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Portal vein thrombosis is an important cause of portal hypertension. PVT occurs in association with cirrhosis
or as a result of malignant invasion by hepatocellular carcinoma or even in the absence of associated liver
disease. With the current research into its genesis, majority now have an underlying prothrombotic state
detectable. Endothelial activation and stagnant portal blood flow also contribute to formation of the
thrombus. Acute non-cirrhotic PVT, chronic PVT (EHPVO), and portal vein thrombosis in cirrhosis are
the three main variants of portal vein thrombosis with varying etiological factors and variability in presen-
tation and management. Procoagulant state should be actively investigated. Anticoagulation is the mainstay
of therapy for acute non-cirrhotic PVT, with supporting evidence for its use in cirrhotic population as well.
Chronic PVT (EHPVO) on the other hand requires the management of portal hypertension as such and with
role for anticoagulation in the setting of underlying prothrombotic state, however data is awaited in those
with no underlying prothrombotic states. TIPS and liver transplant may be feasible even in the setting of
PVT however proper selection of candidates and type of surgery is warranted. Thrombolysis and thrombec-
tomy have some role. TARE is a new modality for management of HCC with portal vein invasion. ( J CLIN

EXP HEPATOL 2015;5:22–40)
Portal vein thrombosis (PVT) refers to thrombosis
that develops in the trunk of the portal vein
including its right and left intrahepatic branches

and may even extend to the splenic or superior mesenteric
veins or towards the liver involving intrahepatic portal
branches. PVT occurs either in association with cirrhosis
mbotic, acute and chronic, imaging, anticoagula-
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or malignancy of liver or may occur without an associated
liver disease. The terminology of Extra Hepatic Portal
Venous Obstruction (EHPVO) refers to the development
of portal cavernoma in the absence of associated liver dis-
ease. EHPVO should be considered as a separate entity.
Portal vein thrombosis is an important cause of non-
cirrhotic prehepatic portal hypertension all over the world.

Balfour and Stewart described the first case of PVT in
1868 in a patient with ascites, splenomegaly and variceal
dilation.1 Since then portal vein thrombosis has been
well studied and described in patients with or without
cirrhosis. The prevalence of PVT in compensated liver dis-
ease has been reported to be 0.6–16%, 15% (5–26%) in pa-
tients awaiting liver transplantation and upto 36% in
explanted liver on histopathology.2–4 PVT is seen in upto
35% of cirrhotic patients with hepatocellular
carcinoma.5,6 The lifetime risk of PVT in general
population is reported to be 1%.7 This review article is
mainly focused on portal vein thrombosis in non-cirrhotic
population-acute (recent thrombosis), chronic long stand-
ing (extrahepatic portal venous obstruction) and in pa-
tients with cirrhosis.
ETIOLOGY

The pathophysiology of portal vein thrombosis encom-
passes one or more features of Virchow's triad, viz.,
reduced portal blood flow, a hypercoagulable state or
vascular endothelial injury as in Figure 1. Based on the
three pathogenetic mechanisms, the etiological risk factors
for non-cirrhotic and cirrhotic PVT will be discussed sepa-
rately.
al and Experimental Hepatology | March 2015 | Vol. 5 | No. 1 | 22–40
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Figure 1 Virchow’s triad for portal vein thrombosis.
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Acute Non-cirrhotic Portal Vein Thrombosis
Procoagulant State
Various prothrombotic states leading to portal vein throm-
bosis have been identified (Table 1). Significant advances
over the last decade have shown the earlier labeled idio-
pathic cases now being associated with thrombophilic con-
ditions which are identified in approximately 60% of
patients and an additional local predisposing factor in
30–40% of cases. In upto 80% cases the underlying cause
is identified when rigorously searched for.8–13 In some
cases multiple prothrombotic factors may be associated
in the development of PVT.14–16 In one study one or
more risk factors namely prothrombotic state or
abdominal inflammation was present in 87% of
patients.17 Amongst the thrombophilic states, primary
myeloproliferative disorders (MPD) are common in
30.5%. Occult MPD as a cause of PVT is seen in 16.7%
and classical MPD in 13.8%.18 The diagnosis of myelopro-
liferative disorders as a cause of PVT has increased by 20%
with the identification of Janus kinase 2 (JAK 2) V617F
Table 1 Prothrombotic Causes of Portal Vein Thrombosis.

Inherited prothrombotic disorders

☐ Factor V Leiden mutation
☐ Factor II gene mutation
☐ Protein C deficiency
☐ Protein S deficiency
☐ Antithrombin III deficiency
Acquired thrombophilic disorders
☐ Primary myeloproliferative disorders
☐ Paroxysmal nocturnal hemoglobinemia
☐ Antiphospholipid syndrome
☐ Hyperhomocysteinemia
☐ Increased factor VIII levels
☐ Thrombin activatable fibrinolysis inhibitor gene (TAFI)

Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No
gene mutation. The presence of JAK 2 mutation is seen
in around 17–35% patients of PVT. It is now recommended
by the WHO as a major diagnostic criterion for the diag-
nosis of MPD.19–21 PVT is a manifestation of
myeloproliferative disease in 22–48% of patients. In the
West, latent MPD has been reported in 58% of patients
with idiopathic PVT and 51% of these developed overt
MPD on follow up.22 A recent study reported PVT as the
first manifestation of MPD in 70% (31 of 44 patients).23

Meta analysis of myeloproliferative disorders in PVT
showed that the mean prevalence of MPD is 31.5% (95%
CI 25.1–38.8%) and JAK2 mutation is 27.7% (95% ci 20.8–
35.8). JAK2 and MPD both are more frequent in BCS
than PVT. JAK2 mutation in splanchnic venous throm-
bosis without MPD features was able to identify MPD in
15.4% of PVT patients.24 In Asians, the prevalence of
JAK2 mutation is 24–26.6% in non-cirrhotic non-malig-
nant PVT versus 1.4% in cirrhosis with PVT.25,26 An
Indian study reported 14% prevalence of JAK2 mutation
in portal vein thrombosis out of 58 patients of intra-
abdominal venous thrombosis (which included portal
vein thrombosis and Budd-Chiari syndrome).27 Other pro-
thrombotic conditions that cause PVT include paroxysmal
nocturnal hemoglobinuria (PNH), antiphospholipid syn-
drome, hyperhomocysteinemia, inherited prothrombotic
disorders such as protein C (in 0–9.1%), S (0.9–30%) and
antithrombin III deficiencies (0–4.5%) and less frequently
factor V Leiden mutation (1.3–7.6%), factor II mutation
(G20210A in 0–22%) and methylenetetrahydrofolate
reductase (MTHFR) gene mutation.9–11 These inherited
disorders may be a secondary phenomenon rather than
primary, since they are produced from the liver and may
be affected in parenchymal liver disease. They may
ultimately be confirmed by investigating first degree
relatives.9,12,28 Recently mutation in thrombin activatable
. 1 | 22–40 23
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fibrinolysis inhibitor (TAFI) gene and high levels of factor
VIII have been shown to be associated with a risk of
PVT.29,30 A recent data on thrombophilia by D Amico
et al showed that myeloproliferative disorders were the
most common cause in PVT patients and thrombophilia
work up in the PVT patients revealed PAI-1 4G-4G (plas-
minogen activator inhibitor type 1- 4G/4G genotype) as
the most common cause (55.5%) followed by MTHFR mu-
tation (28.6%), factor V Leiden mutation (7.4%) and pro-
thrombin gene mutation (7.4%). Atleast one
thrombophilic state was present in 81.5% and more than
one hypercoagulable state was present in 18.5%.31 The
meta analysis on thrombophilia in portal venous system
thrombosis showed the prevalence of antithrombin III
deficiency in 3.9%, protein C deficiency in 5.6% and protein
S deficiency in 2.6% with Odds ratio of 8.89, 17.63 and 8.00
respectively.32 Indian data on hypercoagulable states in
portal vein thrombosis reveal that the inherited thrombo-
philia is infrequent in the Indian population. Protein C
deficiency is seen in 8–9%, protein S deficiency in 3–4%, fac-
tor V Leiden mutation in 3–6% and antiphospholipid anti-
body in 18–23%.11,33–35 Antithrombin III deficiency and
prothrombin gene mutation are however uncommon.
However another study from India of 26 PVT patients
showed the presence of protein C deficiency in 12,
protein S deficiency in 9, antithrombin III deficiency in 8
patients, ACLA in 3 and LA in 4 patients. No
prothrombin gene mutation and PNH states were seen in
this study.36 High factor VIII levels have also been shown
to be associated with portal vein thrombosis in Indian pa-
tients.37 Heterozygous MTHFR has been reported in 21%
of PVT patients and hyperhomocysteinemia in 7.6% while
homozygous MTHFR has not been seen.11 A strong link of
Bacteroides fragillus infection with PVT has also been
demonstrated possibly due to transient development of
anti-cardiolipin antibodies.38 Other conditions that are
associated with PVT are use of oral contraceptives, cyto-
megalovirus infection,39 pregnancy, chronic inflammatory
diseases and malignancies in the background of the above
prothrombotic causes.8

Vascular Endothelial Injury
Local risk factors may also lead to thrombosis via endothe-
lial activation of prothrombotic factors as a result of
various intra-abdominal inflammatory diseases. The
intra-abdominal inflammatory conditions leading to
sepsis that cause PVT include pancreatitis, cholecystitis,
cholangitis, appendicitis, liver abscess and local injury to
portal venous axis following splenectomy including lapa-
roscopic splenectomy, laparoscopic colectomy, abdominal
trauma, portocaval shunts & other intra-abdominal surgi-
cal procedures in association with the above acquired or
inherited prothrombotic conditions.40–44 A recent study
of 102 patients with non-cirrhotic non-malignant acute
PVT showed the presence of local factors as a cause for
24
thrombosis in upto 21% and acute pancreatitis as the
most common cause followed by cholecystitis or
cholangitis and liver abscess.45 PVT may also occur after
ablative therapy for HCC and fine needle aspiration of
pancreatic mass.46–48 PVT sometimes occurs after liver
transplantation at the anastomotic site due to donor/
recipient portal vein diameter mismatch.49,50 Transient
PVT has been reported in 23% of patients with acute
pancreatitis and 57% in those with pancreatic necrosis.51

PVT may also occur with Budd-Chiari syndrome mainly
due to stagnant portal venous flow and an underlying pro-
thrombotic state.52 Recently thrombosis of the portal and
mesenteric veins has been described presenting as a med-
ical emergency in troops posted at high altitudes in In-
dia.53 In the Asian Pacific region PVT in children has
been attributed to omphalitis, neonatal umbilical sepsis
overt or unrecognized and umbilical vein cannulation.54

However, a study has shown that although umbilical
venous catheter associated thrombosis is common sponta-
neous resolution occurs in most cases.55 Therapeutic
contralateral portal vein embolization before major hepat-
ic resection is practiced at a few centers, where the future
remnant liver volume is likely to be less than 30% of total
liver. With successful therapeutic PVT of the contralateral
site, there is hypertrophy of functional residual liver by
47% after 4–8 weeks, which helps in prevention of liver fail-
ure.56

Reduced Portal Blood Flow
Direct vascular invasion by hepatocellular carcinoma and
cholangiocarcinoma leads to malignant portal vein
obstruction. Malignancy as a cause of PVT is seen in 21–
24%. Apart from vascular invasion, compression by tumor
mass or hypercoagulable state are the mechanisms
involved. Portal vein compression by lymph node (TB, lym-
phoma) also contributes to PVT by reducing portal blood
flow.

Chronic Portal Vein Thrombosis (Extra Hepatic
Portal Venous Obstruction)
EHPVO in children

Infection
It is hypothesized that EHPVO in children has initial
component of phlebosclerosis, with thrombosis as a sec-
ondary event,57 due to infection or a primary thrombotic
disorder. Omphalitis, neonatal umbilical sepsis, umbilical
vein cannulation, repeated abdominal infections, sepsis,
abdominal surgery and trauma can also result in EHPVO.54

Congenital Anomaly
Congenital anomalies of left and right vitelline veins from
which the portal vein develops can result in obstruction
and congenital defects of other systems have also been re-
ported.58
© 2015, INASL
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Prothrombotic State
The frequency of prothrombotic disorders has been found
to be variable in children.11,59

Idiopathic
The cause of EHPVO may remain obscure in 50% of pa-
tients.

EHPVO in adults

Prothrombotic Disorders
Prothrombotic states are more common in adults.11 In the
West, latent myeloproliferative disorder has been reported
in 58% patients with EHPVO of unknown etiology, and
57% of these go on to develop an overt myeloproliferative
disorder during follow-up.22 Other studies have not
corroborated these findings. One study found only methyl
tetrahydrofolate reductase mutation to be higher in
EHPVO patients than deep vein thrombosis patients
among the prothrombotic states.12

Infection and Surgery
Intra-abdominal sepsis and abdominal surgery contribute
to EHPVO.

Pregnancy and Oral Contraceptives
Both pregnancy and OCPs in the presence of a prothrom-
botic disorder can result in EHPVO.

Portal Vein Thrombosis in Cirrhosis
Procoagulant State
Cirrhosis is no longer considered a hypocoagulable state.
In fact the procoagulant and anticoagulant factors are in
a state of balance in cirrhosis with no increased bleeding
risk. Instead, increased factor VIII levels, reduced albumin
tilt the balance towards hypercoagulability in cirrhosis.
In patients with cirrhosis, G20210A mutation of pro-
thrombin has a prevalence of 21.4–29% with Odds ratio
of 5.9 for development of PVT. Mutation of prothrombin
gene was found to be the only thrombophilic condition
associated with PVT in 701 cirrhotics.5 Thrombophilic
state is detected in 69.5% patients of cirrhosis with PVT.
The frequencies of factor V Leiden mutation, prothrombin
gene mutation, and homozygous MTHFR C677T in cir-
rhotics with PVT were detected in 13%, 34.8% and 43.5%
respectively.60 Another study on PVT in cirrhotics
concluded that prothrombotic mutations by themselves
are not causative of PVT, but sclerotherapy and previous
abdominal surgery favors development of PVT in 2/3rd
of cases but is elusive in others.61 The frequency of Factor
V Leiden mutation (29%) and prothrombin gene mutation
(29%) are more frequent in cirrhosis with PVT compared to
cirrhosis without PVT, non-cirrhotics with PVT and
healthy controls.62
Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No
Reduced Portal Blood Flow
In cirrhosis, portal hemodynamics play an important role
in the development of portal vein thrombosis. A study by
Zocco et al showed portal flow velocity of less than
15 cm/s on Doppler ultrasound as a predictive factor for
the development of portal vein thrombosis with a risk of
47.8% when compared to 2% risk with a flow of more
than 15 cm/s.63 The parenchymal architectural distortion
in cirrhosis and altered vascular reactivity results in
increased intrahepatic vascular resistance and reduction
in portal blood flow. The development of portosystemic
collateral circulation and splanchnic vasodilatation on
venous side also adds to stagnation of the portal blood
flow leading to PVT. A recent study has also shown that
in patients with PVT, the largest collateral vessel blood
flow was an independent predictor of PVT. The blood
flow velocity in the largest collateral (>10 cm/s) and flow
volume (>400 ml/min) were associated with increased inci-
dence of portal vein thrombosis in virus related cirrhosis.64

Vascular Endothelial Injury
Endoscopic therapy of bleeding varices also leads to direct
endothelial damage or procedure related bacteremia lead-
ing to development of thrombosis. PVT has been described
following endoscopic sclerotherapy in patients with
cirrhosis in association with these thrombophilic condi-
tions.65 Endotoxemia in cirrhosis may increase the risk of
PVT in cirrhosis.
PRESENTATION

Clinically PVT may be acute or chronic. Although no time
frame exists, to distinguish acute from chronic PVT, it is
usually considered acute if symptoms developed <60 days
prior to hospital assessment.66 This may not hold true al-
ways as patients with chronic PVT may first present with
upper GI bleeding. An easy way to differentiate acute
PVT from chronic PVT is the absence or insignificant por-
toportal collaterals on imaging and no evidence of portal
hypertension including splenomegaly and esophageal vari-
ces. The proportion of patients who develop chronic PVT
from acute is known for those who develop symptomatic
PVT recognized early however it is unclear for those who
develop asymptomatic PVT.

Acute Non-cirrhotic Portal Vein Thrombosis
In acute PVT there is a sudden formation of thrombosis
within the portal vein that leads to a complete or partial
obstruction of the portal vein. Acute PVT in non-cirrhotic
non-malignant PVT usually presents with abdominal pain
(91%), fever (53%), ascites (38%) which is small volume as-
cites (detectable only on imaging in 33% and clinical ascites
in 5%).45 Splenomegaly is seen in 37% patients and 40% of
. 1 | 22–40 25
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which have an underlying myeloproliferative disorder. In
the remaining 63% patients without splenomegaly, myelo-
proliferative disorder is detected in only 5% patients.45

Involvement of superior mesenteric vein and the mesen-
teric venous arches may lead to intestinal ischemia, bowel
infarction and ileus. Patients may then present with hem-
atochezia, rebound tenderness, fever and ascites. Bowel
infarction is an important cause of mortality in patients
with thrombosis of portal venous system.40 Partial
obstruction of portal vein may be associated with lesser
symptoms. Acute development of ascites, although rare,
may also be seen which is usually mild and transient due
to intestinal venous congestion. The natural history of
acute PVT is usually uncertain and modified by medical
intervention.

Chronic Portal Vein Thrombosis (Extra Hepatic
Portal Venous Obstruction)
Patients with chronic PVT or classically referred to as
EHPVO present with portal hypertension related compli-
cations like a well tolerated variceal bleed, splenomegaly,
anemia and thrombocytopenia or may be asymptomatic
with incidental detection following an imaging proce-
dure.

The most common presentation in children is recurrent
upper gastrointestinal bleeding.67,68 Bleeding usually
occurs in the first or second decade of life. The bleed is
well tolerated due to underlying normal functioning
liver. Transient ascites is seen in one fifth of children
following the episode of bleed.69 About 10% of children
present with isolated splenomegaly.70 Splenomegaly is
almost universal and may be symptomatic with left upper
abdominal discomfort (due to massive splenomegaly) or as
pain (due to splenic infarcts) or sometimes as symptomatic
hypersplenism. Hypersplenism is seen in upto one third of
patients and is usually asymptomatic. Splenomegaly may
transiently reduce during episodes of acute variceal bleed.
Growth retardation may be seen in upto 50% of children
due to possibly impaired synthesis of growth factors, insu-
lin like growth factor (IGF-1) and insulin like growth fac-
tor binding protein-3 (IGFBP-3) and increased levels of
growth hormone leading to growth hormone resistance,
increased frequency of bleed and malabsorption due to
portal hypertensive enteropathy.71,72 Mild cognitive and
psychomotor dysfunction has also been reported in
children. Ectopic varices at sites like duodenum,
anorectum, colon or gallbladder are significantly more
common in chronic PVT than in patients' with
cirrhosis.73,74 Ascites and encephalopathy are not
common and usually transient precipitated by
gastrointestinal bleed. A spurt in growth after shunt
surgery in children has been observed.75 Another study
however did not show any growth impairment in children
with PVT.76
26
Chronic PVT in adults presents with recurrent upper
gastrointestinal bleed like children. Bleed may occur
from esophago-gastric varices or ectopic varices in duo-
denum or elsewhere. Transient ascites may occur following
bleed. Overt hepatic encephalopathy is rare but minimal
hepatic encephalopathy may be seen in 50% of patients
due to portosystemic shunting. Hypersplenism may rarely
be symptomatic and patients can also develop portal bilio-
pathy.77 Other rare clinical manifestations include
obstructive jaundice, cholangitis and even choledocholi-
thasis late in the natural course of the disease due to pseu-
dosclerosing cholangitis or portal hypertensive
biliopathy.78–83

Portal Vein Thrombosis in Cirrhosis
In a study of 701 cirrhotics, development of portal vein
thrombosis occurred in 79 (11.2%) patients. Majority of pa-
tients were in child B and C. PVT was asymptomatic in 43%
and symptomatic in 57%. Symptoms included gastrointes-
tinal bleed in 31 (39.2%) patients (18 were variceal bleed
and 13 were portal hypertensive gastropathy related) and
abdominal pain in 14 (17.7%). Ten patients (70%) with
abdominal pain had intestinal infarction.5 Mesenteric
venous involvement was never asymptomatic and lead to
intestinal ischemia or infarction. Another study which
included cirrhosis and cancer both (n = 19), abdominalia
(abdominal pain, loss of appetite, nausea, vomiting, diar-
rhea) was seen in 63%, bleeding (hematemesis, melena or
rectal) in 58%, splenomegaly in 63%, fever in 37%, ascites
in 32%, and weight loss in 16% patients.17
DIAGNOSIS

Liver Function
The liver functions are normal or near normal except if
PVT occurs in a patient with cirrhosis. Prothrombin levels
and other coagulation factors may be decreased while D-
dimer is usually increased.18,84 Patients with portal
hypertensive biliopathy may show a rise in alkaline
phosphatase. Liver grossly is normal in PVT, but may
show atrophy and regenerative nodular hyperplasia,
related to apoptosis and compensatory arterial
vasodilation in chronic PVT.85–87 Liver function
derangement may be seen in EHPVO in the form of
ascites, prothrombin time prolongation and low serum
albumin in patients with prolonged portal hypertension.69

Ultrasound
Ultrasound is the investigation of choice. It shows solid
isoechoic or hypoechoic material within portal vein either
filling the lumen partially or complete.88 It is the least
expensive method but sensitivity and specificity is affected
by interpatient variability and expertise of the given radiol-
ogist.89 Overall the sensitivity and specificity of ultrasound
© 2015, INASL
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for detecting portal vein thrombosis ranges from 80 to
100% with an accuracy of 88–98%. Demonstration of a por-
tal cavernoma (multiple tortuous small vessels replacing
the portal vein) is suggestive of chronic PVT, and is usually
associated with splenomegaly and collaterals in relation to
portal venous system. Color Doppler ultrasonography
(CDUS) and Pulsed Wave ultrasonography (PWUS)
demonstrated the absence or reduced flow in portal vein.
The diagnostic sensitivity and specificity for Color Doppler
Ultrasound (CDUS) in detecting portal vein thrombosis
varies from 66% to 100%.90,91 Contrast enhanced
ultrasound (CDUS) is another modality that has been
found to be superior to ultrasound in demonstrating the
presence or absence of flow and is more reliable in
patients with extremely low portal vein velocity.
Endoscopic ultrasound has also been reported to be a
sensitive (81%) and specific (93%) test to diagnose portal
vein thrombosis.92–94 Gallbladder varices on ultrasound
have been seen in 12–30% of adults with chronic PVT.95

Computed Tomography and Magnetic
Resonance Imaging
CT andMRI provide additional information such as exten-
sion of thrombus, evidence of bowel infarction and status
of adjacent organs. On non-contrast enhanced CT, portal
vein thrombus is generally seen to be isodense to adjacent
soft tissue, but may be hyperdense if it occurred within a
month.96 Following intravenous administration of iodin-
ated contrast on CT, a bland thrombus is seen as a low den-
sity, non-enhancing defect within portal veins, while a
tumor thrombus enhances following contrast administra-
tion. Moreover dynamic CT shows a filling defect partially
or totally occluding the vessel lumen with rim enhance-
ment of the vessel wall.97 Certain other features of malig-
nant portal vein obstruction include expansive effect
(portal vein enlargement due to the mass forming
thrombus), disruption of the vessel wall and intra
thrombus arterial neovascularization. The sensitivity and
specificity of MRI for detecting main PVT are 100% and
98% respectively in patients undergoing liver transplanta-
tion, the discordance being due to a decreased caliber of
main portal vein that may be interpreted as recanalised
chronic thrombus.98 MR portography has been shown to
be superior to color Doppler US in detecting partial throm-
bosis, and occlusion of the main portal venous vessels. It
also identifies portosplenic collaterals and portal venous
vessels more adequately that cannot be visualized on color
Doppler. MR portographic demonstration of portal vein
occlusion may be reported as normal on CDUS and vice
versa due to slow flow velocity in portal vein.99 True fast
imaging with steady state precession (true FISP) with
MRI has been shown to be a useful adjunct to contrast
enhanced MR angiography in severely debilitated patients,
where respiratory motion may degrade the images or when
Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No
the use of contrast medium is not possible due to poor
venous access.100 MR portography is valuable in deter-
mining the resectability of neoplasm involving the portal
venous system101 and follow-up after therapeutic proce-
dures102 including surgical splenorenal and mesocaval
shunts. MR angiography has precluded the use of effective,
but more invasive techniques like carbon dioxide portogra-
phy or intraarterial digital subtraction angiography.103,104

PET CT has been shown to be helpful in discriminating
between benign and malignant portal vein obstruction.105

Splenoportovenography
This investigation involves injecting dye in the splenic pulp
and visualizing the splenoportal venous axis which helps
not only in diagnosing PVT but also identifying the
patency of splenoportal axis for future shunt surgery. Of
the cases done by us in the preUS/CT/MRI era, it proved
to be a safe procedure which also helped detecting the por-
tal pressure and assessing the effect of drugs, since HVPG is
fallacious in PVT.106 With the advent of newer non-inva-
sive techniques splenoportovenography is now an obsolete
procedure.

Endoscopy
It is important to have endoscopy in patients with PVT as
portal hypertensive gastropathy is more often present in
the acute PVT with cancer or cirrhosis, while large esopha-
geal varices are present more often in patients with chronic
PVT.17 In chronic PVT gastric varices are seen in upto 40%
of patients.107 Ectopic varices are more often seen in
chronic PVT compared with other causes of portal hyper-
tension. Rectal varices are seen in 80% of patients. Large
varices are an independent risk factor for bleeding in pa-
tients with PVT however despite large varices, with red
signs, the frequency of bleeding in patients with PVT is
0.25% over 2 years which appears to be far less than in cir-
rhotics with similar variceal characteristics (20–30%
bleeding risk over 2 years).108

Procoagulant Work up
Once the diagnosis of PVT is made, extensive investigation
of prothrombotic disorders and local factors is recommen-
ded8,15,109 especially for patients with a life expectancy of
more than 3–6 months and where anticoagulation is
considered relevant. A list of procoagulant work up is
given in Table 2. Differential diagnosis for various forms
of PVT is given in Table 3.
PROGNOSIS

Acute Non-cirrhotic Portal Vein Thrombosis
Mortality in the past was 20%–50% with acute portal vein
thrombosis and other splanchnic vessels, but with an early
. 1 | 22–40 27



Table 3 Differential Diagnosis for Variants of PVT.

Variant of PVT Differentials Differentiating features

Acute PVT Acute abdominal
conditions like
pancreatitis,
cholecystitis,
appendicitis,
cholangitis, liver
abscess, abd. surgery
or trauma

US/CT/MRI will detect
fresh thrombus or any local
intra-abdominal
inflammatory focus or both
together

Chronic PVT
(EHPVO)

NCPF (Non-cirrhotic
portal fibrosis)

Age of presentation varies,
Imaging shows preserved
portal vein in NCPF and
cavernoma formation in
EHPV

Cirrhosis Ascites, jaundice, hepatic
encephalopathy are
common in cirrhosis and
uncommon in EHPVO. Liver
functions are preserved in
EHPVO. Splenomegaly is
mild in cirrhosis unlike
EHPVO. Imaging shows
irregular liver outline and
dilated portal vein in
cirrhosis.

PVT in cirrhosis PVT (bland thrombosis) CT shows non-enhancing
filling defect in the
background of cirrhotic
liver

PV invasion by HCC
(in cirrhosis)

CT shows filling defect with
rim enhancement of vessel
wall (due to malignant
invasion), disruption of
vessel wall, expansile
effect due to tumor mass
and tumor itself also (with
or without underlying
cirrhotic liver)

Table 2 Procoagulant Work Up.

Thrombophiliac state Test

Myeloproliferative disorder V617F JAK2 mutation

Prothrombin/Factor II gene
mutation

G20210A mutation

Factor V Leiden mutation Increased protein C resistance,
R605Q factor V mutation

Protein C deficiency Decreased protein C levels plus
normal PT/positive family history

Protein S deficiency Decreased protein S levels plus
normal PT/positive family history

Antithrombin deficiency Decreased antithrombin levels
plus normal PT/positive family
history

Antiphospholipid syndrome High anti-cardiolipin antibodies/
lupus anticoagulant/antibeta 2
glycoprotein 1 antibodies plus
clinical criteria

PNH (paroxysmal nocturnal
hemoglobinuria)

Flow cytometry for CD 55 ad
CD59 deficient clones

Hyperhomocysteinemia Increased homocysteine levels
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diagnosis, increased clinical awareness, improved diag-
nostic techniques and use of early anticoagulation the
5 yr survival rate has improved to 85%.110,111 Outcome of
PVT is generally good and mortality primarily is due to
underlying cause and less to consequences of portal
hypertension. Acute PVT usually has a good prognosis
when treated before the occurrence of intestinal
infarction. However in the event of bowel infarction and
multi organ failure, the in hospital mortality is
approximately 20–50%.112 Mortality is highest at one year
in patients with cancer or cirrhosis compared with those
without (26% vs 8%).40 Bleeding related mortality in pa-
tients with PVT is much lower than in patients with
cirrhosis due to preserved liver function.

Chronic Portal Vein Thrombosis
The overall mortality in chronic onset PVT is less than
10%8,113 whereas in cirrhosis and malignancy, it is 26%.17

A multivariate analysis done on determinants of survival
in extra hepatic portal vein thrombosis showed that
advanced age, malignancy, cirrhosis, mesenteric vein
thrombosis, absence of abdominal inflammation, serum
levels of aminotransferase and albumin are associated
with reduced survival and not to complications of portal
hypertension.15 Chronic PVT did not show any extension
of the thrombus as shown by repeat imaging after as
long as 10 years.114 Bleeding after initial variceal eradica-
tion occurs usually within first 4–10 years and the risk of
bleeding reduces as age progresses especially after 10
years.115 Liver dysfunction in long term is a concern and
other long term consequences in nutrition, mental func-
tion and portal biliopathy.
28
Portal Vein Thrombosis in Cirrhosis
A recent study on natural course of non-malignant partial
PVT in cirrhosis showed that untreated partial PVT pro-
gressed in 48%, improved in 45% and was stable in 7%.
The probability of hepatic decompensation at 1 and 2 years
was 41% and 57% respectively. The survival rates at 1 and 2
years were 77% and 57% respectively. The progression or
regression of partial PVT did not affect the clinical
outcome.116
TREATMENT

Anticoagulation
The aim of the treatment is to reverse or prevent advance-
ment of thrombosis in the portal venous system and to
treat complications of established PVT. Most of the man-
agement decisions have to be individualized depending
on the local expertise, since there is lack of randomized
controlled trials. A systematic review reported that upto
© 2015, INASL
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83.3% of cases of acute PVT do not recanalise in the absence
of anticoagulation and the remaining 16.7% cases that re-
canalized occurred in the setting of self limiting illness
like acute pancreatitis.117 There is a clear recommendation
for the use of anticoagulation in non-cirrhotic acute PVT
with good safety and efficacy data. The data in the setting
of cirrhosis is limited and the current guidelines do not
give clear directions towards the management of PVT in
cirrhosis. However certain situations require a strong
recommendation for early use of anticoagulation like, in
the setting of intestinal ischemia heralding an infarction,
decompensated liver disease awaiting liver transplantation,
compensated liver disease, PVT presenting with acute vari-
ceal bleed and even asymptomatic patients with mesenteric
venous occlusion, whereas unsuitability for liver transplant
in advanced liver disease and cavernoma formation in the
absence of thrombotic risk factors are situations where an-
ticoagulation may not benefit survival and outcomes.

Non-cirrhotic Acute Portal Vein Thrombosis
Anticoagulation in Non-cirrhotic Acute Portal Vein
Thrombosis
A recent systematic review of various studies on manage-
ment of acute non-malignant non-cirrhotic PVT demon-
strated the variability in location and extent of the
thrombus, methods in initiating anticoagulation whether
intravenous, subcutaneous or oral.117 The recanalization
Table 4 Clinical Studies on Anticoagulation in Acute Non-cirrhoti

Reference No. of patients Drug and dosage

Plessier et al45

(2010)
95/102 61 LMWH, 23 UFH,

11 OA
–

Tumes et al13 (2008) 27 IV OR LMWH,
OA

O
l
p

Sogaard et al17

(2007)
17 Not specified (16/

17) anticoagulated
–

Amitrano et al114

(2007)
21 LMWH 200 IU/kg/d,

OA
O
i
b
i
r
t

Romano et al118

(2006)
12 IV heparin, OA –

Condat B et al111

(2000)
33-recent PVT, 108-
portal cavernoma

IV heparin, OA 2

Sheen et al119

(2000)
9 IV heparin, OA 3

Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No

V

rates were complete in 38.3% and partial in 14%, overall
52.3% (complete plus partial). The time for recanalization
varied from 1 to 197 days, which may have been overesti-
mated due to time lag between diagnosis to performance
of a repeat imaging. Nonetheless the long duration for
recanalization to occur as demonstrated in certain studies
could suggest that the anticoagulation duration may actu-
ally be indicated for upto 6 months duration. Although
few authors recommended lifelong anticoagulation in
case of prothrombotic disorder, certain studies gave anti-
coagulation for lifelong irrespective of the etiology. Follow
up of upto 12months in majority and development of por-
tal cavernoma occurred in 19.9% patients. Minor complica-
tion is reported in 3 cases, retroperitoneal bleed in 1 and
gum bleed/epistaxis in 2 patients. Varices were seen in 47
patients and variceal bleed occurred in 5 patients, all five
had failed to recanalize the portal vein.117

A recent multicenter 2 year follow up study evaluated
102 patients of acute PVT unrelated to cirrhosis and anti-
coagulation was given in 95 patients.45 Following anticoa-
gulation 1 year portal vein recanalization rate was 39% and
no recanalization occurred beyond 6 months after initia-
tion of anticoagulation. Splenic vein and superior mesen-
teric vein patency was achieved in 80% and 73%
respectively. Ascites and splenic vein thrombosis are inde-
pendent factors predicting failure of recanalization.45

Table 4 summarizes the clinical studies on anticoagulation
in acute non-cirrhotic non-malignant PVT.
c Non-malignant PVT.

Duration Recanalization Complication

39% Portal cavernoma in
40%
GIbleed-9, intestinal
infarction-2

A 6 months or
ifelong in case of
rothrombotic risk

44% (22% complete
and 22% partial)

1 retroperitoneal
hematoma, variceal
bleed in 4, ascites in
5

10 had improved
flow

47% varices, no
bleed, 47% ascites

A 6months (lifelong
f
owel resection,
ncomplete
ecanalization or
hrombophila)

45.5% complete Minor gum bleed/
epistaxis in 2,
Rethrombosis at 22
months

58.3% –

8 days-4 months 10/27-complete
15/27-partial
2/27-none

1 had 2 variceal
bleeds, 1
hemorrhage into
ovarian cyst

months OA 55.5%, at median
197 days from
diagnosis

–
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The duration of anticoagulation is not well defined.
Recanalization occurs within 4–6 months after anticoagu-
lation, hence these patients should be kept on anticoagula-
tion for at least 6 months. Long term anticoagulation may
be recommended in patients with identified prothrom-
botic disorders, recurrent episodes of thrombosis or family
history of venous thrombosis.120 Anticoagulation should
be initiated with heparin & maintained for 2–3 week. Later
oral Vit K antagonists should be given to maintain an INR
of 2–3. There is more controversy of its role in chronic PVT.
There is insufficient evidence for starting anticoagulation
in patients with portal cavernoma, although recanalization
in partial PVT has been reported in patients with
cirrhosis.121 Anticoagulation has also been shown to
reverse biliary abnormalities due to acute portal vein
thrombosis.122 Early initiation of anticoagulation prefer-
ably within 30 days of symptoms is recommended since
no spontaneous recanalization is reported except in acute
pancreatitis. Recanalization decreases from 69% when anti-
coagulation was instituted within first week to 25% when
instituted at 2nd week.13 Thirty five percent of acute PVT
show recanalization with early anticoagulation.13,45,111 In
another study early anticoagulation could achieve
recanalization in 12 of 27 (40%) patients without
cirrhosis and malignancy compared with none of the 11
patients who were not given anticoagulation. Varices
appeared as early as 1 month after PVT.15 In yet another
study anticoagulation was able to achieve recanalization
of acute splanchnic venous thrombosis in 45.4% of pa-
tients and prevented them from recurrent thrombosis
when given lifelong.114 Recanalization is less likely, if the
thrombosis is extensive due to more than one prothrom-
botic disorder and associated with ascites.114 Early antico-
agulation in mesenteric and portal vein thrombosis
minimizes serious complications like peritonitis due to
bowel necrosis and also significantly decreases the develop-
ment of esophageal varices related complications.13,121

The outcome of portal vein thrombosis in adults has
been studied in relation to anticoagulation. Out of 136 pa-
tients of non-cirrhotic non-malignant portal vein throm-
bosis, 84 received anticoagulation. Over a median follow
up of 46 months, the incidence rate of gastrointestinal
bleeding was 12.5 (95% confidence interval [CI], 10–15)
per 100 patient-years. Large varices were an independent
predictor for bleeding. Anticoagulant therapy did not in-
crease the risk or the severity of bleeding. The incidence
rate of thrombotic events was 5.5 (95% CI, 3.8–7.2) per
100 patient-years. Underlying prothrombotic state and
absence of anticoagulant therapy were independent predic-
tors for thrombosis. In patients with underlying pro-
thrombotic state, the incidence rates of splanchnic
venous infarction were 0.82 and 5.2 per 100 patient-years
in periods with and without anticoagulant therapy, respec-
tively (P = 0.01). Two non-anticoagulated patients died of
bleeding and thrombosis, respectively.40 Another recent
30
retrospective data of 120 patients of non-cirrhotic portal
vein thrombosis showed that of 66 patients who were anti-
coagulated, the overall thrombotic risk at 1, 5, 10 years was
4%, 8% and 27% respectively. The presence of a prothrom-
botic disorder was the only independent predictor of recur-
rent thrombosis and use of anticoagulation tended to
reduce the risk. Eighty three gastrointestinal bleed events
occurred in 37 patients and the rebleeding risk at 1, 5, 10
years was 19%, 46% and 49% respectively. Anticoagulation
therapy was a predictor of bleed but not associated with
severity of the bleeding.123

Thrombolysis in Non-cirrhotic Acute Portal Vein
Thrombosis
Thrombolytic therapy in very recent portal vein throm-
bosis can be done via indirect intraarterial infusion into
the superior mesenteric artery or directly via catheter intro-
duced into portal vein either transhepatically or through
transjugular approach and may improve regional clot
lysis.124–127 Catheterization of SMA operatively and
intraarterial infusion of thrombolytic drugs like
recombinant tissue plasminogen activator,128 urokinase
and streptokinase have all been shown to have gratifying
results.129 Indirect infusion of thrombolytics into SMA is
technically less demanding but does not allow direct infu-
sion into the thrombus. As a result the thrombolytics have
a propensity to be diverted into the collaterals and prolong
the total infusion into SMA. Prolonged catheterization
may itself pose a risk of embolizing SMA and its arterial
branches itself. Direct access to portal vein via transjugular
or percutaneous intrahepatic route targets the thrombus
directly and improvement in flow and clinical symptoms.
It also has the advantage of being less time consuming,
more efficient and reduced dose of thrombolytics thereby
reducing the thrombolysis related complications. Liu FY
et al130 described a case series of 46 patients of acute symp-
tomatic portal-meseteric venous thrombosis treated with
thrombolysis. They were treated with interventional ther-
apy, including direct thrombolysis (26 cases through a
transjugular intrahepatic portosystemic shunt; 6 through
percutaneous transhepatic portal vein cannulation) and
indirect thrombolysis (10 through the femoral artery to su-
perior mesenteric artery catheterization; 4 through the
radial artery to superior mesenteric artery catheterization).
Complete or partial success was achieved in 34 patients. In
11 patients with no reperfusion collateral vessels increased
significantly. Symptoms improved dramatically in these 45
patients however 1 patient who did not respond had bowel
necrosis requiring surgical intervention.130 A retrospective
review of 33 cases of portal vein thrombosis treated with
conservative treatment in 5, all of whom died and with
thrombolysis using streptokinase or rtPA in 28 patients.
Recanalization was noted in 10 patients, all of whom had
history of less than 2 weeks. In patients with longer dura-
tion of history, partial occlusion persisted in 13 patients. In
© 2015, INASL
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5 patients with history of more than 30–40 days, thrombol-
ysis failed. Four patients died (2 from portal rethrombosis,
1 each due to liver failure and cerebral stroke).66 In a series
of 20 patients with acute or subacute portal andmesenteric
vein thrombosis with severe symptoms treatment with
thrombolytic therapy was initiated via transhepatic, com-
mon femoral or SMA routes. Fifteen of the 20 patients ex-
hibited some degree of lysis of the thrombosis, 3 having
complete resolution, 12 partial and five no resolution.
Eighty five percent had resolution of symptoms, but major
complications including bleeding developed in 60% pa-
tients. The investigators felt thus that thrombolytic ther-
apy should be reserved for patients with severe disease.
Most centers now tend to choose a more conservative ther-
apeutic strategy.127 Another series of 12 patients with acute
symptomatic superior mesenteric vein thrombosis treated
with urokinase infusion via transjugular route resulted
in substantial clinical improvement and technical success
in all. SMV thrombosis disappeared in all with no recur-
rence of thrombotic episode. However all these patients
had failed anticoagulation therapy and subsequently inter-
vened by thrombolysis.131 Another 12 patient series of
thrombolysis showed complete success in three and partial
in four patients. Minor bleeding was noted in two (17%)
and major bleeding in six (50%) with a fatal outcome in
two.132 Thrombolysis via omental vein catheterization
and via creation of intrahepatic portosystemic shunts
(IPS) have also been reported.133,134

Thrombectomy
Surgical thrombectomy is associated with recurrence of
thrombosis, surgical morbidity and mortality and hence
not recommended. Mechanical thrombectomy by percuta-
neous transhepatic route has the advantage of rapidly
removing thrombus in a recently developed PVT (<30
days) although its drawbacks include intimal or vascular
trauma to the portal vein, that may promote recurrent
thrombosis.135 Percutaneous transhepatic thromboaspira-
tion within 72 h has been done successfully in some pa-
tients.136 Mechanical aspiration thromobectomy during
TIPs placement has also been attempted successfully.137

Pharmacological lysis of the thrombus with local uroki-
nase and local removal of the clot allowed restoration of
normal blood flow to the liver in three patients who devel-
oped PVT following liver transplantation. Balloon dilation
and placement of vascular stent are helpful in decreasing
the risk of recurrent thrombosis where a defective surgical
technique is the reason for thrombosis.138

Portal Vein Thrombosis in Cirrhosis
Anticoagulation in Cirrhotic Portal Vein Thrombosis
In patients with cirrhosis there are only few studies on the
use of anticoagulation for PVT. The numbers have been
small in these studies and majority was partial PVT. The
Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No
treatment regimens mainly used low molecular weight
heparin (LMWH), one study also used oral Vitamin K
antagonist. Complete recanalization rates achieved with
anticoagulation are 42–75% and the risk of extension of
thrombosis is 5–7% only. The choice of anticoagulant is
not clearly certain. However the studies on cirrhosis have
predominantly used low molecular weight heparin than
unfractionated heparin (UFH) in the treatment of PVT
with an advantage of no monitoring requirement, lower
bleeding risk and risk of thrombocytopenia with LMWH.
LMWH when compared to oral anticoagulants where
INR monitoring is a complicated issue as a whole in the
setting of cirrhosis again has an advantage. The control
of bleeding related to oral anticoagulant use is also diffi-
cult to predict due to prolonged half life and anticoagulant
effects of oral drugs. Studies on the use of anticoagulation
in cirrhosis with portal vein thrombosis are limited and are
shown in Table 5.

Newer oral anticoagulants in portal vein thrombosis
have not been studied. However a recent case report of
the use of rivaroxaban (orally active direct factor Xa inhib-
itor) in Child A NASH related cirrhosis with acute PVT and
MVT was reported. Unfractionated heparin followed by
transition to oral rivaroxaban 20 mg daily was given for
6 months. There was complete dissolution of the clot on
repeat imaging at 6 months.145 Due to its predominant he-
patic metabolism it is currently contra indicated in Child B
and C cirrhosis, coagulopathy and clinically relevant
bleeding risk. Another case of successful treatment of por-
tal vein thrombosis has also been reported with rivaroxa-
ban.146

Thrombolysis in Cirrhotic Portal Vein Thrombosis
A pilot study of systemic thrombolysis in 9 patients of
cirrhosis with portal vein thrombosis was performed
with rtPA a plus low molecular weight heparin. Complete
regression of thrombosis was achieved in 4, partial in 4 and
none in 1. There were no significant side effects.147

Role as Prophylactic Anticoagulation to Prevent Portal
Vein Thrombosis
Low molecular weight heparin has been shown to prevent
portal vein thrombosis and liver decompensation in pa-
tients with advanced cirrhosis in a recent randomized
controlled trial.148 The trial showed that enoxaparin
(4000 IU/day, subcutaneously for 48 weeks) was effective
in preventing PVT in cirrhosis with Child score 7–10
such that no patient in enoxaparin group developed PVT
compared to placebo group (16.6%). Liver decompensation
was less in enoxaparin group (11.7%) than controls (59.4%)
and actuarial probability of survival was higher.148 Enoxa-
parin was safe with no significant side effects or hemor-
rhagic events. It is too early to recommend
anticoagulation for a prophylactic role in preventing PVT
due to limited data availability.
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Table 5 Studies on the Use of Anticoagulation in Cirrhosis with PVT.

Reference No. of patients Drug and dosage Duration Recanalization Complication

Amitrano et al139

(2010)
28 uncontrolled Enoxaparin 200 u/

kg/d
6 months Complete-21

Partial-2
None

Francoz et al121

(2005)
19 cohort study LMWH (Nadroparin)

5700 IU/d, followed
by VKA

Complete-8 Post EVL ulcer bleed-
1

Senzolo et al140

(2009)
33 uncontrolled LMWH antiXa 95 U/

kg/bw TID
Complete-12
Partial-9

HIT-1, Non-variceal
bleed-1

Pellicelli et al141

(2010)
9 uncontrolled Enoxaparin 100 U/

kg/d
3–4months Complete-3

Partial-6
None

Warmer et al142

(2012)
28 uncontrolled Warfarin 1 year or until

recanalization
Complete-11
Partial-12

Vaginal bleed-1

Delgado et al143

(2012)
55 uncontrolled LMWH (in 27, 21

shifted to VKA), VKA
(in 8)

Complete-25
Partial-8

Non-variceal bleed-5
Variceal bleed-6

Senzolo et al144

(2012)
56 non-randomized,
Treatment group-35
Control-21

Nadroparin (95
antiXa U/kg body
weight) TID (n = 33),
2 had portal
cavernoma

Treatment group:
Complete-12
Partial-9
Control:
Complete-1
Thrombus
progression in
treatment group was
5 and control was 15
(P < 0.001), TIPS
placed in 6 patients

Treatment group:
Variceal bleed-1
Control:
Variceal bleed-5,
intestinal ischemia-2
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CHRONIC PORTAL VEIN THROMBOSIS
(EXTRA HEPATIC PORTAL VENOUS
OBSTRUCTION)

Endotherapy
Acute gastrointestinal bleeding due to varices is treated in a
similar way as in cirrhotics with endotherapy. There is no
study on the use of vasopressors, although there may be
a slightly increased risk of PVT in view of presence of pro-
coagulant factors. No studies have addressed the role of
primary prophylaxis in PVT associated portal hyperten-
sion. There is concern of extension of thrombosis with
beta-blockers as well as vasopressors due to decrease in
splanchnic blood flow.108 No report has addressed this
complication with terlipressin; but a case report does exist
with use of vasopressin.149

Two retrospective studies have suggested that beta
adrenergic blockade may play a role in secondary prophy-
laxis as they reduce the risk of rebleeding and improve sur-
vival after variceal bleed.40 Endoscopic variceal ligation is
safe and highly effective in children and adults with
PVT.150,151 Band ligation plus sclerotherapy is considered
to be better in treating children with chronic PVT than
EST alone as it required fewer sessions and fewer
complications.152 Our study has shown that variceal oblit-
eration following endoscopic sclerotherapy opens up spon-
taneous shunts due to a possible increase in portal pressure
32
in 40% of patients, which in turn protects these patients
from further bleeds and recurrence of varices.153

Patients with chronic portosystemic venous thrombosis
have an acceptable long term outcome with 1 and 5 year
survival rates of 85.7% and 82.1% respectively. Factors asso-
ciated with improved survival were use of beta blockers and
anticoagulation. Presence of ascites and hyperbilirubine-
mia at presentation were associated with reduced sur-
vival.154

Shunt Surgery
Decompressive shunt surgery should be considered in
cases with failed endotherapy although it needs to be borne
in mind that 37% of patients with PVT also have throm-
bosis of splenic and superior mesenteric vein.155 It is also
indicated for correcting symptomatic portal hypertensive
biliopathy, symptomatic hypersplenism, ectopic variceal
bleed, non-compliance to endotherapy, severe growth
retardation, poor chances of follow up and “on demand”
one time treatment. Shunts may be selective or non-selec-
tive. Non-selective shunts are end to side or side to side por-
tocaval, proximal lienorenal, end to side mesocaval and
large diameter interposition portocaval or mesocaval
shunts. Selective shunts include distal lienorenal shunt,
and mesenteric-left portal vein bypass (Rex shunt) which
restores mesenteric blood flow to the liver through the
© 2015, INASL
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Rex venous recessus (interposition of a jugular venous allo-
graft between the superior mesenteric vein and the intrahe-
patic left portal vein), which may improve the growth
potential. Warren Zeppa distal splenorenal shunts have
been shown to be effective in control of bleeding and
long term survival in patients with PVT.156 Mesocaval
shunts may be necessary when Warren shunt is precluded.
Our own study of side to side lienorenal shunts demon-
strated that it not only prevented rebleed but also corrected
the hypersplenism.157

Rex shunt (mesenteric left portal by pass) between the
superior mesenteric vein and left portal vein is widely
used now and has been considered to be more physiolog-
ical over other shunts, which do not return blood directly
to the liver.158 Although commonly done in children its
use in adults needs to be validated.159 The intrahepatic
portal vein is assessed by dissecting the terminal branches
of the left portal vein in the recessus of Rex between seg-
ments III and IV of the left lobe of the liver. The vein should
be relatively large for adequate flow of blood. It should be
avoided if cirrhosis coexists. This bypass requires an autol-
ogous vein graft. The internal jugular vein provides a suit-
able and easily obtainable venous conduit. An autogenous
saphenous vein, and a cryopreserved graft have also been
used at some centers.160 A novel shunt approach when
other surgical options fail include using the right or left
gonadal vein for shunting with mesenteric veins.161

Non-shunt Surgery
Esophageal transection with or without splenectomy is less
useful to control bleeding due to a high risk of late rebleed-
ing and reappearance of varices and but can be resorted to
as a non-shunt option in patients with portosystemic en-
cephalopathy, hepatopulmonary syndrome or portopul-
monary syndrome.162 Moreover splenectomy destroys the
opportunity to use the splenic vein later for a shunt. In
MPD spleen becomes an organ for extramedullary marrow
formation and should be preserved.157

Anticoagulation in Chronic Portal Vein Thrombosis
Anticoagulation in chronic PVT has a controversial role.
The recommendations for anticoagulation in this setting
remain for those with underlying prothrombotic state.
The usage of anticoagulation in chronic PVT has been
around 30% in most studies. Condat et al111 had given
some information on its use in the setting of chronic
PVT with no significant bleeding differences from those
without anticoagulation. However there was a significant
reduction in new thrombotic episodes. A recent retrospec-
tive study by Hoekstra et al showed that the use of antico-
agulation in pregnancy with chronic PVT had favorable
maternal and fetal outcomes for most pregnancies reach-
ing 20 week gestation, however the rate of miscarriage
and preterm delivery appeared to be increased when antico-
Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No
agulated on individual basis.163 Thrombocytosis was a risk
factor for unfavorable pregnancy outcome. Variceal bleed
occurred in three, all without appropriate primary prophy-
laxis. No lower limb or mesenteric vein thrombosis
occurred during pregnancy or post partum period.163

The study also concluded that recommendations still
remain the same even in pregnancy as for other patients.
TIPS

There is a concern for the use of TIPS in the setting of portal
vein thrombosis due to the technical reasons of performing
TIPS, inability to use in advanced cirrhosis andmay hamper
transplant later in case of a misplacement. However the use
of TIPS in PVT has been studied with possibility of
achieving recanalization by disrupting the thrombus and
mechanical thrombectomy. The feasibility rate of perform-
ing TIPS in PVT ranges between 75 and 100%. Hepatic en-
cephalopathy may be seen in 4–27% and TIPS dysfunction
in 20–38% of patients.164 Long term anticoagulation use
varies from 11 to 100% due to study designs.164 Studies
have shown long term patency rates even without anticoa-
gulation in TIPS, hence routine anticoagulant use may
not be recommended after TIPS placement except in those
patients with prothrombotic states. In a few cases with PVT,
TIPS has been shown to be successful165,166 in treating
patients with portal biliopathy and portal vein
thrombosis complicating Budd-Chiari syndrome. In 23 of
the 28 patients with complete portal vein thrombosis
success was achieved in 73% including 6 of 9 patients
with cavernomatous transformation.165 Another study on
TIPS performed on 15 patients with cirrhosis and PVT lead-
ing to refractory ascites, variceal hemorrhage and refractory
pleural effusion showed its success in 75% (3/4) patients
with cavernomatous transformation and 10/11 (94%) pa-
tients with acute PVT with an overall survival of 87%. It
may thus be a treatment option in certain patients.167 In
chronic PVT (portal cavernoma) TIPS placement has been
successful in 35%–80%.168–171 TIPS is unsuccessful if the
lumen of thrombosed portal vein is not catheterizable
and cavernomatous vein is not amenable to dilatation.
LIVER TRANSPLANT (LT) IN PORTAL VEIN
THROMBOSIS

PVT was considered to be a major obstacle to liver trans-
plantation which led to increased surgical complexity
and perioperative morbidity and mortality. Following the
successful LT in the presence of PVT in 1985, experience
has increased in this condition.172 Portal vein thrombosis
is associated with greater operative complexity and re-
thrombosis but has no influence on overall morbidity
and mortality.173 Liver transplantation in PVT however
has been associated with an increased operative time, trans-
fusion requirements, reintervention and lower survival rate
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depending on PVT extension.174 Surgical techniques like
thrombectomy, thromboendovenectomy with venous
reconstitution, interposition of vein graft, portocaval liver
transposition have all been done including radiological en-
dovascular interventions to overcome venous obstruction
in the recipient.175

The most frequent technique employed is thrombec-
tomy/thromboendovenectomy with end to end donor-
recipient portal anastomosis (75%).176 Other techniques
that follow are venous jump graft interposition between
donor and recipient PV (8.4%), low dissection of PV (5%),
portocaval hemitransposition (end to side or end to end,
3.3%), collateral vessel as influx (2.4%), extra anatomic
reconstruction involving autologous vessels (1.4%), and ar-
terialization of PV (0.2%). Various classification systems
exist for PVT grading in cirrhosis.176 As per Yerdel's
grading, for the purpose of liver transplantation PVT has
been classified into four grades i.e. Grade 1 PV minimal
or partially thrombosed less than 50% of the vessel lumen,
Grade 2 more than 50% occlusion of the PV including total
occlusion, Grade 3 complete thrombosis of both PV and
proximal SMV, Grade 4 complete thrombosis of PV as
well as proximal and distal SMV.177 While patients with
Grade 1–2 PVT can be adequately managed by terminal
to terminal portal vein anastomosis with or without
thrombectomy with an advantage that it maintains the
portal physiology. Those with Grade 3 PVT in the absence
of available distal SMV segments for PV reconstruction,
dilated branches of recipient portal venous system could
be selected as inflow vessels or anastomosis to the coronary
vein can be performed. In the absence of a suitable vein,
interposition graft of donor iliac vein may be anastomosed
to the SMV. With Grade 4 PVT classic porto-caval hemi-
transposition is a widely accepted approach, however reno-
portal anastomosis or anastomosis to the coronary vein or
large collateral vessel is also an option. Residual portal hy-
pertension is seen in approximately 50% with the use of
portocaval hemitransposition or renoportal anasto-
mosis.176 Overall variceal bleeding risk is 20%, persistent
ascites in 58% and renal dysfunction in 26%. In patients
with diffuse portal mesenteric vein thrombosis, combined
liver intestine transplantation has been advocated.176

Rethrombosis has been reported in 10.3% in the absence
of a preventive strategy and it decreases to 6.1% with the uti-
lization of anticoagulation for prevention of rethrombosis in
a systematic review. Male sex, prior PVT therapy, Child C
class and alcoholic liver disease are the risk factors for recur-
rence. Intra portal pump use temporarily has also been
shown to have reduced rethrombosis rates (7% vs 30%).176

Forty two of the 465 liver transplants have been done at
a center with associated PVT. This study found a higher
incidence of rethrombosis (7.1% vs 0.9%) and renal failure
(16.7% vs 8.5%) because of complex surgical procedure
damaging the portal vein thrombosis and prolonged an
hepatic phase.177 Liver transplant is indicated in a rare pa-
34
tient to life threatening complications of PVT not manage-
able conservatively or by shunt surgery as in those with
encephalopathy, hypoxia or pulmonary artery hyperten-
sion. Outcome in patients with PVT is dependent on the
preoperative liver disease severity as patients with a
MELD of <15 and PVT had a decreased 1 y survival as
compared with those without PVT (57% vs 89%) while
those with a MELD >15 and PVT had an equal and slightly
better survival vs non-PVT patients (1 y survival 91% vs
75%) with an only slightly increased morbidity.178 Liver
transplant has also been reported in a patient with bile
duct complications due to cavernoma.179
PORTAL VEIN THROMBOSIS IN SPECIAL
SITUATIONS

Portal Cholangiopathy
Portal cholangiopathy has been dealt with in detail in a
separate issue in the same journal Vol 4 March 2014Ss1-
S98-supplement 2.

Portal Vein Obstruction in HCC
HCC is commonly associated with portal vein obstruction.
It is associated with worse survival and indicates advanced
disease. Advanced stage, higher CTP class, major vessel
involvement, low serum albumin and high AFP levels are
predictive of PV obstruction in patients with HCC.180 In
a study on thrombophilic genetic factors in 94 patients
with HCC with & without PV obstruction, the Odds Ratio
was 3.85 for MTHFR C6777TT with HCC versus healthy
controls. Prothrombin gene G20210A mutation was also
more frequent among HCC patients mainly with PV
obstruction thereby concluding that all cirrhotics should
be looked for thrombophilic genetic factors to individu-
alize patients at risk for PV obstruction in HCC.181 Survival
in PV obstruction and HCC has been shown to be better in
those with normal AFP.182

Contrast enhanced US (CEUS) has been found to be su-
perior than color Doppler sonography, conventional US,
and CT in PV invasion detection and characterization
complicating hepatic malignancies.183 In a study CEUS de-
tected tumor invasion in 100% and correctly characterized
it in 98% of patients, while CT detected tumor invasion in
68% and correctly characterized it in 68% of them, CEUS
may thus be helpful in staging HCC.184

Patients with small HCC and PV obstruction can be
safely treated with RFA.185 Similarly Yttrium�90 glass mi-
crospheres (Theraspheres) appear to be safe and well toler-
ated in patients with portal vein obstruction without
cavernous transformation.186 Similarly conformal radio-
therapy induced a 45.8% objective response rate for PV
obstruction in HCC and may be considered an important
treatment option.187 Patients with PV obstruction in the
setting ofHCChas a poor patient outcome. Patients should
© 2015, INASL
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be assessed preoperatively whether the thrombus is associ-
ated with tumor invasion or with stagnant flow. In a study
of 12 consecutive patients who underwent liver transplanta-
tion for HCC in the setting of PV obstruction 42% had no
evident portal vein invasion and only 17% had tumor inva-
sion. Only one third experienced tumor recurrence in first
year post transplant and one third became long term survi-
vors (median 36 months) with no evidence of tumor recur-
rence.187 Radiation therapy is considered to be treatment of
choice for selected patients withHCC and PV invasion espe-
cially for those with a favorable performance status.188 A
recent phase 2 study of Yttrium 90 radioembolization
(TARE—trans arterial radioembolization) in intermediate
and advancedHCC showed amedian survival of 15months
with no significant difference between PV obstruction pre-
sent or absent.189 However the responders had a signifi-
cantly higher median survival than non-responders. The
median time to progression was 11 months with TARE.190
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CONCLUSION

Portal vein thrombosis is being increasingly recognized in
non-cirrhotic, cirrhosis and in malignant conditions like
hepatocellular carcinoma. The identification of an under-
lying hypercoagulable state is possible in more than 80%
of cases with rigorous search. The presentation is variable
in acute and chronic PVT and imaging helps in differenti-
ating the two different presentations. Doppler ultrasound
detects most of the cases adequately however advanced im-
aging with CT or MRI may be required for defining the
extent of thrombosis and planning a shunt surgery. In
non-cirrhotic non-malignant acute PVT, anticoagulation
remains the mainstay of therapy whereas decompressive
shunt surgery like Rex shunt should be offered for caver-
nomatous (chronic) PVT. The data on anticoagulation
use in cirrhosis with acute PVT is convincing with appre-
ciable results and no added bleeding risk, and should be
offered to patients especially awaiting liver transplanta-
tion. However, lack of consensus on the type of anticoagu-
lant to be used, duration of anticoagulation, monitoring of
anticoagulation keeps the research on portal vein throm-
bosis open for debate and opportunity to work on. TIPS
is another option for PVT. Liver transplantation in the
expert hands is not affected by the portal vein thrombosis
or its extent. The prophylactic role of anticoagulants in
preventing PVT needs to be studied.
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