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Abstract: Direct oral anticoagulants (DOACs) are increasingly being used due to their improved effi-
cacy/safety ratio and lower clinical and economic burden when compared to vitamin K antagonists.
However, bleeding is still the most frequent complication associated with DOACs, and although rare,
bleeding episodes can be life-threatening or critical. The impact of DOAC anticoagulation activity
during a bleeding event must be evaluated according to patient clinical assessment, dosage and
time from last intake, the presence of comorbidities (especially kidney and liver dysfunction), and,
whenever possible, coagulation tests. Unfortunately, DOACs’ anticoagulation activity is not easily
or usually detectable in routine common coagulation testing. Specific DOAC tests allow for specific
drug monitoring, but they are too time consuming, and are usually unavailable in routine emergency
practice. If a clinically relevant DOAC plasma concentration is assumed or proven in a severe bleed-
ing scenario, DOAC reversal is needed to restore hemostasis. This experts’ consensus provides a
narrative review about DOAC reversal and practical life-threatening bleeding management in several
scenarios (trauma, intracranial hemorrhage and gastrointestinal bleeding), focusing on the selection
of patients to whom specific reversal agents should be given.

Keywords: direct oral anticoagulant; direct thrombin inhibitor; FXa inhibitors; life threatening;
critical; bleeding; reversal; intracranial hemorrhage; trauma; gastrointestinal bleeding

1. Introduction

Anticoagulation therapy has increasingly been used for the treatment of several car-
diovascular conditions, such as the prevention of stroke and systemic embolism in atrial
fibrillation (AF) patients and patients with a mechanical heart valve, as well as the preven-
tion and treatment of venous thromboembolism (VTE) and acute coronary syndromes [1–3].
It has also been used in patients with liver cirrhosis and AF [4]. The use of direct oral
anticoagulants (DOACs) has increased significantly in recent years (doubling between 2017
and 2020 [5]) with decreasing use of vitamin K antagonists (VKAs) since 2011 [6,7]. About
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2% of the United States’ and Occidental Europe’s populations use a factor X-activated
(FXa) inhibitor [8], and this use is expected to increase according to several scientific
societies [9–11].

Currently, the guidelines recommend the use of DOACs over VKAs for the prevention
of stroke and systemic embolism in patients with non-valvular AF, for the prevention and
treatment of VTE [2,6,12], and for the secondary prevention of arterial ischemic events in
patients with chronic coronary or peripheral artery disease [12], due to their safety and
efficacy profile [13–15].

DOACs act as anticoagulants by inhibiting specific serine proteases and include FXa
inhibitors (apixaban, edoxaban, rivaroxaban, and betrixaban) and thrombin inhibitors
(dabigatran). They present an improved efficacy/safety ratio with a significant reduction in
critical bleeding, namely intracranial hemorrhage (ICH), and have a predictable anticoagu-
lant effect without the need for routine monitoring and fewer food and drugs interactions
when compared with VKA, and they can be administered in fixed-dose regimens according
to indications, patient characteristics (age, body weight, renal function), and the use of
concomitant drugs [1,2,4–6,14,16–18].

As anticoagulation becomes more common, associated bleeding events are expected
to increase [1,5], especially due to increasing age, comorbidities, overall fragility, and
increasing AF prevalence [13,16]. Hemorrhage is by far the most frequent complication of
anticoagulant therapy [19], and remains a major problem [1]. While DOACs have lower
bleeding rates compared with VKA, the risk of bleeding complications remains, and there
is a critical need for DOAC reversal in patients with life-threatening or severe bleeding,
or those requiring urgent surgeries or procedures associated with a high risk of bleeding
in an emergency setting, to avoid exsanguination and to reduce mortality [1,10,17,20,21].
The annual rates of major bleeding and ICH are 2–3.5% and 0.3–0.5%, respectively [8,22],
in patients with AF receiving DOAC. The in-hospital mortality rate is about 26–30% in
patients receiving FXa inhibitors presenting with spontaneous ICH [22,23].

The top three most common types of bleeds leading to hospitalization are ICH, trauma-
related bleeding, and gastrointestinal bleeding (GIB). When these three scenarios occur in
patients on DOAC therapy, effective and fast support from the hospital team is urgently
needed. This need serves as the foundation for developing an algorithm for urgent DOAC
reversal in cases of critical and life-threatening bleeding.

2. Material and Methods

Six physicians with different areas of expertise (two transfusion medicine/hemostasis
specialists, one neurologist, one gastroenterologist, one intensive care medicine specialist,
and one internal medicine specialist) from different hospitals gathered to develop an
algorithm for DOAC reversal in the context of life-threatening and/or critical bleeding.

The most recent guidelines concerning DOAC reversal in the context of bleeding were
reviewed. The following search terms were used on the PubMed Google Scholar, Medline,
and Research Gate databases: direct oral anticoagulant, direct thrombin inhibitor, FXa
inhibitors, anticoagulation guidelines, atrial fibrillation, life-threatening, critical bleeding,
bleeding, DOAC reversal, intracranial hemorrhage, trauma, gastrointestinal bleeding. The
results were screened by title and abstract analysis to assess their relevance. We mostly
selected articles published since 2014, including guidelines (national and international),
experts’ statements, clinical studies (pivotal and real-world studies), and case reports
about specific and rare clinical situations. From a total of 140 manuscripts, the most recent
125 were chosen for inclusion in this review, representing the most recent research in the
field in the last 10 years.

3. Relevant Sections
3.1. Definitions of Major, Life-Threatening, and Critical Bleeding

Bleeding evaluations should address life-threatening situations and critical site events,
as well as the rate and volume of blood lost [5,24]. The definitions of life-threatening
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bleeding events or critical sites may vary significantly, particularly when these terms are
used in clinical trials [5,13,24–26]. Massive bleeding is usually defined according to the
volume of blood lost, the ongoing hemorrhage rhythm, and the number of transfused units
of red blood cells (RBC), as specified in Table 1 [27–31].

Table 1. Definitions of massive bleeding/transfusion events [27,29–31].

Concept Definition
Loss of blood One TBV in 24 h or >50% of one TBV in 3 h
Ongoing bleeding 150 mL/min or 1.5 mL/Kg/min in 20 min

Number of transfused units of RBC

GIB—3 units of RBC in 1 h
≥10 units of RBC in 24 h
4 units of RBC in less than 4 h plus
hemodynamic instability, and
anticipated ongoing bleeding.

Legend: GIB, gastrointestinal bleeding; h, hour; min, minutes; RBC, red blood cells; TBV, total blood volume;
≥, Equal or greater than; >, greater than.

In clinical practice we may use the pragmatic definition of bleeding associated with a
shock index (heart rate/systolic blood pressure ratio) ≥1.0 to identify a massive hemorrhage
scenario [25,27–29]. Hemoglobin (Hb) also can be used to predict the significance of blood
loss [24]. However, the time lag between the bleeding and Hb fall due to hemoconcentration
may overlook the magnitude of bleeding [24].

Critical bleeding is defined as major life-threatening bleeding or a hemorrhage with
a smaller volume in a critical area (e.g., intracranial) or organ, resulting in morbidity and
death [29]. Critical sites are based on space-occupying lesions and the predicted morbidity
and mortality of hemorrhage (e.g., brain, spine) [5].

The International Society of Thrombosis and Hemostasis (ISTH) and the Subcommittee
on Control (SCC) of Anticoagulation recommend the criteria defined in Table 2 for defining
major bleeding in non-surgical patients [19,32].

Table 2. ISTH and SCC of Anticoagulation Criteria for the definition of major bleeding in non-surgical
patients [19,32].

Definition Components

(a) Fatal bleeding;
(b) And/or symptomatic bleeding in a critical area or organ, such as intracranial, intra-spinal,

intraocular; retroperitoneal, intra-articular or pericardial, or intramuscular with
compartment syndrome;
(c) And/or bleeding causing a fall in Hb levels of ≥2 g/dl, or leading to the transfusion of ≥2

units of RBC
Legend: dl, deciliter; g, gram; Hb, hemoglobin; ISTH, International Society of Thrombosis and Hemostasis; RBC,
red blood cells; ≥, equal or greater than.

The ISTH also defined a prognostic classification for major bleeding to assess the risk
of short-term death within 30 days while on oral anticoagulants, as presented in Table 3 [33].
According to the ISTH analysis, a fall in Hb levels of ≥2 g/dL or the transfusion of 2 units
of RBC was not a predictor of death [33].

Table 3. ISTH prognostic classification of major bleedings according to risk of death within 30 days [33].

Categories of Major Bleeding Grade Definition
Serious I Articular or ocular

II a ICH with GCS ≥ 14
Severe II b Non-ICH major bleeding without shock or hypotension

III a ICH with GCS < 14 or non-ICH major bleeding with shock or hypotension
Life-Threatening III b Pericardial bleeding

Legend: GCS, Glasgow Coma Scale; ICH, intracranial hemorrhage; ISTH, International Society of Thrombosis and
Hemostasis; ≥, equal or greater than; <, less than.
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3.2. Evaluation of Conditions to DOAC Reversal
3.2.1. Patient’s Clinical Condition

Patient’s age, weight, organ dysfunctions (e.g., kidney/liver failure), frailty, indication
for anticoagulation, and previous thrombotic or bleeding events will directly affect the
clinical course and can impact the efficacy and safety of DOAC reversal therapy [24,34].
Pharmacological findings are also directly related to the time elapsed after ingestion [24].
As a general principle, when five half-lives have passed from the last dose of DOAC, the
effects are considered to be completely reversed [24]. However, if the estimated glomerular
filtration rate (eGFR) is under 30 or 50 mL/min, the DOAC effect may still exist.

Most bleeding complications associated with DOACs can be managed by withholding
the anticoagulant and providing supportive measures to preserve the patient’s hemody-
namic stability and enhance their renal excretion of the drug. However, if urgent anticoagu-
lation reversal is required, other measures must be taken and should be chosen according
to the clinical situation. Recently, from a retrospective study of 245 trauma patients treated
with apixaban and rivaroxaban with anti-Xa levels measured at admission, a significant
variability in their therapeutic anti-Xa activity thresholds was confirmed [35]. Female sex,
increased age, decreased height and weight, and lower estimates of creatinine clearance
(or eGFR) were associated with higher anti-Xa levels at admission [35]. The authors of
this study were also unable to detect an association between anti-Xa levels and clinical
outcomes; specifically, there was no correlation between anti-Xa level and the need for
transfusion or the administration of a reversal agent, a diagnosis of ICH on admission,
progression of ICH, or length of hospital stay or mortality [35].

3.2.2. DOAC Pharmacokinetics

DOACs present favorable pharmacokinetic characteristics, with a rapid onset (within
2–4 h) and relatively short half-lives (half-lives between 5 and 14 h for FXa inhibitors and
14 and 17 h for dabigatran in patients with normal kidney function) [17,22]. Renal clearance
is higher in patients treated with dabigatran (80%) than in FXa inhibitors (edoxaban, 50%;
ribaroxaban, 36%; apixaban, 27%) [17,36].

A high plasma concentration can be assumed if DOAC intake occurred within the last 6–8 h,
and relevant concentrations can be assumed if the intake was in the last 12–18 h [36–38]; most
anticoagulant activity is gone in 24 h, unless eGFR is below 30 mL/min, which is particularly
common with dabigatran treatment [17,36,37,39]. However, it may last for up to 48 h or more in
those with impaired renal function [22]. The risk increases with age, overdosing, and the degree
of renal impairment [36].

3.2.3. DOAC Assays

Routine coagulation monitoring is usually not required for DOACs [40]. However,
an assessment of their anticoagulant effect may be necessary in some clinical settings,
such as in patients presenting with acute major bleeding or thrombotic events, or prior to
urgent invasive procedures. DOACs interfere with most clot-based hemostasis tests, like
prothrombin time (PT) and activated partial thromboplastin time (aPTT). However, these
tests have a wide range of sensitivity to each DOAC, depending on the reagent, equipment,
and drug [37].

Table 4 presents the anticoagulation effects of different DOACs when measured using
different assays [9,12,17,18,25,39,41]. APTT is sensitive to dabigatran, while PT is more
sensitive to FXa inhibitors (rivaroxaban, edoxaban) than aPTT. The PT and aPTT are
insensitive to apixaban in therapeutic concentrations [25], both being prolonged at only
supratherapeutic concentrations [29,37].
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Table 4. Effects of DOAC on coagulation screening tests [9,17,25,39,41].

Normal aPTT
(Control: 29)

Prolonged
aPTT

Normal PT
(Control: 11.6)

Prolonged
PT

Normal TT
(NV: 14–21 s)

Prolonged
TT

Dabigatran

May not exclude
on-therapy levels,
especially if a non-

sensitive aPTT
reagent is

used [9,17,25,39,41]

Suggests
presence

on-therapy or
above

on-therapy
levels [25,41]

Excludes
clinically
relevant

levels * [25,39,41]

Does not
discriminate

between
clinically

significant *
and

insignificant
levels [25]

Apixaban %%
Does not exclude
clinically relevant
levels * [17,25] #

Does not
exclude

clinically
relevant

levels * [17,25] #

Suggests
supratherapeu-
tic levels [17,25]

Rivaroxaban
and

Edoxaban

Does not exclude
clinically relevant

levels * [17,25]

Does not
exclude

clinically
relevant

levels * [17,25]

Suggests
on-therapy

levels at peak or
above

on-therapy
levels [25]

Legend: aPTT, activated partial thromboplastin time; NV, normal values; PT, prothrombin time; TT, thrombin time;
sec, seconds; *, clinically relevant DOAC concentration are levels which may contribute to bleeding or surgical
risk [25]; #, particularly in case of apixaban [9,17,39], and if insensitive reagents are used [25] %%, the PT and aPTT
are insensitive to apixaban [25].

Quantitative and specific assays that can assess the effects of dabigatran are diluted
thrombin time (dTT), ecarin clotting time, the ecarin chromogenic assay [25], or the chro-
mogenic anti-IIa assay [17,25,39,41]. These tests correlate closely with dabigatran levels
measured by the reference standard method, liquid chromatography tandem mass spec-
trometry [25]. For the quantification of FXa inhibitors, a chromogenic anti-FXa assay
calibrated with the specific drug should be used [17,25,41]. When unavailable, an anti-FXa
assay calibrated with low-molecular-weight heparin (LMWH) or unfractionated heparin
can be useful for excluding clinically relevant levels of FXa inhibitors if they are below the
lower limit of activity [25,41] or to determine their presence if higher [34], but this assay
cannot be used for drug quantification [25,41]. However, quantitative specific assays for
DOAC are not widely available, particularly on an emergency basis [25].

A simple point-of-care (POC) approach using patients’ urine samples, such as a
DOAC dipstick test (DOASENSE test), has been shown to be able to accurately identify the
presence, absence, and type of DOAC [36,42]. Its best feature is its high negative predictive
value, which allows the presence of a DOAC to be rapidly excluded [36,42,43]. In fact, this
approach has already been included in some guidelines [12,44] and is a matter of interest
in emergency clinical practice.

Standard and modified viscoelastic test (VET) assays can be helpful, too [25,36,45,46],
but are still lacking sufficient validation considering sensitivity and specificity compared
with DOAC-specific assay [36], and there are no general recommendations currently avail-
able [9,25,36]. However, VET assays reveal other concomitant hemostasis disorders which
may be the cause or an aggravator of bleeding, allowing for a more accurate hemostasis
management [36].

3.2.4. DOAC Cut-Off Level

In some hospitals, cut-off points are used to facilitate rapid decision making [34]. The
ISTH guidance [39] and other authors recommend using >50 ng/mL as a threshold for
antidote administration for patients with severe/life-threatening bleeding, and >30 ng/mL
for patients requiring emergency surgery or invasive procedures [13,25,39]. Below these
thresholds, bleeding is not considered to be related to DOACs [39]. Others consider a cut-off
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drug level of > 30 ng/mL to suggest DOAC reversal during uncontrolled life-threatening
bleeding or the need for urgent surgery or invasive procedures [17]. However, some authors
maintain that the optimal cut-off drug level is uncertain [11]. The multidisciplinary group
involved in this current consensus strategy for DOAC reversal decided to consider a specific
DOAC level > 50 ng/mL for life-threatening bleeding or emergency surgery or invasive
procedure and a level >30 ng/mL for emergency neurosurgery, neuroaxis anesthesia, or
posterior eye chamber emergency surgery or intervention. Usually, in patients arriving at
an emergency department, it is difficult to know if they are undergoing a trough or peak in
the drug concentration, especially if there is no information available about the timing of
their last dose intake. For this reason, we consider that all the DOAC concentrations we
are referring to are trough values. However, when an urgent decision is required, waiting
for laboratorial results should be avoided. Although DOAC-specific assays may not be
available within the time window needed for emergency decisions to be made concerning
the management of life-threatening bleeding [34], they should be considered practicable
since 25% of the patients in the ANNEXA-4 trial had sub-therapeutic drug levels; however,
the real-world reality may be higher [11].

3.3. DOAC Reversal

Recommendations for the management of bleeding associated with the use of DOACs
vary depending on the agent, the clinical status of the patient, and the capabilities of
the institution [24]. Unique patient characteristics such as advanced age, other med-
ications (especially antiplatelet agents), and comorbidities (e.g., renal or hepatic dys-
function), patients’ stability (clinical data such as hemodynamic instability with shock
index ≥ 1,0), time since last DOAC intake, or alcohol abuse [14,17,41], must be recognized
and considered in the assessment and management of patients with bleeding or requiring
emergency invasive procedures [5,14,16,17,41], along with baseline coagulation assays
and product availability [16]. The management of bleeding in patients taking DOACs
is guided by the site and severity of the bleeding [17]. During severe or life-threatening
bleeding, prompt DOAC reversal is a key component of multimodal therapy in addition to
supportive measures [16].

Table 5 present the cases in which the Anticoagulation Forum [12] and the SCC
of Anticoagulation of the ISTH [39] guidance state that DOAC reversal agents should
be reserved.

Table 5. Situations in which DOAC reversal agents should be used [12,39].

• Life-threatening bleeding or uncontrolled bleeding.
• Bleed into a critical organ/site or closed space
• Persistent major bleeding, despite local hemostatic measures, that is not controlled with

maximal supportive measures, and there is demonstration or reasonable expectation that the
patient has clinically relevant plasma DOAC levels, or risk of recurrent bleeding because of
delayed DOAC clearance or DOAC overdose

• Need for an emergency surgery or intervention associated with a high risk of bleeding that
cannot be delayed long enough to allow for drug clearance.

Legend: DOAC, direct oral anticoagulants.

The actual options available for the reversal and management of DOAC in urgent
situations such as bleeding and surgery or invasive procedures include agents both specific
(idarucizumab for dabigatran and andexanet alfa for direct FXa inhibitors) and nonspecific
(prothrombin complex concentrate [PCC] and activated PCC [aPCC]) agents. Reversal
agents should not be used in elective surgery, when bleeding can be managed with local
hemostatic measures, when bleeding has stopped, in GIBs that respond to supportive
measures, with high drug levels (overdose) without associate bleeding, or when the need for
surgery or intervention can be delayed long enough to permit drug clearance [17,25,36,39].
If the bleeding situation is not critical and the clinical context allows for anti-FXa or
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anti-IIa activity within 60 min, specific tests to guide DOAC emergency management
decisions, such as specific reversal, should be used [36]. In contrast, patients presenting with
severe bleeding events requiring immediate decision making, bleeding control associated
with DOAC reversal should be started as soon as possible after arrival at the emergency
department (ED) [36]. In these scenarios without information about previous drug intake
or comorbidities, simple urine POC DOAC dipstick tests can provide a rapid answer about
the presence or absence of a DOAC [36]. Additionally, a modified VET device (ClotPro®)
can provide DOAC quantifications [36]. However, none of the DOAC POC tests have been
validated in a bleeding scenario.

The decision to reverse anticoagulation should consider the benefit–risk ratio of sup-
porting hemostasis and potentially promoting post-reversal thrombosis [16,18]. The de-
cision to reverse the DOAC is typically based on the severity of the bleed, the expected
benefit, and whether clinically relevant plasma drug levels are likely to be present [17].
Urgent reversal of the anticoagulation action of a DOAC is warranted in trauma, emergency
surgery, or invasive procedures with a high risk of bleeding (e.g., epidural), and emergency
situations (e.g., acute stroke in patients who are candidates for thrombolysis) [17,47].

3.3.1. Reversal Agents

Idarucizumab (Praxbind®)

Idarucizumab is the specific reversal agent for dabigatran [24,48]. It is a humanized
monoclonal antibody fragment with a binding affinity that is approximately 350-fold more
potent than dabigatran’s affinity for thrombin [29,48,49]. Idarucizumab reverses the effect
of dabigatran in a dose-dependent manner [2]. Its effects start in less than 5 min and its
half-life is around 45 min in patients with normal kidney function [17,24], and only 4% of
the plasma peak concentration of idarucizumab remains after 4 h [17].

In the RE-VERSE AD (Reversal of Dabigatran Anticoagulant Effect with Idarucizumab),
an open label and single-arm study that enrolled 503 patients with uncontrolled bleed-
ing or undergoing urgent invasive procedures, idarucizumab (fixed-dose iv infusion of
2 × 2.5 g aliquots [9,50] over 5–10 min each [9], and within 15 min of each other [2,39])
rapidly, sustainably, and safely reversed the anticoagulant effect of dabigatran [47,49].
Among patients with bleeding, hemostasis was achieved in 68% of the patients within a
median time of 3.5–4.5 h, depending on the location of the bleed [12,25,50]. In this study,
there was a low number of side effects [2,36] and the rate of thrombotic events was 4.3%
30 days post-reversal of dabigatran activity [25,48,50], with two thirds of these events
occurring before resuming antithrombotic therapy [25,50]. The 30-day mortality rate was
13%. In those undergoing procedures or surgery, hemostasis was normal in 92% of patients
during their procedure [25,50]. In the REVERSE-AD study, about one quarter of patients
experienced a rebound of plasma dabigatran levels 24 h after idarucizumab infusion [12,50].
Indeed, 23–25% of patients may have detectable dabigatran plasma levels or experience
a re-elevation in plasma dabigatran levels within 12–24 h (or 18–30 h) after antidote ad-
ministration [17,24,36,44]. The probability of this rebound effect is higher in patients with
very high plasma concentrations at baseline and in patients with kidney disease (creatinine
clearance [CrCl] < 50 mL/min) [2,17,36,44]. These patients may require an additional dose
of idarucizumab 5 g if there is re-bleeding [17,36].

In 2015, idarucizumab was approved by the United States (US) Food and Drug Admin-
istration (FDA) and by European Medication Agency (EMA) for dabigatran-treated adult
patients when a reversal of anticoagulation is needed due to life-threatening or uncontrolled
bleeding, and when an emergency surgery or urgent invasive procedure is needed, according
to the REVERSE AD phase III prospective cohort study [2,10,12,14,16,24,25,37,47,48,50–56]. In
the REVERSE-AD study, the subgroup of trauma patients with bleeding also demonstrated a
complete (effective and rapid), and well-tolerated reversal of dabigatran with a single dose of
idarucizumab regardless of injury mechanism, age, comorbidity, renal status, hemodynamic
stability, or group assignment [47]. Accordingly, idarucizumab has been recommended (class
I, level of evidence B) for the reversal of dabigatran in the event of life-threatening or uncon-
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trolled bleeding [56]. If possible, hemodialysis can be considered, reducing plasma dabigatran
levels by more than 50% [36]. A systematic review and meta-analysis described a 4% risk of
thromboembolism after idarucizumab [8], which was comparable to that in patients receiving
4F-PCC [8,17].

Andexanet Alfa (ONDEXXYA™)

Andexanet alfa (coagulation FXa recombinant, inactivated-zhzo) is a modified recom-
binant inactive form of human FXa acting as a decoy FXa molecule, designed specifically to
reversibly bind and sequester FXa inhibitor molecules, rapidly reducing anti-FXa activity
through the temporary inhibition of their anticoagulant effects, as they are not able to
bind to endogenous FXa [7,17,22,23,40,51,52,57,58]. Furthermore, andexanet alfa also acts
as a decoy molecule for the heparin–antithrombin-activated complex, rendering heparin
ineffective [7,22]. Andexanet alfa binds with a high affinity, and sequesters and inactivates
direct (rivaroxaban, apixaban, edoxaban) and indirectly (heparin, fondaparinux) FXa in-
hibitors through its interaction with activated antithrombin III [47], restoring thrombin
generation in a dose-dependent manner [2,17,23,47,48,51,52]. Andexanet alfa binds to the
tissue factor pathway inhibitor (TFPI) to form a non-productive andexanet–TFPI complex,
thus inhibiting and reducing TFPI activity [47] and increasing tissue-factor-initiated throm-
bin generation [2,47]; there is a transient increase in the levels of prothrombin fragments
(F1+2), thrombin–antithrombin complexes, and D-dimer [2,39], which normalize within
24–72 h [2].

The ANNEXA-A and ANNEXA-R trials [59] were randomized, double-blind, placebo-
controlled studies designed to evaluate the efficacy and safety of andexanet alfa for the
reversal of anticoagulation with apixaban or rivaroxaban in older healthy volunteers
aged between 50 and 75 years. Anti-Xa activity was rapidly reduced, compared with a
placebo, and andexanet alfa rapidly restored FXa activity and thrombin generation, reduced
unbound apixaban and rivaroxaban concentrations in treated older participants, and was
not associated with serious adverse or thrombotic events.

In the ANNEXA-4 trial, andexanet alfa reversed the anticoagulant activity of the FXa
inhibitors, as was demonstrated by a 92% reduction in anti-FXa activity and restoring
endogenous thrombin generation with an excellent or good hemostasis 12 h after infu-
sion [58]. Hemostasis was good or excellent in 83% and 80% of apixaban- or rivaroxaban-
treated patients, respectively [58]. Andexanet alfa provided a rapid decrease in anti-FXa
activity within two minutes [26], had an elimination half-life between 3–4 h [6,60] and
4–7 hours [22,24], and a pharmacodynamics effective half-life of about 30–60 min [6,17,22,60].
For this reason, it is administered as a bolus followed by an infusion [22]. Dosage may vary de-
pending on the time since last intake, the dose of the FXa inhibitor, and the agent used [24,40].
Notably, there was no correlation between nadir FXa activity and bleeding [12,25,58]. At
30-day follow-up, 10% had experienced a thrombotic event, the majority of which occurred
before resuming anticoagulation [58].

Andexanet alfa was approved in May 2018 by the US FDA [12,58] and in April 2019 by
the EMA [60] after a fast-track approval procedure [7]. Andexanet alfa is specifically indi-
cated for adult patients treated with a direct FXa inhibitor (apixaban or rivaroxaban) when
the reversal of anticoagulation is needed due to life-threatening, critical, or uncontrolled
bleeding [1,2,5,6,10,12,14,16,25,39,40,44,47,52,54,55,57,60,61], such as ICH or exsanguinat-
ing GIB [8]. However, a warning was issued by the US FDA for the potential risk of
venous and arterial thromboembolism events, ischemic risk, cardiac arrest, and sudden
death [2,12,40,47]. Due to the possibility of these serious adverse effects, these patients
must be continually monitored for thromboembolic events [2,47], and anticoagulation must
be initiated as soon as is appropriate [25,47].

Although the administration of andexanet alfa in surgical patients is still off-label [7],
three case reports described a reduced resistance to the heparin response after its adminis-
tration in patients undergoing a cardiopulmonary bypass [7,62], and endovascular repair
for a ruptured abdominal aortic aneurysm [63]. Because andexanet alfa reverses heparin,
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if it is administrated before interventions using heparin anticoagulation, it can promote
heparin resistance or unresponsiveness, particularly in cardiovascular [17,22] and vascular
surgeries [17,20,63]. Therefore, it is recommended not to use andexanet alfa prior to heparin
therapy [22].

The results of randomized trials, observational studies, and meta-analyses suggest
that andexanet alfa presents a high efficacy in hemostasis control resulting in a reduced
mortality, but is associated with an increased risk of thrombotic complications [23]. Local
robust protocols for andexanet alfa developed with appropriate centralized decision are
important to ensure consistent and proper use whilst avoiding delays, considering it is a
new drug with an uncertain risk–benefit trade-off and significant costs [11].

Prothrombin Concentrate Complex (PCC)

PCC with four factors (4F-PCC) contains factor II, VII, IX and X, protein C and S, and
heparin [5,17,24]. 4F-PCC is indicated for the urgent reversal of an acquired coagulation
factor deficiency induced by VKA therapy in adults with acute major bleeding or in
those needing urgent surgery or invasive procedures [47]. PCC likely overcomes the
anticoagulant effect of DOAC by enhancing thrombin generation through the provision of
high concentrations of these coagulation factors [17], namely FII and FX [18].

Although PCC has some ability to reverse abnormal laboratory parameters (PT and
endogenous thrombin), it may be associated with a risk of thrombotic complications when
used for the reversal of FXa inhibitors [8]. In addition, it has been shown to restore thrombin
generation only at low levels of FXa inhibitors [8]. The thrombotic complication rates are
reportedly between 4–6.2% [17,24], 0–8% [16], and 2–11% [1]. Treatment with PCC or
aPCC increases the concentration of several coagulation factors, including prothrombin
which has the longest half-life of about 60 h [44]. Thrombin generation may, therefore, be
enhanced for several days after the use of PCC to treat or to prevent major bleeding in
trauma or in the perioperative setting [44]. This may increase the risk of arterial and venous
thromboembolic complications after treatment with these agents [18,44].

The efficacy and safety of PCC for the different DOACs is difficult to evaluate because
no randomized controlled trial has been performed [36]. 4F-PCC was generally effective for
achieving hemostasis in patients with major bleeding, and appeared to be associated with
a mortality benefit versus no DOAC reversal treatment in patients with traumatic ICH [16].
Others consider their effect on mortality and disability in patients with ICH to be minimal,
in addition to their role in limiting the extent of bleeding [18]. Although specific reversal
agents are preferred, the role of PCC in DOAC reversal has been evaluated, and multiple
studies have demonstrated its potential role as a DOAC reversal strategy [1]. If andexanet
or idarucizumab are not available, it is reasonable to use hemostatic agents such as PCC or
aPCC (25–50 IU/Kg) [1,10,13,24,25,36–38,64].

3.3.2. Clinical Studies About FXa Inhibitors Reversal

Tables 6–8 present published clinical studies on FXa inhibitor reversal using different
reversal agents. PCC was considered to be an effective and safe alternative for the man-
agement of major bleeding in patients on rivaroxaban or apixaban, with around 65–93%
of the patients achieving a good hemostatic effectiveness in the first 24 h (Table 6) [65–67].
Concerning safety outcomes during the first 30 days after admission, thrombotic events
occurred in between 0% and 3.6–8% of the patients and death in 11–32% of the patients
using PCC (Table 6) [65–67].

An ex vivo study in blood samples from 10 healthy volunteers revealed a hemostatic
reversal of rivaroxaban using high-dose 4F-PCC with a similar efficacy to andexanet alfa
in flow chamber experiments, but only andexanet alfa restored thrombin generation to
baseline levels [68]. Studies comparing andexanet alfa versus PCC for FXa inhibitors
reversal revealed significantly lower in-hospital (p < 0.01) and 30-day (p < 0.001) mor-
tality rates across all bleed types [6,21,61,69], but mostly in ICH bleeding [61] (Table 7).
In conclusion, the results of the studies using andexanet versus PCC in FXa inhibitor
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reversal suggest that differences may exist between reversal and replacement agents for
DOAC-related bleeding [58,61,70], and support guideline recommendations about andex-
anet alfa as the preferred agent for treating FXa inhibitor-related bleedings over 4F-PCC
(Table 7) [6,12,16,21,22,25,61,70].

In a meta-analysis of reversal agents for severe DOAC-related bleeding, involving
60 studies with 4735 patients, Gómez-Outes et al. [8] (Supplementary Table S1), showed
a high rate of effective hemostasis for FXa inhibitors, being similar either with 4F-PCC
(80.1%) or specific reversal agents (80.7%), and a relatively high rate of mortality (17.7%),
mostly in ICH (20.2%) [8]. The risk of death after severe DOAC-related bleeding remains
significant despite a high rate of effective hemostasis with reversal agents [8]. The rates of
thromboembolism were particularly high with andexanet alfa (10.7%) [24]. The rebleeding
rate was 13.2%, occurring mainly as ICH (82%), and 78% of rebleeds occurred after the
resumption of anticoagulation [8]. Another systematic review and meta-analysis evaluating
andexanet alfa (n = 438) and PCC (n = 1278) for FXa inhibitor-related bleeding, involving
a total of 21 studies, revealed similar results with the two agents [68]. Neither reversal
agent was significantly associated with an increased effectiveness or a higher rate of venous
thromboembolic events [71].

Table 8 presents two posterior multicenter prospective cohort studies from Conolly
et al. [58] and Milling et al. [60] where andexanet alfa markedly reduced anti-FXa activity
(92–94% [58,60]), and was associated with good or excellent hemostatic efficacy at 12 h in
82% [58] or 80% [60] of patients. There was a significant correlation between hemostatic
efficacy and lower mortality in all patients (p < 0.001) [60]. A reduction in anti-FXa activity
from baseline to nadir significantly predicted hemostatic efficacy in patients with ICH and
correlated with a lower mortality in patients under 75 years of age [60]. Thrombotic events
during the first 30 days of follow-up occurred in 10% of patients [58,60], but in around 7%
of patients who were diagnosed before restarting any anticoagulats [58]. The data suggest
the importance of the prompt resumption of anticoagulation after acute major bleeding,
when possible and indicated, in these highly prothrombotic patients [60]. No antibodies or
neutralizing antibodies to FX and FXa or to andexanet alfa developed [58,60]. In a small
retrospective study (n = 21) conducted by Nederpelt et al. [34] to evaluate FXa inhibitor-
associated extracranial bleeding reversal with andexanet alfa, the authors reported poor
overall outcomes.

Considering all data, well-designed prospective randomized controlled trials are
needed to further evaluate the effects of reversal therapy on FXa inhibitor-associated
bleeding [8,34,71].

Table 6. FXa inhibitors reversal using PCC.

Parameter Evaluation Shulman et al., 2018 [65]
Canada (n = 66)

Majeed et al., 2017 [66]
UPRATE st.; Sweden (n = 84)

Last et al., 2024 [67]
Germany (n = 78)

Anticoagulant type FXa inhibitors:
RIV-56%; APIX-44%

FXa inhibitors:
RIV-53.6%; APIX-46.4%

DOAC (n = 44): APIX: 52%;
RIV: 32%; EDOX: 7%; DAB:

9%; VKA (n = 34)

Reversal agent; 1st dose PCC: 2.000 IU (fixed dose)
PCC: median 2.000 IU
<65 Kg-1.500 IU; >65

Kg-2.000 IU

PCC: DOAC-43%; VKA-79%
Idaruzicumab-2/4 patients

Time last from dose FXa
Inhibitor to PCC. Median, h

16.9 (12–21)
RIV-18.1; APIX-17.8 12.5 (9–16) NA

Exclusion for poor prognosis DNR order given DNR order given NA

Age (y), Mean (SD) 76.9 (10.4) 75 (10.9) Global: 76.6; DOAC: 75.5
(43–94); VKA: 76.5 (46–91)

Male sex 42 (67%) 48 (57%) Global: 60%;
DOAC: 48%; VKA: 74%

Creatinine clearance on
admission, mL/min

<30: 4 (6%)
30–60: 18 (27%) NA ARF on admission: Global: 6%

DOAC: 5%; VKA: 9%
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Table 6. Cont.

Parameter Evaluation Shulman et al., 2018 [65]
Canada (n = 66)

Majeed et al., 2017 [66]
UPRATE st.; Sweden (n = 84)

Last et al., 2024 [67]
Germany (n = 78)

Indication for
anticoagulation AF: 54 (82%) AF: 63 (75%) AF- Global: 74%;

DOAC: 77%; VKA: 71%

Bleeding
or/and

surgeries types

Bleeding:
ICH–36 (55%);
GIB–16 (24%);
Intraspinal–2 (3%);
RP–3 (5%); IM-2 (3%);
Other–7 (11%);
Trauma-related–25 (38%)

Bleeding:
ICH–59 (70%);
GIB–13 (15.5%);
Visceral–5 (6%);
Musculoskeletal–3 (3.5%);
Genitourinary–4 (4.8%);
Traumatic–26 (31%)

Emergency surgery (within 24
h): DOAC (7%), VKA (21%)
with major or clinically
relevant non-major bleeding
at surgical site until day 30
(p = 0.093).
Trauma surgery: Global: 74%;
DOAC: 55%; VKA: 21%

Criteria for major bleeding

Critical organ–43 (65%)

Overt bleeding:
-Transfusion ≥ 2 U–12 (18%)
-Hb drop ≥ 2 g/dL–28 (42%)

ISTH criteria [19,34]

Need of RBC transfusions:
VKA: 47%; DOAC: 32%
(p = 0.24)
No hemostatic treatment:
VKA (3%); DOAC (30%)
(p = 0.002).

Hemostatic effectiveness
(1st day = 24 h)

Good–43 (65%)
Moderate–13 (20%)
Poor/None–10 (15%)

Effective- 58 (69.1%)
Ineffective- 26 (30.9%)
(16/26 with ICH)

Good-Global: 90%;
DOAC: 93%; VKA: 85%.
DOAC required less
prohemostatic treatment than
VKA (p = 0.002).

Safety outcome during
30 days after admission

TE–5 (8%)
Death–9 (14%)

TE–3 (3.6%)
Death–27 (32%)

TE–none.
Death–Global: 13%;

DOAC: 11%; VKA: 15%
(p > 0.20)

Legend: AF, atrial fibrillation; APIX, apixaban; ARF, acute renal function; DAB, dabigatran; dL, deciliter; DNR,
do-not-resuscitate; DOAC, direct oral anticoagulant; EDOX, Edoxaban; g, gram; GIB, gastrointestinal bleeding;
ICH, intracranial hemorrhage; IM, intramuscular; ISTH, International Society of Thrombosis and Hemostasis; IU;
international units; n, number of patients involved; NA, not applicable; PCC, prothrombinic complex concentrate;
RIV, rivaroxaban; RP, retroperitoneal; st, study; TE, thromboembolic events; U, unit; VKA, vitamin K antagonists;
Y, years.

Table 7. FXa inhibitors reversal using andexanet alfa versus PCC.

Sutton et al., 2023 [21]
USA (n = 255)

Dobesh et al., 2023 [70]
USA (n = 4395)

Coleman et al., 2021 [6]
USA (n = 3.030)

Cohen et al., 2022 [61]
UK (n = 410)

Study type Multicenter, retrospective, observational Matched 2 database [57,66]

Reversal agent ANDEX–PCC
(n = 85)–(n = 170)

ANDEX–4F-PCC
(n = 2122)–(n = 2273)
Low dose–2.200 IU
(68,8%) (median)

ANDEX–PCC
(n = 342)–(n = 733)

ANNEX–4
[57]–ORANGE [66]
ANDEX only–PCC
only
(n = 322)–(n = 88)

Anticoagulant type

APIX: 78.8–47.7%
RIV: 18.8–14.7%
EDOX: <5–0
ENOX: <5–37.7%

APIX: 59. 9–62.3%
RIV: 40.1–37.7%

APIX: 47–51%
RIV: 50–41%
EDOX: 3–8%

APIX: 55–NA
RIV: 36–NA

Age, y, mean 76.1–71.8 65.6–66.6 69.1–70.1 77.7–74.9
Male sex 100–97.7% 57.2–60.5% 55–50% 53–49.5%

Atrial Fibrillation 87.1–72.9% NA NA 83.9–78.9%
Bleed Type:

-GIB
-ICH

-Other
-Trauma

45.9–52.9%
29.4–28.8%
24.7–18.2%

Not described

56.8–59.9%
31.4–29.1%
1.8–1.8%

50% of all ICH

40–41%
20–23%
9–32%
31–4%

25.5–28.6%
64.9–67.1%

9.6–4.4%
Not described
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Table 7. Cont.

Sutton et al., 2023 [21]
USA (n = 255)

Dobesh et al., 2023 [70]
USA (n = 4395)

Coleman et al., 2021 [6]
USA (n = 3.030)

Cohen et al., 2022 [61]
UK (n = 410)

In-hospital Mortality

10.6–25.3%
(p = 0.01)

30-day: 20–32.4%
(p = 0.039)

6.0–10.6% (p < 0.01)

ICH: 12.6–23.3%

GIB: 2.5–4.3%

4–10%

ICH: 9–25%
GIB: 1–4%

Trauma: 4–7%

30-day: 14.6–4.1%
(p < 0.001)

ICH: 15.3–48.9%
(p < 0.01)

GIB: 12.2–25.0%
(p = 0.10)

Others–16.1–12.5%

Door-to-needle time, h NA Mean: 8.2–7.3
Median: 2.5–2.3 NA NA

Time since last
anticoagulant dose NA

<8 h: 44.1–41.5%
8–18 h: 41.8–41.1%
>18 h: 14–17.4%

NA NA

Study
conclusion

Patients treated with
andexanet alfa for FXa
inhibitor-related major
bleeds had significantly
lower in-hospital and
30-day mortality rates
compared to 4F-PCC

The odds of in-hospital
mortality were 50%
lower with andexanet
alfa vs. 4F-PCC
(p < 0.01) and the risk
reduction was similar
for ICH (45%) and GIB
(51%) (both with
p < 0.01).

In-hospital mortality
differed by bleed type
(highest in ICH-22.7%;
lowest in GIB-3.9%)
and agent
administrated.
Andexanet alfa was
associated with the
lowest rate of
in-hospital mortality
across all bleed types.

Adjusted 30-day
mortality rates were
lower for those treated
with andexanet alfa
than in matched
patients receiving PCC
(p < 0.001).
In the ICH, those
treated with Andexanet
alfa had lower
mortality than patients
receiving PCC.
(p < 0.01)

Legend: ANDEX, andexanet alfa; APIX, apixaban; EDOX, edoxaban; ENOX, enoxaparin; F, factor; GIB, gastroin-
testinal bleeding; h, hour; ICH, intracranial hemorrhage; IU, international unit; n, number of patients involved;
PCC, prothrombinic complex concentrate; RIV, rivaroxaban; UK, United Kingdom; USA, United States of America;
Y, year.

Table 8. FXa inhibitors reversal using andexanet alfa.

Conolly et al., 2019 [58]
(n = 352) (ANNEXXA-4)

Milling et al., 2023 [60]
(n = 479)

Nederpelt et al., 2020 [34]
(n = 21)

Study type
Multicenter, prospective,

open-label, single-group trial.
(USA, Eur)

Multicenter, prospective,
open-label, single-group trial.

(USA, Eur, Can, Japan)

Retrospective, consecutive
case series at two hospitals.

(USA)
Reversal–ANDEX. Mainly low dose (82.7%) Dose NA Mainly low dose (85.7%)

Anticoagulant type RIV–36%—EDOX–3%
APIX–55%—ENOX–6%

RIV–37%—EDOX–8%
APIX–51%—ENOX–5%

RIV–33.3%
APIX–66.7%

Age, y, mean (±SD) 77.4 ± 10.8 78.0 ± 10.9 73.2 ± 15.4
Male sex 53% 54% 61.9%
AF; VTE AF–80%; VTE–17% AF–81.2%; VTE–15% AF–76.2%; VTE–4.8%

Kidney dysfunction
(% of patients) GFR < 30 mL/min–9% GFR < 30 mL/min–9.2% GFR < 30 mL/min–0%

AKI–33.3%; CKD–42.9%

Median time since last dose # NA 11.4 h <18 h: 84.2%;
>18 h: 15.8%

Bleed Type
ICH–64%;
GIB–26%;

Other-10%

ICH–69%;
GIB–23%;
Other-8%

ICH–0%; GIB–23.8%;
Other-42.8%;

Trauma-23.8%
Median decrease in anti-FXa
activity from baseline to nadir

after ANDEX

APIX: ↓ 92% → ↓ 32% at 12 h
RIV: ↓ 92% → ↓ 62% at 12 h
ENOX: ↓ 75%

APIX: ↓ 93%; ENOX: ↓ 75%
RIV: ↓ 94%; EDOX: ↓ 71%
↓ all 2 min. after ANDEX

NA
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Table 8. Cont.

Conolly et al., 2019 [58]
(n = 352) (ANNEXXA-4)

Milling et al., 2023 [60]
(n = 479)

Nederpelt et al., 2020 [34]
(n = 21)

Hemostasis efficacy
Excellent or good at 12 h after

ANDEX in 80% of patients.
GIB–85%; ICH–80%

Excellent or good in 80% of
pts.

GIB–82%; ICH–79%;
other-82%;

RIV-81%; APIX-79%;
EDOX-79%;
ENOX-88%.

Excellent or good: 47.6% of
pts:

Excellent–14.3%
Good–33.3%;
Poor–52.4%

30-day mortality 14% (n = 39)
15.7% (n = 75)

ICH–16.9%; GIB–11.9%
≥75 y: 19.6%; <75 y: 6.8%

38.1% (n = 8)
Bleeding related to
trauma and surgery

30-day TE 10% (n = 34) 10.4% (n = 50) 19% (n = 6)
Resume

anticoagulation * 62% 67.4% NA

Biomarker-
efficacy correlation

Reduction in anti-FXa activity
was not predictive of
hemostatic efficacy.

However, it was modestly
predictive in pts with ICH

(AUC of 0.64)

No significant association
between anti-FXa activity

change and
hemostatic efficacy, and

mortality.
Significant correlation

between
hemostatic efficacy and lower
mortality in all pts (p < 0.001).

NA

Study conclusion

Andexanet alfa markedly
reduced anti-FXa activity and
82% of patients had excellent
or good hemostatic efficacy at

12 h after ANDEX.

ANDEX: ↓ anti-FXa activity
was

associated with good or
excellent

hemostatic efficacy in 80% of
pts.

↓ of anti-FXa activity
significantly predicted

hemostatic efficacy in ICH
and correlated with lower

mortality in pts under
75 years old (p = 0.02)

Poor overall outcomes,
a low rate of hemostatic

efficacy, and a high rate of TE
and

mortality for extracranial
bleeds

compared to previously
published data.

Legend: #, last anticoagulant dose; * until 30 days; ↓, decrease; AF, atrial fibrillation; ANDEX, andexanet alfa;
AKI, acute kidney injury; APIX, apixaban; Can, Canada; CKD, chronic kidney disease; EDOX, edoxaban; ENOX,
enoxaparin; Eur. Europe, GFR, glomerular filtration rate; h, hour; n, number of patients involved; NA, not
available; pts, patients; RIV, rivaroxaban; TE, thrombotic events; USA, United States of America; y, years; ≥, equal
or greater than; >, greater than; <, less than.

3.3.3. Guidelines for FXa Inhibitors Reversal

Most guidelines (Supplementary Table S2) advocate for the use of specific antidotes,
to reverse the effects of DOACs, particularly in life-threatening settings [16,22,72]. All
guidelines advocate for the use of idarucizumab as a first-line therapy to reverse dabiga-
tran in life-threatening bleeding and/or if an emergency surgery/invasive procedure is
needed [5,9,10,12,14,25,39,41,44,49,53–56,64,73–83].

Andexanet alfa is indicated for the reversal of FXa inhibitors as a first-line therapy
in life-threatening bleeding, especially for apixaban and rivaroxaban by several national
and international guidelines across multiples scientific disciplines [5,9,11,12,14,22,23,25,26,
41,44,45,49,54,56,64,72,75–80,82–85]. In addition to DOAC holding, first-line therapy with
either andexanet alfa or 4F-PCC in major/life-threatening bleeding has been suggested by
some guidelines for apixaban, rivaroxaban [10,44,55,74,81], and also for edoxaban [10,12]
and betrixaban [12], although the use of the last two FXa inhibitors is off-label. The 2019
Anticoagulation forum [12] suggests andexanet alfa for major apixaban- and rivaroxaban-
associated bleeding or patients who have undergone prior emergency surgery, although its
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use is off-label in the last case. At least six guidelines recommend 4F-PCC as a first-line
therapy for edoxaban reversal [16,44,53,54,73,83].

Despite being off-label, most recent guidelines suggest the use of nonspecific agents,
including 4F-PCC or aPCC (25–50 IU/Kg), when specific reversal agents are not available,
in cases of serious life-threatening bleeding [16,22,72]. Before anticoagulation reversal is
considered, it is essential to assess patient indication for anticoagulation and the underlying
thrombotic risk to anticipate the timing and dose of thromboprophylaxis as well as full
anticoagulation resumption following anticoagulation reversal [22]. The high cost and the risk
of complications (thrombotic events) require special care when using andexanet alfa, and some
experts recommended documenting its administration in a dedicated national registry [23].

4. DOAC Reversal Algorithm in Urgent Clinical Scenarios

A proposal for the reversal of DOAC activity is described in Figures 1 and 2. The
termination of any anticoagulation therapy should be performed immediately in every
unknown critical bleeding patient [36]. Immediate supportive care (resuscitation, stabiliza-
tion, local hemostatic measures) is critical for all patients whether or not a replacement or
reversal agent is used [5,25], as described in Figure 1 and elsewhere [25,29,44,45,53,54,86].
Physicians should not only focus on the effects of anticoagulation on bleeding severity and
outcome [36]. The use of VET according to institutional protocols may be useful [29,54,86],
particularly in patients with liver disease, because in this setting PT and aPTT may not
be reliable measures of hemostatic function [25]. Hypothermia, acidosis, hypocalcaemia,
a depletion of fibrinogen and other coagulation factors, and reduced platelets, as well as
hyperfibrinolysis, need immediate treatment [36].

There are some critical considerations for managing the bleeding associated with
anticoagulation: if the bleeding event is life-threatening and if the site is critical, the
agent, dose, and time since last intake [5,14,44], if comorbidities exist (e.g., hepatic/renal
failure), the concurrent use of potential hemorrhagic drugs (aspirin or P2Y12 inhibitor;
non-steroidal anti-inflammatory drugs (NSAID), or parenteral agents (e.g., enoxaparin for
VTE in oncologic patients [5]), previous thromboembolic events, patient’s age and frailty,
and drug interactions [5]. Patients should be monitored for 2–5 half-lives of the applicable
agent according to renal and liver function, drug pharmacokinetics, comorbidities, and
clinical status [5,36]. The drug half-lives based on CrCl are as follows: the half-life of
dabigatran in patients with CrCl between 50 and 79 mL/min, 30 and 49 mL/min and
15 and 29 mL/min is 15, 18 and 27 h, respectively [25]. Concerning FXa inhibitors, the
half-lives of apixaban, edoxaban, and rivaroxaban with CrCl ≥ 30 mL/min are 6–15 h
while that of of betrixaban is 19–27 h [25]. With s CrCl of 15–29 mL/min, the half-life of
apixaban and edoxaban is 17 h [25], and it is 11–15 h for rivaroxaban. In patients with
severe renal dysfunction, laboratory evaluation to detect residual anticoagulant activity
(e.g., dabigatran is 80–85% renally excreted) is recommended [12,25].

In major and life-threatening bleeds, or if emergency surgery is needed, all antico-
agulants must be discontinued and reversal agents must be administrated, if available,
along with the usual care in these settings [44,48]. Clinical and laboratorial assessments
of patients must be carried out at admission as described in Figures 1 and 2, and further
individualized hemostatic protocols have already been described elsewhere [29,54,86].
Critically ill, high-risk patients have dynamic clinical courses and require frequent reassess-
ments, especially after treatment with a replacement or reversal agent [5], and if they are
not responding as expected (reassess: laboratory, VET, or imaging studies) [5]. In all cases,
laboratory monitoring is recommended, although in urgent situations, the results should
not be waited for [44].
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rect thrombin inhibitor; dTT, diluted thrombin time; ECG, electrocardiogram; ECT, ecarin clotting
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The specific reversal agents are idarucizumab for the rapid reversal of dabigatran
in life-threatening bleeding or emergency surgery/invasive procedures [10,24,25,45,50]
and andexanet alfa for FXa inhibitors (rivaroxaban, apixaban) in life-threatening, critical,
or uncontrolled bleeding [10,24,25,45,48]. If specific reversal agents are not available, 4F-
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PCC (at dose of 25–50 IU/Kg) [1,10,13,24,25,29,36–38,45,48] or aPCC can be considered for
both types of DOAC [25,29]. PCC should only be preferred if the severity of blood loss
suggests a depletion of coagulation factors (possibly confirmed by VET), for which factor
supplementation by PCC is superior [36]. In contrast, if the DOAC plasma concentration is
low, a watch-and-wait strategy is preferable [36].

To make a decision about intravenous thrombolysis in stroke patients with a history
of any DOAC intake, the current recommendations vary between 30 and 50 ng/mL or an
anti-Xa activity of less than 0.5 IU/mL as cut-off for the safety of thrombolysis [36].

While reversal is important in the context of major/life-threatening bleedings, the
risk of subsequent thromboembolic events due to reversal, ranging from 7.2 to 12% within
30 days from the event, should also be kept in mind [48]. The incidence of these events is
lower with idarucizumab (4%) [8].

4.1. Bleeding Management in Patient Under DOAC in Special Clinical Situations
4.1.1. Trauma

Injured patients taking an oral anticoagulant account for 4% of all trauma patients
presenting to emergency departments (EDs) [85]. Given the increase in DOAC usage, as well
as the increase in trauma in geriatric patients, who are more likely to be on anticoagulation
medication for a comorbidity, we can expect an increase in trauma injuries (including
traumatic brain injury [TBI]) in patients on DOACs [35,85,87], and a higher mortality
than in those who are not taking an anticoagulant [85]. Several studies have confirmed
equivalent or improved outcomes with DOAC use in non-head-injury trauma and a lower
overall mortality in trauma with ICH when compared with VKA [35,85].

In DOAC-treated patients who present with trauma without bleeding, the Anticoag-
ulation Forum suggest against the routine use of reversal agents, as is also the case for
patients undergoing a DOAC overdose without bleeding [12]. If the patient is found to
have traumatic bleeding or requires an invasive procedure, the administration of a reversal
agent may be warranted depending on the severity of the bleed or the urgency of and risk
of bleeding during the procedure [12].

Once clinically relevant bleeding has been detected, an assessment of hemodynamic
stability must be carried out [85], as well as an evaluation of the type, cause, location, and
severity of bleeding [85], comorbidities (kidney and liver diseases), patient’s age and frailty,
and drug history (anticoagulant, antiplatelet, and others promoting bleeding). In the case
of a history of DOAC intake, we must consider the type and dose of anticoagulant (half-life,
mode of elimination), the time since last intake, and the existence of chronic disorders
(kidney or liver diseases) [45,87].

Trauma guidelines [54] recommend that the degree of hypovolemic shock and trans-
fusion requirements should be assessed using the shock index (SI) and/or pulse pressure
(grade 1C) [54]. Management includes early identification, anticoagulation reversal, and
damage control [41]. As life-saving measures stopping the anticoagulant effect, hemo-
dynamic support with fluid resuscitation and blood products, mechanical compression,
tourniquet application, surgical, and radiological intervention (intravascular embolization),
or endoscopy should be considered to identify and treat the cause of bleeding [45,85,87],
followed by a reversal of the anticoagulants (specific reversal or, if not available, nonspe-
cific replacement) [85,87] (Figures 1 and 2). Beyond the ABCDE approach and supportive
measures [87], we can consider, if possible, decreasing the plasma concentration of dabi-
gatran through hemodialysis [38] (about 50–60% can be removed during a 4 h procedure)
and the concentration of FXa inhibitors through hemoperfusion with Cytosorb filters [45]
(Figure 1). If DOAC ingestion was within the past 2–4 h, oral activated charcoal can be
administered [38], if clinically possible (not on GIB).

Once coagulopathy is identified, individualized treatment should be considered in a
retrograde way, following the advanced trauma life support concept of “treat first what
kills first” [45]. Accordingly, we should first stabilize the clot by blocking hyperfibrinolysis;
second, we should improve the clot firmness, and third, we should improve thrombin
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generation [45]. Antifibrinolytic therapy including tranexamic acid should be the first-line
treatment, taking an empiric approach within 3 h after injury [45]. Fibrinogen, platelets, and
FXIII are the main determinants of clot firmness [45,86]. Fibrinogen is the first coagulation
factor to decline to a critical level below 2 g/L during a massive hemorrhage [45,86].
Therefore, fibrinogen supplementation should be performed early on to improve clot
firmness and to reduce transfusion requirements [45,86]. Further individualized hemostatic
protocols have already been described elsewhere [45,54,86].

Laboratory screening (coagulation, blood count, liver and renal function, and blood
gasses) may help to identify the clinical situation, and estimate the potential accumulation
and the remaining duration of drug effects [45].

In the presence of ongoing bleeding, with normal tests (PT, aPTT, fibrinogen, VET test-
ing and eventually platelet function) and the exclusion of mechanical reasons for bleeding,
a residual effect of DOAC should be considered by measuring the activity of calibrated
anti-Xa (for rivaroxaban, apixaban, edoxaban), anti-IIa, or dTT (for dabigatran) [35,45] to
guide the administration of reversal agents [35]. The 2023 European trauma guidelines
suggest the measurement of dabigatran plasma levels using dTT, and if this is not possible
or available, using standard TT in patients treated or suspected of being treated with
dabigatran (grade 2C) [54]. They also suggest the measurement of plasma levels of anti-FXa
inhibitors in patients treated or suspected of being treated with one of these agents (grade
2C) using anti-Xa activity calibrated for the specific agent, and if unavailable, they suggest
LMWH-calibrated anti-Xa assays as a reliable alternative (grade 2C) [54].

It should be taken into account that female sex, increased age, decreased height
and weight, and lower estimates CrCl can be associated with higher anti-Xa levels at
admission [35].

Almost all patients with TBI require an immediate reversal of anticoagulation in addi-
tion to initial resuscitation (hemodynamic management, airway stabilization as needed), a
neurological examination, and a head computed tomography (CT) on admission [85]. The
incidence of delayed ICH is about 0.8% [85]. Patients who are on anticoagulants and sustain
an ICH have a higher risk of death and hematoma expansion, with rapid anticoagulant
reversal usually being necessary for even small, relatively asymptomatic hemorrhages
to prevent hematoma expansion [85]. Prompt and aggressive anticoagulation reversal is
important for long-term outcomes in patients with anticoagulant-related ICH [85].

The 2023 European trauma guidelines stated that, if bleeding is life-threatening in those
receiving dabigatran, idarucizumab (5 g iv) is recommended (grade 1C) [54]. Reversal with
andexanet alfa is suggested (grade 2C) by these guidelines if the bleeding is life-threatening
in the presence of an apixaban or rivaroxaban effect, especially in patients with TBI [54].
They also suggest the administration of PCC (25–50 U/kg) (grade 2C) if andexanet alfa is
not available, or in patients receiving edoxaban [54].

It should be noted that the concomitant use of PCC and andexanet alfa might increase
the risk of thromboembolic complications due to the increased thrombin generation poten-
tial [88]. The need for DOAC reversal must be weighed against thrombotic risks [87,88].

4.1.2. Spontaneous Intracerebral Hemorrhage

A spontaneous intracerebral hemorrhage (SICH) is the most common form of ICH
and is responsible for up to 27.9% of all strokes. However, despite being less frequent
than ischemic stroke, its toll in terms of deaths and loss of disability-adjusted life years
is equivalent [89]. This apparent paradox is, at least in part, due to the lack of effective
treatments: whereas in ischemic stroke reperfusion therapy has revolutionized patient
care [90,91], no intervention has shown such efficacy in ICH patients. In fact, treatment for
SICH patients is, in many aspects, largely supported by and extrapolated from ischemic
stroke studies [49]. Nevertheless, there are interventions that have been shown to have an
impact on SICH outcomes. In the acute setting, these interventions focus on hematoma
expansion and formalized care bundles.
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Hematoma expansion occurs in 20–40% of SICH patients and is associated with a
worse prognosis. It is estimated that for every 1 mL increase in hematoma volume, the
chances of dying or becoming dependent increase by 7% [92]. Two interventions have been
recommended to address and prevent hematoma expansion, anticoagulation reversal and
blood pressure (BP) control [49]. Since hematoma expansion is an early event [93], these
interventions should be delivered as soon as possible to patients, and should be seen as
the SICH equivalent of thrombolysis and thrombectomy for ischemic stroke: the sooner
they are delivered the better, with more of the brain being saved [94]. Several observational
studies have confirmed this paradigm within SICH care, with patients being treated earlier
with BP control and anticoagulation reversal showing a better prognosis and lower rates of
hematoma expansion [95,96]. Regarding BP control, the guidelines recommend lowering
BP for patients presenting with a systolic blood pressure (SBP) above 150 mmHg, with
a target BP of 140 mmHg [49]. Lower values are not recommended, as no benefits were
found in terms of clinical outcomes and a higher rate of adverse events was observed in
the ATTACH-2 trial [97]. No specific recommendations have been made regarding the
antihypertensive drugs to be used. Commonly used drugs in clinical practice include
nicardipine, urapidil, and labetalol. Nitroprussiate is also highly effective, but should
probably be used with caution, and only in patients with severe or refractory hypertension
due to its vasodilatory effects which might aggravate intracranial pressure [98]. Regarding
oral anticoagulation reversal, all patients with SICH on anticoagulant therapy should imme-
diately stop the drug and be assessed for anticoagulation reversal eligibility. The choice of
reversal agent depends on the anticoagulant associated with the ICH. 4F-PCC is an effective
reversal agent for coumarin-associated SICH and should be preferred instead of plasma, as
it restitutes hemostasis faster [99]. PCC is also an effective nonspecific reversal agent for
DOAC-associated bleeds [100] but new specific agents have been developed, namely idaru-
cizumab [100] and andexanet [101,102]. Recently, the ANNEXA-I randomized controlled
trial directly compared andexanet alfa with the standard-of-care treatment (mostly PCC)
in ICH patients who were taking factor Xa inhibitors. In this study, the administration of
andexanet resulted in a higher hemostatic efficacy and in a better control of hematoma
expansion than usual care but was associated with thrombotic events, including ischemic
stroke [103].

An algorithm to guide oral anticoagulation reversal is provided in Figures 1 and 2.
The initial approach for these patients typically consists of a brief clinical history and a
physical examination. Clinical history should focus on time of symptom onset, vascular risk
factors, and the medication the patient is taking, particularly antithrombotics. Information
regarding the timing of the last intake of these drugs should be promptly gathered, as
this might affect the decision to use reversal agents. Given that ICH is a life-threatening
disease, a physical exam should follow the typical ABCDE approach, with an emphasis on
the Glasgow Coma Score (GCS) and National Institutes of Health Stroke Scale (NIHSS) on
(D)isability evaluation. Typical laboratory evaluation includes a complete blood cell count,
renal and liver function tests, and coagulation tests, along with CT or magnetic resonance
imaging (MRI) to confirm the diagnosis of cerebral hemorrhage. Upon confirmation of
diagnosis, BP should be lowered to below 140 mmHg, if necessary, and consideration
should be given to anticoagulation reversal. If necessary, specific tests can be performed to
assess anticoagulation status, but such tests should not delay reversal agent administration
for patients at risk of hematoma expansion presenting early after their last drug intake.

Once the patient has been stabilized and a diagnosis has been confirmed, ICH-specific
care bundles should be rapidly initiated [104]. Beyond rapid anticoagulant reversal and
intensive BP reduction, the major components of a care bundle for ICH include neurosurgi-
cal intervention and the implementation of well-defined criteria for surgical evacuation
and/or the insertion of an external ventricular drain, as well as temperature and glucose
control. ICH patients should be admitted to a dedicated stroke unit as soon as possible,
since ICH is a dynamic event with a high risk of early (48 h) clinical deterioration [105].
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Depending on the clinical condition and the specific organization of different hospitals,
ICH patients may also be admitted to an intensive care unit or a neurocritic care unit.

Finally, acute care bundles should incorporate the definitions of specific time metrics.
Given the lack of consensus regarding recommended process targets, the values presented
here should be considered to be merely indicative (Figure 3).
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sive ≤ 30 min; door-to-target ≤60 min.
Looking ahead, if the use of mobile stroke units (MSUs) becomes more widespread,

it is plausible that the initial interventional approach could be shifted to the prehospital
setting. This is supported by the recent INTERACT 4 trial [105], which found that very
early BP control in the ambulance (within 2 h of symptom onset) was associated with a
decreased odds of poor functional outcome among patients with ICH. The feasibility of
initiating anticoagulant reversal therapy in the MSU setting is currently unknown.

4.1.3. Gastrointestinal Bleeding

GIB is the most common major bleed in DOAC-treated patients and accounts for more
than 50% of all DOAC-related major bleeds; fortunately, it has a lower mortality than ICH.
The rate of major GIB with DOAC is 3.3% [106].

The management of GIB has multiple and parallel targets: triage, risk stratification,
general supportive measures such as fluid resuscitation and blood transfusions, the man-
agement of coagulopathies, anticoagulants and antiplatelet agents (cessation, reversal
and resuming), adequate timing for endoscopy, and the management of rebleeding. It’s
treatment needs a skillful and timely approach from multiple specialties using multiple
resources for the correct diagnosis and bleeding control, such as imunohemotherapy, a
gastrointestinal endoscopy, radiology, radionuclide imaging, and surgery.
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Clinicians can use various scores for the risk assessment of GIB, and some have previ-
ously been described for upper GIB such as the Rockall score (age, shock, comorbidities),
the Glasgow–Blatchford score (GBS-blood urea nitrogen, Hb, SBP, and others such as heart
rate, liver disease and cardiac failure), or AIMS65 (albumin, international normalized
ratio (INR), altered mental status, SBP, age older than 65 years) [107]; others have been
developed for lower GIB such as the Oakland score, Strate, NOBLADS (NSAID use, no
diarrhea, no abdominal tenderness, BP ≤ 100 mm Hg, antiplatelet non-aspirin drug use,
albumin < 3.0 g/dL, disease score ≥ 2 according to the Charlson Comorbidity Index, and
syncope) [108,109], and others have been developed for any type of GIB such as the Na-
tional Early Warning Score + Lactate (NEWS-L) or BLEED (ongoing bleeding, low SBP,
elevated PT, erratic mental status, and unstable comorbid disease) [110,111].

European and American societies subscribe to the concept of THE timely reversal of
anticoagulation and the timely use of an endoscopy for bleeding source control. Concerning
warfarin, the American Society of Gastrointestinal Endoscopy [112] recommends that an
endoscopy should not be delayed in patients with serious GIB and an INR < 2.5 (low-
quality evidence recommendation). Also, the American College of Gastroenterology (ACG),
state that, in patients with GIB with an INR > 2.5, anticoagulant reversal agents should
be considered prior to endoscopy [113]. Although the evidence is very low quality, prior
to or concomitant with the administration of reversal agents, endoscopic hemostasis may
occur without delay in patients with an INR of 1.5–2.5 [113]. The European Society for
Gastroenterology (ESGE) guidelines on endoscopy diagnosis and the management of GIB
recommends DOAC reversal in massive acute upper GIB with hemodynamic instability or
life-threatening bleeding (severe ongoing bleed), using a specific reversal agent or PCC. In
the case of hemodynamic instability or life-threatening bleeding, an early endoscopy and
the reversal of anticoagulation must be performed [114]. The position of various societies
on DOAC reversal is consistent about its use in severe and life-threatening situations
but is less clear about the methods that should be employed for the reversal. The ACG-
Canadian Association of Gastroenterology, in their Clinical Practice Guidelines in 2022,
stated that PCC should not be used for the management of DOAC during acute GIB
and in the peri-endoscopic period; for patients under dabigatran, they suggest against
the use idarucizumab, and for patients under rivaroxaban or apixaban, they suggest
against andexanet alfa administration [84]. More recently, other societies express different
approaches to the problem of DOAC reversal. The Spanish Society of Digestives Diseases
and the Spanish Society of Thrombosis and Haemostasis suggest, for massive and life
threatening nonvariceal GIB and DOAC, the use of idarucizumab for dabigatran and, if
unavailable, the use of PCC and for rivaroxaban; for apixaban (and edoxaban off -label),
they suggest the use of andexanet afa and PCC if andexanet afa is unavailable [41]. An
update to the ACG guideline on acute lower GIB indicates DOAC reversal in severe cases
with hemodynamic instability despite initial resuscitation, a life-threatening bleed that does
not respond to initial resuscitation, and the cessation of the anticoagulant alone. Specific
reversal agents are suggested when available if the DOAC has been taken within the past
24 h. The most relevant subgroup analyses are the RE-VERSE AD trial and ANNEXA-4
trials [80]. Targeting can be carried out by testing DTI for the use of idarucizumab, or
anti-FXa levels for the use of andexanet alfa for apixaban/rivaroxaban if the last intake of
the drug was within <24 h. At present, there is no definite role for PCC in the reversal of
FXa inhibitors. The data indicate higher mortality of patients treated with PCC. On the basis
of data from the ANNEXA-4 study [58], andexanet alfa is recommended by the National
Institute for Healthcare and Clinical Excellence (NICE) in patients with life-threatening
bleeding including acute GIB who are treated with either apixaban or rivaroxaban.

4.2. Recommendation About Monitoring the Efficacy and Safety on DOAC Reversal

Reappearance of anticoagulant activity of anti-FXa drugs may occur after stopping the
infusion of andexanet alfa (rebound of anti-Xa within 2 h of infusion completion [1]) and, less
frequently, within 12–30 h after reversal of dabigatran with idarucizumab [1,2,17,24,36,44,52].
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Monitoring of andexanet alfa should be based mainly on clinical parameters indicative
of an appropriate response (e.g., achievement of hemostasis), lack of efficacy (e.g., re-
bleeding) and adverse events (e.g., thromboembolic events) [22].

Whilst DTI and FXa inhibitors can prolong aPTT and PT, respectively, normal results
cannot be used to established lack of anticoagulant activity [48]. If adequacy of anticoagu-
lation needs to be assessed, dTT and anti-FXa levels, respectively, are recommended [48].

However, monitoring of andexanet alfa should not be based on anti-FXa activity [22].
Commercially available anti-FXa activity assays are not suitable for measuring anti-FXa
activity after andexanet alfa administration, given the falsely high levels of anti-FXa activity
that occur, which results in a significant underestimation of the andexanet alfa reversal
activity [22]. Indeed, the ANNEXA-4 trial demonstrated that a reduction in anti-FXa activity
in blood correlates poorly with hemostatic effectiveness in extracranial bleeding [58].

4.3. Timing of Anticoagulation Resumption After Major Bleeding

After reversal, anticoagulation must be resumed as soon as clinically indicated, if the
patient‘s clinical condition is safe and if proper hemostasis is achieved [22,25].

The decision to resume anticoagulant therapy after a bleeding event is critically im-
portant and should balance the risk of re-bleeding in the case of resumption, and the risk
of thromboembolism if anticoagulation is not resumed [5,13,25,48]. This decision needs to
be made case-by-case, by a multidisciplinary team, through a thorough assessment of the
risks and benefits [9,13]. The timing of restarting anticoagulation involves balancing the
severity, location, and consequence of the bleeding event with the indication of anticoag-
ulation, associated thrombotic risk, and possibility of re-bleeding, if the patient’s clinical
condition is stable, and if hemostasis was achieved [5,22,25,55]. If and when resuming oral
anticoagulation is needed, a multi-parametric choice should be kept in mind [52].

After a bleeding event, it is crucial to assess the bleeding risk using bleeding scores.
These scores include non-modifiable, potentially modifiable, and modifiable risk factors [14,
115–118]. Whenever possible, modifiable and potentially modifiable risk factors should
be corrected prior to resuming antithrombotic therapy, namely hypertension, impaired
renal function, alcohol abuse, anemia, thrombocytopenia, and significant drug interactions
that potentially increase DOAC levels. It is very important to choose the most suitable and
correct anticoagulant dosing according to patients’ characteristics (age, weight, renal and
hepatic function, drug interactions) and indication for anticoagulation.

The decision to restart anticoagulation is well defined in several guidelines [25]. In
conditions with a high thrombotic risk, the recommendation is for the early resumption
of anticoagulation once hemostasis is achieved and the patient is clinically stable; for
patients with a moderate or high re-bleeding risk, individualized strategies are more
appropriate [25]. Keep in mind that the 30-day mortality rate from AF without oral
anticoagulation is about 25% after an ischemic AF stroke [25].

Anticoagulation needs to be resumed in a timely manner, considering that bleeding
risk outweighs thrombotic risk when anticoagulation is resumed early after the bleeding
event [9,13]. Furthermore, thrombotic events after anticoagulant reversal may be due to
the patient’s intrinsic prothrombotic state, the bleeding scenario, or the reversal agent [5].
However, the specific timing of when to resume anticoagulation is not well defined [13].
The 2021 European Heart Rhythm Association guidelines suggested a net assessment in
favor of resuming anticoagulation and to resume DOAC as early as clinically feasible [9].

4.3.1. Trauma

The 2023 European trauma guidelines [54] recommend the early initiation of me-
chanical pneumatic compression (IPC) which should be intermittent while the patient is
immobile and has a bleeding risk (grade 1C). They also recommend combined pharmaco-
logical and IPC thromboprophylaxis within 24 h after bleeding has been controlled and
until the patient is mobile (grade 1B) [54].
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4.3.2. Spontaneous Intracerebral Hemorrhage

In patients taking OAC who experience an SICH, two key questions arise: should
anticoagulation be resumed, and if so, when. A potential approach is to categorize patients
based on their bleeding risk. OAC is generally considered to be a relative contraindication
following SICH when the underlying cause cannot be rectified and the risk of recurrence
is elevated.

Patients with AF and a moderate-to-high bleeding risk, as determined by the HAS-
BLED score [119], as well as those with probable Cerebral Amyloid Angiopathy according
to the Boston criteria version 2.0 [120], fall into this category. In such cases, endovascular
Left Atrial Appendage Closure might be a suitable alternative, given its feasibility, safety,
and non-inferiority to DOAC [121]. For the remaining patients, determining the optimal
timing to restart OAC following an ICH is a complex issue without a definitive answer.
Most guidelines recommend a waiting period post-ICH, but individual assessment is
crucial. Patients with a high risk of thrombotic events, such as those with a mechanical
heart valve, may benefit from early OAC resumption. Conversely, in patients with non-
valvular AF where the risk of thromboembolic events outweighs the risk of recurrent ICH,
restarting OAC approximately 7–8 weeks post-ICH might be considered [49].

4.3.3. Gastrointestinal Bleeding

The characteristics of the bleeding event influence the risks associated with restart-
ing antithrombotic therapy, including bleeding location, whether the bleeding cause
was identified and treated, and whether further surgical or procedural interventions are
planned [25,122].

Bleeding risk is dynamic, and evaluation of bleeding risk factors should be made at
every patient contact, towards improved efficacy and safety of antithrombotic therapy [123].

The timing of resuming anticoagulation and the type and dose of anticoagulant should
be evaluated. A prospective study which evaluated the benefits and risks of resuming
anticoagulation after GIB recommended resuming within 2 weeks after the GIB event to
achieve the best net clinical benefit [124].

4.4. Importance of the Multidisciplinary Team

A multimodal approach appears to be the optimal strategy to restore hemostasis in
patients with bleeding and/or coagulopathy attributed to DOAC [24]. The management
of acute major bleeding in patients under DOAC is well established [25], but there is a
lack of standardized protocols about how and when to resume anticoagulant therapy
after hemostasis is achieved [13]. International guidelines recommend the development
of a hospital-based multidisciplinary approach including cardiology, gastroenterology,
neurology, intensive care, hemostasis, neurosurgery, and vascular surgery specialists [9] to
provide an individualized optimal balance between benefit and risk [13]. The outcome of
patients with oral anticoagulant-related bleeding can be improved not only by the use of
reversal agents, but also by multidisciplinary and multimodal support applied in a timely
and integrated strategy [12,13,52]. Ideally all hospitals should have a multidisciplinary
“bleeding team” [52] and a “thrombosis team” [5,9,13].

5. Discussion

This multidisciplinary expert consensus developed a stepwise guidance framework for
DOAC reversal in the event of life-threatening bleeding and emergency surgery/procedures,
including a narrative review of the most recent scientific literature. The immediate reversal
of these agents if life-threatening bleeding occurs is indicated in an emergency setting [10],
and is still the primary concern with DOAC use due to the significant morbidity and
mortality associated with bleeding if it is not treated immediately and effectively [2].

Every hospital should develop a protocol for bleeding management in patients taking
anticoagulants, including DOAC, and an indication for their reversal [39,52].
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DOAC-associated bleeding involves an initial assessment, a decision to replete or
replace and repair, and finally to resume anticoagulation [85]. A time-to-treat analysis to
determine the therapeutic window during reversal agents could be useful [85]. Most of the
recommendations are based on expert opinion and interpretation of available evidence [18].

The reversal antidotes exhibited a significant restoration of normal hemostasis in more
than 90% of the patients with major DOAC-associated bleeding, with a well-tolerable safety
profile and a low mortality rate [125]. Real-world experience with specific antidotes is still
limited [125]. The off-label use of PCC has been the mainstay of DOAC reversal, in addition
to support measures [2]. Despite the recommendations, the lack of a comparator arm in
the REVERSE-AD and ANNEXA-4 trials, the reports of thrombotic events in treated study
subjects, and the high cost of andexanet alfa relative to PCC generate concerns [5,50,57,58,125].

The Anticoagulation Forum stated “with the recent advent of potentially life-saving,
but also costly and potentially prothrombotic DOAC reversal agents, it is imperative
that clinicians and institutions be prepared to use these agents in a manner that is both
cost-effective and optimizes patient outcomes” [12].

There are real and potential challenges associated with DOAC reversal strategies
that may be broadly grouped into acquisition and cost, operational logistics (storage,
preparation), and appropriate and timely administration [12,39]. Given the high cost
and prothrombotic potential of DOAC reversal agents, judicious use of these agents is
essential [12,39]. Centralized, controlled access is prudent to optimize the appropriate
treatment (e.g., indication, dose, administration) of patients and the storage of samples (e.g.,
refrigeration, light protection) [12]. Most importantly, the best way to treat a bleed related
to DOAC is to prevent it by using the right drug at the right dose in the right patient, and
by withdrawing anticoagulation in patients without an indication for such therapy [51].

No solid evidence about DOAC reversal is available, and many current guidelines’
recommendations/suggestions are mainly based on panelists’ judgments [52]. Further
studies assessing the use of specific antidotes in real-world practice are needed [125].
Post-marketing surveillance and registries are needed to better determine their clinical
utility, particularly in special circumstances such as reversal before thrombolytic therapy
in patients with acute ischemic stroke, or additional dosing if there is incomplete reversal
with ongoing bleeding [39].

Finally, the resumption of anticoagulation must take place as soon as possible after the
benefits outweigh the patient’s bleeding and thrombotic risks.

6. Conclusions

We developed a multimodal and multidisciplinary DOAC reversal management al-
gorithm supported by the most recent literature, expert’s opinion, and guidelines from
several scientific societies within different areas of medicine for the assessment and treat-
ment of bleeding patients. All hospitals should have a multidisciplinary team to provide
guidance on bleeding and thrombosis management, and to better support patients with
oral anticoagulation. The real-world experience with the reversal of specific DOACs is still
limited. Their judicious use is essential because of the high cost and prothrombotic risk.
Further prospective trials assessing the use of specific antidotes are needed, as well as a
national registry for retrospective evaluation in the real world.
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Kułakowska, A.; Kurek, K.; et al. Recommendations of Polish Cardiac Society Expert Regarding the Use of Andexanet Alpha in
the Polish Context. An Interdisciplinary Protocol. Kardiol. Pol. 2023, 82, 123–139. [CrossRef]

27. Klein, A.A.; Arnold, P.; Bingham, R.M.; Brohi, K.; Clark, R.; Collis, R.; Gill, R.; McSporran, W.; Moor, P.; Rao Baikady, R.; et al.
AAGBI Guidelines: The Use of Blood Components and Their Alternatives 2016. Anaesthesia 2016, 71, 829–842. [CrossRef]

28. Hunt, B.J.; Allard, S.; Keeling, D.; Norfolk, D.; Stanworth, S.J.; Pendry, K. A Practical Guideline for the Haematological
Management of Major Haemorrhage. Br. J. Haematol. 2015, 170, 788–803. [CrossRef]

29. Rodrigues, A.; Carrilho, A.; Almeida, N.; Baldaia, C.; Alves, Â.; Gomes, M.; Gonçalves, L.; Nunes, A.R.; Pereira, C.L.; Silva,
M.J.; et al. Interventional Algorithm in Gastrointestinal Bleeding—An Expert Consensus Multimodal Approach Based on a
Multidisciplinary Team. Clin. Appl. Thromb. Hemost. 2020, 26, 107602962093194. [CrossRef]

30. Critical Bleeding Protocol. Available online: https://www.seslhd.health.nsw.gov.au/sites/default/files/documents/
criticalbleedingpowhrhw18.pdf (accessed on 6 July 2024).

31. Fernández-Hinojosa, E.; Murillo-Cabezas, F.; Puppo-Moreno, A.; Leal-Noval, S.R. Alternativas Terapéuticas de La Hemorragia
Masiva. Med. Intensiva 2012, 36, 496–503. [CrossRef]

32. Wells, G.A.; Elliott, J.; Kelly, S.; Bai, Z.; Boucher, M.; Skidmore, B.; So, D.; Laplante, S.; Lee, K. Dual Antiplatelet Therapy Following
Percutaneous Coronary Intervention: Clinical and Economic Impact of Standard Versus Extended Duration; Canadian Agency Agency for
Drugs and Technologies in Health: Ottawa, ON, Canada, 2017.

33. Franco, L.; Becattini, C.; Beyer-Westendorf, J.; Vanni, S.; Nitti, C.; Re, R.; Manina, G.; Pomero, F.; Cappelli, R.; Conti, A.; et al.
Definition of Major Bleeding: Prognostic Classification. J. Thromb. Haemost. 2020, 18, 2852–2860. [CrossRef] [PubMed]

34. Nederpelt, C.J.; Naar, L.; Sylvester, K.W.; Barra, M.E.; Roberts, R.J.; Velmahos, G.C.; Kaafarani, H.M.A.; Rosenthal, M.G.; King,
D.R. Evaluation of Oral Factor Xa Inhibitor-associated Extracranial Bleeding Reversal with Andexanet Alfa. J. Thromb. Haemost.
2020, 18, 2532–2541. [CrossRef] [PubMed]

35. Perkins, L.; Adams, L.; Lerner, D.; Santorelli, J.; Smith, A.M.; Kobayashi, L. Predictors of Direct Oral Anticoagulant Concentrations
in the Trauma Population. Trauma Surg. Acute Care Open 2024, 9, e001208. [CrossRef] [PubMed]

36. Heubner, L.; Vicent, O.; Beyer-Westendorf, J.; Spieth, P.M. Bleeding Management in Patients with Direct Oral Anticoagulants.
Minerva Anestesiol. 2023, 89, 707–715. [CrossRef] [PubMed]

37. Ricca Gonçalves, L.; Robalo Nunes, A. Reversão Do Dabigatrano: Abordagem Prática. Acta Med. Port. 2022, 35, 394–398.
[CrossRef]

38. Fonseca, C.; Alves, J.; Araújo, F. Manuseio Peri-Operatório Dos Doentes Medicados Com Anticoagulantes e Antiagregantes
Plaquetários: Resultado Da 3a Reunião de Consenso Da Sociedade Portuguesa de Anestesiologia. Rev. Soc. Port. Anestesiol. 2014,
23, 76–93.

39. Levy, J.H.; Ageno, W.; Chan, N.C.; Crowther, M.; Verhamme, P.; Weitz, J.I. When and How to Use Antidotes for the Reversal of
Direct Oral Anticoagulants: Guidance from the SSC of the ISTH. J. Thromb. Haemost. 2016, 14, 623–627. [CrossRef]

https://doi.org/10.1016/j.ajem.2020.05.086
https://doi.org/10.1093/eurheartj/ehad123
https://doi.org/10.1186/cc12592
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.3390/jvd2020017
https://doi.org/10.1007/s11239-023-02820-y
https://www.ncbi.nlm.nih.gov/pubmed/37219827
https://doi.org/10.57187/smw.2023.40113
https://www.ncbi.nlm.nih.gov/pubmed/37499160
https://doi.org/10.5603/CJ.a2023.0043
https://www.ncbi.nlm.nih.gov/pubmed/37401419
https://doi.org/10.2174/1871525719666210914110750
https://www.ncbi.nlm.nih.gov/pubmed/34521332
https://doi.org/10.1016/j.jacc.2020.04.053
https://doi.org/10.33963/v.kp.98059
https://doi.org/10.1111/anae.13489
https://doi.org/10.1111/bjh.13580
https://doi.org/10.1177/1076029620931943
https://www.seslhd.health.nsw.gov.au/sites/default/files/documents/criticalbleedingpowhrhw18.pdf
https://www.seslhd.health.nsw.gov.au/sites/default/files/documents/criticalbleedingpowhrhw18.pdf
https://doi.org/10.1016/j.medin.2011.11.010
https://doi.org/10.1111/jth.15048
https://www.ncbi.nlm.nih.gov/pubmed/32767653
https://doi.org/10.1111/jth.15031
https://www.ncbi.nlm.nih.gov/pubmed/32738161
https://doi.org/10.1136/tsaco-2023-001208
https://www.ncbi.nlm.nih.gov/pubmed/38274020
https://doi.org/10.23736/S0375-9393.23.17230-0
https://www.ncbi.nlm.nih.gov/pubmed/37079285
https://doi.org/10.20344/amp.17662
https://doi.org/10.1111/jth.13227


J. Clin. Med. 2024, 13, 6842 27 of 30

40. Ondexxya - Resumo Das Características Do Medicamento. Available online: https://ec.europa.eu/health/documents/
community-register/2023/20230608159339/anx_159339_pt.pdf (accessed on 6 July 2024).

41. Carballo Álvarez, F.; Albillos Martínez, A.; Llamas Silero, P.; Orive Calzada, A.; Redondo-Cerezo, E.; Rodríguez de Santiago, E.;
Crespo García, J. Consensus Document of the Sociedad Española de Patología Digestiva on Massive Nonvariceal Gastrointestinal
Bleeding and Direct-Acting Oral Anticoagulants. Rev. Española Enfermedades Dig. 2022, 114, 375–389. [CrossRef]

42. Harenberg, J.; Gosselin, R.C.; Cuker, A.; Becattini, C.; Pabinger, I.; Poli, S.; Weitz, J.; Ageno, W.; Bauersachs, R.; Celap, I.; et al.
Algorithm for Rapid Exclusion of Clinically Relevant Plasma Levels of Direct Oral Anticoagulants in Patients Using the DOAC
Dipstick: An Expert Consensus Paper. Thromb. Haemost. 2024, 124, 770–777. [CrossRef]

43. Harenberg, J.; Beyer-Westendorf, J.; Crowther, M.; Douxfils, J.; Elalamy, I.; Verhamme, P.; Bauersachs, R.; Hetjens, S.; Weiss, C.
Accuracy of a Rapid Diagnostic Test for the Presence of Direct Oral Factor Xa or Thrombin Inhibitors in Urine—A Multicenter
Trial. Thromb. Haemost. 2020, 120, 132–140. [CrossRef]

44. Grottke, O.; Afshari, A.; Ahmed, A.; Arnaoutoglou, E.; Bolliger, D.; Fenger-Eriksen, C.; von Heymann, C. Clinical Guideline
on Reversal of Direct Oral Anticoagulants in Patients with Life Threatening Bleeding. Eur. J. Anaesthesiol. 2024, 41, 327–350.
[CrossRef] [PubMed]

45. Crochemore, T.; Görlinger, K.; Lance, M.D. Early Goal-Directed Hemostatic Therapy for Severe Acute Bleeding Management in
the Intensive Care Unit: A Narrative Review. Anesth. Analg. 2023, 138, 499–513. [CrossRef] [PubMed]

46. McCoy, C.C.; Lawson, J.H.; Shapiro, M.L. Management of Anticoagulation Agents in Trauma Patients. Clin. Lab. Med. 2014, 34,
563–574. [CrossRef] [PubMed]

47. Desai, N.R.; Cornutt, D. Reversal Agents for Direct Oral Anticoagulants: Considerations for Hospital Physicians and Intensivists.
Hosp. Pract. 2019, 47, 113–122. [CrossRef] [PubMed]

48. Chacko, B.; Peter, J.V.; Subramani, K. Reversal of Anticoagulants in Critical Care. Indian J. Crit. Care Med. 2019, 23, S221. [CrossRef]
49. Greenberg, S.M.; Ziai, W.C.; Cordonnier, C.; Dowlatshahi, D.; Francis, B.; Goldstein, J.N.; Hemphill, J.C.; Johnson, R.; Keigher,

K.M.; Mack, W.J.; et al. 2022 Guideline for the Management of Patients With Spontaneous Intracerebral Hemorrhage: A Guideline
From the American Heart Association/American Stroke Association. Stroke 2022, 53, e282–e361. [CrossRef]

50. Pollack, C.V.V.; Reilly, P.A.A.; van Ryn, J.; Eikelboom, J.W.W.; Glund, S.; Bernstein, R.A.A.; Dubiel, R.; Huisman, M.V.V.; Hylek,
E.M.M.; Kam, C.-W.; et al. Idarucizumab for Dabigatran Reversal—Full Cohort Analysis. N. Engl. J. Med. 2017, 377, 431–441.
[CrossRef]

51. Crowther, M.; Cuker, A. How Can We Reverse Bleeding in Patients on Direct Oral Anticoagulants? Kardiol. Pol. 2019, 77, 3–11.
[CrossRef]

52. Moia, M.; Squizzato, A. Reversal Agents for Oral Anticoagulant-Associated Major or Life-Threatening Bleeding. Intern. Emerg.
Med. 2019, 14, 1233–1239. [CrossRef]

53. Kietaibl, S.; Ahmed, A.; Afshari, A.; Albaladejo, P.; Aldecoa, C.; Barauskas, G.; De Robertis, E.; Faraoni, D.; Filipescu, D.C.; Fries,
D.; et al. Management of Severe Peri-Operative Bleeding: Guidelines from the European Society of Anaesthesiology and Intensive
Care. Eur. J. Anaesthesiol. 2023, 40, 226–304. [CrossRef]

54. Rossaint, R.; Afshari, A.; Bouillon, B.; Cerny, V.; Cimpoesu, D.; Curry, N.; Duranteau, J.; Filipescu, D.; Grottke, O.; Grønlykke, L.;
et al. The European Guideline on Management of Major Bleeding and Coagulopathy Following Trauma: Sixth Edition. Crit. Care
2023, 27, 80. [CrossRef] [PubMed]

55. Witt, D.M.; Nieuwlaat, R.; Clark, N.P.; Ansell, J.; Holbrook, A.; Skov, J.; Shehab, N.; Mock, J.; Myers, T.; Dentali, F.; et al. American
Society of Hematology 2018 Guidelines for Management of Venous Thromboembolism: Optimal Management of Anticoagulation
Therapy. Blood Adv. 2018, 2, 3257–3291. [CrossRef] [PubMed]

56. January, C.T.; Wann, L.S.; Calkins, H.; Chen, L.Y.; Cigarroa, J.E.; Cleveland, J.C.; Ellinor, P.T.; Ezekowitz, M.D.; Field, M.E.; Furie,
K.L.; et al. 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With
Atrial Fibrillation: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines and the Heart R. Circulation 2019, 140, e125–e151. [CrossRef] [PubMed]

57. Andexanet Alfa Prescription Information. Available online: https://www.ema.europa.eu/medicines/human/EPAR/ondexxya
(accessed on 13 November 2024).

58. Connolly, S.J.; Crowther, M.; Eikelboom, J.W.; Gibson, C.M.; Curnutte, J.T.; Lawrence, J.H.; Yue, P.; Bronson, M.D.; Lu, G.; Conley,
P.B.; et al. Full Study Report of Andexanet Alfa for Bleeding Associated with Factor Xa Inhibitors. N. Engl. J. Med. 2019, 380,
1326–1335. [CrossRef]

59. Siegal, D.M.; Curnutte, J.T.; Connolly, S.J.; Lu, G.; Conley, P.B.; Wiens, B.L.; Mathur, V.S.; Castillo, J.; Bronson, M.D.; Leeds, J.M.;
et al. Andexanet Alfa for the Reversal of Factor Xa Inhibitor Activity. N. Engl. J. Med. 2015, 373, 2413–2424. [CrossRef]

60. Milling, T.J.; Middeldorp, S.; Xu, L.; Koch, B.; Demchuk, A.; Eikelboom, J.W.; Verhamme, P.; Cohen, A.T.; Beyer-Westendorf, J.; Gibson,
C.M.; et al. Final Study Report of Andexanet Alfa for Major Bleeding With Factor Xa Inhibitors. Circulation 2023, 147, 1026–1038.
[CrossRef]

61. Cohen, A.T.; Lewis, M.; Connor, A.; Connolly, S.J.; Yue, P.; Curnutte, J.; Alikhan, R.; MacCallum, P.; Tan, J.; Green, L. Thirty-day
Mortality with Andexanet Alfa Compared with Prothrombin Complex Concentrate Therapy for Life-threatening Direct Oral
Anticoagulant-related Bleeding. J. Am. Coll. Emerg. Physicians Open 2022, 3, e12655. [CrossRef]

62. Flaherty, D.; Connors, J.M.; Singh, S.; Sylvester, K.W.; Rimsans, J.; Cornella, L. Andexanet Alfa for Urgent Reversal of Apixaban
Before Aortic Surgery Requiring Cardiopulmonary Bypass: A Case Report. A&A Pract. 2019, 13, 271–273. [CrossRef]

https://ec.europa.eu/health/documents/community-register/2023/20230608159339/anx_159339_pt.pdf
https://ec.europa.eu/health/documents/community-register/2023/20230608159339/anx_159339_pt.pdf
https://doi.org/10.17235/reed.2022.8920/2022
https://doi.org/10.1055/a-2261-1811
https://doi.org/10.1055/s-0039-1700545
https://doi.org/10.1097/EJA.0000000000001968
https://www.ncbi.nlm.nih.gov/pubmed/38567679
https://doi.org/10.1213/ANE.0000000000006756
https://www.ncbi.nlm.nih.gov/pubmed/37977195
https://doi.org/10.1016/j.cll.2014.06.013
https://www.ncbi.nlm.nih.gov/pubmed/25168942
https://doi.org/10.1080/21548331.2019.1643728
https://www.ncbi.nlm.nih.gov/pubmed/31317796
https://doi.org/10.5005/jp-journals-10071-23257
https://doi.org/10.1161/STR.0000000000000407
https://doi.org/10.1056/NEJMoa1707278
https://doi.org/10.5603/KP.a2018.0197
https://doi.org/10.1007/s11739-019-02177-2
https://doi.org/10.1097/EJA.0000000000001803
https://doi.org/10.1186/s13054-023-04327-7
https://www.ncbi.nlm.nih.gov/pubmed/36859355
https://doi.org/10.1182/bloodadvances.2018024893
https://www.ncbi.nlm.nih.gov/pubmed/30482765
https://doi.org/10.1161/CIR.0000000000000665
https://www.ncbi.nlm.nih.gov/pubmed/30686041
https://www.ema.europa.eu/medicines/human/EPAR/ondexxya
https://doi.org/10.1056/NEJMoa1814051
https://doi.org/10.1056/NEJMoa1510991
https://doi.org/10.1161/CIRCULATIONAHA.121.057844
https://doi.org/10.1002/emp2.12655
https://doi.org/10.1213/XAA.0000000000001052


J. Clin. Med. 2024, 13, 6842 28 of 30

63. Eche, I.M.; Elsamadisi, P.; Wex, N.; Wyers, M.C.; Brat, G.A.; Cunningham, K.; Bauer, K.A. Intraoperative Unfractionated
Heparin Unresponsiveness during Endovascular Repair of a Ruptured Abdominal Aortic Aneurysm Following Administration
of Andexanet Alfa for the Reversal of Rivaroxaban. Pharmacother. J. Hum. Pharmacol. Drug Ther. 2019, 39, 861–865. [CrossRef]

64. Erdoes, G.; Martinez Lopez De Arroyabe, B.; Bolliger, D.; Ahmed, A.B.; Koster, A.; Agarwal, S.; Boer, C.; von Heymann,
C. International Consensus Statement on the Peri-operative Management of Direct Oral Anticoagulants in Cardiac Surgery.
Anaesthesia 2018, 73, 1535–1545. [CrossRef]

65. Schulman, S.; Gross, P.; Ritchie, B.; Nahirniak, S.; Lin, Y.; Lieberman, L.; Carrier, M.; Crowther, M.; Ghosh, I.; Lazo-Langner,
A.; et al. Prothrombin Complex Concentrate for Major Bleeding on Factor Xa Inhibitors: A Prospective Cohort Study. Thromb.
Haemost. 2018, 118, 842–851. [CrossRef]

66. Majeed, A.; Ågren, A.; Holmström, M.; Bruzelius, M.; Chaireti, R.; Odeberg, J.; Hempel, E.-L.; Magnusson, M.; Frisk, T.; Schulman,
S. Management of Rivaroxaban- or Apixaban-Associated Major Bleeding with Prothrombin Complex Concentrates: A Cohort
Study. Blood 2017, 130, 1706–1712. [CrossRef] [PubMed]

67. Last, J.; Herrmann, E.; Birschmann, I.; Lindau, S.; Konstantinides, S.; Grottke, O.; Nowak-Göttl, U.; Zydek, B.; von Heymann, C.;
Sümnig, A.; et al. Clinical Course and Management of Patients with Emergency Surgery Treated with Direct Oral Anticoagulants
or Vitamin K Antagonists—Results of the German Prospective RADOA-Registry. J. Clin. Med. 2024, 13, 272. [CrossRef] [PubMed]

68. Rayatdoost, F.; Deventer, K.; Rossaint, R.; Schöchl, H.; Grottke, O. Comparative Analysis of Andexanet Alfa and Prothrombin
Complex Concentrate in Reversing Anticoagulation by Rivaroxaban Ex Vivo. Br. J. Anaesth. 2024, 132, 251–259. [CrossRef] [PubMed]

69. Dobesh, P.P.; Fermann, G.J.; Christoph, M.J.; Koch, B.; Lesén, E.; Chen, H.; Lovelace, B.; Dettling, T.; Danese, M.; Ulloa, J.; et al.
Lower Mortality with Andexanet Alfa vs 4-Factor Prothrombin Complex Concentrate for Factor Xa Inhibitor-Related Major
Bleeding in a U.S. Hospital-Based Observational Study. Res. Pract. Thromb. Haemost. 2023, 7, 102192. [CrossRef]

70. Green, L.; Tan, J.; Morris, J.K.; Alikhan, R.; Curry, N.; Everington, T.; Maclean, R.; Saja, K.; Stanworth, S.; Tait, C.; et al. A
Three-Year Prospective Study of the Presentation and Clinical Outcomes of Major Bleeding Episodes Associated with Oral
Anticoagulant Use in the UK (ORANGE Study). Haematologica 2018, 103, 738–745. [CrossRef]

71. Nederpelt, C.J.; Naar, L.; Krijnen, P.; le Cessie, S.; Kaafarani, H.M.A.; Huisman, M.V.; Velmahos, G.C.; Schipper, I.B. Andexanet
Alfa or Prothrombin Complex Concentrate for Factor Xa Inhibitor Reversal in Acute Major Bleeding: A Systematic Review and
Meta-Analysis. Crit. Care Med. 2021, 49, e1025–e1036. [CrossRef]

72. Mead, G.E.; Sposato, L.A.; Sampaio Silva, G.; Yperzeele, L.; Wu, S.; Kutlubaev, M.; Cheyne, J.; Wahab, K.; Urrutia, V.C.; Sharma,
V.K.; et al. A Systematic Review and Synthesis of Global Stroke Guidelines on Behalf of the World Stroke Organization. Int. J.
Stroke 2023, 18, 499–531. [CrossRef]

73. Christensen, H.; Cordonnier, C.; Kõrv, J.; Lal, A.; Ovesen, C.; Purrucker, J.C.; Toni, D.; Steiner, T. European Stroke Organisation
Guideline on Reversal of Oral Anticoagulants in Acute Intracerebral Haemorrhage. Eur. Stroke J. 2019, 4, 294–306. [CrossRef]

74. Triantafyllou, K.; Gkolfakis, P.; Gralnek, I.M.; Oakland, K.; Manes, G.; Radaelli, F.; Awadie, H.; Camus Duboc, M.; Christodoulou,
D.; Fedorov, E.; et al. Diagnosis and Management of Acute Lower Gastrointestinal Bleeding: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline. Endoscopy 2021, 53, 850–868. [CrossRef]

75. Lip, G.Y.H.; Banerjee, A.; Boriani, G.; Chiang, C.e.; Fargo, R.; Freedman, B.; Lane, D.A.; Ruff, C.T.; Turakhia, M.; Werring, D.; et al.
Antithrombotic Therapy for Atrial Fibrillation. Chest 2018, 154, 1121–1201. [CrossRef] [PubMed]

76. Ahmed, N.; Audebert, H.; Turc, G.; Cordonnier, C.; Christensen, H.; Sacco, S.; Sandset, E.C.; Ntaios, G.; Charidimou, A.; Toni,
D.; et al. Consensus Statements and Recommendations from the ESO-Karolinska Stroke Update Conference, Stockholm 11–13
November 2018. Eur. Stroke J. 2019, 4, 307–317. [CrossRef] [PubMed]

77. Oakland, K.; Chadwick, G.; East, J.E.; Guy, R.; Humphries, A.; Jairath, V.; McPherson, S.; Metzner, M.; Morris, A.J.; Murphy,
M.F.; et al. Diagnosis and Management of Acute Lower Gastrointestinal Bleeding: Guidelines from the British Society of
Gastroenterology. Gut 2019, 68, 776–789. [CrossRef] [PubMed]

78. Tibi, P.; McClure, R.S.; Huang, J.; Baker, R.A.; Fitzgerald, D.; Mazer, C.D.; Stone, M.; Chu, D.; Stammers, A.H.; Dickinson, T.; et al.
STS/SCA/AmSECT/SABM Update to the Clinical Practice Guidelines on Patient Blood Management. Ann. Thorac. Surg. 2021,
112, 981–1004. [CrossRef] [PubMed]

79. Frontera, J.A.; Lewin, J.J.; Rabinstein, A.A.; Aisiku, I.P.; Alexandrov, A.W.; Cook, A.M.; del Zoppo, G.J.; Kumar, M.A.; Peerschke, E.I.B.;
Stiefel, M.F.; et al. Guideline for Reversal of Antithrombotics in Intracranial Hemorrhage: A Statement for Healthcare Professionals
from the Neurocritical Care Society and Society of Critical Care Medicine. Crit. Care Med. 2016, 44, 2251–2257. [CrossRef]

80. Sengupta, N.; Feuerstein, J.D.; Jairath, V.; Shergill, A.K.; Strate, L.L.; Wong, R.J.; Wan, D. Management of Patients With Acute
Lower Gastrointestinal Bleeding: An Updated ACG Guideline. Am. J. Gastroenterol. 2023, 118, 208–231. [CrossRef]

81. Gralnek, I.M.; Stanley, A.J.; Morris, A.J.; Camus, M.; Lau, J.; Lanas, A.; Laursen, S.B.; Radaelli, F.; Papanikolaou, I.S.; Cúrdia
Gonçalves, T.; et al. Endoscopic Diagnosis and Management of Nonvariceal Upper Gastrointestinal Hemorrhage (NVUGIH):
European Society of Gastrointestinal Endoscopy (ESGE) Guideline–Update 2021. Endoscopy 2021, 53, 300–332. [CrossRef]

82. Kakkos, S.K.; Gohel, M.; Baekgaard, N.; Bauersachs, R.; Bellmunt-Montoya, S.; Black, S.A.; ten Cate-Hoek, A.J.; Elalamy, I.;
Enzmann, F.K.; Geroulakos, G.; et al. Editor’s Choice–European Society for Vascular Surgery (ESVS) 2021 Clinical Practice
Guidelines on the Management of Venous Thrombosis. Eur. J. Vasc. Endovasc. Surg. 2021, 61, 9–82. [CrossRef]

83. NCCN Guidelines Version 2.2024 Cancer-Associated Venous Thromboembolic Disease. Available online: https://www.nccn.org/
professionals/physician_gls/pdf/vte.pdf (accessed on 6 July 2024).

https://doi.org/10.1002/phar.2306
https://doi.org/10.1111/anae.14425
https://doi.org/10.1055/s-0038-1636541
https://doi.org/10.1182/blood-2017-05-782060
https://www.ncbi.nlm.nih.gov/pubmed/28835439
https://doi.org/10.3390/jcm13010272
https://www.ncbi.nlm.nih.gov/pubmed/38202279
https://doi.org/10.1016/j.bja.2023.10.018
https://www.ncbi.nlm.nih.gov/pubmed/38030550
https://doi.org/10.1016/j.rpth.2023.102192
https://doi.org/10.3324/haematol.2017.182220
https://doi.org/10.1097/CCM.0000000000005059
https://doi.org/10.1177/17474930231156753
https://doi.org/10.1177/2396987319849763
https://doi.org/10.1055/a-1496-8969
https://doi.org/10.1016/j.chest.2018.07.040
https://www.ncbi.nlm.nih.gov/pubmed/30144419
https://doi.org/10.1177/2396987319863606
https://www.ncbi.nlm.nih.gov/pubmed/31903429
https://doi.org/10.1136/gutjnl-2018-317807
https://www.ncbi.nlm.nih.gov/pubmed/30792244
https://doi.org/10.1016/j.athoracsur.2021.03.033
https://www.ncbi.nlm.nih.gov/pubmed/34217505
https://doi.org/10.1097/CCM.0000000000002057
https://doi.org/10.14309/ajg.0000000000002130
https://doi.org/10.1055/a-1369-5274
https://doi.org/10.1016/j.ejvs.2020.09.023
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf


J. Clin. Med. 2024, 13, 6842 29 of 30

84. Abraham, N.S.; Barkun, A.N.; Sauer, B.G.; Douketis, J.; Laine, L.; Noseworthy, P.A.; Telford, J.J.; Leontiadis, G.I. American College
of Gastroenterology-Canadian Association of Gastroenterology Clinical Practice Guideline: Management of Anticoagulants and
Antiplatelets During Acute Gastrointestinal Bleeding and the Periendoscopic Period. Am. J. Gastroenterol. 2022, 117, 542–558.
[CrossRef]

85. Gibler, W.B.; Racadio, J.M.; Hirsch, A.L.; Roat, T.W. Management of Severe Bleeding in Patients Treated With Oral Anticoagulants.
Crit. Pathways Cardiol. A J. Evid.-Based Med. 2019, 18, 143–166. [CrossRef]

86. Carvalho, M.; Rodrigues, A.; Gomes, M.; Carrilho, A.; Nunes, A.R.; Orfão, R.; Alves, Â.; Aguiar, J.; Campos, M. Interventional
Algorithms for the Control of Coagulopathic Bleeding in Surgical, Trauma, and Postpartum Settings. Clin. Appl. Thromb. Hemost.
2016, 22, 121–137. [CrossRef] [PubMed]

87. Backus, B.; Beyer-Westendorf, J.; Body, R.; Lindner, T.; Möckel, M.; Sehgal, V.; Parry-Jones, A.; Seiffge, D.; Gibler, B. Management
of Major Bleeding for Anticoagulated Patients in the Emergency Department: An European Experts Consensus Statement. Eur. J.
Emerg. Med. 2023, 30, 315–323. [CrossRef] [PubMed]

88. Wienhold, J.; Rayatdoost, F.; Schöchl, H.; Grottke, O. Antidote vs. Unspecific Hemostatic Agents for the Management of Direct
Oral Anticoagulant-Related Bleeding in Trauma. Curr. Opin. Anaesthesiol. 2024, 37, 101–109. [CrossRef] [PubMed]

89. Feigin, V.L.; Stark, B.A.; Johnson, C.O.; Roth, G.A.; Bisignano, C.; Abady, G.G.; Abbasifard, M.; Abbasi-Kangevari, M.; Abd-Allah,
F.; Abedi, V.; et al. Global, Regional, and National Burden of Stroke and Its Risk Factors, 1990–2019: A Systematic Analysis for the
Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [CrossRef] [PubMed]

90. Berge, E.; Whiteley, W.; Audebert, H.; De Marchis, G.; Fonseca, A.C.; Padiglioni, C.; Pérez de la Ossa, N.; Strbian, D.; Tsivgoulis,
G.; Turc, G. European Stroke Organisation (ESO) Guidelines on Intravenous Thrombolysis for Acute Ischaemic Stroke. Eur. Stroke
J. 2021, 6, I–LXII. [CrossRef]

91. Turc, G.; Bhogal, P.; Fischer, U.; Khatri, P.; Lobotesis, K.; Mazighi, M.; Schellinger, P.D.; Toni, D.; de Vries, J.; White, P.; et al. European
Stroke Organisation (ESO)–European Society for Minimally Invasive Neurological Therapy (ESMINT) Guidelines on Mechanical
Thrombectomy in Acute Ischaemic StrokeEndorsed by Stroke Alliance for Europe (SAFE). Eur. Stroke J. 2019, 4, 6–12. [CrossRef]

92. Haupenthal, D.; Schwab, S.; Kuramatsu, J.B. Hematoma Expansion in Intracerebral Hemorrhage–the Right Target? Neurol. Res.
Pract. 2023, 5, 36. [CrossRef]

93. Al-Shahi Salman, R.; Frantzias, J.; Lee, R.J.; Lyden, P.D.; Battey, T.W.K.; Ayres, A.M.; Goldstein, J.N.; Mayer, S.A.; Steiner, T.; Wang,
X.; et al. Absolute Risk and Predictors of the Growth of Acute Spontaneous Intracerebral Haemorrhage: A Systematic Review
and Meta-Analysis of Individual Patient Data. Lancet Neurol. 2018, 17, 885–894. [CrossRef]

94. Ruff, I.M.; de Havenon, A.; Bergman, D.L.; Dugue, R.; Frontera, J.A.; Goldstein, J.N.; Hemphill, J.C.; Marulanda-Londono,
E.; Prabhakaran, S.; Richards, C.T.; et al. 2024 AHA/ASA Performance and Quality Measures for Spontaneous Intracerebral
Hemorrhage: A Report From the American Heart Association/American Stroke Association. Stroke 2024, 55, e199–e230. [CrossRef]

95. Sheth, K.N.; Solomon, N.; Alhanti, B.; Messe, S.R.; Xian, Y.; Bhatt, D.L.; Hemphill, J.C.; Frontera, J.A.; Chang, R.C.; Danelich, I.M.;
et al. Time to Anticoagulation Reversal and Outcomes After Intracerebral Hemorrhage. JAMA Neurol. 2024, 81, 363. [CrossRef]

96. Wang, X.; Yang, J.; Moullaali, T.J.; Sandset, E.C.; Woodhouse, L.J.; Law, Z.K.; Arima, H.; Butcher, K.S.; Delcourt, C.; Edwards,
L.; et al. Influence of Time to Achieve Target Systolic Blood Pressure on Outcome After Intracerebral Hemorrhage: The Blood
Pressure in Acute Stroke Collaboration. Stroke 2024, 55, 849–855. [CrossRef] [PubMed]

97. Qureshi, A.I.; Palesch, Y.Y.; Barsan, W.G.; Hanley, D.F.; Hsu, C.Y.; Martin, R.L.; Moy, C.S.; Silbergleit, R.; Steiner, T.; Suarez, J.I.;
et al. Intensive Blood-Pressure Lowering in Patients with Acute Cerebral Hemorrhage. N. Engl. J. Med. 2016, 375, 1033–1043.
[CrossRef] [PubMed]

98. Hottinger, D.; Beebe, D.; Kozhimannil, T.; Prielipp, R.; Belani, K. Sodium Nitroprusside in 2014: A Clinical Concepts Review. J.
Anaesthesiol. Clin. Pharmacol. 2014, 30, 462. [CrossRef] [PubMed]

99. Reilly, P.A.; van Ryn, J.; Grottke, O.; Glund, S.; Stangier, J. Idarucizumab, a Specific Reversal Agent for Dabigatran: Mode of
Action, Pharmacokinetics and Pharmacodynamics, and Safety and Efficacy in Phase 1 Subjects. Am. J. Med. 2016, 129, S64–S72.
[CrossRef] [PubMed]

100. Hoffman, M.; Goldstein, J.N.; Levy, J.H. The Impact of Prothrombin Complex Concentrates When Treating DOAC-Associated
Bleeding: A Review. Int. J. Emerg. Med. 2018, 11, 55. [CrossRef]

101. Kaatz, S.; Bhansali, H.; Gibbs, J.; Lavender, R.; Mahan, C.; Paje, D. Reversing Factor Xa Inhibitors &ndash; Clinical Utility of
Andexanet Alfa. J. Blood Med. 2017, 8, 141–149. [CrossRef]

102. Connolly, S.J.; Milling, T.J.; Eikelboom, J.W.; Gibson, C.M.; Curnutte, J.T.; Gold, A.; Bronson, M.D.; Lu, G.; Conley, P.B.; Verhamme, P.;
et al. Andexanet Alfa for Acute Major Bleeding Associated with Factor Xa Inhibitors. N. Engl. J. Med. 2016, 375, 1131–1141. [CrossRef]

103. Connolly, S.J.; Sharma, M.; Cohen, A.T.; Demchuk, A.M.; Członkowska, A.; Lindgren, A.G.; Molina, C.A.; Bereczki, D.; Toni, D.;
Seiffge, D.J.; et al. Andexanet for Factor Xa Inhibitor–Associated Acute Intracerebral Hemorrhage. N. Engl. J. Med. 2024, 390,
1745–1755. [CrossRef]

104. Parry-Jones, A.R.; Järhult, S.J.; Kreitzer, N.; Morotti, A.; Toni, D.; Seiffge, D.; Mendelow, A.D.; Patel, H.; Brouwers, H.B.; Klijn, C.J.;
et al. Acute Care Bundles Should Be Used for Patients with Intracerebral Haemorrhage: An Expert Consensus Statement. Eur.
Stroke J. 2024, 9, 295–302. [CrossRef]

105. Song, L.; Chen, C.; Chen, X.; Guo, Y.; Liu, F.; Lin, Y.; Billot, L.; Li, Q.; Liu, H.; Si, L.; et al. INTEnsive Ambulance-Delivered Blood
Pressure Reduction in Hyper-ACute Stroke Trial (INTERACT4): Study Protocol for a Randomized Controlled Trial. Trials 2021, 22,
885. [CrossRef]

https://doi.org/10.14309/ajg.0000000000001627
https://doi.org/10.1097/HPC.0000000000000181
https://doi.org/10.1177/1076029614559773
https://www.ncbi.nlm.nih.gov/pubmed/25424528
https://doi.org/10.1097/MEJ.0000000000001049
https://www.ncbi.nlm.nih.gov/pubmed/37427548
https://doi.org/10.1097/ACO.0000000000001349
https://www.ncbi.nlm.nih.gov/pubmed/38390922
https://doi.org/10.1016/S1474-4422(21)00252-0
https://www.ncbi.nlm.nih.gov/pubmed/34487721
https://doi.org/10.1177/2396987321989865
https://doi.org/10.1177/2396987319832140
https://doi.org/10.1186/s42466-023-00256-6
https://doi.org/10.1016/S1474-4422(18)30253-9
https://doi.org/10.1161/STR.0000000000000464
https://doi.org/10.1001/jamaneurol.2024.0221
https://doi.org/10.1161/STROKEAHA.123.044358
https://www.ncbi.nlm.nih.gov/pubmed/38410986
https://doi.org/10.1056/NEJMoa1603460
https://www.ncbi.nlm.nih.gov/pubmed/27276234
https://doi.org/10.4103/0970-9185.142799
https://www.ncbi.nlm.nih.gov/pubmed/25425768
https://doi.org/10.1016/j.amjmed.2016.06.007
https://www.ncbi.nlm.nih.gov/pubmed/27569674
https://doi.org/10.1186/s12245-018-0215-6
https://doi.org/10.2147/JBM.S121550
https://doi.org/10.1056/NEJMoa1607887
https://doi.org/10.1056/NEJMoa2313040
https://doi.org/10.1177/23969873231220235
https://doi.org/10.1186/s13063-021-05860-y


J. Clin. Med. 2024, 13, 6842 30 of 30

106. Chen, X.; Wang, L.; Li, H.; Huang, W.; Zhao, L.; Guo, W. Comparative Differences in the Risk of Major Gastrointestinal Bleeding
among Different Direct Oral Anticoagulants: An Updated Traditional and Bayesian Network Meta-Analysis. Front. Pharmacol.
2023, 13, 1049283. [CrossRef] [PubMed]

107. Kim, D.; Jo, S.; Lee, J.B.; Jin, Y.; Jeong, T.; Yoon, J.; Park, B. Comparison of the National Early Warning Score+Lactate Score with
the Pre-Endoscopic Rockall, Glasgow-Blatchford, and AIMS65 Scores in Patients with Upper Gastrointestinal Bleeding. Clin. Exp.
Emerg. Med. 2018, 5, 219–229. [CrossRef] [PubMed]

108. Almaghrabi, M.; Gandhi, M.; Guizzetti, L.; Iansavichene, A.; Yan, B.; Wilson, A.; Oakland, K.; Jairath, V.; Sey, M. Comparison of
Risk Scores for Lower Gastrointestinal Bleeding. JAMA Netw. Open 2022, 5, e2214253. [CrossRef] [PubMed]

109. Tominaga, N.; Sadashima, E.; Aoki, T.; Fujita, M.; Kobayashi, K.; Yamauchi, A.; Yamada, A.; Omori, J.; Ikeya, T.; Aoyama,
T.; et al. A Novel Prediction Tool for Mortality in Patients with Acute Lower Gastrointestinal Bleeding Requiring Emergency
Hospitalization: A Large Multicenter Study. Sci. Rep. 2024, 14, 5367. [CrossRef]
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