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Anticoagulation and Transjugular
Intrahepatic Portosystemic Shunting
for Treatment of Portal Vein Thrombosis
in Cirrhosis: A Systematic Review
and Meta-Analysis
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Abstract
Portal vein thromboses (PVTs) are associated with hepatic decompensation, worse survival, and worse liver transplant outcomes.
We evaluated the impact of anticoagulation (AC) and transjugular intrahepatic portosystemic shunting (TIPS) on recanalization
and mortality in patients with cirrhosis and PVT. Systematic search of electronic databases was performed. Clinical trials and
observational studies that evaluated primary outcomes of recanalization and survival in patients with cirrhosis having PVT treated
with AC or TIPS were included. Risk of bias was assessed. Summary odds ratios (ORs) for pooled data from the included studies
were generated using a random effects model. A total of 505 studies were screened for inclusion. After review, 7 studies were
ultimately included. Data from 327 patients in total were evaluated. Overall, treatment with either AC or TIPS resulted in partial
or complete recanalization (OR: 4.56 [95% confidence interval, CI: 2.46-8.47]) but did not significantly impact mortality (OR: 0.57
[95% CI: 0.21-1.57]). The summary OR of AC for recanalization was 6.00 (95% CI: 2.38-15.07). The summary OR of TIPS for
recanalization was 3.80 (95% CI: 1.47-9.83). The summary OR of mortality in patients treated with AC for PVT was 0.28 (95% CI:
0.08-0.95). The mortality summary OR was 1.10 (95% CI 0.23-5.16) in patients who underwent TIPS. There was insufficient data
to assess complications such as hepatic encephalopathy or bleeding. Both AC and TIPS have a significant effect on recanalization.
Anticoagulation appears to have a protective effect on mortality that is not seen with TIPS. More studies with control groups are
need.
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Introduction

Patients with cirrhosis are at increased risk of portal vein

thrombosis (PVT). This is thought to be related to slow flow

in the portal vein from portal hypertension and a prothrombotic

state from liver synthetic dysfunction.1,2 Supporting this

hypothesis, the prevalence of PVT increases with severity of

cirrhosis.3 Prevalence estimates range from 0.6% to 16% in all

patients with cirrhosis depending on the stage of disease and

associated conditions such as primary liver malignancy.4 Pre-

valence rates among patients awaiting liver transplant are

higher with one study reporting evidence of PVT or prior PVT

in more than 30% of patients at the time of transplant.5 In
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multiple observational studies, PVTs have been associated

with worse outcomes in patients with cirrhosis. In patients

listed for liver transplantation, PVT worsens overall mortal-

ity (odds ratio [OR]: 1.62, 95% confidence interval [CI]:

1.11-2.36) and post-liver transplant survival (hazard ratio:

1.32; P ¼ .02).6-9 Portal vein thrombosis is associated with

post-liver transplant hepatic artery thrombosis that itself

independently associated with increased posttransplant

mortality.10,11

Debate continues over whether PVTs are merely the conse-

quence of advancing portal hypertension or an independent

cause of increased mortality in patients with cirrhosis.12 One

recent randomized controlled study supports a causal relation-

ship. Villa et al. randomized patients with cirrhosis without

PVT to prophylactic anticoagulation (AC) therapy for 12

months and found that participants in the intervention arm had

lower rates of PVT, reduced rates of hepatic decompensation,

and improved survival.13

As clinical data accumulate to suggest benefit of treat-

ment of PVT and evidence supporting the safety of the use

of AC in patients with cirrhosis grows,14,15 several recent

societal guidelines advise treatment of PVT with AC and/or

transjugular intrahepatic portosystemic shunting (TIPS) in

certain scenarios. The European Association for the Study

of Liver Diseases recommends consideration of therapeutic

AC for at least 6 months as well as consideration of TIPS in

liver transplant candidates not responding to AC.16 The

2015 Baveno VI Portal Hypertension Consensus Report sug-

gests AC in liver transplant candidates with PVT and does

not discuss the use of TIPS.17 A recent symposium sum-

mary focusing on coagulation in liver disease recommended

a similar approach to patients with PVT, advising AC in

transplant candidates with occlusive PVT and consideration

of AC in patients with high-grade PVT even if not eligible

for transplant. This symposium characterized TIPS as a

“potentially effective” treatment for PVT.18

Several cross-sectional studies and clinical trials have

evaluated the efficacy and safety of treatment of PVT in

patients having cirrhosis with either AC or TIPS. Both inter-

ventions appear promising with relatively good safety pro-

files and high rates of portal vein recanalization.19 In one

meta-analysis, AC improved rates of complete recanaliza-

tion (OR: 4.16, 95% CI: 1.88-9.30) and had a pooled rate of

bleeding of 3.3% (95% CI: 1.1%-6.7%).20 In meta-analyses

evaluating TIPS for PVT, recanalization rates of 73% to

79% have been reported, with a pooled rate of hepatic ence-

phalopathy of 25.3% (95% CI: 19.2%-32.6%).21,22 All of

these studies showed improved rates of recanalization with

intervention (AC or TIPS), but none have compared rates

between the 2 interventions, and the TIPS meta-analyses in

particular are limited by a lack of control groups. In this

meta-analysis, we evaluate the recanalization rate and mor-

tality associated with both AC and TIPS in adult patients

with cirrhosis having chronic PVT.

Methods

Data Sources and Searches

The study team investigators systematically searched

English-language literature for clinical trials and observa-

tional studies evaluating the outcomes of recanalization and

survival in patients having cirrhosis with PVT who were

treated with therapeutic AC or TIPS. Databases were searched

through April 2018 and included PubMed, Medline, Cochrane

Central Register of Trials, and Web of Science. Search terms

included portal venous thrombosis, portal venous thrombus,

PVT, portal vein thrombus, thrombosed portal vein, PVT,

cirrhosis, AC, anticoagulant(s), antithrombotic, transjugular

intrahepatic shunt(s), transjugular intrahepatic portosystemic

shunt(s), and TIPS. References from full-text articles

reviewed were examined for any pertinent articles not cap-

tured by initial search terms. Investigators additionally

reviewed abstract list from recent conferences with the same

search terms to ensure inclusion of pertinent studies not yet

available in published databases.

Study Selection

Studies that evaluated adult patients with cirrhosis and PVT

who underwent treatment with AC or TIPS were included in

the analysis. Exclusion criteria included a restriction to malig-

nant or acute PVT, lack of an untreated control group with

PVT, or application of both interventions (AC and TIPS)

within the same group of patients. Studies investigating PVT

in noncirrhotic patients were excluded, as risk factors, epide-

miology, and treatment approach of PVT are distinct in patients

with and without cirrhosis.23 Search results were reviewed for

duplicate entries, and studies from the same institution were

reviewed for time of subject enrollment to ensure no patient

population was duplicated.

Outcome Measures

Primary outcome assessed was recanalization of portal vein

after treatment. Although several studies reported both partial

and complete recanalization rates, complete recanalization was

used to increase standardization across studies. Secondary out-

come was all-cause mortality. There were insufficient data

available to assess the rate of bleeding complications or hepatic

encephalopathy.

Data Extraction and Quality Assessment

Rayyan QCRI24 was used for the management of electronic

database search results. Two authors (C.E.R. and A.G.O.) inde-

pendently reviewed abstracts and titles of all studies included

after the initial search. Discrepancies were resolved by consen-

sus adjudication. Three authors (J.P.E.D., C.E.R., and A.G.O.)

independently reviewed the full text of articles included after

initial evaluation. Discrepancies were resolved by discussion.
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Preferred Reporting Items for Systematic Reviews and

Meta-Analysis statement formatting was used to display the

flowchart of study selection (Figure 1).25,26 Data from included

studies were extracted independently by 3 authors (J.P.E.D.,

C.E.R., and A.G.O.). Extracted data included study author,

study publication year, study design, study enrollment period,

total number of enrolled patients per study, follow-up period

patient characteristics (age, gender, and Model for End Stage

Liver Disease score), and outcomes data (recanalization rate

and survival). Risk of bias was assessed using the Cochrane

Collaboration’s tool for risk of assessing bias for randomized

controlled trials and the Newcastle-Ottawa Scale for observa-

tional studies.27,28

Data Synthesis and Analysis

Review Manager software (Rev-Man version 5.3; The Nordic

Cochrane Centre, The Cochrane Collaboration; 2014, Copen-

hagen, Denmark) was used for data synthesis and descriptive

and outcomes measures analysis. Pooled ORs were estimated

with DerSimonian and Laird random effects models to account

for variability in treatment effect among studies.29 Forest plots

were used to present study-level and summary-level results.

Variability between studies was assessed using both Cochran

Q statistic, with P < .10 indicating significant heterogeneity,29

and the Higgin’s I2 index (considered significant if I2 > 50%).29

Funnel plots were generated to evaluate for the presence of

publication bias. The statistical methods of this study were

reviewed by Min-Woong Sohn from the University of Virginia,

School of Public Health Sciences.

Results

Selected Studies

In total, 505 studies were identified through the initial data-

base search (Figure 1). After initial screening and application

of inclusion criteria, 44 studies were selected for full-text

review. After full-text qualitative review and application of

exclusion criteria, 7 studies were ultimately included in the

final meta-analysis. Studies excluded on full-text review were

excluded due to lack of control group, inappropriate control

group (eg, patients with cirrhosis without PVT), duplicate

intervention (ie, both TIPS and AC), or wrong population

(eg, patients without cirrhosis).

Among the included studies, 4 assessed the impact of AC

and 3 evaluated the efficacy of TIPS.30-36 All studies assessing

AC were observational, while 2 of the TIPS studies were open-

label randomized trials.34,35 The Newcastle-Ottawa and

Cochrane Risk of Bias Tool results are shown in Supplemental

Tables 1 and 2. Neither randomized trial was blinded, and some

of the observational cohorts had control groups that were

potentially different from intervention groups, including con-

trols drawn from different institutions in different countries36

or obtained from a different time period.33

Study population characteristics are summarized in Tables 1

and 2. In total, the use of AC for PVT was evaluated in 179

patients, while the use of TIPS was evaluated in 148 patients.

Follow-up for most studies was between 22 and 30 months.

One study, however, had only 3.8 months mean follow-up,31

and 2 studies did not specify mean or median follow-up.32,33

Among studies evaluating AC, 3 used vitamin K antago-

nists (VKAs),30,31,33 and 1 used low-molecular-weight

heparin (LMWH).36 Duration of AC ranged from 4 to

12 months.30,31,33,36

Among studies evaluating TIPS, indication for TIPS in 2

studies was history of variceal bleeding.34,35 In these studies,

the control group underwent endoscopic variceal ligation and

was treated with nonselective b-blockade. Mortality in the con-

trol groups of these 2 trials was higher (16%-47%) than that of

the control groups in other trials (14%-29%).

Anticoagulation Versus TIPS for PVT: Recanalization
of the Portal Vein

All 7 included studies showed a statistically significant favor-

able treatment effect with a summary OR of 4.56 (95% CI:

2.46-8.47; Figure 2).30-36 Heterogeneity was not significant

among these studies (P ¼ .50, I2 ¼ 0%). The funnel plot for

these studies was not suggestive of publication bias, as more

precise studies demonstrated smaller effect sizes (Supplemen-

tal Figure 1A).

Among studies that evaluated the efficacy of AC for reca-

nalization, OR ranged from 2.75 to 15.52 with a summary OR

of 6.00 (95% CI: 2.38-15.07; Figure 2).30,31,33,36 Heterogeneity

among these studies was not significant (P ¼ .65, I2 ¼ 0%).

Among the 3 studies that evaluated the efficacy of TIPS for

recanalization of the portal vein, OR ranged from 2.37 to

Figure 1. Flowchart of electronic database search results.
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31.00 with a summary OR of 3.80 (95% CI: 1.47-9.83; Figure

2).32,34,35 Heterogeneity among these studies was not signifi-

cant (P ¼ .30, I2 ¼ 16%).

Anticoagulation Versus TIPS for PVT: Mortality

Mortality data were not included for 2 of the studies, one eval-

uating AC and one evaluating TIPS.32,33 Of the remaining 5

studies, one study30 demonstrated a positive treatment effect on

mortality (OR: 0.05 [95% CI: 0.00-0.96]), and the remaining 4

studies demonstrated no significant difference in mortality

between intervention and control arms (Figure 3).31,34-36

Among studies including the impact of AC on mortality in

patients with PVT, the summary OR was 0.28 (95% CI: 0.08-

0.95; Figure 3). There was no significant heterogeneity among

these studies (P ¼ .43, I2 ¼ 0%).

Among the 2 studies evaluating the impact of TIPS on mor-

tality in patients with PVT, the summary OR was 1.10 (95% CI:

0.23-5.16; Figure 3). There was significant heterogeneity

among these studies (P ¼ .06, I2 ¼ 71%).

The overall summary OR for the impact of treatment with

AC or TIPS on mortality in patients with PVT was 0.57 (95%
CI: 0.21-1.57). There was no significant heterogeneity among

studies in this estimate (P ¼ .10, I2 ¼ 48%). A funnel plot of

these studies was not suggestive of publication bias (Supple-

mental Figure 1B).

Discussion

Our study quantitatively evaluates the efficacy of AC and TIPS in

treatment of PVT in patients with cirrhosis. We found that both

treatments improved the rate of recanalization and that AC had a

mortality benefit not seen with TIPS. These findings are significant

as while multiple current societal guidelines support treatment of

PVT, this recommendation is limited to certain populations, cur-

rently those patients eligible for liver transplant.16,17 Additionally,

prior studies have demonstrated that a proportion of PVTs will

spontaneously regress without treatment,37 leading some authors

to support a “watchful waiting” approach to avoid risks associated

with treatment. At this point, individualized risk and benefit

Table 1. Study Characteristics of Studies Evaluating the Use of Anticoagulation for Treatment of Portal Vein Thrombosis.

Author and
Publication Year

Total Number
of Patients
Enrolled

Study
Design Study Population AC

Recanalization
Controls,

n (%)

Recanalization
Intervention,

n (%)

Deaths
Controls,

n (%)

Deaths
Intervention,

n (%)

Chen et al (2016)30 66 OC Adult patient with
cirrhosis with PVT

VKA 4 (25) 15 (68) 6 (20) 0 (0)

Chung et al (2014)31 28 OC Adult patients with
cirrhosis with PVT

VKA 3 (21) 6 (43) 4 (29) 2 (14)

Francoz et al (2005)33 29 OC Adult patients with
cirrhosis having PVT on
liver transplant waitlist

VKA 0 (0) 8 (42) NR NR

Senzolo et al (2012)36 56 OC Adult patients with
cirrhosis with PVT

LMWH 1 (5) 12 (36) 3 (14) 2 (6)

Abbreviations: AC, anticoagulation; LMWH, low-molecular-weight heparin; NR, not reported; OC, observational cohort; PVT, portal vein thrombosis; VKA,
vitamin K antagonists.

Table 2. Study Characteristics of Studies Evaluating the Use of TIPS for Treatment of Portal Vein Thrombosis.

Author and
Publication Year

Total Number
of Patients
Enrolled

Study
Design Study Population Intervention Control

Recanalization
Controls,

n (%)

Recanalization
Intervention,

n (%)

Deaths
Controls,

n (%)

Deaths
Intervention,

n (%)

Lv et al (2017)35 52 RCT Adult patient with
cirrhosis with PVT
and bleeding
esophageal varices

TIPS EVL þ BB 12 (48) 19 (79) 4 (16) 8 (33)

Luo et al
(2015)34

73 RCT Adult patient with
cirrhosis with PVT
and bleeding
esophageal varices

TIPS EVL þ BB 7 (19) 24 (65) 17 (47) 12 (32)

D’Avola et al
(2012)32

23 OC Adult patient with
cirrhosis with PVT
on liver transplant
waitlist

TIPS No TIPS 4 (50) 15 (100) NR NR

Abbreviations: NR, not reported; OC, observational cohort; PVT, portal vein thrombosis; RCT, randomized controlled trial; TIPS, transjugular intrahepatic
portosystemic shunting.
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assessment should be performed for each patient, given

treatment is certainly not risk-free. Given the increased odds

of recanalization and, mortality benefit associated with

treatment, however, our study suggests treatment should

be considered in a broader population of patients with

cirrhosis and PVT. Potentially all patients with cirrhosis and

PVT without a clear contraindication should be considered

for treatment after variceal prophylaxis. Mounting evidence

supporting the safety of AC in patients with cirrhosis argues

for this approach as well.14,15,19,38

Figure 2. Forest plot of included studies demonstrating effect of anticoagulation or transjugular intrahepatic portosystemic shunting (TIPS)
on recanalization of portal vein. CI indicates confidence interval; M-H, Mantel-Haenszel.

Figure 3. Forest plot of included studies demonstrating effect of anticoagulation or transjugular intrahepatic portosystemic shunting (TIPS)
on mortality in patients with portal vein thrombosis. CI indicates confidence interval; M-H, Mantel-Haenszel.
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The survival benefit of AC in patients with PVT is intri-

guing, particularly given that it was not seen with TIPS. This

finding suggests that the treatment of PVT with AC has bene-

fits that extend beyond recanalization of the portal venous

system and provides further evidence that PVT may contribute

to hepatic decompensation. The relationship between hyper-

coagulability and fibrosis has been explored in animal models

and clinical studies. A hypercoagulable state in cirrhosis is

thought to potentially worsen fibrosis by direct activation of

hepatic stellate cell protease-activated receptors (PAR)-1 and

PAR-2 via thrombin and factor Xa.39 This mechanism is sup-

ported by animal studies in which murine models of liver injury

using mice lacking PAR-1 receptors showed reduced fibrosis

development compared to controls.40 In complementary obser-

vational studies, patients with hepatitis C cirrhosis having ele-

vated prothrombin levels or factor V Leiden disease have been

found to have higher fibrosis levels than controls.41,42 Further-

more, prior studies in animal models43-47 and humans13,48 sug-

gest AC may have an antifibrinogenic effect and potentially

modify the course of chronic liver disease.5,39 In particular,

administration of LMWH reduced fibrosis in multiple rat mod-

els of liver injury,43,44 while use of both VKA45 and factor Xa

inhibitor46 reduced fibrogenesis in murine models. In clinical

trials, administration of LMWH to patients with cirrhosis not

only reduced rates of PVT formation but also reduced hepatic

decompensation and demonstrated a mortality benefit in the

only prospective trial concluded to date,13 and administration

of warfarin to patients with hepatitis C cirrhosis posttransplant

reduced rates of fibrosis 1 year after transplant.48 Taken

together, these findings suggest that AC may have a beneficial

impact on fibrosis and survival in many patients with cirrhosis.

Given the increasing evidence of safety of use of AC in patients

with cirrhosis, these data argue that AC should not be withheld

from patients with cirrhosis having a compelling indication

such as PVT.

For patients with cirrhosis having PVT who are not felt to be

candidates for AC, TIPS provides an additional route to reca-

nalization and is a good second-line option. Although the mor-

tality benefit of AC was not seen in patients who underwent

TIPS, it should be noted that the TIPS mortality data were

somewhat limited, as there was significant heterogeneity

among TIPS studies, and mortality data were not provided in

all included studies. TIPS did significantly increase rates of

recanalization. The mechanism for this is increase in portal

vein flow and reduction in portal stasis, a known risk factor

for PVT formation.2 In addition to increased rates of recana-

lization, TIPS reduces portal hypertension so has the addi-

tional benefits of reducing both ascites49 and variceal

bleeding50,51 and may be a particularly good option for

patients with cirrhosis having PVT with high-risk varices or

diuretic refractory ascites. Finally, for patients on the liver

transplant list, TIPS, even in chronic, cavernomatous PVT,

can restore portal vasculature and enable physiologic anasto-

mosis at the time of transplant.52 Avoidance of nonphysiolo-

gic anastomoses (eg, jump grafts) at transplant is key, as this

improves posttransplant outcomes.53

Our study has some limitations. First, we relied on data

from many observational studies, particularly those evaluat-

ing AC, as there are limited randomized trials published to

date. Additionally, none of the AC studies used direct-acting

oral anticoagulants (DOACs) for AC, so application of these

results to patients with cirrhosis on DOACs remains limited.

Many studies, particularly recent studies, evaluating the use

of TIPS for PVT in patients with cirrhosis, were excluded due

to lack of a control group. The overall number of patients

evaluated was relatively small with 327 patients total

included. The mortality data among studies evaluating TIPS

were limited to only 2 studies and had significant heteroge-

neity. Finally, there were insufficient data available to assess

known complications of treatment with AC or TIPS, bleeding,

and hepatic encephalopathy, so we were unable to quantita-

tively compare these outcomes.

In summary, our findings support the use of AC to treat PVT

and suggest the use of TIPS for PVT treatment warrants more

investigation. Our finding that AC has a survival benefit is in

line with a growing body of literature, which suggests that AC

improves outcomes in patients with cirrhosis, potentially

through reduction in activation of PAR on hepatic cells that

leads to fibrosis and suggests that AC should not be restricted to

only certain subsets of patients with cirrhosis having PVT. In

patients with PVT and other indications for TIPS (eg, uncon-

trolled ascites or variceal bleeding), TIPS will increase the

chance of recanalization and is a good therapeutic option. More

data are needed before using TIPS as first-line therapy for PVT

in patients who do not have uncontrolled portal hypertension,

particularly if patients are candidates for AC, given the mor-

tality benefit demonstrated with AC not seen with TIPS. Fur-

ther randomized studies are needed to better delineate the

safety and role of TIPS in treatment of PVT. Currently, DOACs

cannot be routinely recommended for PVT, as they have not

been specifically addressed by clinical studies; however, these

should be evaluated in future trials, given the ease of dosing

and relative safety of these agents compared to VKA, the most

common agent evaluated in studies published to date. Finally,

future studies should include large, randomized, controlled

trials that include safety and survival end points in addition

to recanalization.
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