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on Thrombosis and Haemostasis (ISTH), Bleeding Academic Research 
Consortium (BARC) and Thrombolysis in Myocardial Infarction (TIMI) 
are most frequently used [10,11]. Despite their widespread use, these 
definitions vary significantly (Table 1) and produce vastly different risk 
estimates even when applied within the same population or clinical trial 
[12,13]. 

In an editorial accompanying the release of the BARC bleeding 
definition, the Food and Drug Administration encouraged a compre-
hensive analysis of bleeding data in order to link “bleeding definitions 
and components of these definitions to clinical outcomes” [14]. While 
the European Medicines Agency adopted the ISTH major bleeding 
definition as the recommended metric to evaluate OAC safety, its utility 
in assisting clinical decision-making (e.g., case fatality rate, impact on 
quality of life, or ramifications on OAC resumption) has not been 
compared head-to-head against other definitions currently in use [14]. 
As the ISTH, BARC and TIMI major bleeding definitions are composite 
outcomes where fulfilling any sub-criterion is sufficient for case identi-
fication, it is important to understand whether these individual com-
ponents predict clinically important outcomes. Finally, clinically 
relevant non-major bleeding (CRNMB), defined as bleeding events not 
fulfilling major bleeding criteria but requiring hospitalization, face-to- 
face evaluation by a healthcare provider or medical intervention by a 
healthcare provider is increasingly used in trials involving [5,7,13,15]. 
However, the clinical significance of CRNMB has not been fully explored 
to date [15]. As the risk of CRNMB is 3-times greater than major 
bleeding in patients on OACs [15], it is important to understand its 
impact on health and healthcare utilization. 

We used a rich dataset involving more than 2000 consecutive OAC- 
associated bleeding events from the BLED-AC study [16] to evaluate the 
agreement between cases defined as major bleeding by the ISTH, BARC 
and TIMI definitions, and assessed the ability of each definition and its 
individual components to predict 30-day mortality and 180-day OAC 
resumption post-bleed. 

2. Methods 

2.1. Study subjects & data sources 

This was a retrospective cohort study of patients 66 years and older 
diagnosed with atrial fibrillation or flutter who experienced 
anticoagulant-associated bleeding, spanning between October 2010 and 
March 2015, a time period that corresponded to Health Canada's 
approval of dabigatran, the first direct oral anticoagulant to enter the 
market for stroke prophylaxis in patients with atrial fibrillation in the 
Ontario Public Drug Program formulary (Boehringer Ingelheim Inc., 

2010). Based on drug availability over the study period, only patients 
presenting with hemorrhage associated with warfarin, dabigatran, 
rivaroxaban and apixaban were included in the cohort. We used data 
from the BLED-AC cohort [16], where hospital medical records from 
administrative data and from chart abstraction were used to identify all 
cases of OAC-associated bleeds involving patients presenting to one of 
five tertiary care hospitals across three cities (Ottawa, Hamilton and 
Kingston) in Ontario, Canada. The combined catchment area was 
approximately 4 million residents. The comprehensive chart review 
entailed abstraction from electronic medical records housed at health 
records and decision support departments of participating Ontario 
hospitals [16]. From chart review of eligible cases, baseline vital signs, 
laboratory investigations, OAC type and dose, concomitant medications 
and blood product utilization data were abstracted. Previous validation 
of this chart abstraction demonstrated agreement on all data fields at 
98% [17]. Abstracted clinical data were then linked to datasets at ICES, 
an independent, non-profit research institute funded by the Ontario 
Ministry of Health that links de-identified population-based health in-
formation at the individual patient level. As a prescribed entity under 
Ontario's privacy legislation, ICES is authorized to collect and use health 
care data for the purposes of health system analysis, evaluation and 
decision support. Secure access to these data is governed by policies and 
procedures that are approved by the Information and Privacy Commis-
sioner of Ontario. Linkage was performed using a combination of 
treatment centre code, patient's institutional medical record number, 
date of birth, and date of admission. 

We accessed the Ontario Drug Benefit (ODB) database, which in-
cludes drug claims for program recipients (those aged ≥65 years, those 
receiving social assistance, recipients of disability support, residents of 
long-term care homes, and people with high drug costs compared to 
their income) to identify patients who resumed OACs following 
discharge. We used the Ontario Registered Persons Database (basic de-
mographic data, vital status) to identify 30-day all-cause mortality. 
Finally, we used the Canadian Institute for Health Information Discharge 
Abstract Database (inpatient discharge diagnoses), the National Ambu-
latory Care Reporting System (ambulatory and emergency department 
diagnoses), and the Ontario Health Insurance Plan database (diagnoses 
associated with physician billing) to identify patients with non-valvular 
atrial fibrillation and to characterize their comorbidities. These datasets 
were linked using unique encoded identifiers and analyzed at ICES. 

2.2. Case definitions 

For this study, OAC-associated bleeds (index event) were defined as: 
1) documented diagnosis of atrial fibrillation or flutter; 2) presentation 
to hospital with documented bleeding; and 3) use of an OAC (warfarin, 
dabigatran, rivaroxaban or apixaban) within 3 days of presentation. We 
excluded hospital presentations that did not involve bleeding 
(biochemical coagulopathy without signs, symptoms or diagnosis of 
bleeding; bleeding that began in hospital; or peri-procedural anticoag-
ulant bridging) and any patient with a prosthetic heart valve (mechan-
ical or bioprosthetic) since this is not an accepted indication for direct 
oral anticoagulants. For analysis of all-cause mortality 30 days, the 
index date was defined as the date of initial presentation with OAC- 
associated bleeding. For analysis of OAC resumption at 180 days, the 
index date was defined as the date of hospital discharge and only pa-
tients who were alive at hospital discharge were included in this 
analysis. 

A major bleed was defined as one that fulfilled one of the ISTH, BARC 
class ≥III, or TIMI major bleeding definitions (Criteria for each bleeding 
definition is listed in Table 1. 

Among cases of fatal bleeds (e.g., patients who died from OAC- 
associated bleeding during their index admission), we reclassified 
them as such only if they originally had met an alternative major bleed 
criterion (e.g., intracranial hemorrhage) prior to death. 

Cases that did not fulfill any of ISTH, BARC or TIMI criteria were 

Table 1 
Comparison of ISTH, BARC and TIMI major bleeding criteria.   

ISTH BARC (Class IIIA- 
C, V) 

TIMI 

Mortality Fatal bleedinga Fatal bleedinga Fatal 
bleedinga 

Hemoglobin 
drop 

≥2 g/dL ≥3 g/dL ≥5 g/dL 

Site of bleed  • Intracranial  
• Tamponade  
• Intraocular  
• Intra-spinal  
• Intra-articular  
• Intra-muscular with 

compartment syndrome  

• Intracranial  
• Tamponade  
• Intraocular  

• Intracranial  
• Intraocular 

Transfusion ≥2 packed red blood cells Any transfusion  
Other  Surgical 

intervention 
Vasopressor 
requirement  

a Fatal bleeding was defined in this study by death within 30 days of patient 
presentation with anticoagulant-associated bleed. 
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A B S T R A C T   

Introduction: Major bleeding is the most serious complication of oral anticoagulants (OACs). While consensus 
criteria to define major bleeding have been established by the International Society for Thrombosis and Hae-
mostasis (ISTH), Bleeding Academic Research Consortium (BARC) and Thrombolysis in Myocardial Infarction 
(TIMI), significant variability exists across these definitions. We sought to evaluate the agreement of cases 
identified by the three definitions and to assess their effect on mortality and OAC resumption. 
Methods: We used a dataset of individuals ≥66 years in Ontario, Canada presenting with OAC-related bleeding 
from 2010 to 2015. For case agreement, we calculated Cohen's κ between the three major bleeding definitions. 
We used multivariate regression to determine differences in mortality and OAC resumption among ISTH, BARC 
and TIMI-defined major bleeds. 
Results: Among 2002 cases of OAC-related bleeding, agreement in case identification between ISTH and BARC 
was substantial (Cohen's κ = 0.69); however, agreement between TIMI and other definitions were poor. Using 30- 
day mortality of clinically relevant non-major bleeds as comparator, ISTH-, BARC- and TIMI-defined major 
bleeds conferred 3.3-, 3.2- and 5.9-fold increased risk. Among survivors, 50% with ISTH- and BARC-defined 
major bleeds resumed OACs at 180 days, compared to 31% of TIMI-associated cases. 
Conclusion: Major bleeds identified by ISTH and BARC criteria showed good agreement and similar prognostic 
utility, whereas TIMI criteria identified patients at greater clinical risk. Our results highlight the need to revise 
major bleeding definitions based on criteria that are independently predictive of clinically relevant morbidity 
and mortality to more effectively reflect the risk associated with major bleeding and appropriately influence 
anticoagulant therapy decisions.   

1. Introduction 

Oral anticoagulants (OACs) are used to prevent and treat thrombo-
embolism in a variety of highly prevalent conditions, including atrial 
fibrillation, venous thromboembolism and mechanical heart prostheses 
[1]. While very effective, major bleeding remains the most serious 
complication of OACs and is associated with high risk of mortality [2–4]. 

Thus, minimizing OAC bleeding has become a focus of current antith-
rombotic therapy trials [5–7]. 

While the diagnostic criteria for thromboembolic events (stroke, 
pulmonary embolism and deep vein thrombosis) are generally well 
accepted [8,9], definitions that characterize a major bleed consist of 
composite endpoints with considerable heterogeneity [10]. In OAC 
studies, major bleeding definitions endorsed by the International Society 
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Rivaro-Xa-ban
Api- Xa-ban
Edo-Xa- ban

Dabigatran

Modell nach Lang & von Depka (2006)

Orale (plasma+sche) An+koagulanzien

Vit- K- 
Antagonisten

Einsetzen der Wirkung von VKA wird durch 

die Halbwertszeit der zu hemmenden 

Gerinnungsfaktoren (Prothrombin 48-60 

Stunden) bestimmt.

FXI-Inhibitoren



ca. 150 Patente zu FXI(a)-Inhibitoren

Ø FXII-Mangel kein erhöhtes Blutungsrisiko
Ø FXI-Mangel (Hämophilie C): Blutung nur nach schweren Traumen/OP
Ø Faktoren über KontaktakPvierung zwar essenziell für die Gerinnung aber für die BlutsPllung eher unwichPg 
Ø Knock-out-Mäusen:  Das »Ausschalten« von FXI o. FXII verhinderte venöse und arterielle Thrombosen, ohne die 

Blutungszeit zu verlängern. 

distinct pathways. Usually, FXI is activated backward by
thrombin generated via the extrinsic coagulation pathway.
FXI can also be activated by FXIIa after contact with foreign
surfaces, such as in haemodialysis, mechanical valves, or
extracorporeal membrane oxygenation (intrinsic coagula-
tion pathway).

Preclinical Evidence for Factor XI Inhibition
The role of FXI in thrombosis and the subsequent interest in
using it as a target for anticoagulation emerged primarily
from epidemiological studies that identified a correlation
between FXI levels and the risk of thrombosis. Around the
turn of the century, Meijers et al were thefirst to document a
substantial increase in FXI levels in patients with VTE
compared with those without VTE.9 Subsequent research
has further reported elevated FXI levels in individuals with
both VTE and stroke.10,11 Conversely, observational studies
have reported a reduced occurrence of VTE and stroke in
individuals with FXI deficiency.12–15 Moreover, individuals
with severe congenital FXI deficiency, known as haemophilia
C, infrequently experience spontaneous bleeding. Bleeding
episodes are typically triggered by trauma and primarily
affect tissues characterized by elevated fibrinolytic activity,
such as the nasopharynx and the urinary tract.16 These data
support that FXI is a key player in thrombosis, but almost
dispensable in haemostasis.

Beyond epidemiological data, further support for the
development of FXI inhibitors stemmed from animal
research. In a mouse model involving ferric chloride-in-
duced carotid artery thrombosis, FXI knockout mice showed
complete protection against carotid occlusion.17 Nonethe-
less, FXI-deficient and wild-type mice displayed compara-
ble bleeding times in a tail bleeding time assay.17

Subsequent research in primates demonstrated the antith-
rombotic effect of various modes of FXI inhibition without
an increased risk of bleeding, which prompted further
clinical research.18,19

Modes of Factor XI Inhibition

Several drugs havebeen developed to target FXI, eachwith its
specific mode of action, pharmacological characteristics,
advantages and disadvantages (►Table 1).

Natural Inhibitors
There exist several natural inhibitors of FXIa. The Ixodes
Ricinus contact pathway inhibitor (Ir-CPI) is isolated from
the salivary glands of the tick Ixodes ricinus and is a natural
inhibitor of FXIIa and FXIa. Preclinical animal studies have
demonstrated the promising antithrombotic potential of Ir-
CPI.20,21 Fasxiator, derived from the venom of the banded
krait snake, serves as a natural inhibitor of FXI. In a murine

Table 1 Overview of different FXI inhibitors

Monoclonal
antibodies

Antisense
oligonucleotides

Small molecules Aptamers

Mechanism of
action

Block FXI activation or
FXIa activity

Degrade FXI mRNA
and reduce FXI
biosynthesis

Block FXIa activity Block FXI activation
or FXIa activity

Administration IV or SC SC IV or PO IV or SC

Onset Hours Weeks Minutes to hours Minutes to hours

Offset Weeks Weeks Minutes to hours Minutes to hours

Renal clearance No No Yes No

Hepatic
metabolism

No No Yes No

Examples Abelacimab, xisomab,
osocimab, MK-2060

IONIS-FXIRx and
FXI-LICA

Asundexian and
milvexian

FELIAP, 12.7, 11.16

Clinical
consequences

þ " Compliance due to
infrequent dosing

þNo need for bridging
þ Usage in ESRD
þ ↓ Risk for drug

interactions
− Slow reversal if
bleeding or surgery

þ " Compliance
due to infre-
quent dosing

þ Usage in ESRD
þ ↓ Risk for drug

interactions
− Slow reversal if
bleeding or
surgery

− Need for bridging

þ PO availability
þ No need for

bridging
þ Fast reversal if

bleeding or
surgery

− ↓ Compliance
due to daily
dosing

− Dose adjust-
ments or no use
in ESRD

− " Risk for drug
interactions

þ No need for
bridging

þ Fast reversal if
bleeding or
surgery

þ Usage in ESRD
þ ↓ Risk for drug

interactions
− ↓ Compliance

due to daily
dosing

Abbreviations: ESRD, end-stage renal disease; FXI, factor XI; IV, intravenous; SC, subcutaneous; PO, per os.
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Reshaping Anticoagulation: Factor XI Inhibition
in Thrombosis Management
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Introduction

The coagulation systemplays a pivotal role in our survival, as it
ensures haemostasis. However, dysfunction of this complex
cascade poses a significant risk and can lead to thrombotic and
bleeding disorders. Thrombosis underlies conditions such as
venous thromboembolism (VTE), ischemic stroke and myo-

cardial infarction, which are leading causes of morbidity and
mortality worldwide.1 Anticoagulant therapy can reduce the
burden of thrombosis but exposes the patient to an increased
and potentially fatal risk of bleeding. Over the past decade,
direct oral anticoagulants (DOACs) have replaced vitamin K
antagonists (VKAs) for most indications for anticoagulation
due to their similar or even better efficacy and fewer bleeding

Keywords
► factor XI inhibition
► factor XI inhibitors
► thrombosis
► bleeding
► FXI

Abstract Factor XI is critical in thrombosis but almost dispensable for haemostasis. By specifically
targeting factor XI, factor XI inhibitors have the potential to protect patients against
thrombosis without increasing the risk of serious bleeding. Multiple strategies to inhibit
factor XI have been developed with different pharmacokinetic characteristics, advan-
tages and disadvantages. Phase 2 trials have affirmed the improved safety profile of
factor XI inhibitors and have established their efficacy in preventing venous thrombo-
embolism after major orthopaedic surgery. However, their efficacy in other clinical
indications, such as atrial fibrillation, end-stage renal disease, treatment of venous
thromboembolism and secondary prevention after acute myocardial infarction and
ischemic stroke, remains to be elucidated. Several phase 3 trials are currently
underway. This review explains the rationale for factor XI inhibition as anticoagulant
strategy and provides an overview of the various factor XI inhibitors and the ongoing
clinical trials in different clinical indications.

Schlüsselwörter
► Faktor-XI-Inhibition
► Faktor-XI-Inhibitoren
► FXI
► Thrombose
► Blutung

Zusammenfassung Faktor XI spielt eine entscheidende Rolle bei der Thrombose, ist jedoch für die
Hämostase nahezu entbehrlich. Die gezielte Beeinflussung von Faktor XI könnte daher
dazu beitragen, Thrombose von der Hämostase zu trennen. Diese Übersichtsarbeit
erläutert die zugrunde liegenden Mechanismen von Thrombose und Hämostase und
erläutert die Begründung für die Verwendung von Faktor-XI-Inhibitoren auf der Grund-
lage der Pathophysiologie sowie epidemiologischer und präklinischer Daten. Darüber
hinaus werden die vielfältigen Ansätze zur Faktor-XI-Inhibition beschrieben. Schließlich
bietet der Artikel einen umfassenden Überblick über die bestehenden klinischen Belege
für Faktor-XI-Inhibitoren in verschiedenen klinischen Kontexten und stellt eine Über-
sicht über laufende Studien bereit.
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Article published online: 2023-12-20• Hemmung FXI(a) antithrombotisch, Hämostase normal 
• Acht FXI(a)-Inhibitoren in Phase-II- und -III-Studien:
• Aktuell: VTE-Prophylaxe nach Kniegelenkersatz: 
      vs. Enoxaparin: Blutungsrisiko↓ + bessere Wirksamkeit↑?
• primär anvisierten Anwendungsgebiete:  
      NI mit HD, Schlaganfall, venöse Embolien (Tumor)
•  Phase-III-Studien folgen

FXI- Inhibitoren



DOAKs



Cumarine

DOAK
NMH

Zeit

Plasmakonzentration

DOAC: Pharmakokinetik
„Pulsatile“ Plasmasiegel 

Dabigatran Rivaroxaban Apixaban Edoxaban1

Zielenzym Thrombin Faktor Xa Faktor Xa Faktor Xa
Bioverfügbarkeit ca. 6,5 % 66 %** ca. 50 % 62 %
Prodrug ja nein nein nein
Halbwertszeit 12-14 Std. 7-11 Std. 12 Std. 9-14 Std.
Eintritt des max. 
Plasmaspiegels 0,5-2 Std. 2-4 Std. 3-4 Std. 1-2 Std.

Renale 
Elimination 85 %

33 % 
(wirksamer 
Metabolit)

27 % 50 %

Proteinbindung 34-35 %* 92-95 % 87 % 40-59 %2

Interaktionen p-Glykoprotein CYP3A4, CYP2J2,
p-Glykoprotein

CYP3A4, 
p-Glykoprotein

CYP3A4, 
p-Glykoprotein

* Dabigatran ist dialysierbar
** Nüchtern bei Einnahme von 20 mg; mit Mahlzeit steigt die AUC um 39 %

Siehe FachinformaVonen von Dabigatran, Rivaroxaban, Apixaban. 1) Heidbuchel, H. et al (2015). Updated European Heart Rhythm Associa6on Prac6cal Guide on the use of non-vitamin K 
antagonist an6coagulants in pa6ents with non-valvular atrial fibrilla6on. ih^ps://doi.org/10.1093/europace/euv309; 2) Ogata K. J Clin Pharmacol. 2010; 50: 743-53



Dunois, C. Laboratory Monitoring of Direct Oral Anticoagulants (DOACs).Biomedicines 2021, 9, 445
Sarode R, Direct oral anticoagulant monitoring: what laboratory tests are available to guide us? Hamtology 2019:194-98
Douxfils J et al.; Thromb Haemost (2021)

• Keine gute KorrelaPon von Standardgerinnungstests und 

Plasmaspiegeln sowie Blutungsrisiko und Plasmaspiegeln
• aXa-AkPvität misst Plasmaspiegel, nicht die anPkoagulatorische 

Wirkung!

• Standardgerinnungstests: Nur qualitaPve Entscheidungen 

möglich (ja/nein)

DOAK: Messen?



Reduktion von Schlaganfällen 
und systemischen Embolien

Größere Blutungen

Nach: Ruff C et al. Lancet 2014; 383:955-962

* Random-Effects Modell, Heterogenität: I2 = 83 %; p = 0,001.
# Gepoolter Effekt; Heterogenität: I2 = 32 %; p = 0,22.
a Gepoolter Effekt; Heterogenität: I2 = 74 %; p = 0,009.
DOAK: Nicht Vitamin K abhängige orale Antikoagulanzien, VKA: Vitamin-K-Antagonist, KI: Konfidenzintervall

#: Bitte beachten Sie unterschiedliche 
Pateintenpopulationen und Definitionen von Blutungen in 

den verschiedenen Zulassungsstudien

DOAK vs. Vit-K Antagonisten



Hypertension Research (2023) 46:2575–2582

DOAK vs. Vit-K Antagonisten



Management von DOAKs perioperativ

Klinik für Anästhesiologie m. S. operaSve Intensivmedizin | CBF

• Bridging erhöht das perioperaPve 
Blutungsrisiko!

• NI: bis zu 4d präop + 3d post op

• Ggf. Bridging bei:

→Thrombembolie < 3 Monate

→Z. n. thrombembolischem 
Ereignis bei Unterbrechung
der DOAK-Therapie

Mit freundlicher Genehmigung F. Töpper Klinik für Anästhesiologie m. S. operative Intensivmedizin | CBF



Praktisches Vorgehen: Perioperatives Bridging von VKA

HWZ ca. 100 Stunden Postop. Wiederbeginn VKA:
Erhaltungsdosis + „Booster-Dosis“ 
(50% der Erhaltungsdosis) für 
2 Tage

Eingriff mit hohem Blutungsrisiko:
TherapeuKsche AnKkoagulaKon 
erst nach 48 – 72 Stunden

OP

Mit freundlicher Genehmigung F. Töpper Klinik für Anästhesiologie m. S. operaEve Intensivmedizin | CBF



Empfehlungen zum Bridging von VKA

Bridging nur bei sehr hohem thrombembolischen Risiko 
bei Eingriffen mit hohem Blutungsrisiko!

Foto: https://www.english-heritage.org.uk

à Mechanischer Mitralklappenersatz

à Mechanischer Aortenklappenersatz + weiterer 
Risikofaktor

à Schlaganfall < 3 Monate

à Hochrisiko-Thrombophilie
(Protein C-/Protein S-/Antithrombin-Mangel)

à LV-Thrombus

à Vorhofflimmern mit CHA2DS2-VaSc >6

Mit freundlicher Genehmigung F. Töpper Klinik für Anästhesiologie m. S. operaEve Intensivmedizin | CBF



Blutung unter VKA: Antagonisierung

• Vitamin K-Gabe oral oder i.v. 
(2 – 10 mg in Abhängigkeit INR)

→Orale Gabe: 
INR-Reduktion in 18-24 h

→i.v. Gabe: 
INR-Reduktion in 4-6 h

• Nogalleingriffe: PPSB-Gabe (FII, FVII, FIX, 
FX)

→INR 2-4: 25 U/kg 

→INR 4-6: 35 U/kg

→INR >6: 50 U/kg

(5000 IE bei 100 kg KG nicht überschreiten)

Faustregel:

1 Einheit/kg Körpergewicht 
hebt den Quick-Wert um 1%

Mit freundlicher Genehmigung F. Töpper Klinik für Anästhesiologie m. S. operative Intensivmedizin | CBF



Modif. nach: Koscielny j, Rosenthal C, von Heymann C et al. Hämostaseologie 2019

Pausieren und Verschieben der 
nächsten Einnahme und WARTEN!

Blutungen 
unter DOAKs

Milde Blutung

§ Aktivkohle
§ Mechanische Kompression
§ Chirurgische Intervention
§ Sicherstellen einer ausreichenden 

Diurese
§ Unterstützung der Hämostase
      (z.B. Tranexamsäure i.v.)
§ Hämodialyse (nur Dabigatran)
§ Cytosorb® (?)

Milelschwere bis 
schwere Blutung

Spezielles Hämostasemanagement
  z.B. AnQdota, PPSB

Lebensbedrohliche 
Blutung

Blutungen unter DOAK: Therapieoptionen

Andexanet
(Ondexxya®)

Hochrisiko*:
800mg in 30 min & 

dann 8mg/kg  in 
120 min; 

Niedrigrisiko*:
400mg in 30 min & 

4mg/kg in 120 
min; 

Lebensbedrohliche intrakranielle/epidurale/intraspinale Blutung bei DOAK-Einnahme
ohne infauste Prognose, RR syst. < 140 mmHg

(+ nicht beherrschbare persistierende Blutung anderer Ursache nach Rücksprache mit dem 
hämostaseologischen Rufdienst (z.B. Trauma, GIT-Blutung)

Blutentnahme: Kreatinin (GFR), Leberwerte, BB, Quick/INR, PTT, TZ (für Dabigatran), Fibrinogen, D-
Dimere + Anti-Xa-Akt. (+ spez. Anforderung im LBB-Channel unter Lupe: *AXA*: Apixaban o. 
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Clinical guideline on reversal of direct oral anticoagulants
in patients with life threatening bleeding

Oliver Grottke, Arash Afshari, Aamer Ahmed, Eleni Arnaoutoglou, Daniel Bolliger,

Christian Fenger-Eriksen and Christian von Heymann

BACKGROUND Anticoagulation is essential for the treat-
ment and prevention of thromboembolic events. Current
guidelines recommend direct oral anticoagulants (DOACs)
over vitamin K antagonists in DOAC-eligible patients. The
major complication of anticoagulation is serious or life-threat-
ening haemorrhage, which may necessitate prompt haemo-
static intervention. Reversal of DOACs may also be required
for patients in need of urgent invasive procedures. This
guideline from the European Society of Anaesthesiology
and Intensive Care (ESAIC) aims to provide evidence-based
recommendations and suggestions on how to manage
patients on DOACs undergoing urgent or emergency pro-
cedures including the treatment of DOAC-induced bleeding.

DESIGN A systematic literature search was performed,
examining four drug comparators (dabigatran, rivaroxaban,
apixaban, edoxaban) and clinical scenarios ranging from
planned to emergency surgery with the outcomes of mortali-
ty, haematoma growth and thromboembolic complications.
The GRADE (Grading of Recommendations, Assessment,
Development and Evaluation) methodology was used to
assess the methodological quality of the included studies.
Consensus on the wording of the recommendations was
achieved by a Delphi process.

RESULTS So far, no results from prospective randomised
trials comparing two active comparators (e.g. a direct rever-
sal agent and an unspecific haemostatic agent such as
prothrombin complex concentrate: PCC) have been pub-
lished yet and the majority of publications were uncontrolled
and observational studies. Thus, the certainty of evidence
was assessed to be either low or very low (GRADEC). Thirty-
five recommendations and clinical practice statements were

developed. During the Delphi process, strong consensus
(>90% agreement) was achieved in 97.1% of recommenda-
tions and consensus (75 to 90% agreement) in 2.9%.

DISCUSSION DOAC-specific coagulation monitoring may
help in patients at risk for elevated DOAC levels, whereas
global coagulation tests are not recommended to exclude
clinically relevant DOAC levels. In urgent clinical situations,
haemostatic treatment using either the direct reversal or non-
specific haemostatic agents should be started without waiting
for DOAC level monitoring. DOAC levels above 50ngml!1

may be considered clinically relevant necessitating haemo-
static treatment before urgent or emergency procedures.
Before cardiac surgery under activated factor Xa (FXa) inhibi-
tors, the use of andexanet alfa is not recommended because of
inhibition of unfractionated heparin, which is needed for extra-
corporeal circulation. In the situation of DOAC overdose
without bleeding, no haemostatic intervention is suggested,
instead measures to eliminate the DOACs should be taken.
Due to the lack of published results from comparative pro-
spective, randomised studies, the superiority of reversal treat-
ment strategy vs. a nonspecific haemostatic treatment is
unclear for most urgent and emergency procedures and
bleeding. Due to the paucity of clinical data, no recommenda-
tions for the use of recombinant activated factor VII as a
nonspecific haemostatic agent can be given.

CONCLUSION In the clinical scenarios of DOAC intake
before urgent procedures and DOAC-induced bleeding,
practitioners should evaluate the risk of bleeding of the
procedure and the severity of the DOAC-induced bleeding
before initiating treatment. Optimal reversal strategy remains
to be determined in future trials for most clinical settings.
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Fig. 2 Treatment algorithm for the management of patients with non-life threatening bleeding.
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Fig. 1 Treatment algorithm for the management of patients with confirmed intake of direct oral anticoagulants before urgent surgery.
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Fig. 2 Treatment algorithm for the management of patients with non-life threatening bleeding.
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patients with recent intake of DOAC (median time since
last intake: 12 h) reported DOAC plasma concentrations
greater than 50mg l!1 and greater than 400mg l!1 in
greater than 90 and 6.6% of patients, respectively.31

Different risk factors for higher than expected DOAC
concentrations have been identified in a secondary anal-
ysis of the PAUSE study32 and in a single-centre cohort
study33: shorter interruption interval,32 creatinine clear-
ance 50mlmin!1 or less,32,33 age at least 75 years,32

female sex32 and concomitant intake of amiodarone.33

Thus, in patients scheduled for urgent or emergency
surgery or in case of above-mentioned risk factors, spe-
cific coagulation testing might be considered to better
estimate bleeding risk and discuss whether delay of
surgery is potentially beneficial. However, if urgent sur-
gery cannot be postponed, clinicians must not wait for
laboratory results before treatment (Fig. 1).

The drug-specific, calibrated anti-FXa assays should be
used for determination of concentrations of direct FXa
inhibitors as a ‘gold standard’. If not available, the chromo-
genic anti-FXa assays calibrated for unfractionated heparin,
which are available in many institutions, can estimate the
anti-FXa activity of rivaroxaban,34–36 apixaban,34–36 and
edoxaban.37 Strong to very strong correlations between
DOAC levels and unfractionated heparin-calibrated anti-
FXa assays over a broad range of drug concentrations (20 to
500ngml!1) have been shown.34,35 Anti-Xa tests calibrated
for unfractionated heparin-also allow for the safe detection
of relevant anticoagulant activity (>30/50ngml!1) with a
very good positive predictive value (PPV 0.96; 95%CI, 0.92
to 0.99).35 Of note, the sensitivity of available anti-FXa
assays may substantially differ depending on the manufac-
turer, the methodology, the calibrator and the specific FXa
inhibitor, leading to different conversion factors to estimate
anti-FXa activity.35
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Fig. 3 Continued.
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least squares mean values for BD near unity, and contain-
ment of the ratio of the postdose to baseline least squares 
mean values within the predefined limits of 70% to 143% 
(Figure 3B). Additionally, there was an ≈21% decrease in 
baseline normalized postdose BD values following 4F-PCC 
50 IU/kg versus placebo treatment (mean ratio 4F-PCC ver-
sus placebo, 79.2; 95% CI, 61.5–101.9). Administration of 
4F-PCC 25 IU/kg resulted in partial reversal of the effects 
of edoxaban on BD. Bleeding duration values at the 4F-PCC 
end of infusion relative to baseline were similar for both pla-
cebo and 4F-PCC 10 IU/kg, indicating no reversal of edoxa-
ban effect by the lowest tested dose of 4F-PCC (Figure 3A). 
A similar trend was present for BV; coadministration of 
4F-PCC 50 IU/kg resulted in complete reversal of the effects 
of edoxaban on BV (mean ratio 4F-PCC versus placebo, 
94.2; 95% CI, 63.9–139.0; Figure 3B), whereas 4F-PCC 25 
IU/kg produced partial reversal, and the 4F-PCC 10 IU/kg 
dose produced no reversal.

After administration of edoxaban followed by placebo 
infusion, the mean ETP at 2.75 hours post–edoxaban dos-
ing was reduced by ≈50% in comparison with baseline in 
all cohorts (Figure 3C). Administration of 4F-PCC 50 IU/kg  
after edoxaban dosing resulted in a complete reversal of the 
effects of edoxaban on ETP at 2.75 hours after edoxaban 
administration; 4F-PCC 25 IU/kg produced partial rever-
sal, and 4F-PCC 10 IU/kg did not reverse effects on ETP 
(Figure 3C, Tables 1 and 2, and online-only Data Supplement 
Table IV). These results were consistent with the effects on BD. 
At later time points, ETP values increased above baseline dose-
dependently with increasing 4F-PCC dose (Figure 4, Tables 1 
and 2, and online-only Data Supplement Table IV [see %∆Amin]).

Although a complete reversal of ETP effects occurred fol-
lowing the administration of 4F-PCC 50 IU/kg, this dose did 
not result in a complete reversal of the effects of edoxaban 
administration on PT (Figure 5). However, a 4F-PCC dose 
response was evident, with the higher concentrations of 
4F-PCC producing a greater reduction in PT prolongation 
than the lowest dose (Figure 3D). As shown in Figure 6, 
there was a dose-dependent response of the 4F-PCC on each 
measure. However, the percentage of reversal achieved by 
4F-PCC 50 and 25 IU/kg was similar for BD, BV, and ETP, 
whereas PT generally indicated a lower percentage of rever-
sal for all doses.

Prothrombin fragment 1+2 (F1+2) showed a transient and 
dose-dependent increase around the time of infusion, but all 
F1+2 values returned to near baseline by 24 hours postdose. 
No significant changes were observed in d-dimer at any time 
point (online-only Data Supplement Figures III and IV).

Safety
A total of 8 (7.3%) subjects discontinued early from the study. 
There were 3 discontinuations due to AEs; 2 subjects from part 
1, one because of a pilonidal cyst and one because of a prolonged 
activated partial thromboplastin time secondary to an inhibitor 
present in his plasma that developed following a viral infection 
that occurred 5 days after receiving treatment. The elevated acti-
vated partial thromboplastin time returned to a normal range at a 
later follow-up. One subject in part 2 withdrew owing to phlebi-
tis at the catheter site for blood draws. A total of 5 subjects from 
part 2 withdrew for other reasons. All AEs leading to discontinu-
ation resolved, were considered to be mild in severity, and none 
were considered to be related to study drug administration.

A B

C
D

Figure 3. Effect of treatment with 4F-PCC or placebo on the mean ratio post–4F-PCC infusion to baseline from bleeding duration 
(minutes) (A), baseline bleeding volume (mL) (B), ETP (nM×min) (C), and for mean percent change in PT (seconds) (D). Error bars represent 
upper limit of the 95% CI. CI indicates confidence interval; ETP, endogenous thrombin potential; 4F-PCC, 4-factor prothrombin complex 
concentrate; and PT, prothrombin time.
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concentrate; and PT, prothrombin time.

 at Charité - Universitaetsmedizin Berlin on April 20, 2015http://circ.ahajournals.org/Downloaded from 

Zahir M et al. CirculaEon 2015; 131:82-90

ProspekPv-randomisierte, doppelblinde, placebokontrollierte Studie
N=110, Punch-Biopsy und Messung von Blutungsdauer und –volumen, Edoxaban

• 50 IE/kg PPSB reversieren die 
Wirkung von 60 mg Edoxaban 
(therapeut. Dosis);

• Keine thromboembolischen 
Komplikationen.

4F-PCC/PPSB



Study Population Study design Results Limitations
Whitaker  et al. J Thromb 
Thrombolysis 2022

288 patients with ICH, GIB; 
53% of hemorrhages were 
due tom traumatic injury 

Case series, 
retrospective

Thrombotic (5.3%), bleeding 
events, hematoma expansion 
(3,2%), mortality not different 
to non-obese patients.

Retrospective chart review

Engelbart et al. Am J Emerg 
Med. 2019

42 patients  (70% ICH) with 
life-threatening bleeding 
(incl. ICH) and urgent need 
for surgery

Case series, 
retrospective

Thrombotic events 10%, 
hemorrhage progression 10%, 
mortality 29%

No control group, small 
number of included 
patients, retrospective 
chart review

Hunt et al. Ann 
Pharmacother 2021

104 patients (55 ICH, 49 
non-ICH bleedings)

Case series, 
retrospective

Effective hemostasis in 89%, 
mortality in 13% and 
thromboembolic events in 8%

No control group, 
retrospective chart review

Schulman et al Thromb Res 
2017

14 patients with major 
bleeding

Prospective cohort study Effectiveness assessed as good 
in 9 (64%), moderate in 5 
(36%). No VTE

Retrospective chart review, 
small cohort

Dibu et al 

Neurocrit Care 2016

127 spontaneous ICH 
patients and DOAC 

Prospective clinical study No ICH expansion, any 
thrombotic or hemorrhagic 
complications.

Lack of randomized study 
design

aPPSB/FEIBA®/4F-PCC/PPSB: Auszug Evidenz
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abnormal

Normal: 
Als ob keine An1koagula1on bestanden hä8e

Abnormal: 
Mild – “schweißen”, keine Interven1on erforderlich
Moderate – mit lokalen Maßnahmen kontrollierbar
Schwer– refraktäre Blutung

Pollack CV, Reilly PA, van Ryn J, Eikelboom JW, Glund S, Bernstein RA, et al. Idarucizumab for Dabigatran Reversal - Full Cohort Analysis. N Engl J Med. 2017 Aug 3;377(5):431–41. 

Idarucizumab (monokl. AK): Periprozedurale Hämostase
§ RCT: 5g Idarucizumab:  Uncontrolled bleeding or urgent surgery
§ N= 503
§ Prim. Outcome: reversal of anPcoagulant effect within 4 h/sek. Outcome: klinische Hämostase

§ 197 von 202 (97.5%) Patienten wurden geplanter Operation/Prozedur unterzogen
§ Mediane Zeit von Gabe des Medikaments bis Operation/Prozedur betrug 1.6 Stunden
§ Effektivität der Hämostase wurden in jedem Zentrum (lokal) während der Prozedur beurteilt
§ Thrombotische Komplikationen über 30 Tage: 4,8%Mortalität nach 30 Tagen: 13,5% in Gruppe A und 12,6% in Gruppe B.



Study Population Study design Results Limitations
Athavale 2020 240 published cases receiving 

idarucizumab, of them 33 with 
reported dabigatran rebound after 5 
g of idarucizumab

Systematic review Baseline dabigatran concentrations >285 
ng/ml were more likely to experience 
rebound and with impaired kidney 
function (GFR <30 mL/min)

Only case reports

Yasada et al. 2020 262 Japanese patients receiving 
idarucizumab for serious bleeding or 
urgent procedure

All-case post-marketing 
surveillance interim analysis, 
national-wide

Normalization of aPTT in 30/30 patients 
after 4 hours; median time to bleeding 
cessation 3.3 hours; normal 
intraoperative hemostasis

Lack of control group

Questionable clinical 
endpoints

Retrospective

Gendron et al 2020 87 patients on dabigatran need 
reversal (24 patients received
idarucizumab for urgent procedures)

Multicenter observational
cohort

Hemostatic effectiveness was 77.2%. The 
incidence of thrombotic events was 
3.4%. 

Dabigatran levels before reversal (<264 
ng/mL) predict both clinical hemostatic
effectiveness and the risk of plasma
rebound

Retrospective

Small number of patients

Lack of control group

Yasaka et al 2020 88 Japanese patients undergoing
urgent procedures who were treated
with idarucizumab.

Multicenter, open-label, 
uncontrolled, all-case, non-
interventional surveillance
study

Normal hemostasis was achieved in 72% 
of patients intraoperatively.

5,6% patients suffered from thrombotic
event.

Lack of control arm

No data on the
concentration of
dabigatran, dTT, and ECT 
Interim results
interpretation with caution.

Idaricizumab: Ausszug Evidenz 



Siegal D.M. et al. NEJM 6 Dec 2015 

• Randomisiert, doppelblind, placebokontrolliert an Probanden (50-75 Jahre)
• 101x Andexanet (48x A // 53x R), 44x Placebo (17x A // 27x R) 

• Vollständige Reversierung von Apixaban und Rivaroxaban binnen Minuten und über Zeit der Infusion (t1/2 1h)
• Keine relevanten KomplikaPonen (D-Dimer und Prothrombinfragm. temp. erhöht)
 

Andexanet ⍺ (rekomb.modif. FXA): ANNEXA-A und –R Trial 



• ProspekKv, mulKzentrisch open-label, single group Studie
• 352 PaKenten mit „major bleeding“ binnen 18h nach Xa-Inhibitor Einnahme
           (major bleeding: potendally life-threatening bleeding with signs or symptoms of hemodynamic compromise or decrease in the hemoglobin level of at least 2 g per deciliter
            or bleeding in a cridcal area or organ)

• Ausschluss: ICB mit GCS< 7; OP innerhalb von 12 h; …

Low dose: 400mg (30mg/Min), danach 480mg (4mg/Min über 2h)

High dose: 800mg (30mg/Min), danach 960mg (8mg/Min über 2h)

Andexanet ⍺: ANNEXA-4 Trial 

10% Patienten mit thrombotischen Ereignis, 
14% Mortalität. 



Erfolgreiches Reversal
RR, 95%CI

Mortalität 
RR, 95%CI

VTE/ATE 
RR, 95%CI

PPSB 0.77 (0.72-0.82) 0.26 (0.20-0.32) 0.08 (0.05-0.12)

AndA 0.75 (0.67-0.81) 0.24 (0.16-0.34) 0.14 (0.10-0.19)

Idarucizumab 0.82 (0.55-0.95) 0.11 (0.08-0.15) 0.05 (0.03-0.08)

N=36 Studien: 22 Studien, 967 Pat. mit PPSB; 17 Studien, 525 Pat. mit AndA; 5 Studien. 340 
Pat. mit Idarucizumab.

Chaudhary R, Singh A, Chaudhary R, Bashline M, Houghton DE, Rabinstein A. EvaluaSon of Direct Oral AnScoagulant Reversal Agents in Intracranial Hemorrhage A SystemaSc Review and Meta-
analysis. 2022;5(11):1-16. doi:10.1001/jamanetworkopen.2022.40145

Keine vergleichende RCTs …. Bisher: Kein Unterschied in Wirksamkeit, Mortalität, Embolische Komplikationen

Andexanet ⍺ vs. PPSB?



*87 % PPSB in unterschiedlicher Dosierung

Andexanet ⍺ vs. PPSB?

• Studienabbruch nach 452 aufgrund sign. Vorteil Andexanet

• Signifikant mehr Thrombosen in der Andexanet Gruppe

• Kein Unterschied in der 30 d Mortalität

• Bisher keine Originaldaten publiziert 


