipment and could be applied in
practice as a first screening test (eg, in emergency situations)
to estimate the anticoagulant levels of several DOACs (as
well as of VK As).*® However, further studies are required to
confirm the clinical utility of this method and other potential
screening assays. In addition, although clinical guidance
on bleeding management in patients receiving the DOACs
are available in the current guidelines and many consensus
documents, universal, standardized protocols for bleeding
management in patients receiving DOACs, including detailed
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information on the use of nonspecific reversal agents and
antidotes and means of testing the effect of these agents, can
further assist with patient management.

Conclusion

Although the use of DOACs does not require routine coagu-
lation monitoring, it has become apparent that in certain
clinical situations testing can help clinical decision-making
and optimal patient management. There are existing assays
that can be used for qualitative and quantitative assess-
ments of the DOACs, providing an opportunity for simple,
fast, and accurate universal tests for the DOACs that can be
performed expeditiously in emergency settings, including
assessing the extent of reversal after the administration of
specific antidotes or nonspecific reversal agents. However,
continued patient education remains indispensable for the
success of DOAC therapy.
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