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Abstract
Background & Aims: While direct oral anticoagulants (DOACs) are increasingly used 
in patients with liver disease, safety data especially in advanced chronic liver disease 
(ACLD) are limited.
Methods: Liver disease patients receiving DOAC treatment (ACLD: n = 104; vascu-
lar liver disease: n = 29) or vitamin K antagonists (VKA)/low-molecular-weight hepa-
rin (LMWH; ACLD: n = 45; vascular: n = 13) between January 2010 and September 
2020 were retrospectively included. Invasive procedures and bleeding events were 
recorded. Calibrated anti-Xa peak levels and thrombomodulin-modified thrombin 
generation assays (TM-TGAs) were measured in a subgroup of 35/28 DOAC patients.
Results: Among patients receiving DOAC, 55 (41.3%) had advanced liver dysfunc-
tion (Child-Pugh-stage [CPS] B/C) and 66 (49.6%) had experienced decompensation. 
Overall, 205 procedures were performed in 60 patients and procedure-related bleed-
ings occurred in 7 (11.7%) patients. Additionally, 38 (28.6%) patients experienced 
spontaneous (15 minor, 23 major) bleedings during a median follow-up of 10.5 (IQR: 
4.0-27.8) months. Spontaneous bleedings in ACLD patients were more common in 
CPS-B/C (at 12 months: 36.9% vs CPS-A: 15.9%, subdistribution hazard ratio [SHR]: 
3.23 [95% CI: 1.59-6.58], P < .001), as were major bleedings (at 12 months: 22.0% vs 
5.0%, SHR: 5.82 [95% CI: 2.00-16.90], P < .001). Importantly, CPS (adjusted SHR: 4.12 
[91% CI: 1.82-9.37], P <  .001), but not the presence of hepatocellular carcinoma or 
varices, was independently associated with major bleeding during DOAC treatment. 
Additionally, ACLD patients experiencing bleeding had worse overall survival (at 
12 months: 88.9% vs 95.0% without bleeding; P < .001). Edoxaban anti-Xa peak levels 
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1  | INTRODUC TION

Patients with advanced chronic liver disease (ACLD) often present 
with profound changes of coagulation parameters.1 While these 
patients were traditionally considered to be ‘auto-anticoagulated’, 
recent research has shown that even patients with advanced liver 
disease have a rebalanced equilibrium of pro- and anti-haemostatic 
factors.2 However, when compared with liver-healthy subjects, this 
equilibrium is much more instable and easily tilts towards bleeding 
or thrombosis. In line, the risk of thrombotic events was shown to 
be 1.7-fold increase in patients with cirrhosis compared with the 
general population,3 and intrasinusoidal microthrombosis followed 
by parenchymal extinction was even proposed as a driver for dis-
ease progression.4 However, these patients are also exposed to an 
increased risk of bleeding due to clinically significant portal hyper-
tension (CSPH)5 and unstable haemostatic balance.6

A substantial number of patients with ACLD or vascular liver dis-
eases require anticoagulant therapy for the prevention/treatment of 
venous thromboembolism,7 portal vein thrombosis (PVT),8,9 or Budd-
Chiari syndrome (BCS). While current guidelines recommend the use 
of low-molecular-weight heparin (LMWH) and vitamin K antagonists 
(VKA) in this patient population,10 both options have substantial draw-
backs.11 LMWH and VKA are rather unpopular treatments as they have 
to be injected subcutaneously or monitored by INR, which is commonly 
prolonged in patients with ACLD. Moreover, treatment with VKA in-
terferes with the MELD score potentially masking a worsening of liver 
function and making timing for liver transplantation listing more dif-
ficult. In contrast, direct oral anticoagulants (DOACs) are an interest-
ing alternative and may have practical benefits12: They do not require 
routine monitoring via INR, do not interfere with MELD score and are 
taken orally.13 Unfortunately, patients with advanced liver disease were 
excluded from large randomized DOAC trials.14-16 Therefore, available 
evidence largely derives from small retrospective studies suggesting 
that DOACs are a safe treatment option in patients with compensated 
ACLD.17 However, there is only very limited data on the safety of DOAC 
treatment in patients with decompensated liver disease.18 Additionally, 
these patients frequently need to undergo procedures such as endo-
scopic band ligation (EBL) and large-volume paracentesis (LVP),19 and 
safety of DOAC treatment in this context has yet to be studied.

Even though routine monitoring of DOAC treatment is not re-
quired, calibrated anti-Xa levels may be required in special clinical 

situations including active bleeding, urgent invasive procedures, 
renal failure, extreme body weights and in patients that clinically ap-
pear resistant to therapy. Whether patients with advanced liver dis-
ease would benefit from monitoring is unclear. One study has shown 
similar anti-Xa levels in patients with mild cirrhosis on edoxaban com-
pared with healthy individuals,20 but whether drug accumulation may 
occur in patients with more advanced disease is currently unknown.

Therefore, the aim of this study was to evaluate (a) the safety of 
DOAC treatment in patients with ACLD or vascular liver diseases in 
general, (b) the safety of DOAC treatment in liver patients undergo-
ing invasive procedures; and (c) to compare calibrated anti-Xa-assay 
levels between patients with different degrees of liver dysfunction.

2  | METHODS

2.1 | Study design and population

All patients with advanced parenchymal (ACLD) and/or vascu-
lar liver disease treated with DOAC (n = 133) at the Department of 
Gastroenterology and Hepatology, Medical University of Vienna, 

were higher in patients with CPS-B/C (345 [95% CI: 169-395] vs CPS-A: 137 [95% 
CI: 96-248] ng/mL, P = .048) and were associated with lower TM-TGA. Importantly, 
spontaneous bleeding rates were comparable to VKA/LMWH patients.
Conclusions: Anticoagulants including DOACs should be used with caution in patients 
with advanced liver disease due to a significant rate of spontaneous bleeding events.

K E Y W O R D S

ACLD, bleeding, DOAC, edoxaban, NOAC, vascular liver disease

Key points

•	 While direct oral anticoagulants (DOACs) are increasingly 
used in patients with liver disease, safety data especially 
in advanced chronic liver disease (ACLD) are limited.

•	 Any spontaneous bleeding occurred in 38 patients 
(28.6%) during treatment with DOAC, of which 23 were 
graded as major (17.3%).

•	 Incidence of spontaneous bleeding in ACLD patients 
was significantly higher in CPS-B/C patients when com-
pared with patients with CPS-A cirrhosis, and CPS, but 
not the presence of HCC or varices, was independently 
associated with major bleeding.

•	 Peak edoxaban anti-Xa levels were higher and 
thrombomodulin-modified thrombin generation assays 
were lower in CPS-B/C patients when compared with 
CPS-A patients.
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between 1 January 2010 and 30 September 2020 were included in 
this study. Patient characteristics and information on spontaneous and 
procedure-related bleedings and the time of procedure and/or bleeding 
were collected from original patient records that include outpatient let-
ters, discharge letters, procedural and radiological reports and all labo-
ratory reports from a broad network of hospitals in Vienna. Patients 
with insufficient medical records were excluded. To investigate me-
tabolization of DOACs, calibrated anti-Xa serum levels were meas-
ured in 35 prospectively sampled patients (ClinicalTrials.gov Identifier: 
NCT03541057) receiving either edoxaban or apixaban (as described 
below). Thrombomodulin-modified thrombin generation assays (TM-
TGA) were performed in 28 of these patients to further assess coagula-
tion status. Finally, we also included a cohort of patients with ACLD 
and/or vascular liver disease treated with LMWH/VKA (n = 58).

2.2 | Definitions

Procedure-related bleedings were defined as associated bleed-
ing events within 4  weeks after EBL, LVP, liver biopsy or surgical 
interventions.

Bleeding events were graded as minor or major bleedings21: 
Major bleedings were defined as fatal bleedings, symptomatic bleed-
ings in a critical area or organ (i.e., intracranial, intraspinal, intraoc-
ular, retroperitoneal, intra-articular or pericardial, or intramuscular 
with compartment syndrome), bleeding with an associated decrease 
in haemoglobin level of ≥2 g/dL or bleeding leading to transfusion 
of two or more units of packed red blood cells. All other clinically 
evident bleedings were considered minor.

Decompensated liver disease was defined as history of or cur-
rent ascites, hepatic encephalopathy or portal-hypertensive bleeding. 
CSPH was defined as history of or current decompensation, presence 
of varices or portosystemic collaterals, or HVPG ≥ 10 mm Hg. However, 
due to the low number of patients in the subgroups, we did not differ-
entiate between pre-hepatic, intra-hepatic and post-hepatic CSPH.

2.3 | Measurement of peak calibrated anti-Xa levels

Blood samples for measurement of peak anti-Xa levels were drawn 
from a peripheral vein within 2-4  hours after drug intake and in 
a steady state after repeated dosing (no missing dose for at least 
3  days). Anti-Xa levels were measured using a one-step chromog-
enic assay (STA-Liquid Anti-Xa assay, Diagnostica Stago, 92  600 
Asnières-sur-Seine, France).

2.4 | Thrombomodulin-modified thrombin 
generation assay

Blood samples for TM-TGA measurement were drawn from a periph-
eral vein at the same time as for the measurement of peak anti-Xa 

levels, immediately transferred to the lab, centrifuged once at 1972 
g for 10  minutes and stored at −20℃. Stored samples were then 
transferred to the Surgical Research Laboratory, University Medical 
Center Groningen, the Netherlands, centrifuged again at 10 000 × g 
for 10  minutes and measured using a fluorometrical method, as 
previously described.22-24 Coagulation was activated using com-
mercially available reagents containing recombinant tissue factor 
and phospholipids in the presence of soluble thrombomodulin (TM). 
The following parameters were recorded for this study: endogenous 
thrombin potential (ETP; representing the total enzymatic work per-
formed by thrombin during the time that it was active) as well as 
peak thrombin levels.

2.5 | Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics 25 
(SPSS Inc, USA), R 4.0.5 (R Core Team, R Foundation for Statistical 
Computing, Vienna, Austria) and GraphPad Prism 6.0 (GraphPad 
Software, Inc, La Jolla, CA, USA). Continuous variables were re-
ported as mean  ±  standard deviation or median (interquartile 
range), while categorical variables were reported as proportion 
of patients with/without a certain characteristic. Student's t test 
was used for group comparisons of normally distributed variables 
and Mann-Whitney U test for non-normally distributed variables, 
respectively. Group comparisons of categorical variables were per-
formed using either Pearson's Chi-squared or Fisher's exact test, as 
applicable.

Landmark analyses were performed to assess survival after 
bleeding in order to correct for ‘immortal time bias’.25 In detail, 
spontaneous bleeding within 6  months or 12  months after DOAC 
initiation were considered as landmarks. Competing risk analysis was 
used to compare the incidence of spontaneous bleeding between 
patients with different severity of liver disease, with or without HCC 
as well as those receiving full versus reduced DOAC dose, consider-
ing death and orthotopic liver transplantation as a competing risk. 
Therefore, subdistribution hazard ratio (SHR) using the R package 
‘cmprsk’ applying Fine and Gray competing risks regression model 
was used.26 Finally, we applied a multivariable competing risks re-
gression model to identify factors independently associated with 
spontaneous bleeding. A P-value ≤ .05 was considered statistically 
significant.

2.6 | Ethics

This study was approved by the ethics committee of the Medical 
University of Vienna (No. 1928/2017 and 1996/2020). All prospec-
tively included patients (ClinicalTrials.gov identifier: NCT03541057) 
provided written informed consent. For the retrospective part of 
this study, the need for written informed consent was waived by the 
ethics committee.
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3  | RESULTS

3.1 | Baseline characteristics

In total, 133 patients on DOAC with a mean age of 58.1 ± 14.1 years 
were included. Majority of patients was male (n = 79, 59.4%). While 
in 104 patients (78.2%), a chronic parenchymal liver disease (ACLD) 
was diagnosed, 29 patients (21.8%) had vascular liver disease with-
out evidence for ACLD including patients with PSVD (n = 10), PVT 
without evidence of ACLD (n  =  18) and veno-occlusive disease 
(n = 1). The most prevalent aetiologies in ACLD patients were alco-
holic (n = 25, 24.0%) and non-alcoholic fatty liver disease (n = 25, 
24.0%).

Overall, 66 patients (49.6%) had a history of hepatic decom-
pensation, and 85 patients (63.9%) had varices. Of note, 33 ACLD 
patients (31.7%) had previously been diagnosed with hepatocellu-
lar carcinoma (HCC, BCLC stages at the time of DOAC treatment 
initiation were: BCLC 0/A: 9.6% BCLC B: 8.7%, BCLC C/D: 13.5%) 
of whom 16 patients (48.5% of HCC patients) were taking tyrosine 
kinase inhibitors.

When comparing patients with ACLD and vascular liver disease 
at baseline, ACLD patients were older (ACLD: 59.5 ± 13.3 vs vascular: 
53.0 ± 15.7 years; P = .027), had a worse liver function (Child-Pugh-
stage [CPS] B/C: ACLD: 51 [49.0%] vs vascular: 4 [13.7%], P = .003) 
and a higher UNOS MELD-score (11.7 ± 4.2 vs 8.9 ± 2.7, P < .001). 
More detailed patient characteristics are displayed in Table 1.

3.2 | Characterization of DOAC treatment

The majority of our patients received edoxaban (n = 75, 56.4%), fol-
lowed by apixaban (n = 24, 18.0%) and rivaroxaban (n = 24, 18.0%), 
while only 3 (2.4%) patients were taking dabigatran and 7 patients 
(5.3%) received more than one drug sequentially. Main indications 
for DOAC were PVT in 89 patients (66.9%), followed by atrial fibril-
lation (n = 16, 12.0%) and BCS (n = 9, 6.8%). Seventy-eight patients 
(58.6%) received full dose of DOAC (i.e., 60 mg edoxaban once daily, 
5 mg apixaban twice daily, 20 mg rivaroxaban once daily or 150 mg 
dabigatran twice daily), while 55 patients (41.4%) received a re-
duced dose. Median treatment duration was 10.5 (4.0-27.8) months 
and treatment with DOAC was stopped in 38 patients (28.6%). The 
most common reasons for treatment discontinuation were bleeding 
events (n = 14, 10.5%), resolution of PVT (n = 8, 6.0%) and decision 
of the treating physician (n  =  5, 3.8%). A detailed comparison be-
tween patients with ACLD and vascular liver disease can be found 
in Table 2.

3.3 | Procedure related bleeding events

Almost half of patients (n = 60, 45.1%) underwent at least one in-
tervention during DOAC therapy resulting in a total of 205 invasive 
procedures during the study period. Specifically, 14 patients (10.5%) 

underwent LVP resulting in a total of 87 LVPs, and 28 patients (21.1%) 
underwent EBL resulting in a total of 70 EBLs. DOAC treatment was 
paused prior to all EBLs as per the discretion of the treating physi-
cian. Bleedings during gastroduodenoscopy occurred in 4 patients 
(14.3%; 5.7% of all EBLs, 3 ACLD patients, 1 patient with vascular 
liver disease). Apart from these immediate bleedings, no procedure-
related bleeding occurred within 28 days after EBL. Additionally, one 
minor bleeding occurred after LVP, one minor bleeding occurred dur-
ing a transurethral resection of the bladder and one major bleeding 
after endoscopic retrograde cholangiopancreaticography (ERCP). 
Procedure-related bleeding events are described in detail in the 
Supplementary material. A detailed comparison between patients 
with ACLD and vascular liver disease can be found in Table 2.

3.4 | Spontaneous bleeding events during 
DOAC treatment

Thirty-eight patients (28.6%) experienced a spontaneous bleeding 
event during DOAC treatment, while in 4 patients (3.0%) ≥2 events 
were documented. These events were graded as minor in 15 patients 
(39.5%) and major in 23 patients (60.5%) of which one event (bleed-
ing from Mallory-Weiss tear) was followed by acute-on-chronic-
liver-failure and death 9 days after the bleeding event (Table S1). This 
event occurred in a patient with decompensated CPS-C cirrhosis at 
baseline. The majority of spontaneous major bleeding events origi-
nated from the gastrointestinal tract. The major non-gastrointestinal 
bleedings were due to spontaneous HCC rupture, vaginal bleeding 
and subdural haematoma. Notably, liver function significantly de-
clined in patients with spontaneous bleeding events between the 
start of DOAC treatment and the time of bleeding (Child-Pugh-
score: BL: 7 ± 2 vs bleeding: 8 ± 2, P < .001; MELD: BL: 12.2 ± 4.0 
vs bleeding: 15.4 ± 9.2, P =  .021). Importantly, while spontaneous 
bleeding occurred in 31.7% (33/104) of patients with ACLD, it was 
documented in 17.2% (5/29) of patients with vascular liver disease 
(P = .127, Table 2).

3.5 | Incidence of predisposing factors for 
spontaneous bleeding events

Next, we compared the cumulative incidence of spontaneous bleed-
ing events between patients with different severity of liver disease. 
Since risk factors for bleeding may likely differ between ACLD pa-
tients and those with vascular liver disease, we focused on ACLD 
patients for the following analyses.

Interestingly, cumulative incidence of spontaneous bleeding 
after initiation of DOAC treatment was significantly higher in CPS-
B/C patients when compared with patients with CPS-A cirrhosis 
after 12 months (B/C: 36.9% vs A: 15.9%, SHR: 3.23 [95% CI: 1.59-
6.58], P =  .001, Figure 1A). These differences were also observed 
when only considering major bleedings (at 12  months: 22.0% vs 
5.0%, SHR: 5.82 [95% CI: 2.00-16.90], P = .001, Figure 1B). Similar 
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Characteristics
Overall, 
n = 133

ACLD, 
n = 104

Vascular liver 
disease, n = 29a  P value

Age, y, mean ± SD 58.1 ± 14.1 59.5 ± 13.3 53.0 ± 15.7 .027

Male sex, n (%) 79 (59.4%) 59 (56.7%) 20 (69.0%) .235

BMI, kg/m2, mean ± SD 27.0 ± 5.3 27.5 ± 5.4 25.1 ± 4.4 .033

Platelets, G/L 123 (91-193) 116 (87-176) 217 (129-296) <.001

Albumin, g/dL 37.9 ± 6.0 36.9 ± 6.0 40.8 ± 5.1 .002

Etiology of liver disease, n (%)

ALD 25 (18.8%) 25 (24.0%) — —

NAFLD 25 (18.8%) 25 (24.0%) —

Viral hepatitis 13 (9.8%) 13 (12.5%) —

Others 33 (24.8%) 32 (30.7%) 1 (3.4%)

BCS 9 (6.8%) 9 (8.7%) —

PSVD 10 (7.5%) — 10 (34.5%)

PVT without evidence of 
ACLD

18 (13.5%) — 18 (62.1%)

Clinical characterization of liver disease

HCC 33 (24.8%) 33 (31.7%) 0 (0.0%) <.001

BCLC 0/A 10 (7.5%) 10 (9.6%) 0 (0.0%) .007

BCLC B 9 (6.8%) 9 (8.7%) 0 (0.0%)

BCLC C/D 14 (10.5%) 14 (13.5%) 0 (0.0%)

Malignancy other than 
HCC

11 (8.3%) 6 (5.8%) 5 (17.2%) .061

Decompensated liver 
disease

66 (49.6%) 55 (52.9%) 11 (37.9%) .154

Ascites 57 (42.9%) 47 (45.2%) 10 (34.5%) .303

Hepatic encephalopathy 22 (16.5%) 20 (19.2%) 2 (6.9%) .159

Varices 85 (63.9%) 70 (67.3%) 15 (51.7%) .122

Small 58 (43.6%) 52 (50.0%) 6 (20.7%) .017

Large 27 (20.3%) 18 (17.3%) 9 (31.0%)

PVT 102 (76.7%) 77 (74.0%) 25 (86.2%) .171

History of variceal bleeding 14 (10.5%) 13 (12.5%) 1 (3.4%) .302

Portal hypertensive 
gastropathy

41 (30.8%) 37 (35.6%) 4 (13.8%) .068

Splenomegaly 87 (65.4%) 71 (68.3%) 16 (55.2%) .190

History of TIPS 9 (6.8%) 7 (6.7%) 2 (6.9%) 1.000

Severity of liver disease

Child-Pugh Score, points 6 (5-8) 6 (5-8) 5 (5-6) .001

A 78 (58.6%) 53 (51.0%) 25 (86.2%) .003

B 47 (35.3%) 44 (42.3%) 3 (10.3%)

C 8 (6.0%) 7 (6.7%) 1 (3.4%)

UNOS MELD, points 11.1 ± 4.1 11.7 ± 4.2 8.9 ± 2.7 <.001

Abbreviations: ALD, alcoholic liver disease; BCLC, Barcelona Clinic Liver Cancer; BCS, Budd-Chiari 
syndrome; BMI, body mass index; HCC, hepatocellular carcinoma; MELD, model for end-stage 
liver disease; NALFD, non-alcoholic fatty liver disease; PSVD, porto-sinusoidal vascular disease; 
PVT, portal vein thrombosis; SD, standard deviation; TIPS, transjugular intrahepatic portosystemic 
shunt.
aIncluding patients with PSVD, PVT without parenchymal liver disease and veno-occlusive disease.
Bold values indicate significance (P ≤ .05)

TA B L E  1   Comparison of baseline 
characteristics between ACLD patients 
and those with vascular liver disease only
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TA B L E  2   DOAC therapy and bleeding events compared between ACLD patients and those with vascular liver disease only

Characteristics Overall, n = 133 ACLD, n = 104
Vascular liver disease, 
n = 29a  P value

DOAC type

Edoxaban 75 (56.4%) 59 (56.7%) 16 (55.2%) .468

Apixaban 24 (18.0%) 16 (15.4%) 8 (27.6%)

Rivaroxaban 24 (18.0%) 21 (20.2%) 3 (10.3%)

Dabigatran 3 (2.4%) 2 (1.9%) 1 (3.4%)

Sequential treatment 7 (5.3%) 6 (5.8%) 1 (3.4%)

Indication for anticoagulation

PVT 89 (66.9%) 65 (62.5%) 24 (82.8%) .231

BCS 9 (6.8%) 9 (8.7%) —

Atrial fibrillation 16 (12.0%) 15 (14.4%) 1 (3.4%)

Atrial fibrillation and PVT 8 (6.0%) 7 (6.7%) 1 (3.4%)

DVT ± PE 8 (6.0%) 6 (5.8%) 2 (6.9%)

Others 3 (2.3%) 2 (1.9%) 1 (3.4%)

DOAC dose

Full dose 78 (58.6%) 61 (58.7%) 17 (58.6%) .997

Reduced dose 55 (41.4%) 43 (41.3%) 12 (41.4%)

Duration of DOAC therapy, months 10.5 (4.0-27.8) 10.5 (3.8-24.8) 9.0 (4.4-39.1) .760

Discontinuation of DOAC therapy 38 (28.6%) 34 (32.7%) 4 (13.8%) .046

Bleeding 14 (10.5%) 11 (10.6%) 3 (10.3%) .720

Resolution of PVT 8 (6.0%) 7 (6.7%) 1 (3.4%)

Decision of the treating physician 5 (3.8%) 5 (4.8%) —

Worsening of liver function 3 (2.3%) 3 (2.9%) —

Patient wish 3 (2.3%) 3 (2.9%) —

Others 5 (3.8%) 5 (4.8%) —

Patients with invasive procedures 
during DOAC therapy

60 (45.1%) 47 (45.2%) 13 (44.8%) .972

≥2 interventions 38 (28.6%) 31 (29.8%) 7 (24.1%) —

Number of procedures (overall) 205 177 28 —

LVP 14 (10.5%) 13 (12.5%) 1 (3.4%) .302

Number of LVP (overall) 87 83 4 —

EBL 28 (21.1%) 20 (19.2%) 8 (27.6%) .329

Number of EBL (overall) 70 49 21 —

Complications during DOAC therapy

Procedure-related bleedings 7 (11.7%, 3.4% of all 
procedures)

6 (12.8%, 3.4% of all 
procedures)

1 (7.7%, 3.6% of all 
procedures)

1.000

Minor 6 5 1 —

Major 1 1 0

Spontaneous bleeding event 38 (28.6%) 33 (31.7%) 5 (17.2%) .127

≥2 spontaneous bleeding events 4 (3.0%) 3 (2.9%) 1 (3.4%) —

Minor 15 (39.5%, 11.3% of all) 15 (45.5%, 14.4% of all) — .136

Major 23 (60.5%, 17.3% of all) 18 (54.5%, 17.3% of all) 5 (100.0%, 17.2% of all)

Fatal 1 (2.6%) 1 (3.0%) — —

Abbreviations: BCS, Budd-Chiari syndrome; DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; EBL, endoscopic band ligation; LVP, large 
volume paracentesis; PE, pulmonary embolism; PVT, portal vein thrombosis.
aIncluding patients with PSVD, PVT without parenchymal liver disease and veno-occlusive disease.
Bold values indicate significance (P ≤ .05)
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results were obtained in the overall cohort (Figure  S1). While a 
higher incidence of spontaneous bleeding and spontaneous major 
bleeding could be confirmed in ACLD patients with a history of he-
patic decompensation (Figure S2), there was no statistically signifi-
cant difference with regard to the presence of HCC at baseline or 
the DOAC dosage (Figures S3 and S4).

Finally, we performed multivariable competing risks regression 
analyses including CPS, HCC and the presence of varices to identify 
factors independently associated with the development of sponta-
neous and spontaneous major bleeding events. Interestingly, while 
the presence of varices or HCC was not associated with the incidence 
of bleeding, CPS-B/C (spontaneous bleedings: adjusted SHR aSHR: 
3.30 [91% CI: 1.74-6.26], P  <  .001; spontaneous major bleedings: 

aSHR: 4.12 [91% CI: 1.82-9.37], P < .001) was independently associ-
ated in ACLD patients (Table S2).

3.6 | Long-term survival after bleeding events

As only one immediately fatal bleeding complication occurred, we 
further investigated whether bleedings during DOAC therapy were 
associated with worse survival. Therefore, we performed landmark-
analyses and compared the overall survival of ACLD patients who 
experienced bleeding within 6  months from DOAC initiation to 
those without bleeding within 6  months. Importantly, bleeding 
within 6  months was associated with a worse overall survival (at 

F I G U R E  1   Competing risk 
analysis comparing the incidence of 
(A) spontaneous bleeding and (B) 
spontaneous major bleeding in ACLD 
patients among Child-Pugh stage (CPS) 
A vs CPS B/C considering death and liver 
transplantation (OLT) as competing risks
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12 months: 88.9% vs 95.0%, log-rank P < .001; Figure 2A). The same 
result was obtained when setting the landmark at 12 months after 
DOAC initiation (survival at 18  months: 74.1% vs 95.6%, log-rank 
P = .011, Figure 2B) as well as in the overall cohort (Figure S5).

3.7 | Calibrated anti-Xa peak levels

In order to study changes in pharmacokinetics potentially explain-
ing the substantial risk of spontaneous bleeding during DOAC treat-
ment, we measured calibrated anti-Xa levels in 35 prospectively 
sampled patients. As shown in Table S3, patients with anti-Xa meas-
urement had less advanced liver disease compared with patients not 
undergoing anti-Xa measurements. Consecutively, overall bleeding 
incidence was lower in the anti-Xa cohort which is in line with our 
findings outlined above (Figure S6). In total, anti-Xa peak levels were 
measured in 23 patients with edoxaban and in 12 patients with apixa-
ban treatment. As shown in Figure 3, peak edoxaban anti-Xa levels 
were numerically higher in CPS-B/C patients, when compared with 
CPS-A patients (226 [70-350] vs 137 [86-199] ng/mL, P = .301), and 
this difference attained statistical significance when only including 

patients who were dosed according to the label (345 [169-395] vs 
137 [96-248] ng/mL, P =  .048) as 3 patients in the CPS-B/C group 
and 4 patients in the CPS-A did not receive the recommended drug 
dose. Unfortunately, the number of patients receiving apixaban was 
significantly lower which also resulted in a lower number of anti-Xa 
measurements (n = 12). However, median anti-Xa levels tended to be 
higher in patients with CPS-B/C vs CPS-A cirrhosis (297 [162-356] vs 
138 [80-189] ng/mL, P = .073).

3.8 | Thrombomodulin-modified thrombin 
generation assay

Next, we evaluated the correlation of peak anti-Xa values with ETP 
as measured by TM-TGA in 28 prospectively sampled patients. 
Interestingly, and as depicted in Figure S7, an exponential relation-
ship was observed for anti-Xa levels and ETP (R2 = 0.119, P = .072, 
y  =  351.314  ×  x^[−0.181]) as well as for peak levels (R2  =  0.121, 
P  =  .070, y  =  235.462  ×  x^[−0.155]). Importantly, while patients 
with higher anti-Xa values (≥100  ng/mL) generated low amounts 
of thrombin (ETP: 83 [34-605] nM; peak: 18 [5-170] nM), thrombin 

F I G U R E  2   Survival after bleeding 
events using landmark analysis comparing 
the survival of ACLD patients with and 
without bleeding (A) within 6 months 
and (B) within 12 months. Importantly, 
patients were only considered if they 
were followed for at least (A) 6 months or 
(B) 12 months
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generation tended to be higher in patients with low anti-Xa values 
(<100 ng/mL: ETP: 466 [281-941] nM; peak: 106 [52-239] nM; ETP: 
P = .051, peak: P = .057) despite small numbers (Table S4).

3.9 | Comparison to patients on LMWH/VKA

Finally, we compared the bleeding incidence in DOAC patients to 
patients receiving LMWH or VKA (n = 58). As shown in Table S5, 
baseline characteristics of the two cohorts were comparable. 
However, treatment indications were significantly different. While 
DOAC patients had more often portal vein thrombosis, atrial fibril-
lation was more common in patients with LMWH/VKA treatment 
(Table S5). Incidence of procedure-related bleedings (DOAC: 11.7% 
vs LMWH/VKA: 12.8%, P = .162) was comparable between the two 
cohorts. Importantly, spontaneous bleedings were numerically more 
common in DOAC patients (28.6% vs 19.0%, P = .162). Additionally, 
the results of multivariable competing risks regression models in 
the whole cohort (including DOAC and LMWH/VKA patients) were 
similar to the analyses obtained in the DOAC cohort only. Again, 
CPS-B/C was the only factor independently associated with major 
bleedings, whereas the presence of varices, HCC or DOAC intake 
was no risk factor (Table S6).

4  | DISCUSSION

DOACs are the treatment of choice for non-valvular atrial fibrilla-
tion and thromboembolism due to a more favourable safety profile 
compared with VKAs as well as the easier application compared 

with LMWH. Therefore, DOACs are commonly used in subjects with 
preserved liver and kidney function; however, their use remains off-
label in patients with ACLD, as patients with ‘clinically significant 
liver disease’ (apixaban),14 ‘significant liver disease’ (rivaroxaban)15 
or ‘active liver disease’ (edoxaban)16 have been excluded from clini-
cal trials. In line with the respective package inserts, these drugs 
are contraindicated in ACLD patients with coagulopathy and clini-
cally relevant risk for bleeding complications.27 Nevertheless, these 
drugs are also increasingly used in clinical practice in patients with 
advanced liver disease.

While DOACs seem to be safe in patients with compensated 
ACLD, data on patients with decompensated ACLD are scarce.17,28,29 
While bleeding rates reported by some small retrospective stud-
ies17,30 were even lower when compared with historic controls 
treated with VKA or LMWH,12,31 a recent study reported a substan-
tial bleeding risk in patients with decompensated cirrhosis. In this 
study by Mort et al,18 21% of patients with decompensated cirrho-
sis stopped DOAC treatment due to actual or ‘perceived’ bleeding. 
In total, bleeding events occurred in every third patient in our as 
well as their study. However, the rate of major bleeding tended to 
be higher in our study (17.3% vs 8.0% in the US study). Of note, the 
median time of DOAC exposure was only 6.0 months in the latter 
study compared with 10.5  months in our cohort. The differences 
in bleeding rates may also be explained by the drugs used. While 
apixaban, a drug taken twice daily, was commonly prescribed in the 
US study (68.1% of patients), edoxaban was chosen in the majority 
of our patients (56.4%). Differences in major bleedings may also be 
explained by different indications for DOAC treatment in the two 
studies. While PVT was the indication for anticoagulation in 28.3% 
of patients in the study by Mort et al,18 PVT was present in 76.7% of 

F I G U R E  3   Comparison of calibrated 
anti-Xa peak levels in patients with 
edoxaban and apixaban treatment 
according to Child-Pugh stage (left panel). 
Red dots indicate underdosing while blue 
dots indicate overdosing as according to 
the label. The right panels only include 
patients who were treated according 
to the dosing recommendations of the 
respective drug
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patients in our study. It has been shown that PVT may cause portal-
hypertensive bleedings that are more difficult to treat when com-
pared with non-PVT portal hypertensive bleedings32,33; however, 
the presence of varices was not associated with the incidence of 
bleeding in our cohort highlighting the importance of a proper portal 
hypertension management.34

Importantly, we observed that CPS-B/C patients receiving DOAC 
had a significantly higher risk for spontaneous bleeding when com-
pared with patients with CPS-A cirrhosis. While bleeding episodes 
in this population may be related to a DOAC-associated haemostatic 
failure, it cannot be excluded that these bleedings were triggered by 
other risk factors such as portal hypertension19 or tyrosine kinase 
inhibitor therapy.35

While no baseline or laboratory parameter was predictive of 
spontaneous bleeding in the US study,18 we did observe an asso-
ciation of spontaneous bleeding with liver function. However, it is 
unclear whether the observed increased bleeding risk simply re-
flects the more fragile haemostatic balance in patients with more 
pronounced liver dysfunction or is caused by DOAC treatment.

Importantly, spontaneous bleeding events were numerically, 
but not statistically significantly more common in DOAC patients 
compared with LMWH/VKA patients. Although this may suggest a 
higher bleeding risk in patients with advanced liver disease receiv-
ing DOAC, these results may be biased in several ways: First, PVT 
was more common in DOAC patients, and previous studies have 
demonstrated that PVT is associated with a higher bleeding risk 
compared with patients being anticoagulated for other indications.7 
Furthermore, we believe that the decision of the treating physicians 
to recommend DOAC over LMWH/VKA treatment was for good – 
but non-documented – reasons that rendered patients as appropriate 
candidates for DOAC therapy. Finally, the easier mode of treatment 
is of particular relevance in some patients, such as suggested by the 
significantly higher number of patients with hepatic encephalopathy 
in the DOAC cohort. Still, the retrospective comparison of the two 
treatment strategies has several drawbacks and prospective random-
ized trials comparing DOAC and LMWH/VKA treatment in patients 
with advanced liver dysfunction are urgently needed.

Until results from such trials will be available, use of DOACs in 
patients with advanced liver disease is challenging as it is unknown 
whether portal hypertensive gastropathy/enteropathy influences 
drug uptake as well as possible effects of liver dysfunction on drug 
metabolism.36 As DOACs are cleared by the liver and the kidney to 
a different extent, drug accumulation with a possibly increased risk 
for bleeding is a major concern. Interestingly, recent data published 
by Bos et al20 suggested that even though edoxaban drug levels after 
7 days of treatment were comparable to those in liver-healthy sub-
jects, the anticoagulatory potential of edoxaban might be weaker in 
liver disease patients. However, this study mostly included CPS-A 
and did not include a sufficient number of patients with more ad-
vanced liver disease and thus does not provide information on pa-
tients with advanced liver dysfunction and portal hypertension, that 
is, those who at the same time show the most pronounced procoag-
ulant imbalance and are at the highest risk of bleeding.

In our study, we found that peak anti-Xa levels were significantly 
higher in patients with more advanced liver disease, potentially ex-
plaining the increased bleeding incidence in this subgroup. In line, 
median peak levels in our cohort of CPS-B/C patients were consid-
erably higher than the values reported in the general population.37,38 
Additionally, when performing TM-TGA assays, thrombin generation 
was lower in patients with higher anti-Xa levels when compared with 
patients with low anti-Xa levels indicating that high anti-Xa levels 
may reflect an impaired haemostasis.39 Importantly, peak anti-Xa 
levels and TM-TGAs were measured in a steady state of DOAC 
treatment after repeated intake, which may be most reflective of the 
anticoagulation-related bleeding risk during long-term treatment. 
This may also explain the different results obtained in single dosing 
studies reporting reduced plasma concentrations in patients with 
advanced liver disease.40

Apart from spontaneous bleeding events, the rate of post-
procedural bleeding needs to be taken into account when consid-
ering DOAC treatment in a patient with decompensated cirrhosis. A 
recent study showed that the rate of bleeding after variceal ligation 
was not increased in patients receiving LMWH (3.8% vs 1.6%),41 
while this rate was higher in another study (9%).42 However, the rate 
of post-procedural bleeding has not been studied in patients receiv-
ing DOAC treatment yet. In our study, we observed a low rate of 
procedure-related bleedings (11.7% of all patients undergoing any 
procedure, 3.4% of all procedures), although almost half of patients 
(45.1%) underwent at least one procedure resulting in a total of 205 
procedures. Additionally, rules for pausing DOACs prior to an inter-
vention currently only consider renal function and the bleeding risk 
of the planned intervention and do not control for liver function.43 
Nevertheless, we observed an excellent safety profile of DOACs in 
patients across different stages of liver disease when drugs were 
paused as recommended, although some intra-procedural bleedings 
occurred, which, however, seemed to be unrelated to haemostasis 
in most cases.

This study has some limitations. Although we had access to the 
clinical documentation system from a broad network of hospitals, the 
retrospective design limits the accuracy of detecting minor bleed-
ings since those might not be completely documented. However, 
we are confident to have included all major and procedure-related 
bleedings since they usually require in-hospital therapy and conse-
quently get followed at our institution. Secondly, we aimed at linking 
the incidence of bleeding to anti-Xa levels in the respective patients. 
However, measurements were only performed in a subgroup of pa-
tients since the assays were only recently established, active intake 
of DOAC at the time of measurement and patient compliance were 
required and COVID-19 restrictions made sample collection more 
difficult. Nevertheless, we are confident that the above-mentioned 
results of the pharmacokinetic study may be extrapolated to the 
whole cohort. Thirdly, the correlation between peak anti-Xa values 
and ETP deserves further research since the low sample size and a 
high interindividual variability of these advanced coagulation tests 
limit their interpretation. Therefore, these results should be con-
sidered hypothesis-generating, and further research is needed to 
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evaluate the utility of measuring anti-Xa levels as well as TM-TGA in 
ACLD patients with DOAC therapy. Finally, there was no statistically 
significant difference in the bleeding incidence between patients re-
ceiving DOAC and VKA/LMWH. However, this comparison may be 
biased by indication, as it was left to the discretion of the treating 
physician to choose from the available anticoagulation options.

In conclusion, we provide comprehensive data on DOAC safety 
in a large retrospective cohort of patients with ACLD or vascular liver 
diseases. When drugs are paused as recommended, DOAC therapy 
is not associated with a significant risk of procedure-related bleed-
ings among patients with different stages of liver disease. However, 
we observed a significant association of spontaneous bleedings with 
liver disease severity. Therefore, DOACs should be used with cau-
tion in this patient group, and liver function should be monitored 
regularly. Finally, anti-Xa and TM-TGA measurements could be use-
ful to evaluate the bleeding risk in individual ACLD patients requiring 
DOAC therapy.
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