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Abstract

Nontumoral portal vein thrombosis (PVT) is an increasingly
recognized complication in patients with cirrhosis. Substantial
evidence shows that portal flow stasis, complex thrombophilic
disorders, and exogenous factors leading to endothelial dys-
function have emerged as key factors in the pathogenesis of
PVT. The contribution of PVT to hepatic decompensation and
mortality in cirrhosis is debatable; however, the presence of an
advanced PVT increases operative complexity and decreases
survival after transplantation. The therapeutic decision for PVT
is often determined by the duration and extent of thrombosis,
the presence of symptoms, and liver transplant eligibility.
Evidence from several cohorts has demonstrated that anti-
coagulation treatment with vitamin K antagonist or low mo-
lecular weight heparin can achieve recanalization of the portal
vein, which is associated with a reduction in portal hyper-
tension-related events and improved survival in cirrhotic
patients with PVT. Consequently, interest in direct oral anti-
coagulants for PVT is increasing, but clinical data in cirrhosis
are limited. Although the most feared consequence of anti-
coagulation is bleeding, most studies indicate that anticoagu-
lation therapy for PVT in cirrhosis appears relatively safe.
Interestingly, the data showed that transjugular intrahepatic
portosystemic shunt represents an effective adjunctive ther-
apy for PVT in cirrhotic patients with symptomatic portal
hypertension if anticoagulation is ineffective. Insufficient evi-
dence regarding the optimal timing, modality, and duration of
therapy makes nontumoral PVT a challenging consequence of
cirrhosis. In this review, we summarize the current literature
and provide a potential algorithm for the management of PVT
in patients with cirrhosis.
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Introduction

Portal vein thrombosis (PVT) is characterized by thrombus
formation within the trunk of the portal vein or its main
branches, which may extend to the splenic or superior
mesenteric veins (SMVs).1–3 It is further classified according
to site, degree, extent, and functional relevance of the throm-
bosis, as well as the presence of underlying liver disease
(Supplementary Table 1).4–12 Recently, an “anatomico-func-
tional classification system” that incorporates anatomic
descriptors, timing of the thrombosis, and the relationship
to clinical sequelae, was proposed (Supplementary Fig. 1).12

PVT represents a well-known complication during the natural
history of patients with liver cirrhosis. Evidence is accumulat-
ing that the rebalanced hemostasis system in cirrhosis is
prone to hypercoagulability.13 In patients with cirrhosis, the
development of PVT is a milestone in the progression of
advanced liver disease and increases the risk of death.14

The complex hemostatic state in chronic liver disease
makes it challenging to manage PVT in cirrhotic patients.
The international guidelines provide brief recommendations
on many aspects of treating PVT.2,3,11,15 This review aims to
address the essential knowledge for the management of PVT
in patients with cirrhosis.

Epidemiology

The prevalence of nontumoral PVT increases with severity of
the liver disease, being approximately 1% in patients with
compensated cirrhosis and 8-25% in candidates for liver
transplantation.16–21 Different types of diagnostic approaches
used in various studies may be responsible for heterogeneity
in the reported prevalence, ranging from 0.6–16% using
angiography or surgery to 10–25% using ultrasonography.22

The incidence of nontumoral PVT in liver cirrhosis has been
reported in a limited number of studies. Among patients with
virus-related cirrhosis, the cumulative incidence of de novo
PVT was 12.8%, 20%, and 38.7% at 1, 5, and 8-10 years,
respectively.20 A longitudinal assessment of PVT in 1,243 cir-
rhotic patients with Doppler ultrasonography revealed that
overall 1-, 3- and 5-year cumulative incidence rates of PVT
were 4.6%, 8.2%, and 10.7%, respectively.23 The incidence
of nontumoral PVT in liver transplant candidates was reported
as 2.1-23.3% per year.5,24–30 Part of these differences may
be due to different transplant policies. Nearly half of the non-
tumoral PVT was discovered at the time of liver transplanta-
tion.31 Of these, 58.3% was partial, and 41.7% was complete
PVT.24 Recently, a multicenter prospective study PRO-LIVER
(PVT Relevance On Liver cirrhosis: Italian Venous thrombotic
Events Registry) involving 753 cirrhotic patients assessed
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with Doppler ultrasound reported the incidence rate of PVTas
6.05 per 100 patient-years.32 The incidence of PVTwas higher
in patients with a history of PVT, indicating that PVT per se
carries a risk for recurrence.

Pathophysiology

In general, the predisposing factors of PVT are categorized
into local and systemic factors.33 The portal venous system in
cirrhosis represents a local environmental factor particularly
prone to thrombus formation by reduced blood flow from
portal hypertension and the inflammatory milieu secondary
to hepatic injury and gut translocation of bacteria or their
by-products. A wide variety of systemic factors are described,
including inherited and acquired thrombophilic disorder,
extra-abdominal cancer, hormonal therapy, and autoimmune
disorder.34 The risk of a thrombotic event is substantial with
the presence of any components of Virchow’s triad, including
venous stasis, hypercoagulability, and endothelial dysfunc-
tion. The role of the three components contributing to PVT
development has been extensively investigated in cirrhosis
(Fig. 1).

Portal venous stasis secondary to the liver architectural
derangement and the splanchnic vasodilatation seems to be
the most crucial local factor responsible for the development
of PVT in the setting of cirrhosis.35 Reduced portal flow veloc-
ity was identified as an independent factor associated with the
development of PVT.18 This finding was supported by the evi-
dence that a portal flow velocity of less than 15 cm/s at
Doppler ultrasonography is the most important risk factor
for developing PVT in patients with cirrhosis.36 The flow in
the portal vein becomes further decreased by a “steal

effect” due to a spontaneous portosystemic shunt. The pres-
ence of collateral vessels, with flow volume of more than 400
mL/min and a flow velocity of more than 10 cm/s, was found
to be a significant predictive factor for the occurrence of PVT
in cirrhosis.20

The decreased levels of most coagulation factors, except
factor VIII and von Willebrand factor, are characteristic hall-
marks of hemostasis in cirrhosis.37,38 Also, a parallel reduc-
tion of natural anticoagulant factors, such as protein C and S,
is observed. However, the contribution of hemostatic altera-
tions to PVT development is challenging to evaluate because
these may be due to co-existing liver dysfunction in advanced
cirrhosis, rather than a primary disturbance.15 The conven-
tional coagulation assays reflect only the clot formation time
in a plasma environment. The tests do not include thrombo-
modulin measurement; therefore, they are unsuitable for
investigating acquired deficiency of both pro- and anticoagu-
lants, as occurs in cirrhotic patients.13 Thromboelastography
(TEG), known as the viscoelastic test, can offer a global
assessment of the hemostatic pathways.39 This whole blood
test allows a dynamic assessment of clot formation and dis-
solution that might help assess the relative contribution of the
coagulation components to overall clot formation and disso-
lution in cirrhotic patients.39 It has been solidly demonstrated
to be useful in guiding transfusion for gastrointestinal bleed-
ing and high-risk liver invasive procedures.40,41 Few studies
use TEG as the reference method for the function evaluation
of multiple clotting components in patients with PVT.42–44 A
recent study evaluated thromboelastographic parameters
among cirrhotic patients with variceal bleeding.44 TEG
showed a shortening of initial fibrin formation time in cirrhotic
patients with PVT, indicating activation of plasma clotting

Fig. 1. Pathogenesis of nontumoral portal vein thrombosis (PVT) in liver cirrhosis. Both local and systemic factors have been involved in the development of PVT in
patients with cirrhosis. The portal venous system in cirrhosis represents a local predisposing factor prone to thrombus formation by reduced portal blood flow from portal
hypertension and increased intrahepatic vascular resistance with the inflammatory milieu secondary to gut-derived bacterial lipopolysaccharide. Cirrhotics have been tra-
ditionally considered prone to bleeding due to thrombocytopenia, defects of procoagulant factors, and fibrinolysis. However, there is growing evidence that hyper-
coagulability is an important part of the hematological spectrum in cirrhosis. The unstable coagulation balance can be tiled toward thrombosis if any acute insult ensues.
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factors and inhibiting circulating inhibitors in this population.
However, further studies are needed to define the appropriate
TEG-guided approach to managing PVT in cirrhotic patients.

An early study revealed the high possibility of 69.5% to
detect at least one thrombophilic genotype, including factor V
Leiden, 20210A prothrombin gene mutation, and methylene
tetrahydrofolate reductase (MTHFR) gene mutation associ-
ated with high plasma homocysteine, in cirrhotic patients with
PVT.45 This homeostatic profile was not consistent with a later
study demonstrating that thrombophilic mutation was
present in only 12% of cirrhotic patients with PVT.46 Among
various inherited thrombophilic disorders, the G20210A pro-
thrombin gene variant is the most common underlying hyper-
coagulable disorder in cirrhotic patients and carrying an odds
ratio (OR) of 5.94 for the development of PVT.17 Myeloproli-
ferative disorder secondary to the JAK2 V617F mutation was
found in a significant proportion of cirrhotic patients with
PVT.47 Other thrombophilic conditions, such as low level of
ADAMTS13 (known as von Willebrand factor-cleaving pro-
tease) and resistance to the anticoagulant action of thrombo-
modulin, were observed in cirrhotic patients with PVT.48,49

The results of studies investigating the role of inherited
thrombophilic disorder were summarized in Supplementary
Table 2.17,45–49

The unstable coagulation balance can be tilted toward
bleeding or thrombosis if any acute insult ensues. “Low-
grade” endotoxemia may play a pivotal role in activating the
clotting system in the portal and systemic circulation and
could represent an underlying mechanism for PVT in
advanced liver disease. Lipopolysaccharide derived from gut
microbiota has been shown to increase the systemic levels of
factor VIII via stimulating its release by endothelial cells.50

Endotoxemia may be a determinant for splanchnic vasodila-
tation, which is a key factor for portal venous stasis.51

Together these findings indicate that endotoxemia is a plau-
sible mechanism accounting for the increased risk of throm-
bosis in the portal circulation of cirrhotic patients.

Risk factors of PVT other than thrombophilia

The unbalanced hemostasis and alteration in splanchnic
hemodynamic are more apparent in patients with advanced
liver disease. An experimental study showed that factor II,
antithrombin, and protein C decreased progressively from
Child-Turcotte-Pugh (CTP) class A to C.38 Furthermore, the
decreasing plasma level of protein C and antithrombin was
well correlated with an increase in the model for end-stage
liver disease (MELD) score.18 Additionally, cirrhotic patients
with higher CTP scores are possibly more likely to have
reduced portal vein flow associated with steal syndrome.20

Data from a recent large prospective study showed that the
severity of liver disease at baseline was a significant predis-
posing factor associated with the development of PVT.23

Moreover, CTP class C was a significant predictor of mortality
(hazard ratio [HR] 11.5, 95% confidence interval [CI]: 6.95-
18.9).32

The etiology of liver disease also influences the occurrence
of PVT. According to a study of 885 cirrhotic patients who
underwent liver transplantation, PVT was found in 3.6% of
patients with primary sclerosing cholangitis, 8% with primary
biliary cholangitis, 16% with alcoholic and hepatitis B virus-
related cirrhosis, and mounting to 35% in patients with
hepatocellular carcinoma (HCC).5 Emerging information
from large transplant registries suggests that nonalcoholic

steatohepatitis may be an independent risk factor for the
development of nontumoral PVT in patients with decompen-
sated cirrhosis.29,30 A recent cohort in the United States also
showed that nonalcoholic steatohepatitis-related liver cirrho-
sis was significantly associated with the development of PVT
(HR of 5.34, 95% CI: 1.53-18.7).36

Intraabdominal surgery (hepatectomy, shunt surgery) and
local regional therapy for HCC have been reported as deter-
minants of PVT, due to venous injury and disturbance of blood
flow after intervention.33

Clinical manifestations of PVT in patients with cirrhosis

The clinical presentation of PVT is variable. PVT in patients
with cirrhosis is frequently asymptomatic due to splanchnic
decompression through an existing spontaneous portosyste-
mic shunt. In the completely acute occlusion of the portal
vein, PVT may develop acute abdominal pain, which raises a
concern of the extension to the SMV and mesenteric arches,
causing intestinal ischemia and, ultimately, bowel infarction.
In a previously stable cirrhotic patient, new onset of symp-
toms related to worsening portal hypertension, such as the
development of variceal bleeding and refractory ascites, may
suggest the development of PVT and should be thoroughly
evaluated.

After a few weeks, the obstructed part of the portal vein is
bypassed through the formation of venous collaterals that
bring blood — in a hepatopetal manner — around the area of
obstruction, known as portal cavernoma. The network of
collateral portal veins characterizes chronic PVT. In most
cirrhotic patients, chronic PVT is asymptomatic and discov-
ered incidentally during abdominal imaging for HCC surveil-
lance. Patients with chronic PVT frequently have esophageal
or gastric varices, and the most common clinical presentation
is gastrointestinal bleeding.17 Patients may have symptoms
related to cirrhosis or other conditions, such as HCC, that
predispose the development of PVT. Portal cholangiopathy,
which compresses the large bile ducts by the paracholedochal
collaterals, is also common in cirrhotic patients with long-
standing chronic PVT.52 Some patients with portal cholangi-
opathy develop biliary complications, including pruritus,
obstructive jaundice, and cholangitis.53,54

Natural history of PVT in cirrhosis

Spontaneous resolution of PVT has been described from 45%
to 70% of cases in different cohorts.29,55,56 The spontaneous
recanalization was reported to occur after a median follow-up
of 5 months.1 To date, data regarding predictors of sponta-
neous recanalization is limited. In cohort studies evaluating
the natural course of PVT, spontaneous recanalization was not
associated with thrombus age, degree of PVT, location of
thrombosis, and portal cavernoma.55,57 Only a cohort study
by Maruyama et al.20 demonstrated that the diameter and
flow volume in the largest collateral vessel at diagnosis of
PVTwas inversely associated with spontaneous improvement
of PVT; however, the data require confirmation.

Recurrence of PVT after spontaneous recanalization has
been reported in some cohorts, ranging from 21.3% during
the mean follow-up of 47 months in the prospective cohort23

to 45% over an average follow-up of 63.3 months in the ret-
rospective study.20 Hence, continuous monitoring of portal
vein patency after spontaneous recanalization should be
maintained at regular intervals.
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Clinical impact of PVT in cirrhosis

The impact of PVT on the natural course of cirrhosis is still
debatable. PVT is generally thought to have a negative effect
on prognosis because of a further increase in portal hyper-
tension and worsening liver function caused by decreased
liver perfusion and parenchymal atrophy. In particular, intra-
hepatic microvascular thrombosis secondary to liver necroin-
flammation may lead to liver ischemia, cell death, loss of
functioning hepatic mass, and enhanced fibrogenesis through
a process termed as “parenchymal extinction”.58 This hypoth-
esis has been supported by evidence that has indicated that
primary prophylaxis of PVT with low dose low molecular
weight heparin (LMWH) was effective in reducing mortality
and risk of hepatic decompensation in patients with advanced
cirrhosis.59 A recent meta-analysis involving 2436 cirrhotic
patients demonstrated a significant association of PVT with
both mortality and ascitic decompensation; it did not,
however, evaluate the pooled effect of PVT on other features
of hepatic decompensation, such as variceal bleeding.14 A
prospective study by D’Amico et al.60 showed a more than
3-fold higher risk of failure to control active variceal bleeding
in cirrhotic patients with PVT, irrespective of treatment modal-
ity. Subsequently, a retrospective analysis by Dell’Era et al.61

highlighted that PVT was associated with a longer time to
eradicate esophageal varies. Contrarily, a large prospective
multicenter study following the incidence of PVT in cirrhosis
overtime did not find a prognostic role of PVT, but mainly
partial PVT on mortality and hepatic decompensation.23 Fur-
thermore, Luca et al.55 found that spontaneous improvement
of PVT did not provide any benefit in terms of the develop-
ment of cirrhotic complications and survival. Based on these
findings, it has been speculated that the progression or
regression of partial PVT has no impact on the natural
history of cirrhotic patients. However, evidence from a sys-
tematic review of the literature concluded that the presence
of PVT might be associated with the long-term mortality in
nontransplant patients with liver cirrhosis but not with the
short-term mortality.62 Considering heterogeneity in data
reporting and lengths of follow-up among studies, the repro-
ducibility of these findings remains to be confirmed.

Historically, PVT poses relevant challenges during liver
transplantation due to an increase in operative technical
complexity, transfusion requirements and re-interventions,
and lowers it the survival rate.63 According to the results of
many transplant centers, the survival rates in the transplant
setting mainly depend on PVT type and surgical techni-
que.64,65 In particular, the presence of PVT, especially com-
plete occlusion, negatively affected the 1-year survival of liver
transplant recipients with no impact on 5-year survival.64 Fur-
thermore, several alternative surgical techniques, other than
conventional portal vein end-to-end anastomosis, were found
to be associated with low survival rates.65,66 In an analysis of
the registry of transplant recipients in the USA during 2001-
2007, PVTwas found to be associated with significantly higher
posttransplant mortality but to not affect waiting list mortal-
ity.24,28,67 This finding was further extended by a recent anal-
ysis of the USA’s transplant registry, which demonstrated that
preexisting PVT significantly increased liver allograft failure
and risk of death after liver transplant at 90 days, 1 year, 3
years, and 5 years.27

Diagnosis

The diagnosis of PVT includes abdominal imaging to demon-
strate portal vein occlusion. As such, patients should undergo
an evaluation to identify conditions that may predispose to PVT
formation. In acute PVT, there will be evidence of portal vein
occlusion without radiographic signs suggestive of chronic PVT,
such as cavernous portal transformation. A Doppler ultrasound
is a reasonable initial approach. The characteristic ultrasound
findings are the presence of solid echo within the portal vein or
branches combined with the absence of portal flow (Fig. 2A-B).
The ultrasound has a reported overall sensitivity of 89-93%
and specificity of 92-99% for the detection of PVT.68,69

However, it is not sensitive for determining the extent of
thrombus, especially in the SMV.70

If the ultrasound suggests PVT, an abdominal computed
tomography (CT) scan can then be obtained. The classic
feature of acute PVT is the presence of hyperattenuating
material in the portal vein in a CT scan without contrast.
Imaging after intravenous contrast injection may reveal a
lack of luminal enhancement, increased hepatic enhancement
in the arterial phase, and decreased hepatic enhancement in
the portal phase.71 However, it is observed when the imaging
study is done within 30 days after the onset of symptoms.72

Chronic thrombosis is characterized by the presence of portal
cavernoma, reportedly seen as soon as 6 days after portal
vein occlusion (Fig. 2C-D).70 However, chronic PVT may be
difficult to define accurately because enlarged collateral
vessels may preexist as a consequence of cirrhosis.73

Contrast-enhanced CT and magnetic resonance imaging
(MRI) are excellent modalities to evaluate the extension of
thrombus and may detect predisposing conditions or intesti-
nal ischemia. CT angiography has a reported 90% sensitivity
and 99% specificity for the diagnosis of PVT, according to
operative findings being used as a reference.69 MRI has 100%
sensitivity and 98% specificity for detecting PVT.74,75 Overall,
various imaging modalities have higher sensitivity in detect-
ing complete PVT when compared to partial PVT (65% and
39%, respectively) with comparable specificity (99% and
97%, respectively).76

A new probability assessment tool for the development or
presence of PVT in patients with cirrhosis was recently
proposed.12 Three major criteria include CTP class B or C cir-
rhosis, prior history of resolved PVT, and presence of throm-
bophilic disorder. In contrast, seven minor criteria are the
evidence of portosystemic shunt, active hepatocellular malig-
nancy, history of systemic venous thrombosis or abortion,
recent abdominal intervention, reduced portal flow velocity
<15 cm/s, and clinical presentation with acute abdomen or
worsening of portal hypertension in cirrhotic patients. The
presence of two major, or one major and two minor or four
minor criteria indicates a high probability. However, further
validation from a prospective study is needed.

Accurate differentiation between nontumoral and malig-
nant PVT in cirrhotic patients is of paramount importance.
Visualized thrombus in the portal vein is considered non-
tumoral PVT when all of the following characteristics are
present: lack of enhancement of endoluminal material
during the arterial phase of contrast administration, absence
of mass forming features, and absence of wall disruption of
portal vein or tumor encroaching on the portal vein.77 The
presence of neovascularization or main portal vein diameter
>23 mm showed a sensitivity of 86% and specificity of 100%
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for the diagnosis of malignant PVT.78 If uncertainty persists, a
CT-guided biopsy for histological examination may be required.

Management

The optimal management of PVT in the setting of liver cirrhosis
regarding the appropriate strategies, the magnitude of PVT
(occlusive versus nonocclusive, acute versus chronic), type and
timing of anticoagulation, and the role of a transjugular intra-
hepatic portal shunt (TIPS) are lacking. In 2009, the American
Association for the Study of Liver Diseases (AASLD) published
guidelines for the management of PVT in cirrhosis. They did not
provide specific anticoagulation guidance for PVT but recom-
mended clinical decisions be made on a case-by-case basis
depending on the presence of thrombophilic conditions, symp-
toms, or extension to the SMV.2 The European Association for
the Study of the Liver (EASL) published guidelines on vascular
disorders of the liver in 2016 and recommended evaluating for
the presence of at-risk varices and initiating therapy with band
ligation or nonselective b blocker before initiation of anticoagu-
lation treatment for PVT in cirrhosis.3 According to the EASL
guideline, anticoagulation treatment is advised for at least
6 months in cirrhotic patients with PVTand should be continued
for some months after portal vein repermeation or until trans-
plant in candidates for liver transplantation.3 Like AASLD and

EASL guidelines, the Baveno VI consensus statement does not
make recommendations on the choice of anticoagulation
therapy for PVT due to limited data.11 The indication, contra-
indication, and currently available therapeutic agents are sum-
marized in Supplementary Table 3.1–3,11,25,46,79–93

Anticoagulation

Anticoagulation is the primary management of acute PVT,
with supporting evidence of high efficacy and a favorable
safety profile (Table 1). The objective is to achieve recanali-
zation of the portal vein and prevent the extension of the
thrombus to decrease the notorious consequences of portal
hypertension and mesenteric ischemia and allow conven-
tional end-to-end portal vein anastomosis to be technically
possible in transplant candidates.35 Currently, available
guidelines recommend that anticoagulation should be consid-
ered in liver transplantation candidates with thrombosis of the
main portal vein trunk or progressive PVT.2,3,11 For non-
candidates to liver transplantation, no recommendation
regarding anticoagulation treatment has been made.
However, anticoagulation could be considered in selected
cases with symptomatic acute occlusive PVT, the extension
to the SMV, or known strong prothrombophilic conditions.11

Fig. 2. Imaging findings of nontumoral portal vein thrombosis (PVT) in liver cirrhosis. (A) Ultrasound of the abdomen shows an echogenic material within the
dilated portal vein, indicating PVT. (B) Doppler ultrasound of the abdomen shows decreased color flow within the main portal vein and demonstrates color-filled dilated
collateral vessels around the porta hepatis consistent with cavernous transformation. (C) Computed tomography of the abdomen on portal venous phase shows a filling
defect in the right branch of the portal vein (arrow), indicating thrombus. (D) Contrast-enhanced computed tomography depicts cavernous transformation (arrow) following
portal venous thrombosis.
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Clinical data suggest that anticoagulation and recanalization of
the portal vein are associated with reduced portal hyperten-
sion-related events and improved survival.80 Anticoagulation
therapy in cirrhotic patients with PVT has shown the variability
in the resolution of thrombosis. The degree of PVTat diagnosis
does not predict the likelihood of response to anticoagula-
tion,81,94 but extensive PVT before treatment decreases the
likelihood of recanalization.46,57 The successful management
of PVT in cirrhosis is strongly associated with early diagnosis
and initiation of anticoagulation within the first 6 months.46

The presence of portal cavernoma indicates a long-standing
PVT that is unlikely to recanalize completely with anticoagula-
tion. A relatively low recanalization rate of complete PVT after
anticoagulation therapy suggests its limited usefulness in cir-
rhotic patients with complete PVT. Anticoagulants evaluated in
these studies included vitamin K antagonist (VKA), LMWH, and
direct oral anticoagulant (DOAC).1,25,46,57,79–86,94–97

In the acute setting of PVT, LMWH is the preferred agent,
typically followed by VKA. LMWH has the advantage of a fixed-
dose regimen without laboratory monitoring; however, daily
subcutaneous administration may reduce compliance and
require dose adjustment according to renal function that is
relatively fragile in patients with advanced liver cirrhosis. VKA is
generally considered for long-term anticoagulation therapy, but
maintaining the international normalized ratio in the therapeutic
range throughout treatment and interference with the MELD
score makes its use challenging. The risk and benefits of
treatment with anticoagulants for PVT in cirrhosis have been
debated. Compelling evidence from two meta-analyses showed
that traditional anticoagulants significantly increased the rate of
PVTrecanalization (71% vs. 42%)with the OR of 4.16 (95%CI:
1.88–9.20) and lower the rate of PVT progression (9% vs.
33%) compared with no anticoagulation therapy.98,99 Both
LMWH and warfarin were effective in preventing the progres-
sion of thrombosis. However, LMWH, not warfarin, was signifi-
cantly associated with complete PVT resolution.98 Recurrence
after discontinuation of anticoagulation therapy following clot
resolution was found to be up to 38%.79 The most feared con-
sequence of anticoagulation is bleeding. However, major and
minor bleeding risk related to anticoagulation therapy for PVT
in cirrhosis ranges from 3.3% to 11%, which is not different
from that of no treatment.98,99

DOACs aremore widely used in clinical practice for treatment
and prevention of venous thromboembolic events due to an
acceptable safety profile and availability of antidotes without the
need for drug monitoring. Studies examining the pharmacody-
namics of DOAC in patients with cirrhosis showed that the
anticoagulant effect might be altered in advanced cirrho-
sis.100,101 Data regarding the efficacy and safety of DOACs for
treatment of PVT in cirrhosis are emerging but remain limited,
as shown in Table 1.85,86,96,97 Nagaoki et al.86 randomized 50
cirrhotic patients with variable CTP scores and PVT to receive
either warfarin or edoxaban for 6 months after 2 weeks of
daparinoid sodium therapy. They reported a significantly
higher rate of complete resolution of PVT with the slower pro-
gression of PVT in patients receiving edoxaban and no differ-
ence in adverse effects among both treatment groups.

Furthermore, Hanafy et al.85 reported a randomized con-
trolled trial of rivaroxaban versus warfarin for the manage-
ment of acute PVT in 80 patients with hepatitis C cirrhosis
who had undergone splenectomy due to symptomatic hyper-
splenism. Patients receiving rivaroxaban achieved a higher
frequency of recanalization of the portal vein with better
short-term survival rates than patients receiving warfarin.

Complications such as major bleeding, abnormal liver func-
tions, or death did not occur in the rivaroxaban group, while
the warfarin group experienced ascites, gastrointestinal
bleeding, encephalopathy, and death. Although the results
are promising, rivaroxaban is not the ideal DOAC for patients
with cirrhosis due to higher reported rates of hepatotoxicity
with rivaroxaban than other DOACs.102 Given the small
sample size and heterogeneous population of each study,
the safety and efficacy of DOACs for PVT in patients with cir-
rhosis need to be further ascertained.

Transjugular portosystemic shunt

The advantages of TIPS for the treatment of PVT in patients
with cirrhosis are to recanalize the thrombosed portal vein
using endovascular techniques effectively and simultaneously
resolve symptomatic portal hypertension and prevent throm-
bus recurrence or extension by the creation of a portosystemic
shunt.103 Nowadays, TIPS represents an effective adjunctive
therapy for PVT if anticoagulation is ineffective or inappropri-
ate. Transplenic TIPS placement is feasible in patients with
complete obliterative PVT to recanalize the portal vein in antici-
pation of transplantation.90,93 The technical success rate for
TIPS is relatively high in experienced centers.9,90–93 In a
recent meta-analysis of 13 studies including 399 patients
(92% cirrhosis; PVT: complete 46%, chronic 87%, portal cav-
ernoma 15%), TIPS was technically feasible in 95% of cases,
carried a moderate risk of significant complication (10%), and
was highly effective in achieving sustained recanalization of
PVT (79%), even in cases with the cavernous transforma-
tion.89 This result means that TIPS can be effective in main-
taining long-term portal vein patency, allowing avoidance of
anticoagulation therapy. Regarding the clinical outcome of
this procedure in the management of PVT, the pooled 12-
month survival rate was 89%. This finding supports previous
reports suggesting that TIPS likely confers survival benefit in
patients with advanced liver cirrhosis.104–106 A retrospective
analysis of 57 cirrhotic patients with nontumoral PVT under-
going TIPS and subsequent systemic anticoagulation showed
that the independent factors associated with technical success
were SMV involvement (OR: 42.8; 95% CI: 1.43-1282) and
presence of portal cavernoma (OR: 37.5; 95% CI: 1.96-
720).92 Therefore, careful consideration is needed, especially
in patients with these negative predictive factors. Given the
heterogeneity of published data, adequately powered clinical
trials comparing TIPS to anticoagulation are required to guide
clinical decision-making in this field.

Challenges of liver transplantation in cirrhotic patients
with nontumoral PVT

Currently, the presence of PVT is no longer an absolute
contraindication for liver transplantation. The first successful
liver transplantation in a patient with PVT was reported in
1985.107 Since then, the advancement of surgical techniques
has allowed end-to-end anastomosis to be performed in the
majority of cases.26 Physiological portal inflow is defined
when splanchnic venous blood from splanchnic vessels or
large portosystemic shunt can be redirected to the liver
graft.108 Previous studies showed no significant differences
in survival between patients with complete and partial PVT,
given that physiological portal flow was established.65

However, liver transplantation in patients with extensive
thrombosis remains technically challenging.31 A recent
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meta-analysis showed that 30-day mortality was higher in
recipients with complete PVT than in those with partial throm-
bosis.109 Of note, the survival rate is decreased in those with
nonphysiologic portal anastomosis.35,65 In patients with
grade I-III PVT, according to Yerdel classification,6 the throm-
bus was removed by eversion thrombectomy or thromboen-
dovenectomy (removal of clot and attached intimal layer). If
the portal flow is insufficient, various surgical options can be
considered to increase the inflow, including ligation of the
portosystemic collaterals, portal vein arterialization, interpo-
sition graft between patent splanchnic vessels, and portal
vein or a jump graft from SMV to donor portal vein.31 In
grade IV PVT with the presence of portosystemic shunt,
using systemic veins as the inflow vessels including reno-
portal anastomosis, left gastric vein to portal vein anastomo-
sis and pericholedochal varix to portal vein anastomosis
allows restoration of physiologic portal hemodynamic.108 In
the absence of portosystemic collaterals, surgical alternatives
are reno-portal anastomosis, cavoportal hemitransposition,
and multivisceral transplantation.108 Cautiously, these non-
physiologic anastomoses, except reno-portal anastomosis in
patients with patent surgical splenorenal shunt, do not
reverse portal hypertension.35 Multivisceral transplantation,
including liver and small bowel, was theoretically the best
option to restore physiologic portal flow and reverse portal
hypertension in a patient with extensive PVT. However, the
experience is very limited. The initial report of 25 patients
with grade IV PVT who underwent multivisceral transplanta-
tion showed the relatively favorable 1-, 3- and 5-survival
rates of 80%, 72%, and 72%, respectively.110

PVT is not considered a MELD exception; therefore, patients
with PVT do not receive additional points for organ allocation.35

However, cirrhotic patients with PVT should be transplanted
before reaching a MELD score of 30.111 The living donor liver
transplantation in patients with PVT poses characteristic
obstacles. The restricted availability of a vein graft is the
main technical challenge. In addition, the safety of the donor
is of paramount importance. Contrarily, considering living
donor liver transplantation in patients with grade I-III PVT
may be reasonable in highly experienced centers.112,113

After liver transplantation, the hemodynamic alteration of
splanchnic circulation was restored, resulting in a low rate of re-
thrombosis (less than 5%); therefore, long term anticoagula-
tion is not justified.35,112 However, the consideration of systemic
anticoagulation therapy patients with extensive thrombosis and
nonphysiologic reconstruction who carry a high risk of rethrom-
bosis needs to be done on a case-by-case basis.

Potential algorithm for the management of PVT in
cirrhosis

Based on existing data and international society recommen-
dations, we propose a potential algorithm for the manage-
ment of PVT in liver cirrhosis (Fig. 3). First, patients with
cirrhosis awaiting liver transplantation should be screened
for PVT at least every 6 months with Doppler ultrasound.
Detection of PVT before transplantation would help in surgical
planning and allow potential preoperative therapy to recan-
alize the portal vein. It seems logical that cirrhotic patients with
risk factors for PVT (especially those with portal flow velocity
<15 cm/s or decompensated cirrhosis) should be screened for
the development of PVT every 6 months. Second, patients with
cirrhosis diagnosed with PVT by Doppler ultrasound should be
assessed with contrast-enhanced imaging to confirm and stage

Fig. 3. Potential algorithm for the management of nontumoral portal vein thrombosis (PVT) in liver cirrhosis. *Lupus anticoagulant, anticardiolipin, anti-b2-
glycoprotein 1 antibody, factor V Leiden, 20210A prothrombin gene mutation, methylene tetrahydrofolate reductase gene mutation, JAK2 V617F mutation and work-up for
paroxysmal nocturnal hemoglobinuria. **Limited technical feasibility in low-volume center, superior mesenteric vein (SMV) thrombosis and portal cavernoma.
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the extent of nontumoral thrombosis. Third, evaluation for liver
transplantation should be considered once cirrhotic patients have
experienced an index complication, such as ascites, hepatic
encephalopathy, or variceal hemorrhage or hepatocellular dys-
function resulting in a MELD score $15. Fourth, testing for
acquired and inherited thrombophilic disorders can be consid-
ered in cirrhotic patients with PVT on an individual basis, but
universal screening is not currently recommended. Fifth, the
assessment of bleeding risk and the benefit of anticoagulation
therapy is crucial. Patients should undergo an upper endoscopy
to assess for portal hypertension or other mucosal lesions. Sub-
sequent prophylaxis with endoscopic band ligation or pharmaco-
therapy with nonselective b blockers should be utilized for high-
risk varices. Sixth, anticoagulation therapy should be considered
for liver transplantation candidates, patients with symptomatic
acute PVT, or progression of PVT or extension into the SMV. In
cirrhotic patients with nonocclusive thrombosis of the trunk or a
single branch of portal vein left untreated, imaging surveillance
should be carried out every 3-6 months to evaluate for throm-
bosis progression. Seventh, the selection of the type of antico-
agulation should be individualized. The limitation and benefits of
each medication (LMWH, VKA, or DOACs) should be reviewed
with the patients. Eighth, the optimal duration of anticoagulation
may be at least 6 months to achieve the successful recanaliza-
tion of the portal vein. In cases of underlying hypercoagulability
or liver transplantation candidates, indefinite anticoagulation or
treatment until liver transplantation may be considered. If anti-
coagulation treatment is stopped, close follow-upwith abdominal
imaging every 3-6 months is advised to evaluate for PVT recur-
rence. Lastly, TIPS should be considered for the treatment of PVT
in patients with cirrhosis requiring treatment for clinically signifi-
cant portal hypertension, patients with symptomatic and com-
plete occlusion of the main portal vein, or those with progressive
PVT despite adequate anticoagulation.

Conclusions

Nontumoral PVT is a challenging consequence of cirrhosis.
Existing data have greatly expanded our knowledge of patho-
physiology, natural history, and treatment of PVT in cirrhosis.
Several case series have shown the efficacy and safety of the
anticoagulation treatment and TIPS for the management of
PVT in cirrhosis. However, research remains limited to mainly
retrospective cohort studies so that any firm conclusions for
clinical practice cannot be achieved. The potential risk and
benefit of various treatment modalities should be evaluated in
prospective and randomized trials. Treatment for nontumoral
PVT in liver cirrhosis must be decided on a case-by-case basis.
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