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Child-Pugh A or B cirrhosis and AF, we recommend anticoagulation with standard-dose
direct oral anticoagulants (DOACs) in accordance with cardiology guideline recom-
mendations for patients without liver disease. In those with Child-Pugh C cirrhosis,
there is inadequate evidence with respect to the benefit and risk of anticoagulation for
stroke prevention in AF. In patients with cirrhosis and acute deep vein thrombosis or
pulmonary embolism, we recommend anticoagulation and suggest use of either a
DOAC or low-molecular-weight heparin (LMWH)/vitamin K antagonist (VKA) in Child-
Pugh A or B cirrhosis and LMWH alone (or as a bridge to VKA in patients with a normal
baseline international normalized ratio) in Child-Pugh C cirrhosis. We recommend
anticoagulation for patients with cirrhosis and symptomatic PVT. We suggest anti-

coagulation for those with asymptomatic, progressing PVT and recommend continuing

KEYWORDS

1 | INTRODUCTION

Patients with advanced liver disease are at an increased risk of
bleeding and were historically considered to be “auto-anticoagulated”
on the basis of abnormal coagulation tests. More recent data support
the presence of a “rebalanced,” yet fragile, hemostatic system that
simultaneously increases the risks of bleeding and thrombosis due to
changes in primary and secondary hemostasis and the fibrinolytic
system [1]. Laboratory data have demonstrated progressive changes
in many of these parameters with advancing Child-Pugh scores [2].

With respect to primary hemostasis, thrombocytopenia is com-
mon in patients with cirrhosis with 80% of patients having platelet
counts below the lower limit of normal [3]. Severe thrombocytopenia
(<50 x 10?/L) is uncommon in ambulatory patients with compensated
disease but increases in those with decompensated disease and is
frequently encountered in hospitalized patients with critical illness
[4,5]. Platelet counts of <30 x 10%/L remain infrequent even in those
with advanced disease. Mechanisms for thrombocytopenia in cirrhosis
include reduced production secondary to bone marrow suppression
from underlying disease (eg, alcohol or viral hepatitis), reduced
thrombopoietin production and/or activity, increased destruction
(autoantibodies against platelet surface antigens), and possible
sequestration in the spleen [3]. Evidence is conflicting with respect to
the impact of liver disease on platelet function with some studies
showing decreased and others demonstrating increased platelet
function. However, there are significant data to suggest that throm-
bocytopenia is not a predictor of procedural bleeding risk in patients
with liver disease [6]. This may be a result of mechanisms counter-
acting thrombocytopenia including increased levels of von Willebrand
factor (VWF) and decreased ADAMTS-13 levels [7].

Secondary hemostasis in liver disease is altered secondary to
reduced coagulation factor (F)II, FV, FVII, FIX, FX, and FXI and
hypofibrinogenemia but is counteracted by increased FVIII and VWF

extended anticoagulation for liver transplant candidates with PVT.

anticoagulation, atrial fibrillation, liver cirrhosis, portal vein, venous thrombosis

levels and decreased production of natural anticoagulants including
protein C, protein S, and antithrombin.

Global hemostatic assays have demonstrated an enhanced
thrombin-generating capacity in cirrhosis [8], and there is evidence of
enhanced thrombin generation in vivo [9]. Fibrinolysis is increased by
reduced alpha2-antiplasmin, FXIII, and thrombin activatable fibrino-
lysis inhibitor and elevated tissue plasminogen activator levels.
Conversely, fibrinolysis is reduced by reduced plasminogen and
increased plasminogen activator inhibitor-1 levels [1]. Global fibrino-
lytic tests indicate preserved fibrinolytic potential in compensated
patients, but both hypofibrinolysis and hyperfibrinolysis in more
advanced disease [10].

In addition to changes in hemostatic mechanisms, the treatment
of thrombosis in advanced liver disease may be further complicated by
altered anticoagulant pharmacodynamic and pharmacokinetic effects
including reductions in coagulation factors, antithrombin levels, pro-
tein binding, metabolism, and excretion. These factors in combination
with the limited, primarily observational data in this field present a
challenge to the clinician in determining if, when, and how to anti-
coagulate the patient with advanced liver disease. As patients with
advanced liver disease may experience thrombosis at higher rates
than those without advanced liver disease, these questions arise at
relatively high frequency in clinical practice. This document summa-
rizes the limited available evidence and provides guidance recom-
mendations for anticoagulation for stroke prevention in atrial
fibrillation (AF) and venous thromboembolism (VTE) including portal
vein thrombosis (PVT) in patients with cirrhosis.

2 | METHODS

Guidance statements were written after review of the published
literature. An initial search was conducted in PubMed using
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combinations of “liver cirrhosis,” “liver diseases,” “atrial fibrillation,”
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risk factors,” “incidence,
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“portal veins,” “venous thrombosis, anti-

coagulation,” “coumarins,” and “direct acting oral anticoagulants.”
Reference lists of publications identified in the search were reviewed
and articles retrieved where relevant. Randomized controlled trials or
observational studies that addressed the epidemiology, pathophysi-
ology, risk factors, and treatment of thrombosis in adults with liver
disease were included. Heterogeneity in severity of liver disease of
the patients included in many studies (particularly in AF) did not allow
search to be restricted specifically to cirrhosis. For clarity, throughout
the guidance document, we use the terms presented in each respec-
tive primary study (eg, liver disease, advanced liver disease, and
cirrhosis). Due to limited clinical data on direct oral anticoagulants
(DOACs), pharmacokinetic studies of DOACs in patients with liver
disease with in vivo data were also reviewed. Case reports were
excluded. Consensus was achieved by serial revision of proposed
statements in response to co-author feedback. “We recommend” is
used when consensus between authors was achieved in combination
with evidence from multiple higher quality clinical studies with greater
certainty of evidence; it indicates a strong guidance statement, where
clinicians should generally implement the guidance recommendation.
“We suggest” is based on author consensus but with a lack of higher
quality clinical studies with lower certainty of evidence; it indicates a
weak guidance statement, whereby strong evidence to support the
statement is lacking; and the clinician may implement the guidance
recommendation in some situations, but an alternative practice may

also be appropriate.

3 | ANTICOAGULATION IN PATIENTS
WITH ADVANCED LIVER DISEASE

Low-molecular-weight heparins (LMWHs), vitamin K antagonists
(VKAs), and DOACs are the most commonly used anticoagulants,
including in patients with liver disease. Their use and considerations in

patients with advanced liver disease are summarized below.

3.1 | LMWHs

These agents were the traditional anticoagulants of choice in the
treatment of thrombosis in patients with advanced liver disease.
However, they act by potentiating the effect of antithrombin, a
glycoprotein often reduced in patients with advanced liver disease,
possibly resulting in an altered anticoagulant effect in this population
[11]. Further, volume overload and hepatorenal syndrome associated
with advanced liver disease may affect drug absorption, distribution,
and clearance [12-14]. Additionally, LMWHSs are expensive in many
jurisdictions and many patients find them to be inconvenient for long-
term use. The optimal dosing and monitoring of LMWH in patients
with advanced liver disease require further investigation for situations

in which they are still required.
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3.2 | VKAs

For many years, VKAs were the only oral anticoagulant treatment option.
As such, there is significant clinical experience with their use, including in
patients with advanced liver disease. However, their use is challenging in
this population who may have altered medication absorption, distribu-
tion, and hepatic metabolism as well as lower baseline factor levels and
elevated international normalized ratios (INRs); as such, the optimal INR
therapeutic range in these patients is unknown [15]. Moreover, patients
with chronic liver disease may have lower time in therapeutic range,
which may result in reduced efficacy and safety [16].

3.3 | DOACs

DOAC:s are now the preferred anticoagulants for stroke prevention in
AF and for the prevention and treatment of thrombosis in most pa-
tient populations [17-19]. Their similar or improved efficacy and
safety profiles as compared with LMWHs or VKAs, fixed dosing, lesser
drug-drug and drug-food interactions as compared to VKAs, and ease
of administration make these agents particularly desirable. However,
DOACs are subject to variable degrees of non-renal elimination
(apixaban, 75%; rivaroxaban, 65%; edoxaban, 50%; and dabigatran,
20%) [20], and as such, patients with advanced liver disease may
experience altered pharmacokinetic and clinical effects secondary to
reductions in coagulation factors, plasma protein binding, metabolism
and renal excretion in hepatorenal syndrome. The available in vivo
pharmacokinetic data in cirrhosis for each DOAC are summarized
below and the available clinical data are subsequently discussed in the
respective AF, VTE, and PVT sections.

34 | Dabigatran

In a study of 24 patients (12 healthy volunteers and 12 patients with
Child-Pugh B cirrhosis) who were administered a single dose of
dabigatran 150 mg, the mean concentration-time curve, terminal half-
life, activated partial thromboplastin time, ecarin clotting time, and
thrombin time did not differ between groups. However, there was a

greater increase in INR in patients with cirrhosis [21].

3.5 | Rivaroxaban

A study of 32 patients (8 each Child-Pugh A and B cirrhosis and 16
controls) who were administered a single dose of rivaroxaban 10 mg
found that moderate, but not mild hepatic impairment increased

rivaroxaban exposure and prothrombin time compared to controls [22].

3.6 | Apixaban

A study including 32 patients (8 each with Child-Pugh A and B

cirrhosis and 16 controls) who were administered a single dose of
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apixaban 5 mg found similar apixaban maximal concentration and area
under the concentration-time curve values in all patients [23]. In a
study of 12 patients with cirrhosis, those with Child-Pugh B or C
disease had numerically higher anti-Xa levels (median peak, 297 vs
138 ng/mL; P = .073) [24].

3.7 | Edoxaban

A study of 32 patients (8 each with Child-Pugh A and B cirrhosis and
16 controls) who were administered a single dose of edoxaban 15 mg
found similar exposure to edoxaban and its primary active metabolite,
M4, in all patients [25]. In a more recent study with repeated dosing,
32 patients (15 with Child-Pugh A cirrhosis, 1 with Child-Pugh B
cirrhosis, and 16 controls) were administered edoxaban 60 mg daily
for 7 days. Despite similar edoxaban-calibrated anti-Xa levels, edox-
aban resulted in lesser reductions in endogenous thrombin potential
and D-dimer levels in patients than in controls [26]. In a study of 23
patients with cirrhosis, those with Child-Pugh B or C cirrhosis
compared with those with Child-Pugh A cirrhosis had higher anti-Xa
levels (median peak, 226 vs 137 ng/mL [P = .301] in patients receiving
any dose and 345 vs 137 ng/mL [P = .048] in patients receiving on-

label dosing) and lower thrombin generation [24].

3.8 | Anticoagulant reversal

Patients with advanced liver disease receiving anticoagulants who
experience major bleeding or who require reversal prior to urgent
surgery to ensure adequate hemostasis for the procedure may receive
reversal and/or hemostatic agents (idarucizumab, andexanet alfa,
vitamin K, and/or prothrombin complex concentrate) in accordance
with the evidence and guideline recommendations in patients without
liver disease [27-30]. Specific recommendations regarding additional
hemostatic therapies in patients with liver disease and major bleeding
are outside the scope of this guidance document and hematology
consultation is advised for patient-specific suggestions in these com-
plex scenarios. Specific recommendations for periprocedural patients
with cirrhosis with abnormal coagulation parameters and thrombo-
cytopenia are summarized in detail in a separate ISTH guidance
document [31].

3.9 | Hepatotoxicity of DOACs

Ximelagatran, the first oral direct thrombin inhibitor, was withdrawn
from the market in 2006 secondary to hepatotoxicity. Postmarketing
surveillance of the subsequently approved DOACs has revealed rare
cases of liver injury. In a French database study of AF patients
comparing DOAC with VKA use, DOAC use was not associated with
an increased risk of serious acute liver injury (ALI) including hospi-
talization for ALI or liver transplantation. However, dabigatran use in

patients with chronic alcoholism was associated with an increased risk

of serious ALI (hazard ratio [HR], 2.86; 95% Cl, 1.73-4.75), although its
use was associated with a protective effect with respect to the
ancillary outcome of increased liver enzymes (HR, 0.54; 95% ClI, 0.38-
0.75) [32].

4 | AF IN PATIENTS WITH LIVER DISEASE

4.1 | Epidemiology

In a large meta-analysis of 385 866 patients with cirrhosis, the overall
prevalence of AF was 5.0% (95% Cl, 2.8%-8.6%) [33]. The prevalence
of AF is higher with greater liver disease severity as measured with
the model for end-stage liver disease (MELD) score; the AF prevalence
is 3.7% in patients with MELD scores of 10 or less as compared with
20.2% in patients with scores over 30 [34]. Importantly, in patients
with AF, cirrhosis is not protective against ischemic stroke. In fact, the
risk of ischemic and hemorrhagic stroke in AF in patients with
CHA,DS,VASc scores of 2 or higher not receiving antithrombotic
medications may be higher in those with cirrhosis as compared to
those without cirrhosis (HR, 1.10; 95% Cl, 1.00-1.20; and HR, 1.20;
95% Cl, 1.01-1.42, respectively) [35]. Further, AF in patients with
cirrhosis is associated with increased mortality (odds ratio [OR], 1.44;
95% Cl, 1.36-1.53) [33].

4.2 | Pathophysiology

A complex interplay of shared risk factors, complications, and treat-
ments for cirrhosis may contribute to the increased risk of AF in pa-
tients with liver disease. Steatotic liver disease, the current leading
cause of cirrhosis, is associated with risk factors independently asso-
ciated with AF including hypertension, heart failure, obesity, and
obstructive sleep apnea [36,37]. Alcohol can further contribute to AF
secondary to electrical, autonomic, and structural atrial remodeling
[38]. Another less common etiology of cirrhosis, alpha-1 antitrypsin
deficiency, can also cause severe emphysema, increasing the risk of AF
secondary to pulmonary hypertension and atrial remodeling [39].
Additionally, chronic iron overload associated with hemochromatosis
may lead to cardiomyopathy, altered electrical conduction, and
AF [40].

Complications of advanced liver disease including cirrhotic car-
diomyopathy, portal hypertension, portosystemic collaterals, and
imbalanced vascular tone lead to renin-angiotensin-aldosterone
system (RAAS) activation. The resultant expansion of plasma volume
and increased left atrial volume are associated with AF [41,42]. In-
testinal congestion with gut bacterial translocation, hepatorenal syn-
drome, and autonomic dysfunction with increased sympathetic tone
all contribute to a chronic systemic proinflammatory state, leading to
increased risk of cardiac cell fibrosis and apoptosis [41]. Similarly,
endotoxins and increased bile acids contribute to cardiac ion channel
remodeling, increasing the risk of arrhythmias [43]. Hepatorenal

syndrome, diuretics and mineralocorticoid receptor antagonists for
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ascites, lactulose for hepatic encephalopathy, and trimethoprim-
sulfamethoxazole for the prevention and treatment of spontaneous
bacterial peritonitis may also lead to electrolyte imbalances and
increased risk of AF [44].

4.3 | Anticoagulation

Anticoagulation for AF in patients with liver disease with VKAs or
DOACs appears to reduce the risk of stroke and mortality in patients
with Child-Pugh A, B and C cirrhosis in cohort studies (data for Child-
Pugh C cirrhosis published in abstract form only). The available liter-
ature does not suggest an increased risk of bleeding with anti-
coagulation in these patients; however, this finding is inconsistent with
that of other populations and data are limited to observational studies
at significant risk of selection bias and confounding as summarized in
Table 1 [45-48].

43.1 | DOACs vs VKA
All pivotal phase Il stroke prevention in AF trials comparing DOACs
with warfarin excluded patients with active liver disease. A post-hoc
analysis of ENGAGE AF-TIMI 48 compared edoxaban with warfarin
in 1083 patients with a history of mild liver disease or liver enzymes
greater than or equal to 2 times the upper limit of normal with pre-
served liver function. In this trial, edoxaban 60 mg daily (or 30 mg
daily in patients with reduced renal function, weight, or concomitant
use of potent P-glycoprotein inhibitors) had similar treatment effects
to warfarin with respect to prevention of ischemic and hemorrhagic
stroke in patients with a history of liver disease as compared with
those without (P interaction = 0.28 and 0.94, respectively) [49].
Additional data for the efficacy and safety of DOACs compared
with VKAs in liver disease is primarily derived from observational
studies including primarily patients with less advanced disease
without cirrhosis [50-53]. The studies are at significant risk of selec-
tion bias and confounding including frequent use of reduced DOAC
dosing. Additional data include a small randomized controlled trial
including 56 patients with AF and Child-Pugh A or B cirrhosis, which
compared dabigatran 110 mg twice daily with warfarin. No thrombotic
events were reported in either group. Dabigatran was found to have
lower rates of bleeding than warfarin (17% vs 46%; P = .038) [54].
Notably, the study used a reduced dose of dabigatran, baseline
creatinine level of patients in the warfarin group was higher than that
of those in the dabigatran group (P = .02), and time in therapeutic
range in the warfarin group was not reported. These factors may have
biased the bleeding results in favor of dabigatran. Taken together,
however, the available data suggest that DOACs may be at least as
effective as warfarin for stroke prevention in AF in liver disease and
may be associated with a lower risk of major bleeding, gastrointestinal
bleeding, and intracranial hemorrhage (ICH) (Table 2) [48-54].
Clinical data for DOAC use in patients with higher Child-Pugh

scores are extremely limited. An abstract presented at a recent
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American Association for the Study of Liver Diseases meeting re-
ported the results of a cohort study from an international registry
comparing DOAC with warfarin use in 8477 patients with AF and
Child-Pugh C cirrhosis [48]. The authors reported no difference in
ischemic stroke or mortality between groups, but found lower rates of
gastrointestinal bleeding and ICH with DOAC than with warfarin use
(2.0% vs 2.4%; P = .0001; 6.6% vs 8.7%; P = .004, respectively).
Possible confounders including differences in comorbidities and MELD
scores between groups and DOAC dosing were not reported. Impor-
tantly, this work remains unpublished and has not yet been subjected

to peer review.

4.3.2 | Rivaroxaban vs apixaban

Two cohort studies discussed above also compared outcomes in pa-
tients receiving rivaroxaban with those receiving apixaban. No dif-
ference was found between agents with respect to ischemic stroke,
transient ischemic attack, or systemic embolism but rivaroxaban
increased major bleeding and major gastrointestinal bleeding
compared with apixaban, although bleeding rates were similar in the

subgroup of patients with cirrhosis [52,53].

4.3.3 | Prescribing trends

The use of oral anticoagulation for stroke prevention in AF in patients
with cirrhosis is increasing. In a cohort study that included 32 487
American patients from 2012 to 2019, the proportion of oral antico-
agulant users increased from 39% to 49%; among anticoagulant users,
there was a marked increase in DOAC use from 20% to 77% over this
same period. Increasing trends in DOAC use over time among anti-
coagulant users were observed in patients with decompensated
cirrhosis (increased from 12% in 2012 to 76% in 2019) as well as in
those with compensated cirrhosis (increased from 25% in 2012 to
79% in 2019). The most frequently prescribed DOAC was apixaban,
which constituted 68% of DOAC use in this population in 2019 [55].
Persistence to anticoagulation in AF patients with cirrhosis is low, but
higher in DOAC than in VKA users (31% and 9%, respectively, at 5
years in a UK cohort study) [56].

4.3.4 | Guideline recommendations

The 2021 European Heart Rhythm Association Practical Guide on the
Use of Non-VKA Oral Anticoagulants in Patients with AF and the
2023 American College of Cardiology/American Heart Association/
American College of Chest Physicians/Heart Rhythm Society Guide-
lines for the Diagnosis and Management of AF state that all DOACs
can be safely used in Child-Pugh A cirrhosis; that dabigatran, apix-
aban, and edoxaban can be used with caution in patients with Child-
Pugh B cirrhosis; and that all DOACs should be avoided in Child-Pugh
C cirrhosis [17,20]. The 2021 American Gastroenterological



TABLE 1

Study

Chokesuwattanaskul et al.,
2019 [45]

Serper et al., 2020 [46]

Steensig et al., 2022 [47]

Ayoub et al., 2023 [48]

Design

Meta-analysis of 7
retrospective cohort
studies; mean, 3.1-11-y
follow-up

Multicenter retrospective
cohort study; median,
4.6-y follow-up

Nationwide register-based
cohort study; maximum
5-y follow-up

Cohort study from
international database

Population

N = 17 798 with AF and
cirrhosis from 4 countries
(United States, Italy,
South Korea, and Taiwan)

N = 2694 with AF and
cirrhosis from 128 United
States veterans’ centers

N = 1238 with AF (CHA,DS,-
VASc-score >1 in men
and >2 in women) and
liver disease from
Denmark

N = 16 029 with AF and
cirrhosis

Anticoagulation compared with no anticoagulation for stroke prevention in AF in liver disease.

Child-Pugh or MELD score
Not reported

Child-Pugh A: 77%; Child-
Pugh B: 22%; Child-Pugh
C: 1%

Median MELD: 9

Child-Pugh C: 100%

Effectiveness

Stroke: HR, 0.58; 95% ClI,
0.35-0.96

IS: warfarin: HR, 0.29; 95%
Cl, 0.09-0.90

DOACs: HR, 0.23; 95% Cl,
0.07-0.79

Death: warfarin: HR, 0.54;
95% Cl, 0.40-0.73

DOACs: HR, 0.50; 95% Cl,
0.31-0.81

Composite TE (IS, TIA, or
VTE):

Patients with a CHA,DS,»-a

VASc-score of >2 in men

and of >3 for women: RR,

0.66; 95% Cl, 0.45-0.87;

P =.001

Men or women with scores

of 1-2 or 2-3, respectively:

RR, 1.19; 95% Cl, 0.22-2.16

1S: 0.9% vs 0.5%; P = 0.03
3-y mortality: 47.4% vs
71.2%; P = .00001

Safety

Bleeding: HR, 1.45; 95% ClI,
0.96-2.17

Bleeding®: warfarin: HR,
1.29; 95% Cl, 0.74-2.26

DOACs: HR, 0.37; 95% Cl,
0.13-1.07

Composite bleeding risk®
(RR, 1.08; 95% Cl, 0.58-
1.58; and RR, 0.88; 95%
Cl, 0.47-1.29)

Patients with cirrhosis
(median MELD score,
11) vs noncirrhotic liver
disease (RR, 0.72; 95%
Cl, 0.28-1.15)

GIB: 18.8% vs 19.5%; P = .3
ICH: 3% vs 2.7%; P = .19

AF, atrial fibrillation; GIB, gastrointestinal bleeding; HR, hazard ratio; ICH, intracranial hemorrhage; IS, ischemic stroke; MELD, model for end-stage liver disease; TE, thromboembolism; TIA, transient ischemic
attack; RR, risk ratio; VTE, venous thromboembolism.
2 (1) >2 g/dL hemoglobin drop on 2 consecutive laboratory tests within a 90-day period; (2) any International Classification of Diseases-9-Clinical Modification/International Classification of Diseases-10-
Clinical Modification codes for intracranial bleeding, including hemorrhagic stroke; (3) admission requiring any packed red blood cell transfusion; or (4) primary discharge diagnosis codes of gastrointestinal
bleeding, hemarthrosis, or other bleeding.
b Composite of gastrointestinal, intracerebral, or urogenital bleeding requiring hospitalization or epistaxis requiring emergency department visit or hospital admission.
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TABLE 2

Study
Qamar, 2019 [49]

Design

Post-hoc analysis of
multicenter, international
ENGAGE AF-TIMI 48
RCT

Lee, 2019 [50] Retrospective cohort study

Menichelli, 2020 [51] Meta-analysis of 7 studies (5
retrospective cohort
studies, 1 prospective

cohort study and 1 RCT)

Lawal, 2023 [52] Retrospective cohort study

Douros, 2024 [53] Retrospective cohort study

Population

N = 1083 with AF and a
history of prior liver
disease or liver enzymes
>2 ULN

Subgroup of N = 4942 with
AF and significant active
liver disease

Subgroup of N = 768 with AF
and cirrhosis

N = 40 809 with AF and
advanced liver disease

N = 10 029 with AF and
chronic liver disease

Subgroup of N = 2940 with
AF and cirrhosis

N =11 881 with AF and
acute, chronic and/or
severe liver disease

Subgroup of N = 2683 with
AF and cirrhosis

Direct oral anticoagulants compared with warfarin for stroke prevention in AF in liver disease.

Child-Pugh or MELD score
Child-Pugh A

Not reported

Not reported

Not reported

Not reported

Not reported

Efficacy

Edoxaban 60 mg < vs warfarin

IS: HR, 1.00; 95% ClI, 0.83-1.19; P
interaction between those with
prior liver disease and those
without = 0.28

DOACs | vs warfarin
IS: HR, 0.45; 95% Cl, 0.31-0.64

DOACs « vs warfarin
IS: HR, 0.62; 95% Cl, 0.25-1.46

DOACs « vs warfarin

IS: HR, 0.89; 95% ClI, 0.62-1.27
DOACs | vs warfarin

All-cause death:

HR, 0.77; 95% Cl, 0.61-0.96

DOACs | vs warfarin

IS/SE: HR, 0.64; 95% Cl, 0.46-0.90

NB: 80% of patients using standard
DOAC dosing

DOACs « vs warfarin
IS/SE: HR, 0.90; 95% Cl, 0.51-1.57

DOACs | vs warfarin All-cause
death:
HR, 0.75; 95% Cl, 0.62-0.91

DOACs « vs warfarin

IS/TIA: HR, 1.01; 95% Cl, 0.76-1.34
All-cause death:

HR, 0.90; 95% ClI, 0.81-1.01

DOACs « vs warfarin

IS/TIA: HR, 1.20; 95% Cl, 0.69-2.08
All-cause death:

HR, 0.85; 95% Cl, 0.69-1.05

Bleeding

Edoxaban 60 mg | vs warfarin:
hemorrhagic stroke: HR, 0.54; 95% Cl,
0.38-0.77; P interaction between those
with prior liver disease and those
without = 0.94

DOACs | vs warfarin

Hospitalization for MB:

HR, 0.62; 95% Cl, 0.44-0.87

ICH: HR, 0.42; 95% Cl, 0.24-0.72

NB: 51% of patients on DOACs used
reduced dosing

DOACs « vs warfarin

Hospitalization for MB:

HR, 0.79; 95% Cl, 0.35-1.75

ICH: HR, 0.48; 95% Cl, 0.15-1.40

NB: 58% of patients on DOACs used
reduced dosing

DOACs | vs warfarin
MB: HR, 0.63; 95% Cl, 0.43-0.93
ICH: HR, 0.49; 95% Cl, 0.40-0.59

DOACs | vs warfarin
MB: HR, 0.69; 95% Cl, 0.58-0.82

DOACs | vs warfarin
MB: HR, 0.70; 95% Cl, 0.53-0.93

DOACs | vs warfarin
MB: HR, 0.87; 95% Cl, 0.77-0.99
ICH: HR, 0.49; 95% Cl, 0.28-0.88

DOACs « vs warfarin
MB: HR, 0.84; 95% Cl, 0.67-1.07

(Continues)
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(Continued)

TABLE 2

Bleeding

Efficacy

Child-Pugh or MELD score
Child-Pugh A: 43%, Child-

Population

N

Design

Study

Dabigatran < vs warfarin
MB: 0% vs 4%; P = .944

IS/SE: no events in either group

56 with AF and cirrhosis

RCT: dabigatran 110 mg bid

Baylo, 2023 [54]

Pugh B: 57%

vs warfarin

jth

Dabigatran | vs warfarin

.038

All bleeding: 17% vs 46%; P

DOACs | vs warfarin

Child-Pugh C: 100% DOACs « vs warfarin

8477 with AF and
cirrhosis

N =

Retrospective cohort study

Ayoub, 2023 [48]

.0001

ICH: 6.7% vs 8.7%; P = .004

=0.63 GIB: 2 vs 2.4%; P

IS/SE: 1.2% vs 1.4%; P

3-y mortality:

=2

42% vs 44%; P

1, increased; |, reduced; < equivalent; AF, atrial fibrillation; DOAC, direct oral anticoagulant; GIB, gastrointestinal bleeding; HR, hazard ratio; ICH, intracranial hemorrhage; IS, ischemic stroke; MB, major

bleeding; RCT, randomized controlled trial; SE, systemic embolism; ULN, upper limit of normal.

Association Clinical Practice Guideline on the Management of
Coagulation Disorders in Patients with Cirrhosis suggest anti-
coagulation for stroke prevention in AF in compensated cirrhosis in
patients with higher CHA,DS,VASc scores and state that patients
with Child-Pugh C cirrhosis and/or low CHA,DS,VASc scores could

reasonably choose no anticoagulation [57].

4.4 | Left atrial appendage occlusion

Two randomized controlled trials, PROTECT-AF and PREVAIL, found
that percutaneous implantation of a WATCHMAN device for left
atrial appendage occlusion (LAAO) for stroke prevention in AF was
superior or non-inferior to warfarin, respectively [58,59]. Patients
with liver disease were not explicitly excluded from these trials;
however, it is unclear how well this population was represented as
this information was not reported.

In a retrospective cohort study of 54 897 hospitalizations for
LAAO including 905 patients with cirrhosis, patients with cirrhosis as
compared with those without cirrhosis had higher rates of procedural
complications but no difference in ischemic stroke, gastrointestinal
bleeding, or ICH after adjusted multivariate logistic regression [60]. In
another retrospective cohort study of 62 005 patients with AF
admitted for LAAO including 1160 patients with cirrhosis, after
multivariable logistic regression analysis, cirrhosis was an indepen-
dent predictor for higher in-hospital mortality (OR, 8.6; 95% Cl, 4.1-
17.9) and other complications including ICH (OR, 4.3; 95% Cl,
1.7-10.7), retroperitoneal hemorrhage (OR, 8.0; 95% Cl, 2.7-24.0),
transient ischemic attack (OR, 6.9; 95% Cl, 2.6-18.1), and VTE
(OR, 1.9; 95% Cl, 1.75-4.89) [61].

45 | Guidance recommendations

1. We recommend that patients with Child-Pugh A or B cirrhosis
with AF and CHA,;DS,VASc score of 2 or greater in males and of 3
or greater in females be anticoagulated for stroke prevention as
per current guideline recommendations in patients without
cirrhosis unless otherwise contraindicated. There is inadequate
evidence with respect to the benefit and risk of anticoagulation in
patients with Child-Pugh C cirrhosis.

2. We suggest that patients with Child-Pugh A or B cirrhosis with AF
and CHA,DS,VASc score of 1 in males and of 2 in females be
anticoagulated for stroke prevention as per current guideline
recommendations in patients without cirrhosis unless otherwise
contraindicated. There is inadequate evidence with respect to the
benefit and risk of anticoagulation in patients with Child-Pugh C
cirrhosis.

3. We suggest that DOACs at standard doses are used in patients
with AF and Child-Pugh A or B cirrhosis in preference to VKAs
based on available evidence suggesting greater efficacy and safety
with DOACs as compared with VKAs.
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4. There is inadequate in vivo pharmacokinetic or clinical evidence to
recommend for or against specific DOACs for stroke prevention in
AF in cirrhosis.

5. We suggest a case-by-case consideration of LAAO in select patients
with AF and cirrhosis at high risk of stroke who are not candidates
for, or who have failed, anticoagulation and who are expected to

have a reasonable life expectancy (ie, patient awaiting transplant).

5 | DEEP VEIN THROMBOSIS/PULMONARY
EMBOLISM IN PATIENTS WITH LIVER
DISEASE

VTE is classically described as comprising deep vein thrombosis (DVT)
and pulmonary embolism (PE). In patients with cirrhosis, VTE most
commonly manifests as PVT. In this guidance document, we discuss
DVT/PE separately from PVT.

The increased risk of VTE associated with cirrhosis was first
described less than 20 years ago in a retrospective case-control study
of hospitalized patients with cirrhosis, challenging the previous
concept of cirrhosis as an acquired bleeding disorder [62]. While
abnormal hemostatic parameters such as prolonged prothrombin time
(PT), activated partial thromboplastin time, and thrombocytopenia are
common, in the absence of active bleeding, anticoagulation remains
the mainstay of DVT/PE treatment. In this section, we review the
epidemiology, risk factors, and treatment options for DVT/PE and

propose pragmatic management strategies.

5.1 | Epidemiology

Population-based studies from Denmark report a 10-year risk of DVT/
PE in patients with cirrhosis of 2.5% (HR, 2.0; 95% Cl, 1.5-2.6) as
compared with an age- and sex-matched cohort without cirrhosis [63].
This is similar to an earlier analysis reporting an increased risk of
unprovoked DVT/PE in patients with cirrhosis (HR, 2.06; 95% Cl, 1.79-
2.38) [64]. Of note, DVT/PE was associated with increased mortality in
those with cirrhosis (17% vs 7%), and patients with chronic liver dis-
ease (CLD) were far less commonly treated with anticoagulation (37%
vs 77%) [63]. In a meta-analysis of 695 012 patients with cirrhosis
across 11 studies, cirrhosis was associated with an increased risk of
DVT/PE (OR, 1.7; 95% ClI, 1.3-2.2). The analysis further confirmed an
elevated risk when specifically considering both DVT (OR, 2.0; 95% Cl,
1.8-2.3) and PE (OR, 1.7; 95% Cl, 1.0-2.6) [65].

5.2 | Risk factors

Hospitalization increases the risk of DVT/PE and is further discussed
in detail in a previous SSC guidance document on VTE prevention [66].
The population studies discussed above report an increased risk of
DVT/PE in those with alcohol-related CLD [63] with conflicting data
regarding the impact of sex on DVT/PE risk [63,65].

jm | 2661

5.3 | Anticoagulation

Anticoagulation is the mainstay of therapy for DVT/PE. There are
limited data evaluating the optimal anticoagulant in patients with
cirrhosis. While DOACs are now widely accepted as the preferred
agent for management of DVT/PE in the general population, patients
with liver disease were excluded from pivotal phase Il trials con-
firming their clinical effectiveness and safety [18,67-71]. The ran-
domized controlled trials of apixaban (AMPLIFY) and dabigatran
(RECOVER) compared with enoxaparin/warfarin for the treatment of
DVT/PE did not specifically exclude patients with cirrhosis, whereas
this was a prespecified exclusion in the rivaroxaban (EINSTEIN) and
edoxaban (HOKUSAI) DVT/PE trials. The AMPLIFY trial, however,
excluded patients with active and clinically significant liver disease
such as hepatorenal syndrome, while the RECOVER trial excluded
patients with clinically significant liver disease with transaminases
more than twice the upper limit of normal. A recent large retrospec-
tive cohort study of patients with CLD and DVT/PE utilized American
claims data to compare rates of hospitalization for recurrent VTE or
major bleeding between propensity matched pairs of DOAC-warfarin
(n = 2361), apixaban-warfarin (n = 895), rivaroxaban-warfarin (n =
2161), and apixaban-rivaroxaban (n = 895) treated patients. The risk
of the composite outcome was lower for DOAC, apixaban, and
rivaroxaban than that for warfarin, but not significantly different be-
tween apixaban and rivaroxaban. The risk of hospitalization for major
bleeding was lower for DOAC (HR, 0.69; 95% Cl, 0.57-0.84), apixaban
(HR, 0.43; 95% ClI, 0.30-0.63), and rivaroxaban (HR, 0.72; 95% ClI,
0.58-0.89) than for warfarin, with no difference seen between apix-
aban and rivaroxaban. The risk of recurrent VTE was lower for apix-
aban vs warfarin (HR, 0.47; 95% CI, 0.26-0.86), with no difference
reported between other comparisons. Subgroup analyses of those
with cirrhosis and decompensated cirrhosis comparing DOAC with
warfarin with respect to the primary outcome were limited by the

small sample size but were consistent with the primary findings [72].

5.3.1 | Management of anticoagulation in patients
with thrombocytopenia

Much of the data and recommendations for VTE management in pa-
tients with thrombocytopenia pertain to patients with cancer-
associated thrombosis. The consensus in this patient group is to
provide full-dose anticoagulation where the platelet count is >40 to
50 x 10%/L and to consider supporting the platelet count to enable
this in the initial 30 days following VTE. Beyond this time period, a
reduced dose of anticoagulation may be offered provided the platelet
count is >25 x 10%/L [73]. Dose reductions might also be more suit-
able for patients in the initial 30 days with a limited thrombus burden;
for example, a distal DVT or small volume PE. There is no direct ev-
idence from patients with liver disease to inform recommendations.
Thus, an individualized approach is suggested incorporating evaluation
of the potential risk of thrombus extension and embolization, bleeding

risk factors, and patient preference.
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5.4 | Guidance recommendations

1. We recommend that patients with cirrhosis and acute DVT/PE are
offered treatment with anticoagulation barring a contraindication
such as active bleeding, in keeping with current guideline recom-
mendations for patients without cirrhosis.

2. We suggest the use of either DOAC or LMWH with/without VKA
for patients with Child-Pugh A or B cirrhosis based on patient
preference.

3. We suggest LMWH alone (or as a bridge to VKA in patients with a
normal baseline INR) in patients with Child-Pugh C cirrhosis.

4. We suggest that anticoagulation should not be withheld in patients
with moderate thrombocytopenia secondary to advanced liver
disease. A case-by-case decision should be made when the platelet
count is <50 x 10%/L, based on site and extent of thrombosis, risk
of thrombus extension, patient preference, and presence of active
bleeding/additional bleeding risk factors.

6 | PORTAL VEIN THROMBOSIS IN
PATIENTS WITH CIRRHOSIS

6.1 | Epidemiology

PVT is uncommon in the general population with an incidence of
approximately 1.7 to 3.8 per 100 000 [74]. It is, however, extremely
common in patients with CLD, with an annual incidence ranging from
1.6% to 24.4% in prospective observational cohorts [75-77]. PVT is
often identified on screening investigations for hepatocellular carci-
noma or upon investigation of decompensated liver disease. Severity
of liver disease is an important modulator of risk, with the incidence
lower in cohorts with predominantly compensated cirrhosis. A
population-based study in Germany suggested increased detection of
PVT over time, with a 2.3-fold increase in PVT prevalence in patients
with cirrhosis over the 14 year study period, with a parallel increase in
the use of imaging [78].

6.2 | Pathophysiology

The pathogenesis of PVT is thought to differ from more common
venous thrombotic diseases. The portal venous system is very
different from other deep venous systems as the portal vein does not
drain blood to the heart, but to hepatic sinusoids in the liver, and
perhaps more significantly, the portal vein does not have venous
valves [79], which are important in the development of DVT [80]. In
liver disease, development of fibrosis can lead to portal hypertension
resulting in enlargement of the portal vein and formation of porto-
systemic collateral vessels. The increase in portal vein diameter and
“steal effect” from the portocollateral circulation ultimately leads to a
reduction of portal blood flow and risk of PVT. It has been proposed
that the risk of PVT may also be increased secondary to endothelial

dysfunction from portal hypertension and bacterial translocation,

which may induce endothelial expression of VWF and FVIII with a
consequent hypercoagulable state in the portal vein [81]. However,
accumulating evidence argues against a primary role of hypercoagu-
lability in the development of PVT [82].

Recently, histological features of cirrhotic non-malignant PVT
have been reported [83]. Remarkably, portal vein thrombi had a very
different appearance compared with that of venous thrombi from
patients with DVT and PE. Whereas “classic” venous thrombi are
fibrin-rich structures, rich in polyhedral red blood cells [84], portal
vein thrombi were frequently devoid of fibrin. Rather, portal vein
thrombi were characterized by a thickening of the portal vein vessel
wall. This portal vein intimal hyperplasia was accompanied by fibrin-
rich structures in some patients. In those patients in whom the por-
tal vein thrombus contained fibrin, there was a notable absence of
polyhedral red blood cells. These findings reinforce the notion that
hypercoagulability is not central to the pathogenesis of PVT. Rather,
portal hypertension-related development of portal vein intimal hy-
perplasia may be a more important contributor.

6.3 | Risk factors
The risk of PVT is predominantly modulated by severity of liver dis-
ease and portal hypertension [85-90]. A recent prospective obser-
vational study of 369 patients with cirrhosis (72% Child-Pugh A) with
detailed clinical and laboratory profiling reported portal blood flow
velocity, thrombocytopenia, and prior variceal bleeding as the stron-
gest predictors of PVT [77]. An extensive selection of hemostatic and
inflammatory markers measured at study enrolment was not associ-
ated with PVT. Platelet count was reported as a predictor of PVT in
the PRO-LIVER study, with a platelet count <75 x 10°/L associated
with a HR of 3.6 (95% Cl, 1.7-7.2) compared with a platelet count
>125 x 10%/L [76). In this study, previous PVT was additionally found
to be a strong predictor of further PVT (HR, 4.2; 95% Cl, 2.5-7.2).
The underlying etiology of cirrhosis and patient characteristics
also affect the risk of PVT, with metabolic dysfunction-associated
steatohepatitis (MASH), metabolic syndrome, and obesity reported
as risk factors [88,90-93]. Heritable and acquired thrombophilia have
not been consistently associated with risk of PVT in patients with
cirrhosis [75]. ABO blood type, a well-established genetic risk factor
for development of DVT and PE, is not a modulator of risk for PVT as
evidenced in a study of over 80 000 patients [94]. Routine thrombo-
philia testing for evaluation of VTE risk or following a confirmed VTE/
PVT is not recommended [19,95].

6.4 | Anticoagulation

Although portal vein thrombi often lack classic thrombus components,
anticoagulant therapy is central to the management of non-malignant
PVT in patients with cirrhosis. A small study demonstrated that long-
term anticoagulant therapy with LMWH is effective in preventing the

development of PVT [96]; however, larger studies are required and
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the value of thromboprophylactic therapy aimed at primary preven-
tion of PVT is unclear. Treatment of PVT using anticoagulant therapy
is safe and effective, as evidenced by multiple meta-analyses [97-99].
Interestingly, multiple studies have found that bleeding risk is not
increased by anticoagulant treatment [99,100], and some studies even
suggest a reduction in variceal bleeding [97]. The reduced risk of
variceal bleeding in patients receiving anticoagulant therapy may
relate to a reduction in portal pressure by anticoagulant-induced
recanalization. Of note, these data stem from observational studies
with small numbers of patients, and hence, are subject to a risk of bias.
Furthermore, anticoagulation does not have a detrimental effect on
the outcomes of patients who experience gastrointestinal bleeding
[101]. The lack of an increased bleeding risk associated with antico-
agulant therapy in cirrhosis may reflect a simultaneous decrease in
variceal and increase in non-variceal bleeding. Of note, although
anticoagulant therapy is reasonably effective in achieving recanaliza-
tion (~70% of patients), spontaneous recanalization occurs in a sig-
nificant proportion of patients (~30%) [97,102]. While anticoagulant
therapy does not seem to be associated with a significant bleeding
risk, it remains uncertain whether patients benefit from portal vein
recanalization. It has been argued that portal vein recanalization may
slow disease progression and offer a survival benefit [103], but studies
have shown that development of PVT does not lead to faster pro-
gression of disease [87]. The clinical scenario where PVT is known to
have a detrimental impact on patient outcomes is in liver trans-
plantation. Presence of PVT at the time of liver transplantation in-
creases 1-year mortality (OR, 1.38; 95% Cl, 1.14-1.66). When
compared with partial PVT, patients whose PVT was occlusive had a
higher 30-day pooled mortality rate (OR, 5.65; 95% Cl, 2-15.96; P <
.0001) and 1-year mortality rate (OR, 2.48; 95% Cl, 0.99-6.17; P = .38)
[104]. Moreover, PVT preventing physiological portal vein anasto-
mosis is associated with increased all-cause graft loss and persistence
of portal hypertension [105]. Therefore, maintaining a patent PV
system is a priority in liver transplantation candidates.

Recent data from an individual patient data meta-analysis of 500
patients (IMPORTAL study) demonstrated that anticoagulant therapy
for PVT is associated with a survival benefit (adjusted subdistribution
HR, 0.59; 95% Cl, 0.49-0.70). Interestingly, the survival benefit was
independent of portal vein recanalization [102]. This observation
suggests that anticoagulant therapy has beneficial effects that are
unrelated to the thrombus itself. Such effects may relate to damp-
ening of intrahepatic activation of coagulation. Intrahepatic coagula-
tion has been shown to lead to progression of disease by various
mechanisms including activation of hepatic stellate cells
by coagulation proteases and ischemia in the microvasculature by
microthrombus formation [106]. The observation that recanalization
by anticoagulant therapy but not recanalization by placement of a
transjugular intrahepatic portosystemic shunt (TIPS) is associated with
a survival benefit [98] also supports the concept that anticoagulation
has effects beyond thrombus resolution. In addition, 2 randomized
controlled trials in patients with cirrhosis without PVT have demon-
strated beneficial effects of anticoagulation on progression of disease

[96,107]. However, a number of limitations exist with respect to the
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IMPORTAL study. Included studies were largely retrospective and
heterogeneous with respect to PVT severity and location and type of
anticoagulation. Also, the study did not specify whether the PVT was
chronic or acute. Importantly, no patients treated with DOACs were
included, and there was no information provided regarding anticoag-
ulant dosage. In addition, although the study was an individual patient
data meta-analysis and data were adjusted for confounders, residual
confounding cannot be excluded as most of the studies were retro-
spective. Finally, patients included in the IMPORTAL study were
relatively young and many may have been transplant candidates with
a clear indication for anticoagulation, which limits extrapolation of the
findings to all patients with cirrhosis and PVT.

There are very limited data available evaluating DOACs in com-
parison with LMWH/VKA for treatment of PVT in patients with
cirrhosis. A recent systematic review identified 11 studies of anti-
coagulation in PVT of which only 1 was a randomized controlled trial
(which has since been retracted) [108]. There are several limitations to
many of the eligible studies including retrospective study design, small
patient numbers, selective inclusion criteria, and suboptimal man-
agement in the VKA arms (ie, no overlapping of LMWH until INR in
therapeutic range). Notwithstanding these limitations, the available
data suggest that DOACs are as effective as LMWH/VKA in PVT
recanalization without an increased risk of bleeding, but well-designed

studies are required particularly in patients with more advanced CLD.

6.4.1 | Symptomatic PVT

PVT that is associated with ischemic symptoms requires therapeutic
anticoagulation with the aim of preventing thrombus extension and
bowel ischemia. Fortunately, this potentially catastrophic complication
is rare in patients with advanced liver disease with portal hyperten-
sion due to decompression from portosystemic collaterals [19]. In
patients that do not respond to anticoagulant therapy or in whom
anticoagulant therapy is contraindicated, TIPS placement may be
considered. Such a strategy requires multidisciplinary assessment
including hepatology, interventional radiology, and hematology

specialists.

6.4.2 | Asymptomatic PVT

Asymptomatic PVT may be acute (<6 months) or chronic (>6 months)
[19], although the age of the thrombus is difficult to estimate using
routine imaging techniques. The presence of cavernoma is indicative
of an older thrombus. Studies have suggested that treatment of acute
thrombi with anticoagulant therapy has a higher recanalization rate
than treatment of chronic thrombi [109,110].

The benefits of treating asymptomatic PVT remain unclear as it is
unknown whether successful recanalization decreases disease pro-
gression and liver-related mortality. In patients with a thrombus that
shows progression over time, treatment aimed at halting thrombus

progression is likely indicated, particularly if there is concern for
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development of bowel ischemia. In patients with PVT who are trans-
plant candidates, treatment of PVT aimed at recanalization is indi-
cated as a patent portal vein facilitates physiological portal vein
anastomoses during transplantation, which improves surgical out-
comes [109]. In patients with PVT who are not transplant candidates,
the benefits of attempting to achieve portal vein recanalization are
unclear. However, given the favorable effect of anticoagulation on
survival independent of portal vein recanalization in the IMPORTAL
study, there may be benefit to anticoagulating all patients with PVT,
unless there are clear contraindications to anticoagulant therapy.
Additional studies are required to provide a definitive answer as to the
role of anticoagulation for PVT in patients who are not liver transplant
candidates.

6.4.3 | Guideline recommendations

Recommendations from the American Gastroenterology Association
(AGA), the American Association for the Study of Liver Diseases
(AASLD), and the Baveno Faculty (endorsed by the European Asso-
ciation for the Study of the Liver) with respect to indications and
recommended agents for therapeutic anticoagulation in patients with
cirrhosis and PVT are summarized in Table 3 [19,111,112]. All
guidelines recommend anticoagulation for acute complete main PVT
or progressive thrombosis. AASLD and Baveno Faculty also recom-
mend anticoagulation for acute partial main PVT. Conflicting guidance
is provided in the setting of asymptomatic or chronic PVT; AGA rec-
ommends anticoagulation for chronic PVT under selected circum-
stances, while AASLD recommends against anticoagulation in chronic
complete occlusion of the main portal vein or cavernous trans-
formation of the portal vein with established collaterals. Both AGA
and Baveno Faculty recommend anticoagulation for PVT in liver

transplant candidates. All guidelines endorse the use of LMWH or

VKA, with the most recent publications (AASLD and Baveno Faculty)

also endorsing DOAC use.

6.5 | Guidance recommendations

1. We recommend anticoagulation for all patients with cirrhosis with
symptomatic PVT for a minimum of 6 months.

2. We suggest anticoagulation for all patients with cirrhosis with
asymptomatic, but progressing PVT for a minimum of 6 months,
unless there are clear contraindications to anticoagulation.

3. We recommend continuing extended anticoagulation for all pa-
tients with cirrhosis and PVT who are candidates for liver trans-
plantation unless patients are actively bleeding.

4. Anticoagulation may be considered in patients with cirrhosis and
asymptomatic PVT who are not candidates for liver transplantation
on a case-by-case basis as anticoagulation may be associated with a
survival benefit. If anticoagulation is initiated, we recommend
regular reassessment of bleeding risk (eg, at 6-monthly intervals)
and withdrawal of anticoagulation in the event of active bleeding or
with significant increase in bleeding risk.

5. We recommend evaluating for the presence of varices and ensuring
adequate management prior to initiation of anticoagulant therapy
and reference to other guidance documents for recommended
strategies [112].

6. We suggest the use of either DOAC or LMWH with/without VKA
for patients with Child-Pugh A or B cirrhosis.

7. We suggest LMWH alone (or as a bridge to VKA in patients with a
normal baseline INR) in patients with Child-Pugh C cirrhosis.
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TABLE 3 Indications and recommended agents for therapeutic anticoagulation for PVT in patients with cirrhosis.

Guideline

(year of publication) AGA (2020) [111]

Indications Acute complete occlusion of

AASLD (2021) [19]

Recent occlusive or partially

Baveno VII (2022) [112]

Recent (<6 mo) completely or

Recommended agents

main portal vein

Chronic PVT with:

1. Progression of thrombus or
SMV involvement

2. History of bowel ischemia

3. Inherited thrombophilia

- PVT in patients awaiting liver
transplant

Initial: UFH or LMWH
Maintenance: LMWH, VKA

occlusive (>50%) thrombosis of
main portal vein

Progression of recent thrombus of
small intrahepatic subbranches
of portal vein or minimally
occlusive (<50%) thrombus of
main portal vein

LMWH, VKA, or DOAC

partially occlusive (>50%)
thrombosis of portal vein trunk

Minimally occlusive (<50%)
thrombosis of portal vein trunk
that progresses on short-term
follow-up (1-3 mo) or
compromises SMV

Symptomatic PVT

PVT in potential liver transplant
candidates

Initial: preferably LMWH
Maintenance: LMWH, VKA, or
DOAC

AASLD, American Association for the Study of Liver Diseases; AGA, American Gastroenterological Association; DOAC, direct oral anticoagulant; LMWH,
low-molecular-weight heparin; PVT, portal vein thrombosis; SMV, superior mesenteric vein; UFH, unfractionated heparin; VKA, vitamin K antagonist.
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