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ABSTRACT

Introduction: Benefit and risk of anticoagula-
tion in cirrhotic patients with portal vein
thrombosis (PVT) remain controversial, espe-
cially in those with asymptomatic PVT and in
non-liver transplant candidates. Furthermore,
the predictors of portal vein recanalization and
bleeding events after anticoagulation are critical
for making clinical decisions, but still unclear.
We conducted a meta-analysis to investigate the

outcomes of anticoagulation for PVT in liver
cirrhosis and explore the predictors of portal
vein recanalization and bleeding events after
anticoagulation.
Methods: All studies regarding anticoagulation
for PVT in liver cirrhosis were searched via
PubMed, EMBASE, and Cochrane Library data-
bases. Thrombotic outcomes, bleeding events,
and survival were compared between anticoag-
ulation and non-anticoagulation groups. Pre-
dictors of portal vein recanalization and
bleeding events were pooled. Risk ratios (RRs) or
mean differences (MDs) with 95% confidence
intervals (CIs) were calculated.
Results: Thirty-three studies including 1696
cirrhotic patients with PVT were included.
Anticoagulation significantly increased portal
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vein recanalization (RR = 2.61; 95% CI
1.99–3.43; P\0.00001) and overall survival
(RR = 1.11; 95% CI 1.03–1.21; P = 0.01) and
decreased thrombus progression (RR = 0.26;
95% CI 0.14–0.49; P\0.0001). Anticoagulation
did not significantly influence overall bleeding
(RR = 0.78; 95% CI 0.47–1.30; P = 0.34). Early
initiation of anticoagulation (RR = 1.58; 95% CI
1.21–2.07; P = 0.0007) significantly increased
portal vein recanalization. Child-Pugh class B
and C (RR = 0.77; 95% CI 0.62–0.95; P = 0.02)
and higher MELD score (MD = - 1.48; 95% CI
- 2.20–0.76; P\ 0.0001) were significantly
associated with decreased portal vein recanal-
ization. No predictor significantly associated
with bleeding events was identified.
Conclusions: Early initiation of anticoagula-
tion should be supported in liver cirrhosis with
PVT. Predictors of portal vein recanalization
should be taken into consideration to identify
those who may not benefit from
anticoagulation.
Registration: The work was registered in
PROSPERO with registration no.
CRD42020157142.

Keywords: Anticoagulants; Liver cirrhosis;
Meta-analysis; Survival; Venous thrombosis

Key Summary Points

Why carry out this study?

Benefit and risk of anticoagulation and
predictors of portal vein recanalization
and bleeding events in cirrhotic patients
with portal vein thrombosis remain
controversial.

What was learned from the study?

Anticoagulation can increase the rate of
portal vein recanalization, but decrease
the rate of thrombus progression in
patients with liver cirrhosis and portal
vein thrombosis.

Anticoagulation may improve the survival
of patients with liver cirrhosis and portal
vein thrombosis.

Early initiation of anticoagulation
increases portal vein recanalization, but
Child-Pugh class B and C and a higher
model for end-stage liver disease score
decrease portal vein recanalization.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13123214.

INTRODUCTION

Portal vein thrombosis (PVT) is associated with
a variety of disorders, including liver cirrhosis,
malignancy, intra-abdominal infection, and
abdominal surgery [1]. PVT is commonly
observed in liver cirrhosis with a prevalence
between 10 and 25% [2]. PVT can be asymp-
tomatic in most cases, but may be associated
with negative outcomes, such as intestinal
ischemia [3], severe complications of portal
hypertension [4], and increased mortality [5].

The Baveno VI consensus and the American
College of Gastroenterology (ACG) clinical
guideline recommend anticoagulation primar-
ily for PVT in candidates for liver transplanta-
tion (LT) and symptomatic PVT in cirrhotic
patients [6, 7]. By comparison, the indications
for anticoagulation are extended to general
patients with liver cirrhosis and PVT according
to the European Association for the Study of the
Liver (EASL) clinical guideline [8]. However, as
known, gastroesophageal variceal bleeding
(GEVB) is a common manifestation of decom-
pensated cirrhosis. Due to the fear that use of
anticoagulants may further increase the risk of
bleeding, most clinicians still prefer to postpone
or avoid initiating anticoagulant therapy in
cirrhotic patients with PVT, especially in those
with asymptomatic PVT and non-LT candidates.
On the other hand, transient PVT in liver
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cirrhosis that refers to spontaneous resolution
of PVT in the absence of any antithrombotic
therapy has been increasingly recognized,
which further increases the complexity of the
decision for anticoagulation in these patients
[9].

A meta-analysis by our group in 2015 found
that anticoagulation was effective for recanal-
ization of PVT in cirrhotic patients [10]. An
updated meta-analysis by Loffredo et al. in 2017
confirmed the effectiveness of anticoagulant
therapy over no intervention in recanalizing
PVT in cirrhotic patients [11]. Despite these
findings, which patients may or may not benefit
from anticoagulant therapy is still unclear [12].
Indications for anticoagulant therapy in
patients with liver cirrhosis who develop PVT
need to be clarified. Notably, there has been a
remarkable increase in the number of recently
published studies involving anticoagulation for
PVT in liver cirrhosis since the updated meta-
analysis by Loffredo et al. was published. Thus,
it would be useful to perform a critical analysis
on this topic.

This systematic review and meta-analysis has
four major objectives. The first is to report the
rates of portal vein recanalization and bleeding
in cirrhotic patients with PVT receiving antico-
agulation. The second is to compare the rates of
portal vein recanalization, bleeding, and sur-
vival between cirrhotic patients with PVT who
received and did not receive anticoagulation.
The third is to analyze the characteristics of
cirrhotic patients with PVT who obtained portal
vein recanalization from anticoagulation. The
fourth is to explore the predictors of portal vein
recanalization and bleeding events after
anticoagulation.

METHODS

The systematic review and meta-analysis was
conducted according to the PRISMA checklist as
shown in Supplementary Table 1.

This article is based on previously published
studies and does not involve any new studies of

human or animal subjects performed by any of
the authors.

Registration

The work was registered in PROSPERO with
registration no. CRD42020157142.

Literature Source

All published papers were searched via the
PubMed, EMBASE, and Cochrane Library data-
bases. The last search was conducted on March
4, 2020.

Search Strategy

The search items are shown in Appendix.

Eligibility Criteria

All clinical studies that assessed the effect and/or
bleeding risk of anticoagulation for PVT in cir-
rhotic patients and/or the predictors of portal
vein recanalization and/or bleeding events after
anticoagulation for PVT were included. Publica-
tion language, date, and status were not limited.

Exclusion Criteria

Exclusion criteria were as follows: (1) duplicates;
(2) case reports, letters, comments, and/or edi-
torials; (3) reviews and/or meta-analyses; (4)
guidelines, consensus, or reports; (5) experi-
mental or animal studies; (6) irrelevant studies
that did not evaluate the efficacy or safety of
anticoagulation in cirrhotic patients with PVT;
(7) studies in which only non-cirrhotic PVT or
malignant PVT was included; (8) studies in
which PVT developed after splenectomy, sple-
nic arterial embolization, transjugular intra-
hepatic portosystemic shunt (TIPS), LT, or other
major surgical interventions; (9) studies in
which anticoagulation was not given; (10)
studies in which anticoagulation was given for
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the prevention of PVT; (11) studies in which
detailed data were lacking; (12) studies in which
fewer than ten cirrhotic patients with PVT
receiving anticoagulation were enrolled.

Data Extraction

Characteristics of included studies and patients
were extracted, including first author, publica-
tion year, region, enrollment period, study
design, study population, features of PVT,
exclusion of hepatocellular carcinoma (HCC),
exclusion of cavernous transformation of portal
vein (CTPV), exclusion of isolated thrombosis
within the superior mesenteric vein (SMV) or
splenic vein (SV), exclusion of patients receiv-
ing antiplatelet treatment, exclusion of patients
receiving thrombolytic treatment, interval
between diagnosis of PVT and initiation of
anticoagulation, baseline gastroesophageal
varices, follow-up duration, and type and dose
of anticoagulants. Rates of portal vein recanal-
ization, thrombus progression, re-thrombosis,
bleeding events, including overall bleeding,
major bleeding, upper gastrointestinal bleeding
(UGIB), GEVB, and deaths due to bleeding
events, and survival in anticoagulation and
non-anticoagulation groups were also extracted.
In addition, the characteristics of cirrhotic
patients with PVT who received anticoagulation
were reviewed, and the predictors of portal vein
recanalization and bleeding events after anti-
coagulation were extracted.

Definitions

Overall recanalization included complete and
partial recanalization. Complete recanalization
was defined as complete resolution of previ-
ously detected thrombus. Because the definition
of partial recanalization was very inconsistent
among the included studies or unclear in some
studies, this outcome was not evaluated in the
present work.

Thrombus progression was considered if
there was a significant increase in thrombus
lumen occupancy or thrombus extension to
unaffected segments of the splenoportomesen-
teric axis.

Major bleeding was defined as fatal bleeding,
symptomatic bleeding in a critical location or
organ, a fall in hemoglobin level C 2 g/dl, or a
requirement of red blood cell transfusion C 2
units.

UGIB mainly included bleeding caused by
ulcers, GEVB, and portal hypertensive
gastropathy.

Study Quality

The study quality was assessed by the New-
castle-Ottawa Scale (NOS) criteria for cohort
studies [13]. Three major parts are assessed: (1)
selection (score 0–4), (2) comparability (score
0–2), and (3) outcome (score 0–3). The maxi-
mum score is 9. A score of 0–3, 4–6, and 7–9
represents low, moderate, and high quality,
respectively.

Statistical Analysis

We performed the meta-analyses by using ran-
dom-effect models in Review Manager 5.3
(Cochrane Collaboration, Nordic Cochrane
Centre, Copenhagen), Stats Direct 2.8.0 (Stats-
Direct Ltd., Sale, Cheshire, UK), and STATA 12.0
(Stata Corp, College Station, TX). Pooled pro-
portions and risk ratios (RRs) with 95% confi-
dence intervals (CIs) were calculated for
categorical variables. Mean differences (MDs)
with 95% CIs were calculated for continuous
variables. Cochrane Q test and the I2 statistics
were employed to assess the heterogeneity, and
P\ 0.1 or I2[ 50% was considered as a statis-
tically significant heterogeneity. Meta-regres-
sion and subgroup analyses were employed to
explore the sources of heterogeneity. In the
meta-regression analyses, publication year,
region, study design, study quality, exclusion of
HCC, exclusion of CTPV, exclusion of isolated
thrombosis within SMV or SV, exclusion of
patients receiving antiplatelet treatment,
exclusion of patients receiving thrombolytic
treatment, and type of anticoagulants were used
as covariates. Subgroup analyses were also per-
formed in terms of the variables mentioned
above. Sensitivity analyses were performed to
assess the impact of each individual study on
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the stability of statistical results by removing
studies one by one from a meta-analysis.
Publication bias was evaluated with the Egger
test, and P\ 0.1 was considered as a statistically
significant publication bias. We also drew the
scattered plots and performed the Spearman
correlation analysis in the IBM SPSS 26.0 (IBM
Corp., Armonk, NY, USA) to explore the corre-
lation between patient characteristics and por-
tal vein recanalization rate after
anticoagulation. Coefficients, which are deno-
ted as rs, were calculated. A two-sided P\0.05
indicates a statistical significance.

RESULTS

Included Studies

A total of 33 studies including 1696 patients
with liver cirrhosis and PVT were eligible
(Fig. 1). Notably, six studies evaluated the effi-
cacy of anticoagulant therapy for PVT in liver
cirrhosis, but they were finally excluded. This
was mainly because they included patients
undergoing splenectomy [14–16], splenic arte-
rial embolization [17], or TIPS [18, 19].

Main characteristics of studies are summa-
rized in Table 1. The sample size ranged from 16

Fig. 1 Flowchart of study selection
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to 182. Nineteen studies were published as full
texts [14, 20–37] and 14 as abstracts [38–51].
They were published between 2005 and 2019.
Twenty of them were performed in Europe
[21–25, 30, 32–36, 38–40, 42, 44, 46, 47, 49, 50].
Fifteen studies were of prospective nature
[22–25, 28, 30, 31, 36, 38, 39, 41, 44, 45, 47, 48].
Eleven studies were comparative cohort studies
with a control group in which anticoagulation
was not given
[14, 21, 22, 25, 27, 34, 36, 40, 42, 46, 48]. As for
the type of anticoagulants, low-molecular-
weight heparin (LMWH) alone was given in six
studies [23, 28, 29, 31, 35, 40], vitamin K
antagonists (VKAs) alone in three studies
[14, 26, 27], fondaparinux alone in two studies
[47, 49], direct-acting oral anticoagulants
(DOACs) alone in one study [20], LMWH fol-
lowed by VKAs in three studies [20, 22, 32], and
LMWH in combination with antithrombin in
one study [45].

Main characteristics of patients are summa-
rized in Supplementary Table 2. Ten studies
clearly excluded patients with HCC
[14, 21, 23, 25, 28, 30, 32, 35, 38, 40], nine
excluded patients with CTPV
[14, 23, 24, 26, 28, 30, 33, 40, 47], five excluded
patients with isolated thrombosis within SMV
or SV [14, 25, 30, 35, 36], three excluded
patients receiving antiplatelet treatment
[25, 28, 35], and one excluded patients receiv-
ing thrombolytic treatment [14].

Study Quality

The NOS score ranged from 4 to 9 points.
Twenty-six studies were considered to be of
moderate quality, and seven were of high
quality [14, 21, 25, 27, 36, 40, 48] (Supple-
mentary Table 3).

Overall Portal Vein Recanalization

Twenty-nine studies reported the rate of overall
portal vein recanalization after anticoagulation,
and the pooled rate was 71.5% (95% CI
66.0–76.7%) (Supplementary Fig. 1). There was
a statistically significant heterogeneity
(I2 = 77.4%; P\0.0001). Meta-regression

analysis found that the heterogeneity might be
related to the publication year (Supplementary
Table 4). In subgroup analyses of studies
excluding HCC, excluding isolated thrombosis
within SMV or SV, excluding patients receiving
antiplatelet treatment, using LMWH alone,
using VKAs alone, and using fondaparinux
alone, the heterogeneity became not statisti-
cally significant (Supplementary Table 5). In
sensitivity analyses, the pooled rates of overall
portal vein recanalization were comparable after
eliminating individual studies one by one, and
the heterogeneity remained statistically signifi-
cant (Supplementary Table 6).

Seven studies compared the rate of overall
portal vein recanalization between patients who
received and did not receive anticoagulation.
Meta-analysis demonstrated that anticoagula-
tion significantly increased the rate of overall
portal vein recanalization (RR = 2.61; 95% CI
1.99–3.43; P\ 0.00001). There was no statisti-
cally significant heterogeneity among studies
(I2 = 0%; P = 0.66) (Fig. 2a).

Complete Portal Vein Recanalization

Twenty-seven studies reported the rate of com-
plete portal vein recanalization after anticoag-
ulation, and the pooled rate was 40.8% (95% CI
35.2–46.5%). There was a statistically significant
heterogeneity (I2 = 75.1%; P\0.0001). Meta-
regression analysis found that the heterogeneity
might be related to the exclusion of CTPV
(Supplementary Table 4). In subgroup analyses
of studies performed in Asia and studies using
VKAs alone, the heterogeneity became not sta-
tistically significant (Supplementary Table 5). In
sensitivity analyses, the pooled rates of com-
plete portal vein recanalization were compara-
ble after eliminating individual studies one by
one, and the heterogeneity remained statisti-
cally significant (Supplementary Table 6).

Six studies compared the rate of complete
portal vein recanalization between patients who
received and did not receive anticoagulation.
Meta-analysis demonstrated that anticoagula-
tion significantly increased the rate of complete
portal vein recanalization (RR = 2.14; 95% CI
1.30–3.50; P = 0.003). There was no statistically
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significant heterogeneity among studies
(I2 = 46%; P = 0.10) (Fig. 2b).

Thrombus Progression

Twenty-three studies reported the rate of
thrombus progression after anticoagulation,
and the pooled rate was 6.9% (95% CI
3.1–12%). There was a statistically significant
heterogeneity (I2 = 84.9%; P\0.0001). Meta-
regression analysis did not find any source of
heterogeneity (Supplementary Table 4). In sub-
group analyses of comparative cohort studies
and high-quality studies, the heterogeneity
became not statistically significant

(Supplementary Table 7). In sensitivity analyses,
the pooled rates of thrombus progression were
comparable after eliminating individual studies
one by one, and the heterogeneity remained
statistically significant (Supplementary Table 6).

Four studies compared the rate of thrombus
progression between patients who received and
did not receive anticoagulation. Meta-analysis
demonstrated that anticoagulation significantly
decreased the rate of thrombus progression
(RR = 0.26; 95% CI 0.14–0.49; P\ 0.0001).
There was no statistically significant hetero-
geneity among studies (I2 = 1%; P = 0.39)
(Fig. 2c).

Fig. 2 Comparison of portal vein recanalization and thrombus progression between anticoagulation and non-
anticoagulation groups
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Table 2 Predictors of portal vein recanalization and bleeding events: results of meta-analyses

Predictors No.
studies

Effect size (95% CI) P value Heterogeneity

I2 P value

Predictors of portal vein recanalization: results of meta-analyses

Child-Pugh class (B and C vs. A) 3 RR = 0.77 (0.62, 0.95) 0.020 0% 0.66

Interval between PVT diagnosis and

initiation of anticoagulation (early vs. late)

6 RR = 1.58 (1.21, 2.07) 0.0007 30% 0.21

B 14 days vs.[ 14 days 1 RR = 1.79 (1.00, 3.18) 0.050 – –

B 1 month vs.[ 1 month 1 RR = 1.13 (0.73, 1.72) 0.590 – –

B 3 months vs.[ 3 months 1 RR = 1.49 (1.10, 2.02) 0.010 – –

B 6 months vs.[ 6 months 3 RR = 2.11 (1.29, 3.45) 0.003 10% 0.33

Duration of anticoagulation (B 6 months) 2 RR = 1.53 (1.09, 2.16) 0.010 0% 0.35

Gender (male) 8 RR = 1.14 (0.91, 1.43) 0.250 54% 0.03

Previous portal hypertensive bleeding 2 RR = 0.66 (0.42, 1.04) 0.070 57% 0.13

Ascites 4 RR = 1.01 (0.78, 1.30) 0.950 47% 0.13

Hepatic encephalopathy 3 RR = 0.92 (0.68, 1.25) 0.600 0% 0.96

Hepatocellular carcinoma 3 RR = 0.89 (0.70, 1.13) 0.340 0% 0.97

Thrombophilia 2 RR = 0.77 (0.16, 3.72) 0.750 85% 0.01

Cavernous transformation of portal vein 2 RR = 0.49 (0.21, 1.15) 0.100 0% 0.56

Isolated splenic vein thrombosis 2 RR = 1.27 (0.90, 1.78) 0.170 0% 0.68

Isolated superior mesenteric

vein thrombosis

2 RR = 0.92 (0.68, 1.25) 0.600 0% 0.32

Complete PVT 3 RR = 0.80 (0.59, 1.09) 0.150 0% 0.99

Age (years) 5 MD = 1.84 (- 1.96, 5.63) 0.340 29% 0.23

Child-Pugh Score 2 MD = - 0.44 (- 2.29, 1.41) 0.640 73% 0.05

MELD score 3 MD = - 1.48 (- 2.20, - 0.76) < 0.0001 0% 0.64

Platelet count (109/l) 5 MD = 7.24 (- 2.52, 17.00) 0.150 54% 0.07

Serum creatinine (mg/dl) 3 MD = 0.06 (0.00, 0.12) 0.050 8% 0.34

International normalized ratio 4 MD = - 0.04 (- 0.08, 0.00) 0.080 42% 0.16

Predictors of bleeding events: results of meta-analyses

Type of anticoagulants (LMWH vs. VKAs) 2 RR = 2.30 (0.20, 26.43) 0.510 65% 0.51

Child-Pugh Score 2 MD = - 0.22 (- 1.15, 0.72) 0.650 0% 0.42

MELD score 2 MD = - 0.19 (- 1.5, 1.12) 0.780 0% 0.14

Platelet count (109/l) 2 MD = - 33.71 (- 98.18, 30.76) 0.310 85% 0.01
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Re-Thrombosis

Nine studies reported the rate of re-thrombosis
after stopping anticoagulation, and the pooled
rate was 46.7% (95% CI 37.7–69.3%). There was
no statistically significant heterogeneity
(I2 = 36%; P = 0.1306).

No data reported the rate of re-thrombosis
between patients who stopped and did not stop
anticoagulation.

Overall Bleeding

Twenty-four studies reported the rate of overall
bleeding after anticoagulation, and the pooled
rate was 10.3% (95% CI 6.4–15.0%). There was a
statistically significant heterogeneity
(I2 = 79.8%; P\ 0.0001). Meta-regression anal-
ysis found that the heterogeneity might be
related to the publication year (Supplementary
Table 4). In subgroup analyses of studies
excluding patients receiving antiplatelet treat-
ment, the heterogeneity became not statisti-
cally significant (Supplementary Table 7). In
sensitivity analyses, the pooled rates of overall
bleeding were comparable after eliminating
individual studies one by one, and the hetero-
geneity remained statistically significant (Sup-
plementary Table 6).

Four studies compared the rate of overall
bleeding between patients who received and did
not receive anticoagulation. Meta-analysis
demonstrated that anticoagulation did not sig-
nificantly increase the rate of overall bleeding
(RR = 0.78; 95% CI 0.47–1.30; P = 0.34). There
was no statistically significant heterogeneity
among studies (I2 = 0%; P = 0.45) (Fig. 3a).

Major Bleeding

Nineteen studies reported the rate of major
bleeding after anticoagulation, and the pooled
rate was 2.8% (95% CI 1.4–4.6%). There was a
statistically significant heterogeneity
(I2 = 43.3%; P = 0.0235). Meta-regression anal-
ysis did not find any source of heterogeneity
(Supplementary Table 4). In subgroup analyses
of prospective studies, comparative cohort
studies, high-quality studies, and studies pub-
lished before 2015, performed in Asia, exclud-
ing CTPV, using LMWH alone, using VKAs
alone, using fondaparinux alone, and using
LMWH followed by VKAs, the heterogeneity
became not statistically significant (Supple-
mentary Table 8). Sensitivity analyses suggested
that the heterogeneity might be attributed to
the study by La Mura (2018) (Supplementary
Table 6).

No data reported the rate of major bleeding
between patients who received and did not
receive anticoagulation.

UGIB

Eighteen studies reported the rate of UGIB after
anticoagulation, and the pooled rate was 3.2%
(95% CI 1.7–5.1%). There was a statistically
significant heterogeneity (I2 = 38.0%;
P = 0.0524). Meta-regression analysis did not
find any source of heterogeneity (Supplemen-
tary Table 4). In subgroup analyses of prospec-
tive studies, comparative cohort studies, high-
quality studies, and studies published before
2015, performed in Asia, performed in Europe,
excluding HCC, not excluding CTPV, excluding

Table 2 continued

Predictors No.
studies

Effect size (95% CI) P value Heterogeneity

I2 P value

Duration of anticoagulation (months) 2 MD = - 0.40 (- 15.21, 14.41) 0.960 54% 0.14

Bolditalics indicate P value\0.05
RR risk ratio, MD mean difference, CI confidence interval, PVT portal vein thrombosis, MELD model for end-stage liver
disease, LMWH low-molecular-weight heparin, VKAs vitamin K antagonists
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isolated thrombosis within SMV or SV, exclud-
ing patients receiving antiplatelet treatment,
using LMWH alone, using VKAs alone, and
using LMWH followed by VKAs, the hetero-
geneity became not statistically significant
(Supplementary Table 8). Sensitivity analyses
suggested that the heterogeneity might be
attributed to the studies by Cui (2015),

Fujiyama (2017), Bergere (2019), or Pettinari
(2019) (Supplementary Table 6).

Five studies compared the rate of UGIB
between patients who received and did not
receive anticoagulation. Meta-analysis demon-
strated that anticoagulation significantly
decreased the rate of UGIB (RR = 0.29; 95% CI
0.14–0.61; P = 0.001). There was no statistically

Fig. 3 Comparison of overall bleeding, UGIB, GEVB, and death due to bleeding events between anticoagulation and non-
anticoagulation groups
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significant heterogeneity among studies
(I2 = 0%; P = 0.75) (Fig. 3b).

GEVB

Seventeen studies reported the rate of GEVB
after anticoagulation, and the pooled rate was
2.0% (95% CI 1.0–3.3%). There was no statisti-
cally significant heterogeneity (I2 = 0%;
P = 0.7966).

Four studies compared the rate of GEVB
between patients who received and did not
receive anticoagulation. Meta-analysis demon-
strated that anticoagulation significantly
decreased the rate of GEVB (RR = 0.26; 95% CI
0.11–0.65; P = 0.004). There was no statistically
significant heterogeneity among studies
(I2 = 0%; P = 0.74) (Fig. 3c).

Death due to Bleeding Events

Twenty-five studies reported the rate of death
due to bleeding events after anticoagulation,
and the pooled rate was 0.7% (95% CI
0.3–1.3%). There was no statistically significant
heterogeneity (I2 = 0%; P[ 0.9999).

Five studies compared the rate of death due
to bleeding events between patients who
received and did not receive anticoagulation.
Meta-analysis demonstrated that anticoagula-
tion did not significantly influence the rate of
death due to bleeding events (RR = 0.26; 95% CI
0.05–1.52; P = 0.14). There was no statistically
significant heterogeneity among studies
(I2 = 0%; P = 0.93) (Fig. 3d).

Overall Survival

Six studies compared the overall survival rate
between patients who received and did not
receive anticoagulation. Meta-analysis demon-
strated that anticoagulation significantly
increased the overall survival rate (RR = 1.11;
95% CI 1.03–1.21; P = 0.01). There was no sta-
tistically significant heterogeneity among stud-
ies (I2 = 0%; P = 0.47) (Fig. 4a).

One-Year Survival

Two studies compared the 1-year survival rate
between patients who received and did not
receive anticoagulation. Meta-analysis demon-
strated that anticoagulation did not signifi-
cantly increase the 1-year survival rate
(RR = 1.19; 95% CI 0.65–2.20; P = 0.57). There
was a statistically significant heterogeneity
among studies (I2 = 92%; P = 0.0006) (Fig. 4b).

Three-Year Survival

Two studies compared the 3-year survival rate
between patients who received and did not
receive anticoagulation. Meta-analysis demon-
strated that anticoagulation did not signifi-
cantly increase the 3-year survival rate
(RR = 1.21; 95% CI 0.78–1.87; P = 0.40). There
was a statistically significant heterogeneity
among studies (I2 = 71%; P = 0.06) (Fig. 4c).

Five-Year Survival

Two studies compared the 5-year survival rate
between patients who received and did not
receive anticoagulation. Meta-analysis demon-
strated that anticoagulation did not signifi-
cantly increase the 5-year survival rate
(RR = 1.08; 95% CI 0.97–1.21; P = 0.16). There
was no statistically significant heterogeneity
among studies (I2 = 0%; P = 0.66) (Fig. 4d).

Trend in Portal Vein Recanalization Rate
After Anticoagulation According
to the Patient Characteristics

In the scattered plots, with an increase in the
proportions of symptomatic PVT (abdominal
pain and fever, new or worsening ascites, and
GEVB), thrombus extension to SMV and/or SV,
complete PVT, Child-Pugh class B and C, and
HCC, platelet count, and serum creatinine (sCr)
level, there is a decreasing trend in overall and
complete portal vein recanalization rates (Sup-
plementary Fig. 2). Spearman correlation anal-
ysis found that only HCC significantly
correlated with a lower rate of complete portal
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vein recanalization (P = 0.037, rs = - 0.90). We
did not find any factor that significantly corre-
lated with overall portal vein recanalization
rate.

Predictors of Portal Vein Recanalization

Eight studies reported the predictors of portal
vein recanalization after anticoagulation. The
predictors evaluated included age, gender, pre-
vious portal hypertensive bleeding, ascites,
hepatic encephalopathy, HCC, thrombophilia,
isolated splenic vein thrombosis, isolated supe-
rior mesenteric vein thrombosis, complete PVT,

CTPV, platelet count, sCr level, international
normalized ratio, Child-Pugh class and score,
model for end-stage liver disease (MELD) score,
interval between PVT diagnosis and initiation of
anticoagulation, and duration of anticoagula-
tion. Meta-analyses demonstrated that early
initiation of anticoagulation (RR = 1.58; 95% CI
1.21–2.07; P = 0.0007) and shorter duration of
anticoagulation (B 6 months ver-
sus[6 months) (OR = 1.53; 95% CI 1.09–2.16;
P = 0.02) significantly increased portal vein
recanalization. Child-Pugh class B and C (RR =
0.77; 95% CI 0.62–0.95; P = 0.02) and higher
MELD score (MD = - 1.48; 95% CI - 2.20–0.76;

Fig. 4 Comparison of overall survival, 1-year survival, 3-year survival, and 5-year survival between anticoagulation and non-
anticoagulation groups
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P\ 0.0001) were significantly associated with
decreased portal vein recanalization (Table 2).

Predictors of Bleeding Events

Two studies reported the predictors of bleeding
events after anticoagulation. The predictors
evaluated included type of anticoagulants
(LMWH versus VKAs), Child-Pugh score, MELD
score, platelet count, and duration of anticoag-
ulation. Meta-analyses did not identify any
predictor significantly associated with bleeding
events after anticoagulation (Table 2).

DISCUSSION

Compared to the previous meta-analysis [11],
our meta-analysis has several new findings.
First, the pooled re-thrombosis rate after stop-
ping anticoagulation was 46.7%, suggesting the
necessity of long-term anticoagulation in these
patients. Second, we observed a significant
benefit of anticoagulant therapy on the
improvement of overall survival. Certainly,
further validation is warranted. It remains
uncertain about whether such an improvement
is attributed to anticoagulation itself or portal
vein recanalization as a response to anticoagu-
lant therapy. Survival rate seems to be higher in
patients achieving complete and partial portal
vein recanalization than non-responders
[29, 31, 32]. Third and most importantly, we
were able to identify a series of predictors for
portal vein recanalization, which may be useful
to identify patients who are the most likely to
benefit from anticoagulation.

Moreover, our meta-analysis has excluded
the studies in which patients underwent
splenectomy, splenic arterial embolization,
TIPS, LT, and other major surgical interven-
tions. Notably, such patients are different from
cirrhotic patients with PVT who do not undergo
any interventional procedure, since these pro-
cedures themselves can affect the progression of
PVT and potentially confound the outcomes
[52]. All relevant studies with and without a
control group were included to calculate the
rates of portal vein recanalization and bleeding.
In addition, bleeding risk was classified as

overall bleeding, major bleeding, UGIB, GEVB,
and deaths due to bleeding events.

We found that among cirrhotic patients with
PVT receiving anticoagulation, major bleeding
accounted for less than a third of overall
bleeding events. In other words, a majority of
bleeding events in patients with liver cirrhosis
and PVT while on anticoagulation are mild and
may not require interruption of anticoagulant
therapy. Due to a small number of bleeding
events, we did not identify any factor associated
with bleeding complications. In contrast to the
traditional belief that anticoagulation increases
bleeding risk in patients with portal hyperten-
sion, our meta-analysis indicated that antico-
agulation was protective against UGIB and
GEVB. A possible explanation for this phe-
nomenon is that anticoagulant therapy may
improve portal vein recanalization and then
reduce portal vein pressure, thereby preventing
bleeding from rupture of varicose veins and
portal hypertensive gastropathy. Additionally,
it should not be neglected that patients with
active or recent GEVB and high-risk gastroe-
sophageal varices were excluded in nearly all
studies and that thorough screening for eso-
phageal and/or gastric varices and prophylaxis
of GEVB with either endoscopic band ligation
or non-selective beta blockers were done prior
to initiating anticoagulation.

The choice of anticoagulant drugs is incon-
sistent among the practice guidelines. The ACG
guideline recommends unfractionated heparin
and LMWH for the treatment of PVT in liver
cirrhosis [6]. The Baveno VI consensus suggests
that LMWH and VKAs appear to be equally
effective in cirrhotic patients with PVT [7].
According to our subgroup analyses regarding
the choices of anticoagulation regimes, overall
recanalization rate was the highest in DOACs
alone, followed by VKAs alone, fondaparinux
alone, LMWH alone, LMWH in combination
with antithrombin, and LMWH in continuation
to VKAs; thrombus progression rate was the
highest in LMWH in continuation to VKAs,
followed by LMWH in combination with
antithrombin, LMWH alone, DOACs alone, and
VKA alone; bleeding rate was the highest in
LMWH in continuation to VKAs, followed by
fondaparinux alone, VKAs alone, and LMWH
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alone. Collectively, DOACs seemed to be more
effective compared to LMWH and VKAs, which
was consistent with the findings in non-cir-
rhotic PVT patients [53]. However, a higher rate
of recanalization obtained by DOACs has been
reported in only a single study [20]. In addition,
the safety of DOACs is unclear in patients with
advanced or decompensated cirrhosis [54].
Therefore, such a conclusion needs to be vali-
dated by a head-to-head randomized compari-
son. Except for clinical outcomes, the selection
of anticoagulants should be also weighed
according to the cost of drugs used, need of
subcutaneous injection for LMWHs, and regular
monitoring of INR in VKAs.

We found that the severity of PVT and
underlying liver cirrhosis, inclusion of HCC,
timing of initiation, and duration of anticoag-
ulation might affect the benefits of anticoagu-
lant therapy for PVT in liver cirrhosis.
Completely occlusive PVT and thrombus
extension to the SMV or SV seem to be associ-
ated with a lower portal vein recanalization
rate. Compensated cirrhosis is associated with a
higher portal vein recanalization rate; by com-
parison, patients with Child-Pugh class B and C
and higher MELD score have a lower portal vein
recanalization rate. Advanced liver cirrhosis has
an aggravation of portal hypertension and a
higher probability of using non-selective beta-
blockers, thereby reducing the portal vein blood
flow velocity which may contribute to the
development and progression of PVT [55, 56].
In addition, patients with advanced cirrhosis
are more prone to the risk of thrombotic events
and resistance to anticoagulation [57].
Advanced cirrhosis is associated with a reduc-
tion of hepatic folate storage and a suppression
in its metabolic activation by hepatocytes,
thereby causing secondary hyperhomocys-
teinemia, which is thought to contribute to
thrombotic events [58]. Also, we found that the
inclusion of HCC might affect portal vein
recanalization. Although we excluded the
studies involving only malignant PVT, some
included studies still had a proportion of HCC
patients, in whom the possibility of malignant
PVT could not be completely excluded. Addi-
tionally, hypercoagulable state and tumor
compression on the portal vein in HCC patients

might lead to a low rate of portal vein recanal-
ization. There seems to be an impact of a delay
in starting anticoagulation on the recanaliza-
tion of PVT in patients with and without cir-
rhosis [59, 60]. Our meta-analysis confirmed
that early initiation of anticoagulation
increased portal vein recanalization. In addi-
tion, subgroup analysis found that complete
portal vein recanalization rate seemed to be
higher in studies excluding CTPV than those
not excluding CTPV [49.3% (95% CI
38.3%–60.4%) versus 37.5% (95% CI
31.2%–43.9%)].

The recommended duration of anticoagula-
tion for PVT in liver cirrhosis differs among the
guidelines. The American Association for the
Study of Liver Diseases guideline recommends
anticoagulation for at least 3 months for all
patients with acute PVT and long-term antico-
agulation for patients with concomitant
mesenteric vein thrombosis or those with per-
manent thrombotic risk factors [61]. The EASL
and ACG guidelines recommend anticoagula-
tion for at least 6 months in cirrhotic patients
with PVT and consider lifelong anticoagulation
in patients with thrombosis extending to SMV,
those with a history suggestive of intestinal
ischemia, or LT candidates [6, 8]. Counter-in-
tuitively, our meta-analysis found that a shorter
duration of anticoagulation (B 6 months ver-
sus[6 months) significantly increased the rate
of portal vein recanalization. This finding
should be cautiously interpreted, because only
two studies provided the relevant data. Addi-
tionally, both studies were observational in
which continuing the use of anticoagulants was
often dependent upon the dynamic assessment
of PVT outcomes. In other words, anticoagula-
tion would be more likely to be stopped earlier,
if portal vein recanalization was achieved; by
contrast, anticoagulation would be continued,
if a thrombus remained unchanged. On the
other hand, the duration of anticoagulation
should also be based on the risk of re-throm-
bosis after stopping anticoagulation. However,
this issue could not be evaluated, because the
relevant data were lacking.

Our study has several limitations. (1) No
randomized controlled trial has been identified
yet, suggesting that the quality of evidence is
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relatively poor. (2) The characteristics of the
study population, especially severity of cirrho-
sis, degree and extension of PVT, and CTPV,
may affect the portal vein recanalization rates.
Such data were heterogeneous among the
included studies and were not reported in many
studies. (3) Some studies did not exclude
patients with HCC at baseline or during follow-
up. (4) Some studies did not clarify the use of
antiplatelet or thrombolytic therapy during
anticoagulation. (5) Some studies did not clarify
the type of anticoagulants. (6) The follow-up
duration after anticoagulation varied among
studies.

CONCLUSION

When the candidates for anticoagulation are
carefully selected under adequate prophylaxis
of variceal bleeding, anticoagulation is effective
and safe for the treatment of PVT in cirrhosis.
Additionally, anticoagulation may have a ben-
eficial effect on survival in cirrhotic patients
with PVT, but this impact of anticoagulation on
survival should be further evaluated after
adjusting for the severity of liver cirrhosis. Early
initiation of anticoagulation can contribute to
an increase in the rate of PVT recanalization.
Child-Pugh class B and C and higher MELD
score may be associated with lower recanaliza-
tion rates of PVT. It may be useful to integrate
these predictors into a scoring system to iden-
tify patients with liver cirrhosis and PVT who
will not benefit from anticoagulant therapy.
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