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Introduction and aim: Portal vein thrombosis (PVT) is associated with a higher risk of liver-related com-
plications. Recent guidelines recommend direct-acting anticoagulants (DOAC) in patients with cirrhosis
and non-tumoral PVT. However, data on the efficacy and safety of DOAC in these patients remain limited.
We aim to investigate the efficacy and safety of DOAC compared to vitamin K antagonists (VKA) to treat
non-tumoral PVT in patients with cirrhosis.
Methods: We performed a systematic search of six electronic databases using MeSH term and free text.
We selected all studies comparing the use of DOACs with vitamin K antagonist to treat PVT in cirrho-
sis. The primary outcome was PVT recanalization. Secondary outcomes were and PVT progression, major
bleeding, variceal bleeding and death.
Results: From 944 citations, we included 552 subjects from a total of 11 studies (10 observational and 1
randomized trial) that fulfilled the inclusion criteria. We found that DOAC were associated with a higher
pooled rate of PVT recanalization (RR = 1.67, 95%Cl: 1.02, 2.74, I’ = 79%) and lower pooled risk of PVT
progression (RR = 0.14, 95%Cl: 0.03-0.57, ° = 0%). The pooled risk of major bleeding (RR = 0.29, 95%CI:
0.08-1.01, > = 0%), variceal bleeding (RR = 1.29, 95%Cl: 0.64-2.59, > = 0%) and death (RR = 0.31, 95%Cl:
0.01-9.578, ¥ = 80%) was similar between DOAC and VKA.
Conclusion: For the treatment of PVT in patients with cirrhosis, the bleeding risk was comparable be-
tween DOAC and VKA. However, DOAC were associated with a higher pooled rate of PVT recanalization.
Dedicated randomized studies are needed to confirm these findings.

© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

Keywords:

Cirrhosis

Direct oral anticoagulation
Portal vein thrombosis

1. Introduction [1]. A recent PVT can be symptomatic and present with abdomi-

nal pain, fever, or ascites [2]. In patients with chronic PVT, up to

Portal vein thrombosis (PVT) is defined as the presence of
thrombus within the portal vein. It is heterogeneous with regards
to its natural history and disease manifestations. PVT can be clas-
sified into completely occlusive, partially occlusive, or minimally
occlusive based on the degree of occlusion in the main portal vein.
Based on the time course of thrombosis, PVT can also be cate-
gorized into recent PVT (when present for less than six months)
or chronic PVT (when present or persistent beyond six months)
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43% of cases may be asymptomatic [3]|. Meanwhile, patients with
chronic PVT often develop collateral venous circulation known as
cavernous transformation that bypasses the obstruction.

Liver cirrhosis is an independent risk factor for the develop-
ment of PVT. The prevalence of PVT increases with the severity
of liver cirrhosis, ranging from 1 to 10% in compensated cirrhosis
to up to 26% in decompensated cirrhosis patients [4-6]. Chronic
PVT can predispose patients to portal hypertension-related com-
plications such as ascites and variceal bleeding [7]. Not only are
patients with PVT more likely to develop variceal bleeding, but
these patients are at a higher risk of variceal recurrence follow-
ing variceal treatment [8,9]. Furthermore, PVT is associated with a
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six-fold increased risk of liver decompensation [10], acute kidney
injury, and a higher risk of long-term mortality [11,12].

Anticoagulation is recommended for cirrhosis patients with
PVT, particularly among cirrhotic patients undergoing liver trans-
plantation [13,14]. Anticoagulation improves the success of com-
plete and partial portal vein recanalization, reduces the risk of
thrombus progression, and delays the occurrence of hepatic de-
compensation [15,16]. Anticoagulation is also associated with a
lower risk of clot progression without significantly increased risk of
overall bleeding [15]. While recurrence of PVT following transplan-
tation is associated with significantly higher mortality, anticoagu-
lation has been shown to improve post-transplant survival [12,17].

There are practical concerns of anticoagulating cirrhosis pa-
tients using vitamin K antagonists (VKAs). The clearance of VKAs
is delayed in cirrhosis patients because it is dependent on the cy-
tochrome P450-dependent pathway. Besides, VKAs also have a nar-
row therapeutic range and require frequent dose titration. Their
bleeding risk is also not accurately reflected using routine blood
biomarkers such as international normalized ratio (INR), prothrom-
bin time (PT) and platelet count [18]. This is because liver cirrho-
sis patients have unique haemostatic changes that promote clotting
and bleeding simultaneously. First, impaired liver synthetic func-
tion reduces both clotting factors, pro-coagulating factors, and fib-
rinolytic factors [19]. Second, the production of endogenous anti-
coagulants within the liver such as protein C, protein S, antithrom-
bin Il and tissue plasminogen activator were also reduced. Third,
haemostatic changes that promote bleeding can occur in cirrhosis
patients due to low-grade systemic inflammation, which leads to
increased consumption of clotting factors and promotes fibrinoly-
sis [1,20].

Furthermore, thrombocytopenia is common in cirrhosis due
to decreased thrombopoietin (TPO) production and a concur-
rent increase in platelet turnover and sequestration secondary to
splenomegaly. For example, the bleeding risk from thrombocytope-
nia is buffered by a concurrent reduction in hepatic synthesis of
matrix metalloproteinase ADAMST13 [21]. This promotes platelet
aggregation in cirrhosis patients by increasing the half-life of von
Willebrand factor [19]. These complex interactions highlight the
challenges in determining the individual bleeding risk in a cirrhosis
patient using routine blood biomarkers (INR, PT, or platelet count),
which do not fully account for the haemostatic changes that pro-
mote clotting.

Meanwhile, there is growing interest in using direct oral anti-
coagulants (DOACs) because of their ease of monitoring without
significant drug-drug interactions, including patients with heredi-
tary thrombophilia [22]. Current recommendations of using DOAC
in PVT are based on limited evidence [1]. The pharmacokinetics of
DOAC is affected by liver function, albeit to a lesser extent [19].
While emerging evidence supports DOAC as a safe alternative to
VKA in cirrhosis patients with atrial fibrillation [23,24], data on the
efficacy and safety of DOAC among cirrhosis patients with PVT re-
mains limited. Not only were cirrhosis patients systematically ex-
cluded from clinical trials comparing DOAC and VKA [25,26], but
the experience on DOAC in PVT is also largely derived from small
retrospective studies [27,29]. This gap is further confounded by
wide variation in terms of their inclusion criteria, treatment dura-
tion, and definitions of bleeding outcomes [10]. Given the paucity
of data to address this unmet need, it is timely and clinically rele-
vant to systematically review the safety and efficacy of DOACs ver-
sus VKAs in cirrhosis patients with non-tumoral PVT.

2. Methods
2.1. Eligibility criteria

This meta-analysis aims to compare the efficacy and safety of
DOACs versus VKA to treat non-tumoral PVT in patients with liver
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cirrhosis. Cirrhosis was diagnosed based on either histological, ra-
diological, or clinical features of liver cirrhosis. All types of DOAC,
regardless of their dose and duration, were included. Our primary
outcome was the pooled risk of either complete or partial por-
tal vein recanalization, major bleeding, variceal bleeding as well
as death. Complete or partial recanalization is defined as a com-
plete disappearance or reduction in the degree of PVT occlusion
following anticoagulation. We adopted the ISTH definition of ma-
jor bleeding as fatal bleeding or symptomatic bleeding in a criti-
cal area or organ or bleeding causing a fall in hemoglobin level of
2 g/dL or more or leading to transfusion of two or more units of
whole blood or red cells [30].

2.2. Search strategy

We followed the Preferred Reporting Items for Systematic
Review and Meta-analysis (PRISMA) guidelines for data extrac-
tion and reporting [31]. All potential literature were identified
from a comprehensive search of six electronic databases, namely
PubMed/MEDLINE, EMBASE, Cochrane Library, Scopus, and Web of
Science and ClinicalTrial.gov from the beginning of record up to
30th May 2021, with the help of an experienced medical librarian.
There was no restriction on language, geography, publication dates
and publication status (full text or abstract). The search keywords
included a combination of MeSH terms and free texts using the
following keywords: 'direct oral anticoagulants’, 'novel oral antico-
agulants’, 'portal venous thrombosis’, ’portal vein thrombosis’ and
"cirrhosis’ (Supplementary Table 1). All references of the included
studies were manually searched for additional studies.

2.3. Study selection

In this meta-analysis, we included all randomized and non-
randomized studies regardless of language, geography, publication
dates and publication status that fulfilled the following inclusion
criteria: (1) Adult cirrhosis patients with non-tumoral portal vein
thrombosis, (2) subjects received either VKA or DOAC as oral anti-
coagulation therapy and (3) reported outcome data on either por-
tal vein recanalization, bleeding, or death. We excluded (1) re-
view articles, editorials, and guidelines and (2) animal or pedi-
atric studies. Three authors independently reviewed all titles and
abstracts of the studies identified in the primary search. After ex-
cluding all studies that did not fulfill the pre-defined inclusion cri-
teria, we reviewed the full texts of all short-listed studies to de-
termine if they contained relevant information. Any discrepancy
in the article selection was resolved by consensus with the senior
author.

2.4. Data extraction

We extracted data on the demographic of study participants
(age, sample size, etiology of CLD, and severity of liver cirrho-
sis) and study design. We extracted data on the types, duration
and class of anticoagulants (VKA or DOAC). Outcome data such as
PVT recanalization and bleeding were also extracted based on pre-
defined definitions. The data from each study were independently
extracted into a standardized form by two authors. In the event
of missing data during data extraction, the corresponding authors
were contacted through email correspondence.

2.5. Risk of bias assessment

Two authors independently reviewed all included studies to as-
sess their risk of bias using the Newcastle-Ottawa scale for non-
randomized studies and Cochrane Risk of Bias tools for randomized
trials [32,33]. The scoring consists of 10 questions as summarized
in Supplementary Table 2. We consider a total score of 7 and above,
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4 to 6 and < 3 as low risk of bias, moderate risk of bias, and high
risk of bias, respectively.

2.6. Data synthesis and analysis

We used Review Manager Software version 5.3 (The Nordic
Cochrane center, The Cochrane Collaboration, 2014) to perform this
meta-analysis. The effect measures were presented in pooled rela-
tive risk ratio (RR) and 95% confidence interval (95%CI). We con-
sider a p-value of < 0.05 to be statistically significant. The sta-
tistical heterogeneity was evaluated using the I? statistic. We de-
fined substantial heterogeneity across study as low, moderate, sub-
stantial, and considerable with an I? value of <30%, 31% to 60%,
61% to 74%, and >75% [34]. We used the random-effects model as
we anticipate heterogeneity among the included studies. We per-
formed sensitivity analysis by repeating our analysis using odds ra-
tio as well as fixed-effect model. Finally, we calculated the num-
ber needed to treat (NNT) to estimate the potential effect of DOAC
compared to VKA for the treatment of PVT.

3. Results
3.1. Search result and population characteristics

Among the initial 944 citations identified using our search
strategy, we identified a total of 51 relevant studies for full-text
review. Of these, we excluded 40 studies for the following reasons:
anticoagulation for atrial fibrillation (n = 14), study subjects were
non-cirrhotic (n = 9), ongoing clinical trials (n = 7), inadequate in-
formation (n = 5), and study outcome not available (n = 5). Finally,
a total of eleven studies met our inclusion criteria [27-29,35-42].

3.2. Characteristics and quality of the studies

The characteristics of all eleven studies involving 552 subjects
(217 received DOAC, 335 received VKA) are summarized in Table 1
[27-29,35-42]. There was one randomized controlled trial [29] and
ten retrospective cohort studies [27,28,35-42] included from the
United States (n = 6), Japan (n = 2), Austria (n = 1), Switzer-
land (n = 1) and Egypt (n = 1). All studies were published as
full manuscripts except for three, which were abstracts [37,38,40].
Eight studies published as full manuscripts were considered to be
of low risk of bias. The remaining three studies were abstracts and
were assessed to be at moderate risk of bias.

The mean age of study subjects ranged from 41 to 69 years
old. The proportion of subjects with baseline oesophageal varices
or antiplatelet were 20.2% and 7.4%, respectively. Three studies in-
cluded patients with Child-Turcotte-Pugh (CTP) class C [28,39,40].
Total follow-up duration ranged from 3 to 12 months. The choice of
DOACs included rivaroxaban (5 studies) [27,29,35-37], apixaban (5
studies) [27,29,35,37,41], edoxaban (3 studies) [28,40,41] and dabi-
gatran (2 studies) [27,41]. Duration of anticoagulation ranged be-
tween 3.2 to 19.0 months. The overall pooled rate of PVT recanal-
ization was 46% (95%Cl: 57.1%—70.6%). The overall pooled risk of
major bleeding and death was 7.9% (95%Cl: 4.3%—13.1%) and 10.2%
(95%Cl: 6.0%—15.8%), respectively.

3.3. Efficacy of direct oral anticoagulants

3.3.1. PVT recanalization

A total of five studies compared the outcome of PVT re-
canalization among cirrhotic patients who received anticoagula-
tion [28,29,37,38,40]. The pooled rate of PVT recanalization in
DOAC and VKA groups were 87.3% (95%Cl: 79.0%—93.3%) and 44.1%
(95%Cl: 34.7%—53.9%), respectively. Compared to VKA, DOAC was
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associated with a higher rate of PVT recanalization, with substan-
tial heterogeneity (RR = 1.67, 95%Cl: 1.02, 2.74, > = 79%) (Fig. 1).
The finding was sensitive to study design, where the benefit of
DOAC was observed within the RCT (RR = 2.19, 95%CI: 1.56, 3.07),
but not among the cohort studies (RR = 1.49, 95%CI: 0.76, 2.90,
E = 80%).

3.3.2. PVT progression

A total of three studies compared the risk of PVT progression
among cirrhotic patients on DOAC versus cirrhotic patients on VKA
[28,29,37]. The overall pooled risk of PVT progression while on
anticoagulation was 12.9% (95%CI: 8.2%—19.0%). DOAC was associ-
ated with a significantly lower risk of PVT progression than VKA
(RR = 0.14, 95%CI: 0.03-0.57, I = 0%) (Fig. 2).

3.3.3. Major bleeding and variceal bleeding

Overall, seven studies [27-29,35,36,40,41] reported the bleeding
risk of anticoagulation in cirrhotic patients with PVT. DOAC was
associated with a lower pooled risk of major bleeding than VKA
(RR = 0.29, 95%CI: 0.08-1.01, > = 0%) (Fig. 3). The overall pooled
risk of variceal bleeding was 18.7% (95%Cl: 14.5%—23.4%), which
was similar between DOAC and VKA (RR = 1.29, 95%CI: 0.64-2.59,
P = 0%) (Fig. 4). The pooled risk of death was similar between
DOAC and VKA (RR = 0.31, 95%Cl: 0.01-9.578, I = 80%) with sub-
stantial heterogeneity (Fig. 5).

3.4. Sensitivity analysis

We performed subgroup analysis based on the fixed-effect
models and found that our findings remained robust for all out-
comes.

3.5. Publication bias

There was no evidence of publication bias on studies reporting
PVT recanalization based on visual inspection of the funnel plot
(Supplementary Fig. 1).

4. Discussion

In this meta-analysis of eleven studies with 552 cirrhosis pa-
tients, we showed that DOAC is a reasonable alternative for the
treatment of PVT. Compared to VKA, DOAC were associated with a
higher pooled rate of PVT recanalization and a lower pooled rate
of PVT progression. The safety profile between DOAC and VKA was
comparable in terms of the risk of major bleeding, variceal bleed-
ing, and death in the setting of chronic PVT. Considering the lim-
itations of VKA regarding their safety and ease of monitoring, our
findings have important implications in informing physicians on
the efficacy and safety when considering DOAC in cirrhosis patients
with chronic PVT.

Our findings expand the understanding of the safety profile
of DOAC among cirrhosis patients, particularly in patients with
chronic PVT. Recently, Valeriani et al. showed that anticoagula-
tion in cirrhosis patients with PVT significantly improve the re-
canalization rate and reduce thrombus progression, as compared
to cirrhosis patients without anticoagulation [43]. These findings
are clinically relevant because PVT predisposes cirrhosis patients
to future liver decompensation and death [8]. While prior studies
have investigated the use of DOAC versus traditional anticoagulants
among cirrhosis patients in the setting of atrial fibrillation and ve-
nous thromboembolism [44,45], data on the efficacy and safety of
DOAC in chronic PVT remains scarce [1]. A recent meta-analysis
by Chen et al. suggested that DOAC may be superior to VKA for
treating cirrhosis patients with PVT [46]. However, the definition



Table 1
Study and population characteristics.
Author, year, Country Study design Sample Age in year (mean/SD; Population Child-Turcotte-Pugh Types of DOAC Duration of
references size median/IQR) Class Anticoagulation (n) anticoagulation
(mean, months)
A[B/C (n)
De Gottardi, 2016 Switzerland Retrospective cohort 22 65.3 (12.8) Cirrhotic patients with NA Apixaban, rivaroxaban, 22 9.25 (6.90)
study PVT dabigatran
Intagliata, 2016 USA Retrospective cohort 39 DOAC: 57 (50-64) Cirrhotic patients with DOAC: 9/11/0 Apixaban, rivaroxaban 20 DOAC:8.8
study PVT
Warfarin: 60 (55-64) Warfarin: 9/10/0 VKA: 15.7
Hum, 2017 USA Retrospective cohort 45 DOAC: 61 (26-90) Cirrhosis patients with DOAC: 11/12/4 Apixaban, rivaroxaban 27 DOAC: 11.3
study AF, VTE, PVT or DVT
Warfarin: 58 (34-80) Warfarin: 7/9/2 VKA: 8
Nagaoka, 2017 Japan Retrospective cohort 50 DOAC: 69 (53-74) Cirrhotic patients with DOAC: 15/5/0 Edoxaban vs warfarin 20 DOAC: 6
study PVT
Warfarin: 67 (24-83) Warfarin: 15/10/5 VKA: 6
Hanafy, 2018 Egypt RCT 80 DOAC: 46 + 5 HCV-related CTP score: 10.2 + 1.3 Rivaroxaban vs 40 DOAC: 4.3
compensated warfarin
cirrhosis with PVT
Warfarin: 41.3 + 2.3 VKA: 3.2
Scheiner, 2018 Austria Retrospective cohort 10 50 + 18 Cirrhotic patients with 10/0/0 Edoxaban, apixaban, 10 9.2
study PVT rivaroxaban,
dabigatran
Yuko, 2018 Japan Retrospective cohort 65 NA Cirrhotic patients with NA Edoxaban vs warfarin 35 DOAC: 6
study PVT
VKA: 6
Irina, 2019 USA Retrospective cohort 27 NA Cirrhotic patients with NA NA NA NA
study PVT
Davis, 2020 USA Retrospective cohort 167 DOAC: 59 (52-67) Cirrhosis patients Overall: 78/64/10 Apixaban, rivaroxaban 57 NA
study received & dabigatran vs
anticoagulation warfarin
Warfarin: 63 (58-72)
Ilcewicz, 2020 USA Retrospective cohort 33 51 + 16 Patients with PVT MELD (10.5; range: Apixaban & 13 3
study 8-25) rivaroxaban vs
warfarin
Joseph, 2020 USA Retrospective cohort 16 DOAC: 61 (59-61) Cirrhotic patients with DOAC: 3/2/0 Not specified 5 3-6
study acute PVT

Warfarin: 55 (54-60)

Warfarin: 2/8/1
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DOAC Vitamin K antagonist Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Nagaoki 2017 18 20 ] 0227% 200[1.21,332) 2017 —

Yuko 2018 202 " 3/ 222% 255[140,431] 2018 —a

Hanafy 2018 40 40 18 40 261% 219[1.56,3.07] 2018 +

llcewicz 2020 ] ] ] 5 260% 1.00[0.71,1.41] 2020 -+

Joseph 2020 0 ] ] 1 30% 0.15([0.01,2.30] 2020

Total (95% CI) 95 11 100.0% 1.67[1.02, 2.74] ¥

Total events 83 49

Heterogeneity, Tau?=0.22; Chi*=18.70, df= 4 (P = 0.0008); F= 79% ; f y |

Testfor averall effect 2= 2.03 (P = 0.04) L 4 i i

Favours [VKA] Favours [DDAC]

Fig. 1. Pooled rate of portal vein thrombosis recanalization (partial or complete).

DOAC VKA Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Random,95%Cl Year M-H, Random, 95% CI
Magaoki 2017 120 1430 529% 011002078 2017 ——H——
Hanafy 2018 040 2040 2% 0.20(0.01, 4.04] 2018 * &
lleewicz 2020 013 4 20 249% 0.17[0.01,2.86) 2020 4 &
Total {95% CI) 73 90 100.0% 0.1410.03, 0.57] —copffiiie—
Total events 1 20
Heterogeneity: Tau?= 0.00; Chi*= 0,14, df= 2 (P = 0.93); F= 0% IEI o 011 150 1DD=
Testfor overall effect 2= 2.75 (P = 0.006) ' Favdurs [DOAC] Favours [VKA

Fig. 2. Pooled risk of portal vein thrombosis progression.

DOAC VKA Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Random, 95% Cl Year M-H, Random, 95% CI
Intagliata 2016 1 20 219 289% 047[0.05 482 2016 — &
Hum 2017 1 7 5 18 365% 013[0.02,1.08 2017 —®F—
llcewicz 2020 013 120 159% 0.60([0.02,11.42) 2020 -
Joseph 2020 0 ] 211 188% 0.40[0.02, 7.08] 2020 *
Total (95% Cl) 65 68 100.0% 0.29 [0.08, 1.01] e =
Total events 2 10
Heterageneity: Tau®= 0.00: Chi#= 0.89, df= 3 (P = 0.83); F= 0% ; f f |
) 0.0 01 10 100
Testfor overall effect Z=1.94 (P=0.05) Favours [DOAC] Favours [VKA]
Fig. 3. Pooled risk of major bleeding.
DOAC VKA Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Random, 95% Cl Year M-H, Random, 95% CI
Intagliata 2016 10 20 718 91.0% 1,36 [0.65,2.83) 2016
Nagaoki 2017 120 2030 90% 075[0.07,7.73) 2017 — T
Total (95% Cl) 40 49 100.0% 1.29[0.64, 2.59] -
Total events " 9
Heterogeneity, Tau?= 0.00; Chi*=0.23, df= 1 (P = 0.63); F= 0% =D o 011 110 1UD=
Testfor overall effect 2= 0.71 (P=048) ’ Favdurs [DOAC] Favours [VKA)
Fig. 4. Pooled risk of variceal bleeding.
DOAC VKA Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
Hanafy 2018 0 40 g 40 437% 0.06[0.00,099 2018
Joseph 2020 2 ] 4 11 86.3% 1.10[0.29, 4.15] 2020
Total (95% Cl) 45 51 100.0% 0.31[0.01,9.78]
Total events 2 12
Heterageneity. Tau : 509 Chi*=502, df=1(F=003, F=80% o 0 ] 1 00
Testfor overall effect: 2= 0.67 (P =0.50) Favours [DOAC] Favours [VKA]

Fig. 5. Pooled risk of death.
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of bleeding was inconsistent, and only three studies directly com-
paring VKA and DOAC were included. This updated meta-analysis
followed a pre-defined, validated definition of severe bleeding for
outcome reporting [30]. Furthermore, we also included five addi-
tional studies [27,36-38,40] than Chen et al. through our system-
atic search.

There are several strengths of this meta-analysis. Firstly, our
study provided a direct comparison between DOAC and VKA for
chronic PVT in cirrhosis patients. With the help of an experi-
enced medical librarian, we comprehensively searched six elec-
tronic databases using pre-defined criteria and included five stud-
ies [27,36-38,40]. Our study is more comprehensive than the pre-
vious studies, which either did not evaluate comparative efficacy
and safety of VKA versus DOAC [47,48] or included fewer studies
[46,49]. To mitigate reporting biases arising from discrepancy in
reporting bleeding outcomes from previous studies, we adopted a
validated and standardized definition for major bleeding based on
the International Society on Thrombosis and Haemostasis (ISTH)
[30]. Data extraction was independently performed using a pre-
defined template to ensure consistency in reporting outcomes. All
corresponding authors were contacted for any missing data that
was not reported in the original study.

Our meta-analysis was limited by potential selection bias
among the non-randomized studies. As the study outcome was not
stratified based on CTP class, we cannot perform subgroup anal-
ysis to compare the outcome between DOAC and VKA according
to the severity of liver cirrhosis. Furthermore, the use of DOAC is
not recommended in patients with Child-Turcott-Pugh (CTP) stage
C cirrhosis and those presenting with significantly decreased crea-
tinine clearance. For this reason, the results of this study apply to
CTP- A and CTP-B patients. More safety data is required among de-
compensated cirrhosis patients awaiting liver transplantation. Qur
meta-analysis was limited by the number of studies included be-
cause DOAC was not licenced in advanced cirrhosis patients. As we
had conducted a comprehensive search of six electronic databases
and attempted to identify gray literature with the help of a medi-
cal librarian, we believe the small number of studies reflects the
paucity of current data rather than a limitation of our existing
study. We recognized that substantial heterogeneity exists among
the included studies due to clinical heterogeneity in terms of treat-
ment dosing, duration, follow-up, and study population. Lastly, we
are unable to perform subgroup analysis based on the chronicity
extent, and severity of PVT due to limited data.

In conclusion, compared to VKA, DOAC were associated with
a higher rate of portal vein recanalization and a lower risk of
PVT progression. The risk of major bleeding, variceal bleeding and
death were similar between DOAC and VKA in the setting of
chronic PVT. Due to limited data among patients with decompen-
sated cirrhosis, further randomized studies are warranted to com-
pare the safety and efficacy of DOAC for PVT, particularly in pa-
tients awaiting liver transplantation where the benefits of treating
chronic PVT were best demonstrated.

Declaration of Competing Interest

All authors declared that we had no conflict of interest related
to this study titled “Efficacy and safety of direct-acting oral anti-
coagulants versus vitamin K antagonists for cirrhosis patients with
portal vein thrombosis: a systematic review and meta-analysis”

Acknowledgements

The authors would like to thank Dr Bernhard Scheiner and Pro-
fessor Thomas Reiberger for providing their data for this study.

[m5G;August 12, 2021;15:21]

Digestive and Liver Disease Xxx (XXXX) XXX
Funding support

Dr Wong Y] is supported by the Nurturing Clinician Scientist
Scheme (NCCS) award by SingHealth Duke-NUS Academic Medical
center and National Medical Research Council Singapore

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.d1d.2021.07.039.

References

[1] Northup PG, Garcia-Pagan JC, Garcia-Tsao G, et al. Vascular liver disorders, por-
tal vein thrombosis, and procedural bleeding in patients with liver disease:
2020 practice guidance by the American association for the study of liver dis-
eases. Hepatology 2021;73(1):366-413.

[2] Plessier A, Darwish-Murad S, Hernandez-Guerra M, et al. Acute portal vein
thrombosis unrelated to cirrhosis: a prospective multicenter follow-up study.
Hepatology 2010;51(1):210-18.

[3] Harki J, Plompen EP, van Noord D, et al. Gastrointestinal ischemic in patients
with acute and chronic portal vein thrombosis. J. Hepatol 2014;60(1):5239-40.

[4] Violi F, Vestri A, Menichelli D, Di Rocco A, Pastori D, Pignatelli P. Direct oral
anticoagulants in patients with atrial fibrillation and advanced liver disease:
an exploratory meta-analysis. Hepatol Commun 2020;4(7):1034-40.

[5] Tsochatzis EA, Senzolo M, Germani G, Gatt A, Burroughs AK. System-
atic review: portal vein thrombosis in cirrhosis. Aliment Pharmacol Ther
2010;31(3):366-74.

[6] Faccia M, Ainora ME, Ponziani FR, et al. Portal vein thrombosis in cirrhosis:
why a well-known complication is still matter of debate. World ] Gastroenterol
2019;25(31):4437-51.

[7] Englesbe M], Schaubel DE, Cai S, Guidinger MK, Merion RM. Portal
vein thrombosis and liver transplant survival benefit. Liver Transplant
2010;16(8):999-1005.

[8] Zhang Y, Xu BY, Wang XB, et al. Prevalence and clinical significance of por-
tal vein thrombosis in patients with cirrhosis and acute decompensation. Clin
Gastroenterol Hepatol 2020;18(11):2564-72 e2561.

[9] Amitrano L, Guardascione MA, Scaglione M, et al. Splanchnic vein thrombosis
and variceal rebleeding in patients with cirrhosis. Eur J Gastroenterol Hepatol
2012;24(12):1381-5.

[10] Intagliata NM, Caldwell SH, Tripodi A. Diagnosis, development, and treatment
of portal vein thrombosis in patients with and without cirrhosis. Gastroen-
terology 2019;156(6):1582-99 e1581.

[11] Nery F, Valadares D, Morais S, Gomes MT, De Gottardi A. Efficacy and safety of
direct-acting oral anticoagulants use in acute portal vein thrombosis unrelated
to cirrhosis. Gastroenterology Res 2017;10(2):141-3.

[12] Zanetto A, Rodriguez-Kastro KI, Germani G, et al. Mortality in liver transplant
recipients with portal vein thrombosis - an updated meta-analysis. Transpl Int
2018;31(12):1318-29.

[13] European association for the study of the liverEASL clinical practice guidelines:
vascular diseases of the liver. ] Hepatol 2016;64(1):179-202. doi:10.1016/j.jhep.
2015.07.040.

[14] Chinese Medical AssociationConsensus for management of portal vein throm-
bosis in liver cirrhosis (2020, Shanghai). [published correction appears in
] Dig Dis. 2021 May; 22(5):295]. ] Dig Dis 2021;22(4):176-86. doi:10.1111/
1751-2980.12970.

[15] Loffredo L, Pastori D, Farcomeni A, Violi F. Effects of anticoagulants in patients
with cirrhosis and portal vein thrombosis: a systematic review and meta-anal-
ysis. Gastroenterology 2017;153(2):480-7 e481.

[16] Villa E, Camma C, Marietta M, et al. Enoxaparin prevents portal vein throm-
bosis and liver decompensation in patients with advanced cirrhosis. Gastroen-
terology 2012;143(5):1253-60 e1254.

[17] Rodriguez-Castro KI, Porte RJ, Nadal E, Germani G, Burra P, Senzolo M. Man-
agement of Nonneoplastic portal vein thrombosis in the setting of liver trans-
plantation: a systematic review. Transplantation 2012;94(11).

[18] Tripodi A. Hemostasis abnormalities in cirrhosis. Curr Opin Hematol
2015;22(5):406-12. doi:10.1097/MOH.0000000000000164.

[19] Turco L, de Raucourt E, Valla DC, Villa E. Anticoagulation in the cirrhotic pa-
tient. JHEP Rep 2019;1(3):227-39.

[20] Tripodi A, Primignani M, Mannucci PM, Caldwell SH. Changing concepts of cir-
rhotic coagulopathy. Am ] Gastroenterol 2017;112(2):274-81. doi:10.1038/ajg.
2016.498.

[21] Hugenholtz GC, Adelmeijer J, Meijers JC, Porte R], Stravitz RT, Lisman T. An un-
balance between von Willebrand factor and ADAMTS13 in acute liver failure:
implications for hemostasis and clinical outcome. Hepatology 2013;58(2):752-
61. doi:10.1002/hep.26372.

[22] Campello E, Spiezia L, Simion C, et al. Direct oral anticoagulants in patients
with inherited thrombophilia and venous thromboembolism: a prospective
cohort study. ] Am Heart Assoc 2020;9(23):e018917. doi:10.1161/JAHA.120.
018917.

[23] Bo M, Marchionni N. Practical use of direct oral anti coagulants (DOACs) in the
older persons with atrial fibrillation. Eur ]J Intern Med 2020;71:32-8.


https://doi.org/10.1016/j.dld.2021.07.039
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0012
https://doi.org/10.1016/j.jhep.2015.07.040
https://doi.org/10.1111/1751-2980.12970
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0017
https://doi.org/10.1097/MOH.0000000000000164
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0019
https://doi.org/10.1038/ajg.2016.498
https://doi.org/10.1002/hep.26372
https://doi.org/10.1161/JAHA.120.018917
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0023

ARTICLE IN PRESS

JID: YDLD
J.H. Koh, Z.H. Liew, GK. Ng et al.

[24] Brunetti ND, Tarantino N, De Gennaro L, Correale M, Santoro F, Di Biase M.
Direct oral anticoagulants compared to vitamin-K antagonists in cardiover-
sion of atrial fibrillation: an updated meta-analysis. ] Thromb Thrombolysis
2018;45(4):550-6.

[25] Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus war-
farin in patients with atrial fibrillation. New Engl ] Med 2011;365(11):981-
992.

[26] Patel MR, Mahaffey KW, Garg ], et al. Rivaroxaban versus warfarin in nonva-
Ivular atrial fibrillation. New Engl ] Med 2011;365(10):883-91.

[27] De Gottardi A, Trebicka ], Klinger C, et al. Antithrombotic treatment with direc-
t-acting oral anticoagulants in patients with splanchnic vein thrombosis and
cirrhosis. Liver Int 2017;37(5):694-9.

[28] Nagaoka Y, Aikata H, Daijyo K, et al. efficacy and safety of edoxaban for treat-
ment of portal vein thrombosis following danaparoid sodium in patients with
liver cirrhosis. Hepatol Res 2018;48(1):51-8.

[29] Hanafy AS, Abd-Elsalam S, Dawoud MM. Randomized controlled trial of ri-
varoxaban versus warfarin in the management of acute non-neoplastic portal
vein thrombosis. Vascul Pharmacol 2019;113:86-91.

[30] Seto A, Bernotas A, Crowther M, Wittkowsky AK. Definition of major bleeding
used by US anticoagulation clinics. Thromb Res 2009;124(2):239-40.

[31] Page M], McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an up-
dated guideline for reporting systematic reviews. BM] 2021;372:n71.

[32] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of non-randomized studies in meta-analyses. Eur ] Epidemiol
2010;25(9):603-5.

[33] Higgins JPT, Savovic J, Page M], Elbers RG, Sterne JAC. Chapter 8: assessing risk
of bias in a randomized trial. Cochrane handbook for systematic reviews of
interventions version 6.2. Higgins JPT, Thomas ], Chandler ], Cumpston M, Li T,
Page MJ, Welch VA, editors; 2021. (updated February).

[34] . Chapter 10: analysing data and undertaking meta-analysesCochrane hand-
book for systematic reviews of interventionsversion 6.2. Deeks JJ, Higgins JPT,
Altman DG, Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M],
Welch VA, editors. Cochrane; 2021. (updated February 2021).

[35] Intagliata NM, Henry ZH, Maitland H, et al. Direct oral anticoagulants in cir-
rhosis patients pose similar risks of bleeding when compared to traditional
anticoagulation. Dig Dis Sci 2016;61(6):1721-7.

[36] Hum ], Shatzel J], Jou JH, Deloughery TG. The efficacy and safety of direct
oral anticoagulants vs traditional anticoagulants in cirrhosis. Eur ] Haematol
2017;98(4):393-7.

mb5G;August 12, 2021;15:21

Digestive and Liver Disease xxx (XXXx) XXX

[37] llcewicz HN, Martello JL, Piechowski K. Evaluation of the efficacy and safety
of direct oral anticoagulants in the treatment of portal vein thrombosis. Eur ]
Gastroenterol Hepatol 2021;33(6):911-16.

[38] Joseph ], Rejeski J. S1085 Direct oral anticoagulants and warfarin in patients
with cirrhosis and portal vein thrombosis: a comparison of outcomes. Off ] Am
Coll Gastroenterol ACG 2020;115:5549-50. doi:10.14309/01.ajg.0000706388.
88885.06.

[39] Davis KA, Joseph ], Nisly SA. Direct oral anticoagulants and warfarin in pa-
tients with cirrhosis: a comparison of outcomes. ] Thromb Thrombolysis
2020;50(2):457-61.

[40] Yuko N, Aikata H, Murakami E, et al. efficacy and safety of edoxaban for treat-
ment of portal vein thrombosis in patients with liver cirrhosis. Hepatology
2018;68:1159A-1160A.

[41] Scheiner B, Stammet PR, Pokorny S, et al. Anticoagulation in non-malignant
portal vein thrombosis is safe and improves hepatic function. Wien Klin
Wochenschr 2018;130(13-14):446-55.

[42] Irina G, Trifan A, Teodorescu A, et al. The efficacy and safety of anticoagulant
treatment for portal vein thrombosis. ] Gastrointest Liv Dis 2019;28:75.

[43] Valeriani E, Di Nisio M, Riva N, et al. Anticoagulant treatment for splanch-
nic vein thrombosis in liver cirrhosis: a systematic review and meta-analysis.
Thromb Haemost 2021;121(7):867-76. doi:10.1055/s-0040-1722192.

[44] Menichelli D, Ronca V, Di Rocco A, Pignatelli P, Marco Podda G. Car. Direct oral
anticoagulants and advanced liver disease: a systematic review and meta-anal-
ysis. Eur ] Clin Invest 2021;51(3):e13397.

[45] Lee ZY, Suah BH, Teo YH, et al. Comparison of the efficacy and safety of direct
oral anticoagulants and vitamin K antagonists in patients with atrial fibrilla-
tion and concomitant liver cirrhosis: a systematic review and meta-analysis.
Am ] Cardiovasc Drugs 2021. doi:10.1007/s40256-021-00482-w.

[46] Chen H, Lei ], Liang S, Luo G, Deng M, Lii M. Safety and efficacy of anticoagu-
lation in patients with cirrhosis: a meta-analysis. Can ] Gastroenterol Hepatol
2021;2021:8859602. doi:10.1155/2021/8859602.

[47] Lapumnuaypol K, DiMaria C, Chiasakul T. Safety of direct oral anticoagu-
lants in patients with cirrhosis: a systematic review and meta-analysis. QJM
2019;112(8):605-10.

[48] Nisly SA, Mihm AE, Gillette C, Davis KA, Tillett ]. Safety of direct oral antico-
agulants in patients with mild to moderate cirrhosis: a systematic review and
meta-analysis. ] Thromb Thrombolysis 2021.

[49] Hoolwerf EW, Kraaijpoel N, Biiller HR, van Es N. Direct oral anticoagulants in
patients with liver cirrhosis: a systematic review. Thromb Res 2018;170:102-8.


http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0037
https://doi.org/10.14309/01.ajg.0000706388.88885.06
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0042
https://doi.org/10.1055/s-0040-1722192
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0044
https://doi.org/10.1007/s40256-021-00482-w
https://doi.org/10.1155/2021/8859602
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00408-4/sbref0049

	Efficacy and safety of direct oral anticoagulants versus vitamin K antagonist for portal vein thrombosis in cirrhosis: A systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Eligibility criteria
	2.2 Search strategy
	2.3 Study selection
	2.4 Data extraction
	2.5 Risk of bias assessment
	2.6 Data synthesis and analysis

	3 Results
	3.1 Search result and population characteristics
	3.2 Characteristics and quality of the studies
	3.3 Efficacy of direct oral anticoagulants
	3.3.1 PVT recanalization
	3.3.2 PVT progression
	3.3.3 Major bleeding and variceal bleeding

	3.4 Sensitivity analysis
	3.5 Publication bias

	4 Discussion
	Declaration of Competing Interest
	Acknowledgements
	Funding support
	Supplementary materials
	References


