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_ Strategies to prevent or stop major bleeding associated with oral antithrombotic therapy
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In case of ongoing major bleeding, rapid and effective restoration of normal hemostatic functions with reversal agents on top of standard supportive
measures may be required to successfully stop the bleeding. When major bleeding risk can be anticipated (e.g. due to the need for urgent invasive
surgical procedures), antithrombotic drug removal and some reversal strategies may be considered before proceeding to surgery to mitigate peri-
operative bleeding risk. Bold text indicates reversal agents, parentheses indicate antithrombotic drugs that are reversed. Ab, antibody; DOAC:sS, dir-
ect oral anticoagulants; VKA, vitamin K antagonists.
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Abstract

Remarkable progress has been made in the pharmacological management of patients with cardiovascular disease, including the frequent use of antith-

rombotic agents. Nonetheless, bleeding complications remain frequent and potentially life-threatening. Therapeutic interventions relying on prompt an-

tithrombotic drug reversal or removal have been developed to assist clinicians in treating patients with active bleeding or an imminent threat of major

bleeding due to urgent surgery or invasive procedures. Early phase studies on these novel strategies have shown promising results using surrogate phar-

macodynamic endpoints. However, the benefit of reversing/removing antiplatelet or anticoagulant drugs should always be weighed against the possible
prothrombotic effects associated with withdrawal of antithrombotic protection, bleeding, and surgical trauma. Understanding the ischemic-bleeding risk
tradeoff of antithrombotic drug reversal and removal strategies in the context of urgent high-risk settings requires dedicated clinical investigations, but

challenges in trial design remain, with relevant practical, financial, and ethical implications.
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Introduction

Antithrombotic drugs are mainstay therapy for the secondary preven-
tion of patients with established cardiovascular disease, including those
with coronary, cerebrovascular, and peripheral artery disease, atrial fib-
rillation, and venous thromboembolism. These drugs have been shown
to reduce recurrent ischemic events and to provide a consistent sur-
vival benefit.” Nonetheless, the use of antithrombotic therapies is en-
cumbered by a well-recognized risk of bleeding complications,” which
may have catastrophic consequences.’

About 40 000 tons of aspirin are produced each year worldwide.* In
the USA alone, >50 million patients take aspirin while >4 million are
treated with oral anticoagulant therapies.*> The worldwide sales for
direct-acting oral anticoagulants (DOACs) reached ~8 billion US dol-
lars in 2015 and are continuing to grow at a rapid rate.® These numbers
convey the idea of how many patients are potentially exposed to the
bleeding side effects of antithrombotic drugs, with prognostic implica-
tions similar to the thrombotic events they are meant to prevent.”

Bleeding risk largely depends on the pharmacodynamic and pharma-
cokinetic attributes of each drug but persists even for those with the
safest risk profiles. For instance, the widespread use of DOACs was
thought to overcome the practical limitations of vitamin K antagonists
(VKA) and to significantly reduce hemorrhagic complications.
Nonetheless, a growing proportion of emergency department admis-
sions are still linked to DOAC-related bleeding.®? Notably, bleeding
risk is further exacerbated in cases of combination therapy with two
or more antithrombotic agents, as is often the case for patients on
oral anticoagulants with acute coronary syndrome (ACS) or undergo-
ing percutaneous coronary interventions (PCI).'%"!

Raising awareness about the prognostic impact of bleeding prompted
the search for management strategies aimed at preventing and, if neces-
sary, treating hemorrhagic events related to antithrombotic therapies.'>"*
This review summarizes the evidence base for and practical approaches to
antithrombotic drug reversal and removal strategies in patients facing ac-
tive or an imminent threat of bleeding and critically appraises the chal-
lenges in clinical trial design and interpretation when studying reversal
or removal of antithrombotic drugs in different clinical settings.

Reversal agents

Reversal of antithrombotic drugs may be used to prevent the detrimental
consequences of bleeding. In addition to pooled platelet and coagulation
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factors supplementation, newer targeted strategies for antithrombotic
drug reversal include monoclonal antibodies and recombinant factors
that bind to the specific drug (Table 7). It must be noted that reversal
agents are not themselves hemostatic agents and reversal is only part
of a multimodal approach to antithrombotic drug-associated bleeding.

Reversal of antiplatelet drugs

Reversal of ticagrelor

Bentracimab is a neutralizing recombinant human immunoglobulin G1
monoclonal antibody fragment that binds to free ticagrelor and its active
metabolite with high affinity, ~100-fold greater than the affinity of ticagre-
lor for the P2Y45 receptor.14 Ina Phase 1 randomized, placebo-controlled
trial in healthy volunteers, bentracimab reversed the ticagrelor-induced
platelet inhibitory effect with excellent tolerability and no prothrombotic
rebound effect in platelet reactivity.">'® Drug reversal occurred shortly
(within 5 min) following treatment administration and was sustained for
16-24 h in patients who received the highest doses.'® The clinical effects
of bentracimab have been investigated in the REVERSE-IT trial, a Phase 3,
single-arm study enrolling 200 patients with reported use of ticagrelor
within the prior 3 days who presented with uncontrolled major or life-
threatening bleeding or who required urgent surgery or invasive proced-
ure. A prespecified interim analysis of the first 150 patients, of whom 142
required urgent surgery (mainly coronary artery bypass grafting) and 8 had
major hemorrhage, demonstrated immediate and sustained reversal of ti-
cagrelor’s platelet inhibition within 5-10 min following infusion, with more
than 90% of patients achieving protocol-defined good or excellent hemo-
stasis within 24 h. There were eight non-fatal thrombotic events (5.3%),
none considered to be related to bentracimab.'”

Platelet transfusion
Platelet transfusion is theoretically a valid option for patients on oral anti-
platelet agents with an urgent need to restore platelet function because of
ongoing life-threatening bleeding. However, the effectiveness of platelet
transfusion is contingent on the pharmacodynamic and pharmacokinetic
characteristics of the specific antiplatelet drug, the time of last drug intake,
and the bleeding site and mechanism (traumatic or spontaneous).'®
Moreover, when translated to clinical practice, the evidence in support
of platelet transfusion in an urgent setting remains relatively scarce.
Platelet transfusion seems to adequately reverse the inhibitory ef-
fects of aspirin and, at higher doses, also clopidogrel and prasugrel.'®*°
Meanwhile, the efficacy of transfusion appears to be reduced in
ticagrelor-treated patients, particularly within few hours of last drug



Reversal and removal of antithrombotic drugs

Table 1 New agents for antithrombotic drug reversal
Agent Drug reversed Structure Mechanism of action Mode of Dosage(s) Onset  Offset
administration of of
action  action
Bentracimab Ticagrelor Human Antigen-binding fragment i.v. bolus (10 min) followed 6 g bolus; 6 g 5 min 24 h
monoclonal by loading (4 h) and loading infusion; 6 g
antibody maintenance (12 h) maintenance
infusions infusion
Idarucizumab Dabigatran Humanized Thrombin analogue Two iv. boluses or 2% 2.5mg <5min  24-72h
monoclonal 5-10 min infusions (no
antibody longer than 15 min apart)
Andexanet alfa Direct and Recombinant Decoy receptor i.v. bolus followed by 2-h  400-800 mg bolus; 2 min 12 h

indirect factor  truncated human infusion 480-960 mg
Xa inhibitors®  factor Xa variant infusion
Ciraparantag All DOAGs, Small cationic Hydrogen bonding and i.v. bolus 100-300 mg 5-10min 24 h
heparin and molecule charge—charge

fondaparinux

interactions with DOACs
and heparins

i.v., intravenous; DOACs, direct oral anticoagulants.
“Limited efficacy for low-molecular-weight heparin.

intake.?' ¢ To avoid inhibition of the newly transfused platelets, trans-
fusions should be given only after the active forms of irreversibly acting
antiplatelet drugs are no longer present at therapeutic plasma concen-
trations (i.e. at least 2 h from the last dose of aspirin or 4-5 h with
enteric-coated preparations and 4 h from the last dose of the thieno-
pyridine clopidogrel and prasugrel when absorption is not delayed by
opiate). Ticagrelor, however, binds to the P2Y4, receptor reversibly.
Hence, in addition to unbound ticagrelor, dissociation of reversibly
bound ticagrelor may redistribute to the transfused platelets.27 As tim-
ing is critical in urgent scenario, these pharmacological properties limit
the ability to address urgent reversal using platelet transfusions.

A single-center randomized study of patients undergoing emergency
craniotomy for hypertensive basal ganglia hemorrhage found that, among
those with an aspirin effect detectable by aggregometry, one or two units
of previously frozen apheresis platelets were associated with lower post-
operative hemorrhage and mortality.”® By contrast, the multicenter
Platelet Transfusion in Cerebral Hemorrhage (PATCH) trial failed to dem-
onstrate a benefit of platelet transfusion among 190 patients with intracer-
ebral hemorrhage and a Glasgow Coma Scale >8 while on antiplatelet
therapy (nearly 80% on aspirin).?’ Platelet transfusions were associated
with a higher risk of death or dependence at 3 months. In addition, serious
adverse events were more common in the group of patients receiving
platelet transfusion, while the enlargement of the intracranial hemorrhage
was comparable between the two arms.?® Similar findings have been re-
ported from retrospective studies in patients with major gastrointestinal
bleeding*® The reasons behind these unfavorable outcomes are poorly
understood, but possible hypotheses include the increased risk of throm-
botic events and the proinflammatory effects of any transfusions.>"*?

Reversal of anticoagulant drugs

The enthusiasm for the emerging role of DOACs was initially dam-
pened by concerns about the lack of targeted reversal strategies,
such as for VKA. More recently, specific antidotes have been approved
or are under development for patients treated with direct thrombin

inhibitors (dabigatran) or factor Xa inhibitors (rivaroxaban, edoxaban,
apixaban, betrixaban).

Reversal of vitamin K antagonists

In patients with VKA-associated bleeding, prothrombin complex con-
centrates (PCC) and activated PCC (aPCC) can restore hemostasis
and normalize the international normalized ratio (INR) within few min-
utes.>* PCC come in both three- and four-factor complexes that include
the vitamin K-dependent cofactors Il, IX, and X. The four-factor com-
plexes include a higher concentration of factor VIl and are generally pre-
ferred over three-factor PCC.** Caution should be exercised with PCC
as overuse in presence of normalized INR may elicit a prothrombotic
state, with an increased risk of venous and arterial thrombosis.*

If PCC are not available, fresh frozen plasma (FFP) may be consid-
ered.*® FFP contains plasma proteins plus all coagulation factors and
is prepared by removing plasma from donated whole blood and freez-
ing it at —18°C or lower. The risks commonly associated with plasma
transfusion include acute lung injury, circulatory overload, and allergic
reactions.’’

Vitamin K (phytomenadione) reverses the anticoagulant effect of
VKA (i.e. warfarin, acenocumarol, and phenprocoumon), is adminis-
tered intravenously (to ensure a faster and more predictable effect)
or orally, can be guided by INR, and can be repeated every 12 h in
case of persistent INR elevation.®® As vitamin K takes several hours
to exert its reversal effect, it is generally administered in combination
with PCC or FFP to counteract the long half-life of warfarin. The use
of vitamin K as reversal agent is not intrinsically linked to an increased
thrombotic risk,*® but the risk of anaphylaxis should be carefully

considered.*®

Reversal of factor lla (thrombin) inhibitors

The direct thrombin inhibitor dabigatran can be specifically inhibited by
idarucizumab. This humanized monoclonal antibody irreversibly binds
to free and thrombin-bound dabigatran with a 350-fold greater affinity
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than thrombin.*""*? Indications for treatment include reversal of dabiga-
tran, when needed, for emergency surgery/urgent procedures or life-
threatening or uncontrolled bleeding.* Idarucizumab infusion was
found to immediately reduce circulating unbound-dabigatran, reverse
dabigatran-induced anticoagulation, and restore normal hemosta-
sis.*2*** |n the Phase 3 single-arm RE-VERSE AD study, which in-
cluded patients with uncontrolled  gastrointestinal or
neurological bleeds or undergoing urgent surgery that could not be de-
layed for at least 8 h, idarucizimab rapidly and consistently reversed the
anticoagulant effect of dabigatran.***® In the bleeding cohort, time to
cessation of bleeding was 2.5 h, while in the surgical cohort, time to ini-
tiation of the procedure was 1.6 h, with surgeon assessment of peripro-
cedural hemostasis being ‘normal’ in 93.4% of cases.***® At 90 days,
thrombotic events had occurred in 6.3% of the bleeding cohort and
7.4% of the surgical cohort, which the investigators attributed to the
high-risk profile of the patients included in the study.

severe

Reversal of factor Xa inhibitors

Andexanet alfa is a specific reversal agent that neutralizes the anticoagu-
lant effects of both direct and indirect factor Xa inhibitors. This recombin-
ant modified human factor Xa decoy protein is enzymatically inactive but
binds with high affinity to the active site of apixaban, rivaroxaban, edoxa-
ban, unfractionated and low-molecular-weight heparin, and fondapari-
nux.*” Andexanet alfa sequesters factor Xa inhibitors within the
vascular space and rapidly normalizes hemostasis, as shown in a Phase 2
dose-ranging study involving healthy volunteers.*® Andexanet alfa is also
efficient in reducing anti-factor Xa activity and restoring hemostatic func-
tions in patients with acute major bleeding associated with the use of ei-
ther apixaban or rivaroxaban. In the Phase 3b/4 ANNEXA-4 study, 82%
patients achieved excellent or good hemostasis assessed 12 h after the
end of the infusion.*’ Nonetheless, concerns have been raised regarding
the high rates of thrombotic events (10%), including ischemic stroke
(4%) and deep-vein thrombosis (4%). Moreover, andexanet alfa causes re-
versal of and unresponsiveness to the anticoagulant effects of heparin and
should not be used for patients requiring urgent heparinization such as
cardiopulmonary bypass during surger'y.so'51

Non-specific anticoagulant reversal
Ciraparantag is a small, synthetic, water-soluble cation that binds non-
covalently to heparins and DOAC:s (both factor Xa and direct thrombin
inhibitors).>” In vitro and preliminary clinical data demonstrated that cir-
aparantag rapidly reversed factor Xa inhibitor—induced anticoagulation,
was well tolerated, displayed a prolonged pharmacodynamic effect, and
reduced blood loss in animal models.>>™* Two recent dose-ranging
trials showed sustained reversal of DOAC activity achieved with
60 mg ciraparantag for apixaban and 180 mg ciraparantag for rivaroxa-
ban among healthy subjects aged 50-75 years.>> Although seemingly
promising, the potential use of ciraparantag as a therapeutic reversal
agent in phase 3 clinical trials is yet to be studied. Moreover, when com-
pared to other reversal molecule including andexanet alfa, ciraparantag
was found to have weaker affinity and direct reversal activity for hepar-
ins, rivaroxaban, and edoxaban.’®

PCC and aPCC have been proposed as second-line strategies when
the specific DOAC reversal agent is not available, despite debated evi-
dence.>” PCC can induce a non-specific reversal of DOAC-related coa-
gulopathy by overloading the coagulation cascade with upstream
factors.>” However, some of these factors could also be in turn inhib-
ited by the circulating unbound DOAC metabolites, which limits their
effectiveness and explains the wide variability in hemostasis restoration.

In addition, the use of PCC is also limited by their potential prothrom-
botic effects, although the extent of this risk is unknown and likely varies
in different settings.® Hence, while frequently used with this off-label
indication, the clinical benefits of PCC in DOAC-treated patients
with major bleeding are uncertain and remain poorly investigated in

L 1o 59,60
well-conducted clinical trials.””

Other hemostatic agents
Tranexamic acid is a synthetic lysine derivative that blocks the lysine
binding sites on plasminogen resulting in inhibition of plasminogen acti-
vation and reduced affinity to bind to fibrin. Hence, tranexamic acid ex-
erts its antifibrinolytic effects via stabilization of fibrin clots and is
considered a universal hemostatic agent rather than a reversal agent.’
It was first developed in the 1960s and can be administered either sys-
temically or topically, and the evidence supporting its effectiveness in
diminishing bleeding and the need for transfusion in different settings
is compelling.®? Recently, tranexamic acid has been investigated in large
randomized controlled trials on surgical patients and demonstrated a
significant reduction in bleeding complications without increasing
thrombotic risk, though at the cost of more postoperative seizure es-
pecially with administration of high doses (>2 g/day) and during cardiac
surgery.3™ By contrast, among healthy volunteers treated with su-
pratherapeutic doses of rivaroxaban, tranexamic acid was found to
have no effect on either thrombin generation or bleeding in a skin bi-
opsy model.®®

Desmopressin improves platelet function by increasing the release of
factors VIl and von Willebrand®” and is recommended in patients with
inherited bleeding disorders such as hemophilia A and von Willebrand
disease. Desmopressin has also been suggested for patients with plate-
let dysfunction or on antiplatelet agents with active bleeding (intracra-
nial hemorrhage) or undergoing major surgery, despite conflicting
results from relatively small and low-quality studies.®®~"°

Clinical implications

There are two key scenarios involving the use of reversal strategies in
patients on oral antithrombotic drugs: (i) ongoing major bleeding and
(i) threat of major bleeding (e.g. non-deferrable surgery). Ongoing ma-
jor bleeding is a clinical emergency, where rapid and effective restor-
ation of normal hemostatic functions on top of standard supportive
measures (e.g. mechanical compression or intervention at the bleeding
site, red blood cell transfusion, vasopressors, fluid infusion) may be re-
quired to successfully halt bleeding. Oral antithrombotic drugs exert
their effect—at least in part—for days after the last intake. In case of
life-threatening bleeding, immediate drug discontinuation, although ne-
cessary, is generally not sufficient to promptly restore procoagulant
pathways. Hence, antidotes allowing an immediate reversal of the inhib-
ition of platelet or coagulation factors activity represent a key thera-
peutic option.

The second scenario involves situations where the bleeding risk can
be anticipated due to the need for urgent invasive surgical procedures
(in some situations as quickly as <24 h from the last antithrombotic
dose). Antithrombotic drug removal, and some reversal strategies,
may be considered before proceeding to surgery to mitigate periopera-
tive bleeding complications. These approaches might also be useful in
semi-elective but time-sensitive settings to minimize the period without
antithrombotic protection and avoid the need for ‘bridging’ while
awaiting surgery in patients at high risk of ischemic events.
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Ongoing major bleeding
The benefit of reversing antiplatelet or anticoagulant effects should al-
ways be weighed against the potential harm related to prothrombotic
effects.®° Indeed, ischemic events may result from withdrawal of antith-
rombotic protection, prothrombotic states associated with bleeding
and/or trauma, and procoagulant rebound mechanisms, although the
latter have never been fully demonstrated. From this perspective, the
use of reversal agents requires judicious review of indications and should
only be considered in case of major, life-threatening bleeding not re-
sponsive to maximal supportive measures where there is concomitant
evidence or reasonable suspicion of clinically relevant antiplatelet or
anticoagulant drug levels."®”" A 2020 expert consensus suggested an
updated and simplified definition of major bleeding for patients on an-
tithrombotic drugs that includes bleeding associated with hemodynamic
instability, occurring in a critical area or organ (i.e. intracranial, intrasp-
inal, intraocular, retroperitoneal, intra-articular or pericardial, or intra-
muscular with compartment syndrome), or resulting in a hemoglobin
drop of >2 g/dL or transfusion of >2 units of packed red cells.”%”3

Until bentracimab will become available, there is currently no specific
reversal agent that rapidly and effectively neutralizes antiplatelet drugs.
The utility of platelet transfusion remains controversial, especially in the
absence of low platelet count. Tranexamic acid is not systematically re-
commended to reverse antiplatelet medications; however, it is inex-
pensive and widely available and has a positive track record in various
types of bleeding.74 Desmopressin has shown to reduce bleeding, blood
transfusions, and reoperations in patients taking antiplatelet therapy
undergoing cardiac surgery and may thus be a viable option to improve
platelet function.®®

Figure 1 summarizes the approach to the use of OAC reversal agents
relative to each specific drug. Four-factor PCC neutralize the effects of
VKA and are administered following a stepwise approach based on INR,
e.g. 25 U/kg if INR is 2—4.0, 35 U/kg if INR is 4-6.0, and 50 U/kg if INR is
>6.0.”> For DOAC-associated bleeding, targeted reversal is preferable
to PCC. Idarucizumab is administered intravenously at a total dose of
5g (two 2.5g boluses no more than 15 min apart).** Because the
half-life of idarucizumab (10 h) is shorter than dabigatran (12-17 h),
repeated doses may be necessary.76 Moreover, as dabigatran is mostly
not protein-bound in the plasma (>85%), hemodialysis may be consid-
ered, especially in the presence of impaired renal function.”’
Andexanet alfa is administered as an intravenous bolus of
400-800 mg followed by a 2 h infusion of 480—960 mg depending on
the dose and timing of the last DOAC intake.*” More specific clinical
scenarios with the relevant recommendations are discussed below.

The post-reversal management of antithrombotic drugs, including in-
dication and timing of therapy resumption, depends on the individual
thrombotic and bleeding risk balance. In general, restarting oral antith-
rombotic therapy at the lowest effective dose is warranted in all situa-
tions where there is a clear indication based on practice guidelines and if
bleeding risk is not |:>rohibitive.78

At present, there is paucity of real-world data on the safety and ef-
ficacy of these agents, and close collaboration between cardiologists,
hematologists, and multidisciplinary specialists is warranted to make in-
dividualized recommendations and standardization of bleeding manage-
ment protocols.

Intracranial bleed

Intracranial hemorrhage remains the most feared and devastating com-
plication of antithrombotic drugs, affecting 0.2%—0.3% of patients on
antiplatelet therapy, and up to 0.5% and 0.85% of those on DOAC

and VKA, respectively, every year.">”? Reversal of aspirin with platelet
transfusion might be considered in patients with intracranial hemor-
rhage only if emergency neurosurgery is scheduled; otherwise, it is con-
traindicated. Ticagrelor is not affected by platelet transfusion but may
be reversed by its specific antidote bentracimab, when available. The ef-
fectiveness of desmopressin with or without platelet transfusions to re-
duce the expansion of the hematoma is uncertain.®®" Studies of
antiplatelet-related intracranial hemorrhage have mostly been focused
on aspirin and more data are needed on reversal of P2Y 4, inhibitors.
Among VKA-treated patients with intracranial hemorrhage, PCC in
addition to vitamin K are recommended to normalize and prevent re-
increase of INR 28" These measures have been shown to reduce hema-
toma expansion and mor‘tality.36 PCC are preferred over FFP, while
tranexamic acid and recombinant factor Vlla are not recommended in
this setting®®" For intracranial hemorrhage associated with DOAC
use, specific reversal agents such as idarucizumab for dabigatran and
andexanet alfa for factor Xa inhibitors remain the treatment of choice.
If these are not available, PCC should be considered (Figure 2).2%%"
Ciraparantag is currently not recommended outside of clinical trials.

Gastrointestinal bleed

In patients with atherosclerotic disease, the gastrointestinal tract is a com-
mon source of bleeding, often arising from peptic ulcers associated with
aspirin use.®> The risk of gastrointestinal bleeding is also enhanced with
DOAC, and in particular with dabigatran and rivaroxaban.®* However,
the gastrointestinal tract is not considered a critical bleeding site, and there
is no evidence supporting the routine use of platelet transfusion and anti-
fibrinolytic or reversal agents in patients who have acute gastrointestinal
hemorrhage,**® for whom hemodynamic resuscitation and early endo-
scopic hemostasis (<24 h) remain the treatment of choice®
Nonetheless, if bleeding is severe and associated with hemodynamic in-
stability, DOAC reversal agents or PCC should be considered.®®

Traumatic bleed

Post-traumatic bleeding is the leading cause of death among injured pa-
tients, one-third of whom have signs of coagulopathy at hospital admis-
sion.®? Trauma-related coagulopathy is a multifactorial process resulting
from the activation of anticoagulant and fibrinolytic pathways as well as
coagulation factors loss and consumption.87 Patient-related factors
such as age, comorbidities, and concomitant medications further exacer-
bate this risk. Therefore, besides antifibrinolytic agents (i.e. tranexamic
acid) to be administered as soon as possible, targeted reversal of antith-
rombotic drugs may be indicated for major traumatic bleeding.

Platelet concentrates and desmopressin should be considered in patients
on antiplatelet medications, despite conflicting evidence in support of this
practice. Emergency reversal of VKA with early use of both four-factor
PCC and vitamin K is recommended. In the presence of life-threatening
bleeding and anti-factor Xa or anti-factor lla activity, specific antidotes (i.e.
andexanet alfa and idarucizumab, respectively) should be administered. If
these are not available, PCC should be considered (Figure 3).82

Imminent bleeding risk

In case of non-deferrable major surgery, timely discontinuation of anti-
platelet therapy (5-7 days prior), VKA (6 days prior, depending on
INR), or DOAC (24—72 h prior) may not be feasible. When evaluating
the need for reversal of antithrombotic drugs, one must carefully weigh
the bleeding and thrombotic risks of both the procedure and the pa-
tient.%88 |n subjects at high thrombotic risk (e.g. ACS or PCI within

1 month, CHA,;DS,-VASc score >6, stroke or venous
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ACTIVE BLEEDING

Life-threatening, critical site, or not responsive
to maximal supportive measures?

. L N

/ Critical bleeding sites:

intracranial, other CNS, pericardial tamponade,
airway, hemotorax, intrabdominal (non-Gl),

YES

q retroperitoneal, intramuscular, intrarticular

J

Tests to detect relevant OAC levels:

Demonstration or reasonable expectation of
clinically relevant plasma OAC levels?

INR (vitamin K antagonist)
TT, dTT, ECT, ECA (dabigatran)

QES

Anti-Xa activity (factor Xa inhibitor) )

v ,

¥

Vitamin K antagonist Dabigatran Factor Xa inhibitor
4-F PCC Idarucizumab Andexanet alfa
* Escalating dose: 25-50 5mg Rivaroxaban/apixaban:
U/Kg based on INR * 800 mg bolus + 8 mg/min infusion up to 2 h if
.°E’ * Fixed dose: 1500 U for last dose was >10/5 mg and taken <8 h prior
oy ICH, 1000 U for non-ICH * 400 mg bolus + 4 mg/min infusion up to 2 h if
- major bleed last dose was <10/5 mg or taken =8 h prior
Vitamin K Edoxaban/betrixaban:
5-10 mg . ?00 r?1g bolus at 30 mg/min + 8 mg/min
| infusionup to 2 h
[
( If not available J
v v v
FFP 4-F PCC or aPCC 4-F PCC or aPCC
E 10-15 mL/kg 4-F PCC: 2000 UI 4-F PCC: 2000 UI
'(g\‘ aPCC: 50 U/Kg aPCC: 50 U/Kg
Hemodialysis

Figure 1 Practical approach to OAC reversal agents. Treatment algorithm adapted from the 2020 American College of Cardiology expert consensus
decision pathway on management of bleeding in patients on oral anticoagulants’? and guidance document from the Anticoagulation Forum on reversal
of direct oral anticoagulants.71 INR, International Normalized Ratio; 4-F, four-factor; PCC, prothrombin complex concentrates; aPCC, activated pro-
thrombin complex concentrates; CNS, central nervous system; FFP, fresh frozen plasma; ICH, intracranial hemorrhage; OAC, oral anticoagulants; TT,
thrombin time; dTT, diluted thrombin time; ECT, ecarin clotting time; ECA, ecarin chromogenic assay.

thromboembolism within 3 months, or mechanical heart valves), full
drug reversal is justified only in the presence of life-threatening bleed-
ing. Characterization of bleeding risk depends on the anticipated risk of
perioperative hemorrhagic complications of a specific surgery and the
presence of baseline clinical conditions that increase the risk of bleed-
ing.”® Several documents have been issued to guide physicians in asses-
sing the balance between perioperative thrombotic and bleeding risk
relative to the need for antithrombotic medications in different clinical
settings, including the perioperative phase.®”?'™"* However, there is
lack of high-quality evidence on drug reversal before non-elective sur-
gery, and recommendations are mostly based on expert opinions and
the clinical experience of the individual physician.

Platelet transfusion is often used to restore hemostasis during
surgical operations, even though current guidelines do not provide
specific recommendations either in favor of or against this prac-
tice.”* Idarucizumab is the only agent with a label indication for

drug reversal (i.e. dabigatran) in case of emergency surgery.
Meanwhile, for patients with evidence of factor Xa inhibition, PCC
may be considered.®’

The role of platelet function assays or measuring DOAC levels on
top of standard coagulation tests to inform decisions on perioperative
drug reversal is uncertain. Unlike patients presenting with life-
threatening bleeding where immediate reversal should be pursued
without unnecessary delay, in nonbleeding patients requiring emer-
gency or urgent invasive procedures, laboratory confirmation of antith-
rombotic drug levels should be considered.?’

Monitoring of reversal

Pharmacodynamic parameters can be useful for evaluating normaliza-
tion of the patient’s hemostatic functions once antithrombotic drugs
have been discontinued or reversed. Platelet function tests have been
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TRAUMATIC BLEEDING

Rapid control of bleeding

Damage control surgery, pelvic stabilization, packing, angiographic
embolization, local hemostatic measures

}

Initial management of bleeding and coagulopathy

Antifibrinolytic agents (TXA), coagulation support and initial
resuscitation (FFP, fibrinogen, RBC)

}

Goal-directed coagulation management

Resuscitation measures (FFP, PCC, fibrinogen, platelets) guided by
standard laboratory coagulation values and/or viscoelastic tests

}

Antithrombotic drug reversal

In patients with ongoing life-threatening bleeding with laboratory
evidence or suspected of relevant antithrombotic drug levels

v v

v v

Vitamin K antagonist Dabigatran Factor Xa inhibitor Antiplatelet
4-F PCC Idarucizumab Andexanet alfa Platelet transfusion
+ | +/—
Vitamin K ( If not available J Desmopressin

.

PCC

Figure 2 Recommendations on reversal agents in patients major bleeding and coagulopathy following trauma. Treatment algorithm adapted from the
European guideline on management of major bleeding and coagulopathy following trauma: fifth edition.®? Treatments colored in green are recom-
mended, and treatments colored in orange are suggested or may be considered. TXA, tranexamic acid; PCC, prothrombin complex concentrates;

FFP, fresh frozen plasma.

utilized for evaluating antiplatelet treatment effect either in the clinical
and/or research settings (see Supplementary data online, Table S1).”
Major limitations of platelet function tests include variable thresholds
to define therapeutic ranges and bleeding risk, lack of definitive evi-
dence to demonstrate improvement in clinical outcomes when these
assays are used for guidance of therapy, and poor agreement between
tests.”%7
Efficacy of VKA reversal is evaluated with INR. After use of vitamin
K, INR should be checked regularly during the next week to monitor
warfarin clearance from the blood and prevent overcorrection.
Routine therapeutic drug monitoring in DOAC-treated patients is not
standard of care; however, a number of laboratory tests have been pro-
posed to quantify the degree of anticoagulation (see Supplementary data
online, Table S2). Non-specific coagulation tests that are widely available
include the activated partial thromboplastin time (aPTT) and the pro-
thrombin time (PT). aPTT may serve as a screening test for dabigatran,
and PT as a screening test for rivaroxaban and edoxaban while it is
less sensitive for apixaban.”®”? A notable limitation of these tests is
that, while prolonged aPTT and PT suggest on-therapy or above

on-therapy DOAC levels, normal aPTT and PT may not exclude
on-therapy levels.'® More specific coagulation tests to measure
DOAC activity include direct thrombin inhibitor assays [i.e. thrombin
time (TT) and diluted thrombin time (dTT)] and ecarin clotting time
for dabigatran and chromogenic anti-factor Xa assays for rivaroxaban,
apixaban, and edoxaban.”®” These chromogenic anti-factor Xa assays
are calibrated to the specific drug and can be used to quantify drug levels,
although accuracy may be somewhat reduced at very low drug concen-
trations (<30 ng/mL)."°""%2 Once a DOAC reversal agent has been ad-
ministered, it is important to repeat all coagulation tests within minutes
to monitor efficacy of reversal. DOACs levels <30 ng/mL (the lower lim-
it of detection for some assays) or <50 ng/mL have been suggested as
thresholds to evaluate efficacy of reversal.'®?

Viscoelastic coagulation tests, such as thromboelastography (TEG)
and rotational thromboelastometry (ROTEM), may also be helpful
for monitoring DOAC plasma concentration. However, these are in-
sufficiently sensitive and specific to inform decisions about use of rever-
sal agents.”” More studies are needed to define the role of point-of-care
laboratory tests in guiding reversal strategies.


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad119#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad119#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad119#supplementary-data

D. Cac et al.

INTRACRANIAL HEMORRHAGE
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tinue antithra
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ORAL ANTICOGULANT REVERSAL

v v v v 12
( Vitamin K antagonist ] { Dabigatran 1 {Factor Xa inhibitor} ( Aspirin W { P2Y,, inhibitor
INR=2.0 INR1.3-1.9 If available If available If neurosurgery Clopidogrel or prasugrel
4-F PCC 25-50 IU/Kg 4-F PCC 10-20 IU/Kg Idarucizumab Andexanet alfa Platelet transfusion Platelet transfusion

o o ! ! ! !

MitaminlK MitaminlK Alternative Alternative +/- platelet transfusions +/— platelet transfusions

PCC or aPCC 4-F PCC or aPCC Desmopressin Desmopressin
¥ ¥
If not neurosurgery Ticagrelor

Platelet transfusion

Platelet transfusion

Figure 3 Recommendations on reversal agents in patients with intracranial hemorrhage. Treatment algorithm adapted from the 2022 American
Heart Association and American Stroke Association guidelines for the management of spontaneous intracerebral hemorrhage.2° Green color indicates
class of recommendation 1a, yellow indicates class 2a, orange indicates class 2b, red indicates class 3. INR, international normalized ratio; 4-F, four-
factor; PCC, prothrombin complex concentrates; aPCC, activated prothrombin complex concentrates.

Drug removal

Hemoadsorption involves passing the patient’s blood directly through a
sorbent material for selective removal of specific molecules.
Adsorption devices may be useful in patients on antithrombotic drugs
requiring urgent/non-deferrable surgery with a significant risk of bleed-
ing complications. Drug removal can be achieved by incorporating the
adsorber device into any extracorporeal hemoperfusion circuit such as
cardiopulmonary bypass, extracorporeal membrane oxygenation, con-
tinuous renal replacement therapy/continuous veno-venous hemofil-
tration, or simple hemoperfusion (Figure 4).

One such device is a biocompatible sorbent bead-filled hemoperfusion
cartridge that is approved in Europe under CE mark to remove ticagrelor
and rivaroxaban intraoperatively during cardiopulmonary bypass surgery.
This hemoadsorption technology relies in part on size-selectivity to re-
move small hydrophobic molecules from the blood and efficiency of re-
moval is concentration-dependent. An in vitro recirculation model
(300 mL/min), utilizing bovine whole blood spiked at clinically relevant
concentrations of ticagrelor, apixaban, or rivaroxaban, demonstrated effi-
cient drug adsorption with a removal rate at 30, 60, 120, and 360 min of
81.5%, 96.3%, 99.3% > 99.8% for apixaban; 80.7%, 95.1%, 98.9%, > 99.5%
for rivaroxaban; and 62.5%, 75%, 86.6%, > 95% for ticagrelor, respective-
ly.'® Importantly, blood pH and other hematological parameters were
not significantly affected by the hemoadsorption device when compared
with the control circuit. Consistent results were observed in models using
dabigatran and edoxaban.'%'%

A retrospective case—control series evaluated the use of hemoad-
sorption in patients on ticagrelor (n=43) or rivaroxaban (n=12)
undergoing emergency cardiothoracic surgery with cardiopulmonary
bypass and showed significant improvements in multiple measures of
post-operative bleeding compared with a historical cohort, with a
mean operative time reduced by >60 min and median 24 h chest tube
drainage volume reduced by 50%. Intensive care unit and total hospital

length of stay were also reduced.'® Successful use of the same device
for apixaban removal during emergency cardiac surgery was published

in a case report showing ~50% reduction in anti-factor Xa activity.

109

The device is currently being studied in two randomized trials of ticagre-
lor and rivaroxaban or apixaban in patients undergoing urgent/emer-
gency cardiac surgery.'™ No clinical experience has yet been
published for intraoperative drug removal of dabigatran or edoxaban.

ﬁ Reservoir

<

J_
-

I—‘-

Adsorber |

Figure 4 Hemoadsorption device for antithrombotic drug removal.
The device is integrated as a parallel shunt circuit to the main cardio-
pulmonary bypass circuit. Blood flow intake to the parallel circuit is
after the pump in the main circuit, and blood flow return from the par-
allel circuit is to the blood reservoir in the main circuit. Adapted from

Gibson et al."®,
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Trial design considerations

Patient population

There are several inherent challenges facing clinical trial design when study-
ing reversal or removal of antithrombotic drugs. As discussed above, antith-
rombotic drug reversal/removal is indicated to address either of two
scenarios: (i) ongoing major bleeding or (i) threat of major bleeding (e.g.
non-deferrable surgery). In the first scenario, a single-arm design may be
viewed as particularly desirable due to the potential risk of placebo assign-
ment in this high-risk and vulnerable population. For example, the
RE-VERSE AD and ANNEXA-4 trials were designed to evaluate efficacy
and safety of pharmacologic reversal agents in patients with intracranial
or gastrointestinal hemorrhage associated with DOAC use. To test this in-
dication, the study population was by necessity those already in crisis (i.e.
experiencing major bleeding), and for which lack of clinical equipoise would
have raised ethical concerns surrounding subject randomization. Thus, all
enrolled patients in both trials received the intervention.**** However,
the absence of a control cohort does not allow for a direct comparator
in the evaluation of safety outcomes. In ANNEXA-4, thrombotic events
occurred in 34 subjects (10%) and death in 49 subjects (14%).*’
Although thrombosis is a known risk associated with DOAC interruption,
and despite data from the literature demonstrating similar rates of adverse
events when PCC was used for the treatment of DOAC-related bleeding,
in the absence of a control arm, a correlation of the outcomes with the
study treatment could not be ruled out."®""" The lack of a control arm
was identified as a key limitation of the ANNEXA-4 trial and resulted in
plans for a randomized study (NCT03661528).

For the second scenario, the goal is prevention of major (periopera-
tive) bleeding. As the patient conditions are not critical, a randomized de-
sigh might be viewed as ethically acceptable. Blinding to treatment
allocation provides the highest quality data; however, logistical concerns
include development of an appropriate placebo (for pharmacologic ther-
apies) or sham procedure (for medical devices) to reduce bias.
Additionally, there remains a need to address clinical equipoise, which lim-
its the population of patients that physicians might feel comfortable ran-
domizing to only those undergoing urgent or emergency operations (i.e.
situations in which no safer standard of care options exist). Dependence
on such high-risk settings for trial execution has the potential to dramat-
ically reduce both the speed and predictability of enroliment, with import-
ant financial implications. As such, most randomized trials in this clinical
space have been limited to enrollment of healthy individuals in Phase 1
and 2 pharmacological studies, and no such experience has yet been pub-
lished for the removal of antithrombotic drugs via medical de-
vice. 104211213 Taple 2 provides an overview of ongoing trials for
antithrombotic drug reversal and removal strategies in patients with ma-
jor bleeding or undergoing non-deferrable surgery.

Surrogate endpoints of efficacy

Pharmacodynamic tests can be valuable when assessing efficacy of antith-
rombotic reversal agents, as these reversal agents are intended to restore
platelet function or normalize the coagulation pathway in the setting of
high circulating drug concentrations. This is in contrast to antithrombotic
drug removal strategies, where reduction in circulating drug concentra-
tions is the primary intent and is therefore best assessed by direct meas-
urement of drug levels. Reliable means for obtaining drug levels and
pharmacodynamic measures are relatively accessible, and these endpoints
can serve as a bridge between the treatment mechanism of action and sub-
sequent clinical outcomes (i.e. reduced time to hemostasis and reduced
bleeding complications). In the most generalized sense, these endpoints

can serve as surrogate markers of bleeding risk; nevertheless, the desired
certainty for clinical benefit with these strategies would ultimately be via
the demonstration of reduced bleeding (Table 3).

Platelet function tests have been used to predict bleeding risk before car-
diac surgery and to guide perioperative transfusion protocols. However, the
ability of pharmacodynamic measures, especially of simple dichotomous cut-
offs, to reliably predict multifactorial events such as postoperative bleeding
remains uncertain.""*""” Another major clinical problem is the ability to
measure platelet function in bleeding patients, as whole blood point-of-care
tests, such as VerifyNow, are also dependent on hematocrit, and determining
the role of platelet dysfunction is always challenging to the dlinician. In add-
ition, specifically in the setting of cardiac surgery on cardiopulmonary bypass,
platelet function can be severely impacted by the procedure itself, a phenom-
enon termed by some as ‘platelet exhaustion, further complicating the inter-
pretation of platelet function tests.''®""® Therefore, caution should be
exercised when interpreting surrogate platelet function measures, particular-
ly in the postoperative setting, as direct correlates of bleeding reduction.

Non-specific coagulation tests (i.e. aPTT and PT) poorly correlate
with DOAC levels or bleeding risks and are therefore rarely used for
research purposes. The dTT and ecarin clotting time were included
as effectiveness endpoints in the RE-VERSE AD study evaluating idaru-
cizumab reversal of dabigatran, and chromogenic anti-factor Xa levels
were an effectiveness endpoint in the ANNEXA-4 study evaluating riv-
aroxaban and apixaban reversal by andexanet alfa. 14 Notably, in
ANEXXA-4, anti-factor Xa activity failed to predict adjudicated hemo-
static efficacy as evaluated by receiver operating characteristic curves,
thus challenging its use for prediction of clinical response.

Safety endpoints

DOAGC:s have all been assigned warnings advising increased risk of throm-
botic events when prematurely discontinued. As such, the risk of throm-
botic and ischemic events associated with reversal of antithrombotic
medications must be addressed in any trial evaluating this type of interven-
tion. Coronary ischemic events are of particular concern in patients on
antiplatelet therapy, whereas venous and cardiac thromboembolic events
are most relevant in patients on anticoagulation.

The clinical trials evaluating the two DOAC reversal agents closely mon-
itored thrombotic events occurring through 30 days of follow-up after
treatment. As previously mentioned, their incidence was 10% in the
ANEXXA-4 study and 4.8% in the RE-VERSE AD study.***
Importantly, while in RE-VERSE AD most thrombotic events occurred
within 5 days of treatment, in ANEXXA-4, two-thirds of events occurred
more than 5 days after andexanet bolus and 24% after resumption of
some form of anticoagulation. As neither study included a control cohort,
it is difficult to discern whether these thrombotic events occurred as a dir-
ect result of the reversal treatment or rather due to early termination of
the prescribed antithrombotic therapy (Table 3). In the case of active drug
removal with hemoadsorption, the gradual reduction in circulating drug le-
vels may not necessarily carry the same risk for rebound thrombosis as
that seen with reversal agents. Nonetheless, assessment of this risk is ne-
cessary for all safety evaluations. Ultimately, randomized controlled trials
remain the best approach to determine whether drug reversal or removal
strategies may contribute excess thrombotic risk on top of the inherently
high adverse event rates of these vulnerable patients.

Conclusions

Remarkable progress has been made in the pharmacological manage-
ment of patients with cardiovascular disease. Contemporary
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antithrombotic drugs have increased our ability to navigate the delicate
balance between ischemic event prevention and bleeding-related harm.
Nonetheless, bleeding complications remain frequent and potentially
life-threatening. A number of therapeutic interventions relying on
prompt antithrombotic drug reversal or removal have been developed
to assist clinicians in treating patients with an active or imminent threat
of major bleeding (Graphical Abstract). Early phase studies have shown
promising results, but, in most cases, evidence of a real clinical benefit is
yet to be proven. Moreover, safety concerns related to the possible
prothrombotic side effects of these interventions have been raised war-
ranting judicious indications for use and the need for further clinical eva-
luations. This uncertainty reflects the challenges of conducting clinical
trials in the context of urgent/emergency high-risk settings, with rele-
vant practical, financial, and ethical implications. While awaiting further
data from larger clinical studies, the demand for these removal/reversal
options is expected to increase in the future, and therefore their timely
availability is crucial to improve patient outcomes worldwide.
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