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'Introduction



« Anticoagulation is essential for the treatment and prevention
of thromboembolic events.

« Reversal of DOACs may also be required for patients in need
of urgent invasive procedures.

« Approximately 10% of patients on DOACs require invasive
procedures, so that reversal of DOAC may also be needed for
patients requiring urgent invasive procedures.



Characteristics of direct oral anticoagulants

Rivaroxaban

Apixaban

EBEdoxaban

Dabigatran

Direct thrombin (FI) inhibitor

Drug Classification
Half-lifi

Time to max effect
Henal contraindication
Direct antidote (dose)

Mon-specific hasmaostatic
treatment (dose)

Direct FXa inhibitor

Bto8h

2to4h

GrCl < 15ml min ™

Andexanet alfa
Low-dose: 400mg bolus infusion
aver 15 min followed by an 480 mg
infusion over 2 h

High dose: 800 mg bolus infusion
aver 30 min followed by an 960 mg
infusion over 2 h

Mot approved:
PCC or aPCC at a dose of 25 to

50Ukg ";
rFVlla: no recommendation

Direct FXa inhibitor
12h

3to4h
CrCl <15 mimin ™"

Andexanaet alfa
Low dose: 400 mg bolus infusion aver 185min

followed by an 480 mg infusion over 2 h

High dose: 800 mg bolus infusion over 30min

followed by an 960 mg infusion aver 2 h

Mot approved:
PCC or aPCC at a dose of 25 to 501Ukg ";

rFVlla: no recommendation

Direct FXa inhibitor

10to 14h

Tto 2h

CrCl <15 mimin "~
Andexanet alfa not approved

Mot approved:
PCC or aPCC at a dose of 26 to
50IUkg ";
rFVlla: no recommendation

12to 14 h

2h

Ol < 30 mimin

Idarucizumab
damscizumahb:
Infusions of 2 = 2.5 g over 5 to
10 min, infusions no more than
10 min apar.

Mot approved:
PCC or aPCC at a dose of 26 to
B0IUKkg ';
Vlla: no recommendation



Overview of specific antidotes and unspecific
reversal agents

ldarucizumab is a humanised, monoclonal antibody fragment against dabigatran

Andexanet alfais a modified, recombinant, inactive form of human FXa, with the
ability to reversibly bind Fxainhibitor molecules, thereby reducing its activity and
restoring the amount of unbound endogenous Fxa

PCCs are lyophilised, human plasma-derived vitamin K-dependent factors containing
FIl (prothrombin), FVII, FIX, and FX

Recombinant FV/lainduces thrombin generation and increases FXa activity and has
been associated with an increased rate of thromboembolic complications in
nonhaemophilic patients with intracranial haemorrhage



Materials and methods



* A panel of seven experts including three members of the Subcommittee
‘Fluid, Transfusion and Haemostasis’ from the European Society of
Anaesthesia and Intensive Care (ESAIC) convened in 2019 to assess
the latest available published evidence on the clinical management of
life-threatening bleeding under DOACs

« A systematic literature search was performed, examining four drug
comparators (dabigatran, rivaroxaban, apixaban, edoxaban) and clinical
scenarios ranging from planned to emergency surgery with the
outcomes of mortality,haematoma growth and thromboembolic
complications



« Searches were based on DOAC (Population) and the
intervention (Measurement of DOAC/anticoagulants or
reversal/antidote).

* The electronic database search was run on 10 February2021
by Cochrane Trial Search Specialist (JV) and included articles
published since 2010 to increase clinical relevance

e A total number of 138 studies were included forthis evidence
synthesis.



« Recommendations were formulated and graded according to
the Grading of Recommendations Assessment,Development
and Evaluation (GRADE) system and in accordance with
ESAIC methodology guidelines.



Table 3 GRADE definitions

Grade of Recormm endation

1A
Strong recommendation, high quality
evide nce

1B
Strong recommend ation, moderate
quality evidence

1C
Strong recommendation, low quality
evide nce

2A
Weak recommendation = suggestion,
high quality evidence

2B
Weak recommendation = suggestion,
moderate quality evidence

2C
Weak recommendation = suggestion,
low quality evidence

3
Clinical practice statement

Clarity of risk/benefit

Benefits cleary outweigh nsk and
burdans, or vice varsa

Benefits cleary outweigh nsk and
burdans, or vice varsa

Benefits appear to outweigh nsk and
burdans, or vice varsa

Benefits closely balanced with nsks and
burdans.

Benefits closely balancad with nsks and
burdans, some uncartainly in the
estmates of benafits, nsks and
burdans.

Uncertainty in the estmates of benafits,
risks, and burdens; benefits may be
closaly balanced with rnsks and
bunrdans.

High unceranty in the estimates of
benafits, nsks, and burdens; benafits
may ocutweigh neks and burdens.

Cuality of supporting evidence

Consistent ewdence from well performed randomised, controlled tnals
or over-whelming ewdance of some other form. Further research is
unlikaly to change our confidence in the estimate of benefit and nsk

Evndance from randomised, controlled tnals with important bmitabons
(inconsistent results, methodologic flaws, indirect or imprecise), or
vary strong evidence of some other research design. Further research
(if parformed) is likely to have an mpact on our confidence in the
estimate of benefit and risk and may change the estmate.

Evidence from observational studies, unsystematc clinical expanence,
or from mndomised, controlled tnals with senous flaws. Any estimate
of effect 1z uncartan.

Consistent ewdence from well performed randomised, controlled tnals
or overwhelming ewdence of some other form. Further research is
unlikely to change our confidence in the estimate of benefit and nsk

Evidance from randomised, controlled tnals with important bmtations
(nconsistent results, methodologic flaws, indirect or imprecse), or
vary strong evidence of some other research design. Further research
(f parformed) is likely to have an impact on our confidence in the
estmate of benefit and risk and may change the estmate.

Evidence from observational studies, unsystematc clinical expanence,
or from mndomised, controlled tnals with senous flaws. Any estimate
of effect 15 uncartan.

Evidence from observational studies, unsystematc clinical expanence,
case reports or extrapolated from other settings and populations from
tnals with serious flaws. Any estimate of effect is uncertain.



result



« the clinical scenarios of urgent surgery, life-threatening and
non-life-threatening bleeding different flow charts
comprising relevant recommendations and clinical practice
statements have been developed that may help to inform
clinicians to manage these scenarios successfully



clinical scenarios ()

 Treatment algorithm for the management of patients with
confirmed intake of direct oral anticoagulants before urgent
surgery.



FPatients with confirrmeaed imntake of DOACs bheaefore urgent surgenry

Hi.._'-_}‘l:l:'.'ll""yl Werify imtake of direct FXXa imhibitors or direct thrombim imhbibitor samd
Direct ewidemnoce by labh tests (e g, calibrated anmnti-FXa activity or (diluted) thrarmekim
Tirme For dabigastram ).
Check for comnocormiitant Bleaedimngs disaordasrs aor imntake of platelaet imhibitors,

Seek adwice Ffrom thirombosis amnd hhaemostasis serwice

Bloocdcd PT, PT-ratic, aPT T, chraombin tirmese (for dabbigatran), calibrated amti-FXXas actinedgty, poaimt of
lir care coagulation moaonitoring (IFf available), creatininese (GFR), fibrinogen, D-dirmers armc
Sarme = latelaet count o admiissiomm.

Irmportamnt Drawse bhlcod samples before treatment, bhut treatrment muast mot be delayaed by weraiting
Ffor lab result=s_

1. Choemsidder oweait amad seae™ stratasgy (T odinicalibhyy approperiate; stimualate dioresisg
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Fig. 1 Continued.

Anticoagulant

Dabigatran

Apixaban

Edoxaban

Elvarcxaban

Patients with confirmed intake of DOACs before urgent surgery

Antidote

Idarucizumah 2x2,5 g over 2-10
minutes, infusions no mare than 10
minutes apart,

Low dosze:;

High dose:

Andexanet alfa 400 mg bolus
ower 15 minutes tollowsd by
an 480 mg infusion aver 2 hours

Ancexanet alfa B0 mg bolus
over 30 minutes followed by
an 360 mg infusion over 2 hours

Andexanet alfa not approvad as of February

2024,

Low dosze:

High dose:

Andexanet alfa 400 mg bolus
over 15 minutes followed by
an 480 mg infusion over 2 hours

Andexanet alfa 8300 mg bolus
ower 30 minutes followed by
an 360 mg infusion over 2 hours

Non-specific
haemostatic agent

Mot approved:
PCC or aPCC at a dose of 25-50 U/ xg;
rFVilla: No recommendation

Mot approved:
PCC or aPCC at a dose of 25-50 1U/xg;

rFYIla: Mo recommendation

Mot approved:
PCCor aPCC at a dose of 25-50 IU/xg;

rFYila: Mo recommendation

Mot approved:
PCC ar aPCC at a dose of 25-50 1U kg,
rEvila: Mo recommendation



clinical scenarios (2

 Treatment algorithm for the management of patients with
non-life threatening bleeding



Patients with mnon-life threatening bleeding

Hist-::-r",r Werify imtake of direct FxXX= imhibitors or direct shhraombim imhibitor amd
irect ewvidemnce by labh tests (g, calibrated anti-FXa activity or {diluted) thrombimn
tirme for dabigatranm.
Check for comncoormitamt bleaeding disorders or imtaks of glateslet imbhibitors.,

SsSeaek adwice from thrombosis armncd hasmostasis service

Blood FPT, PT-ratic, aFTT, thhiroambbin time (for dabigatran), calibrated anti-Fxa activity, point of

Sarm i care ooggulaticorn rmonitaring OF availlabla), creatimnimns (GRFR), fibrimagesen, D-dimers amdad
PN platelet count on admission to the hospital.

Importanmnt Craww blood samples befors treatment, Dbut treatment shouwuld not Bbe delayed by waiting

for lab results.

J

Consider Teerait and seae”™ strateEy I clinkcally apprnogriate; stimolate diuresis;
Sndomanat alfa or POC;
aPiir, If bBoth drugs @ares anasvwaillabl=_

Wk

Eorvsides SSEarnadsaesd Trestrress ot in sadosbeco

Considasr T
Il amruciszw
O o

it and se=ae™ strategy i climically approgpriabse: simuulace diuresis;
E 1 = H
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ih e
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Fig. 2 Continued.

Anticoagulant

Dabigatran

Apixaban

Edoxzaban

Rivaroxaban

Patients with non-life threatening bleeding

Antidote

Idarucizumab ?x2,5 g over 5-10
minutes, infusions no more than 10
minutes apart,

Low dose;  Andexanet zlfa 400 mg bolus
over 15 minutes followed by
an 480 mg infusion over 2 hours
High dose:  Andexanet alfa 800 mg bolus

over 30 minutes followed by
an 960 mg infusion over 2 hours

Andexanet alfa not approved as of February
2024,

Low dose:  Andexanet zlfa 400 mg bolus
over 15 minutes followed by
an 480 mg infusion over 2 hours
High dose:  Andexanet alfa 800 mg bolus

over 20 minutes followed by
an 960 mg infusion over 2 hours

Non-specific
haemostatic agent

Mot approved:
PCC or aPCC at a dose of 25-50 1L kg;
rEVlla:; Mo recommendation

Mot approved:
PCCor aPCC at a dose of 25-50 1L/ ke:
rFVlla: Mo recommendation

Mot approved:
PCC or aPCC at a dose of 25-50 1L kg;
rEVlla; Mo recommendation

Mot approved:
PCCoraPCC at a dose of 25-50 U/ ke;

rFVlla: Mo recommendation



clinical scenarios 3)

e Treatment algorithm for the management of severe
(haemodynamically unstable) or life-threatening bleeding
(intracerebral, epidural, intraspinal,gastrointestinal, traumatic
or other refractory bleeds).



Sewver s [(haasmodymarmiacally unstable) or life-threatening leaedimngs {(imntracerelral,

epidural, intraspimnal, gastroimntestimnal, trauumatic or other refractoryy bleaseds)

HiE-tl:lW Werifvw imtake of direct FXXa imnhbhibicors or direct thrormiio imbibicor amd
Direct ewidenmnoce by labh tests (e . calibrated amnti-FXa actiwity or (diluted) thyrormEdirm tirme
Ffor cdabisatram]}.
Check for conmnoomiitanmnt bbleedimnes disorders or imtake of platelet imhibitcors amnd escscluads
sewere hhleedimg with am exxpected poor o boorre

Pl i e ogusadbe ™ B lawals oo .. i Tracermmac sy st . ek S-S0 o ee v g, m TR S e e ribeoi @l B odff S-S0 rrwrrn g ™

Saram b acheicm Froaom thromb-osis asmd ha s rm o st s s s rwcl o

Elaood PT, PFT-ratics, aPFTT, {(diluted} thhrormbin tirme for dabigatranmn, calibrated amti-FXa- actiwity,
sam lir it of care coagulaticmn monitorimng (iIFf available)l, creatiminmns (GFR), fibrimaogen, EF-dirmeaers,

[ = B platelet couarmt.
Ilrmpoertamnt Drawe blood samples bhaefore treatrment, bat treatmend should mot be delayed by weaitimes

Fuzr labk results_

J
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Fig. 3 Continued.

Severe (haemodynamically unstable) or life-threatening bleeding (intracerebral,
epidural, intraspinal, gastrointestinal, traumatic or other refractory bleeds)

Anticoagulant

Antidote

MNon-specific
haemostatic agent

Dabigatran Idarucizumab #x2,5 g over 5-10 Not approved:
minutes, infusions no more than 10 PCC or aPCC at a dose of 25-50 1U/kg;
minutes apart. rFvlla: Mo recommendation
Apixaban Lowdose:  Andexanet alfa 400 mg bolus Mot approved:
over 15 minutes followed by PCC or aPCC at a dose of 25-501U/kg;
an 480 mg infusion over 2 hours rFVlla: Mo recommendation
High dose:  Andexanet alfa 800 mg bolus
over 30 minutes followed by
an 960 mg infusion over 2 hours
Edoxaban Andexanet alfa not approved as of February Not approved:
2024, PCC or aPCC at a dose of 25-50 1U/kg;
rFVlla: Mo recommendation
Rivaroxaban Low dose:  Andexanet alfa 400 mg bolus Mot approved:
over 15 minutes followed by PCC or aPCC at a dose of 25-50 1U/kg;
an 480 mg infusion over 2 hours rEVlla: Mo recommendation
High dose: Andexanet alfa 800 mg bolus

over 30 minutes followed by
an 9680 mg infusion over Z hours



Jiscussion



* As all DOAC have a relatively rapid effect offset, a ‘wait-and-
see strategy’ is in recommended awaiting natural elimination
of the drug

- However, in life-threatening bleeding, or if emergency
surgery is needed, active treatment with antidote or
haemostatic therapy may be needed.



« For life-threatening or nonlife threatening bleeding in which a
‘wait and see strategy’ is not clinically applicable, we
recommend the antidote idarucizumab for dabigatran, PCC
for edoxaban while the antidote andexanet alfa and PCC are
equal treatment options for apixaban and rivaroxaban.



imitation

« First, only a few of the recommendations are based on high-
quality evidence, a fact that highlights the need for future
research in this area.

« Second, to support a more general approach to the trauma
patient, specific recommendations for special populations
such as paediatric patients or patients with traumatic brain
injury (TBI) have not been included.

e Third, these guidelines are limited to recommendations for
which implementation is likely to be feasible within most
European healthcare systems.
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Clinical scenario 1

* Adults under DOAC therapy undergoing urgent surgery.
Should laboratory monitoring be used in DOAC patients
scheduled for urgent surgery? If yes, which laboratory
monitoring should be applied?



Recommendation

R 1.1: In patients without impaired kidney and/or liver function complying with the
recommended stopping ntervals (24 h for low bleeding risk, 48 to 72 h for high-
bleeding risk surgery), DOAC-specific coagulation testing is not necessary. (2B)

R 1.2: Measurement of DOAC levels is suggested, when stopping intervals cannot be
adhered to or in patients with risk factors for elevated DOAC levels.(2C)

R 1.3a: Global coagulation tests including prothrombin time (PT) and activated partial
thromboplastin time (aPTT) are not recommended to exclude relevant DOAC
concentrations. (2B)

R 1.3b: In patients on FXa inhibitors with a high bleeding risk, the use of anti-FXa
activity is suggested. (2B)

R 1.3c: In patients on dabigatran with a high bleeding risk, the use of the diluted
thrombin time (dTT) or the thrombin time (TT) is suggested. (2B)



Clinical scenario 2

 Adults under DOAC therapy undergoing urgent surgery.
Which test should be used: Point of care monitoring (POC) vs.
non-POCT (standard laboratory) measurements and which
assay (i.e. concentration/functional monitoring)?



Recommendation

« R 2.1: We do not suggest the use of nonspecific viscoelastic
coagulation monitoring to reliably detect DOAC levels. (2B)

« R 2.2: It available, we suggest the use of specific tests
(Ecarin clotting time and the Russell’s viper venom test) in

viscoelastic coagulation monitoring to exclude DOAC plasma
levels. (2C)

R 2.3 In the absence of specific coagulation testing, DOAC
dipstick testing can be suggested to demonstrate the
presence of DOACs. (2C)



Clinical scenario 3

« adults undergoing urgent surgery with DOAC therapy. Should
the prevention and/or management of DOAC induced

bleeding with antidotes and nonspecific haemostatic agents
(PCC, aPCC) be based on DOAC level monitoring?



Recommendation

« R3.1:In urgent surgery and when time permits, we suggest a ‘wait and see strategy’ to reduce anticoagulant
activity. A predose lab sample should be taken. (3)

R3.2a: In urgent surgery, we suggest using DOAC concentration measurement to guide the administration of
antidotes or nonspecific haemostatic agents. (2C)

R3.2b: If DOAC monitoring is not available, and surgery can not be delayed, antidote and nonspecific haemostatic
treatment should depend on the clinical severity of bleeding. (3)

R3.3a: When urgent surgery with high risk of bleeding cannot be delayed, and if relevant residual concentration of
dabigatran is suspected, specific antidote therapy with idarucizumab is recommended without waiting for DOAC
level monitoring. However, a predose lab sample should be taken. (1C)

R3.3b: If idarucizumab is not available, PCC or aPCC may be used for the urgent surgical setting in patients on
dabigatran without waiting for DOAC level monitoring. A predose lab sample should be taken. (3)

R3.4: When urgent surgery with high risk of bleeding cannot be delayed, and if relevant residual concentration of
FXa inhibitors is suspected, andexanet alfa, PCC or aPCC is suggested without waiting for DOAC level monitoring.
However, a predose lab sample should be taken. (3)

R3.5: In urgent surgery with a high risk of bleeding, the plasma concentrations of DOACs above 50 ng ml1l may be
considered for haemostatic or antidote intervention.(3)

R3.6: In cardiac surgery under FXa inhibitors, we recommend not to use andexanet alfa. The use of
haemadsorption filters may be considered. (3)



Clinical scenario 4

« Adults undergoing urgent surgery with DOAC therapy. Should
laboratory measurements be performed after reversal (which
time frame of measurements)?



Recommendation

« R 4.1: After specific reversal of dabigatran with idarucizumab, we
suggest to assess dabigatran concentrations by the diluted thrombin
time (dTT) test or the thrombin time (TT) regularly for at least 48 h
because of potential drug rebound. (2B)

« R 4.2: After specific reversal of direct FXa inhibitors with andexanet alfa
caution is advised in interpretation of the concentration measurements
as anti-FXa activities are influenced by andexanet alfa. (3)

R 4.3 After administration of nonspecific haemostatic treatment in
patients with elevated or suspected high levels of direct FXa inhibitors,
it is unclear when and whether anti-FXa levels should be re-assessed.
Conventional coagulation testing including PT or aPTT may indicate
normalisation for several hours despite insufficient haemostasis. (3)



Clinical scenario b

« DOAC-treated adult patients with traumatic and
nontraumatic intracerebral haemorrhage without need for
surgery .Are antidotes or nonspecific haemostatic agents
indicated for DOAC-treated patients with traumatic and
nontraumatic ICH without need for surgery



Recommendation

« R 5.1: We recommend antidote reversal or nonspecific haemostatic
agents to prevent increasing haematom volume. (1C)

« R5.2a: We recommend the use of idarucizumab for the reversal of
dabigatran-associated intracerebral bleeding. (1C)

« R5.2b: PCC or aPCC may be considered for patients taking dabigatran
if idarucizumab is not available.(3)

« R 5.3: We suggest the use of andexanet alfa or PCC to prevent
increasing haematoma volume following apixaban and rivaroxaban
associated intracerebral bleeding. If andexanet alfa or PCC are not
available, aPCC may be considered. (2C)

« R5.4: PCC may be considered for patients taking edoxaban. (3)



Clinical scenario ©

* Nonbleeding adults with overdose of DOACs not
considered for urgent or elective surgery. Should
reversal agents be used to manage nonbleeding
patients with an overdose of DOAC?



Recommendation

« R6.1: We suggest not to reverse dabigatran or Fxa inhibitors
in the absence of bleeding. (3)

« R 6.2: We suggest general measures to eliminate Fxa
inhibitors, which may include stimulation of diuresis and/or
haemadsorption. (2 C)

R 6.3: We suggest the stimulation of diuresis and the use of
naemodialysis in the haemodynamically stable patient with
dabigatran overdose. In early dabigatran overdose, activated
charcoal may be considered. (2C)




Clinical scenario 7

« Adult patients on FXa inhibitor therapy, who present with
severe bleeding in urgent surgical or nonsurgical settings.
Should andexanet alta or PCC, aPCC or rFVlla be used to
manage FXa inhibitor-associated bleeding in urgent surgical
or nonsurgical settings?



Recommendation

« R7.1: We recommend that PCC or andexanet alfa should be considered
in patients under FXa inhibitor therapy presenting with severe bleeding.
However, the superiority of one agent over another has not been
demonstrated.(1C)

« R7.2: In the absence of the availability of andexanet alfa and PCC,
aPCC may be considered in patients on Fxa inhibitor therapy presenting
with severe bleeding. (2C)

« R7.3: Due to the paucity of clinical data, we are unable to provide any
recommendation for the use of rFVlla in patients on FXa inhibitor
therapy presenting with severe bleeding. (3)



Clinical scenario &

« Adult patients on dabigatran therapy, who present with
severe bleeding in urgent surgical or nonsurgical settings.
Should idarucizumab or PCC, aPCC or rFVlla be used to
dabigatran associated bleeding in urgent surgical or
nonsurgical settings?



Recommendation

« R8.1: We recommend that idarucizumab should be
considered in patients under dabigatran therapy presenting
with severe bleeding or in urgent surgical or nonsurgical
settings. (1C)

« R 8.2: In the absence of the availability of idarucizumab, we
suggest the use of PCC or aPCC. However, the superiority of
one agent over another has not been demonstrated. (2C)

« R 8.3: Due to the paucity of clinical data, we are unable to
provide any recommendation for the use of rFVlla. (3)



Clinical scenario 9

 [nvasive nonsurgical procedures with a high risk of bleeding
under DOAC therapy in adults. Should reversal agents be
used before an urgent invasive, including regional
anaesthesia, aortic stent placement, and so forth?



Recommendation

* R9.1: In patients on dabigatran who are undergoing urgent
invasive procedures with a high risk of bleeding,
idarucizumab is recommended to reduce levels of dabigatran
in order to normalise coagulation. (1C)

« R9.2: Andexanet alfa has not been investigated before urgent
invasive procedures. We are unable to provide any
recommendation for the use of andexanet alfa nor for any
haemostatic agents. (3)



Conclusion



 In the clinical scenarios of DOAC intake before urgent
procedures and DOAC-induced bleeding, practitioners should
evaluate the risk of bleeding of the procedure and the
severity of the DOAC-induced bleeding before initiating
treatment. Optimal reversal strategy remains to be
determined in future trials for most clinical settings
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