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Abstract. The term splanchnic vein thrombosis encompasses Budd-Chiari syndrome (BCS),
extrahepatic portal vein obstruction (EHPVOQ), and mesenteric vein thrombosis.

Risk factors can be local or systemic. A local precipitating factor is rare in BCS, while it is common
in patients with portal vein thrombosis. Chronic myeloproliferative neoplasms (MPN) are the
leading systemic cause of splanchnic vein thrombosis, and are diagnosed in half BCS patients and
one-third of EHPVO patients; the somatic mutation JAK2 V617F is detectable in a large majority
of patients with overt MPN, and up to 40% of patients without overt MPN. Inherited
thrombophilia is present in at least one-third of patients, and the factor V Leiden or the
prothrombin G20210A mutations are the most common mutations found in BCS or EHPVO
patients, respectively. Multiple factors are present in approximately one-third of patients with BCS
and two- thirds of patients with portal vein thrombosis.

In a few patient series from the Southern Mediterranean area the high prevalence of MPN and
thrombophilia as underlying cause of BCS is confirmed, although the data should be considered
preliminary. Peculiar risk factors present in the area are Behcet’s disease and hydatidosis;
moreover, membraneous webs, typically found in Asian patients, are present in a significant
portion of cases.

Definition. The portal vein is formed by the union of
the superior mesenteric and splenic veins. At the porta
hepatis, the portal vein divides into the right and left
branches, which are segmentally distributed throughout
the liver; the terminal portal venules drain into the
sinusoids. The hepatic venous outflow travels through
the three hepatic veins to the inferior vena cava. The
term splanchnic vein thrombosis encompasses
occlusions of veins that constitute either the portal vein
system or the hepatic veins (Budd-Chiari syndrome,

BCS).

BCS is defined as any obstruction of the hepatic
venous outflow at any region from the small hepatic
veins to the junction of the inferior vena cava and the
right atrium. The obstruction can involve small hepatic
veins, large hepatic veins, the inferior vena cava, or a
combination of these sites. Outflow obstruction can be
caused by hepatic veno-occlusive disease (sinusoidal
obstruction syndrome) or cardiac disorders associated
with right heart failure, which are not included in this
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definition.'

EHPVO is defined as obstruction of the extra-
hepatic portal vein. The obstruction may occlude the
intra-hepatic portal veins, splenic veins, or superior
mesenteric veins. EHPVO also includes the formation
of portal cavernomas and the development of portal
hypertension, which are associated with long-term
disease. Isolated occlusion of the splenic or superior
mesenteric vein, as well as portal vein obstruction
associated with chronic liver disease or tumor, is not
defined as EHPVO.?

Epidemiology.

Budd-Chiari syndrome: The annual incidence of BCS
is 0.4 to 0.8 per million individuals in Western
countries® and 0.1 per million in Japan.” BCS has a
prevalence of 1.4 per million individuals in Western
Countries’ and 2.4 per million in Japan.’

Extrahepatic portal vein obstruction: In the 1980s, the
estimated annual incidence of portal vein thrombosis
was less than 4 per million individuals:* indeed,
autopsy studies have shown that portal vein thrombosis
is present in approximately 1% of cases — one-third are
EHPVO and two-thirds are related to cirrhosis or
hepatocarcinoma.®

Mesenteric vein thrombosis: The annual incidence of
superior mesenteric vein thrombosis is 2,7 per 100,000
individuals.” Isolated MVT without concomitant
EHPVO and splenic vein thrombosis is rare.*’

Clinical Presentation.

Budd-Chiari  syndrome: Posthepatic  obstruction
associated with BCS leads to increased sinusoidal
pressure, which may cause perisinusoidal necrosis and
eventually liver failure. Hepatomegaly, splenomegaly,
right upper abdominal quadrant pain, and ascites occur
in the majority of patients.'”'" Additionally, portal
hypertension can develop and EHPVO is concomitant
in 14% of cases."

BCS symptoms depend on the extent and rapidity of
the hepatic outflow obstruction, as well as liver
decompression via a collateral blood flow; accordingly,
disease presentation can be classified as fulminant,
acute, subacute or chronic.'" Fulminant BCS is rare
(5% of cases) and is associated with a rapid onset,
hepatocellular necrosis, and hepatic encephalopathy.
Acute BCS is reported in 20% of patients and is
associated with symptoms that last for a short duration,
such as ascites and hepatic necrosis, without the
formation of venous collaterals. The chronic form of
BCS is the most common form as it occurs in 60% of
cases, usually with symptoms of portal hypertension
and liver cirrhosis."' The remaining 15% of BCS
patients are asymptomatic because one patent hepatic

vein or large collaterals can preserve the hepatic
outflow.'” However, in a recent multicentre survey of
consecutive cases, the prevalence of asymptomatic
BCS was notably lower (3%), and the mortality rate at
6 months was 10%." After 10 years of follow-up, the
overall survival of patients with BCS was 57-62%.'""*
Extrahepatic  portal vein obstruction: EHPVO
presentation can be acute or chronic. Acute thrombosis
is characterized by a sudden onset of abdominal pain,
no evidence of chronic portal hypertension
(gastrointestinal bleeding, ascites, collateral
portosystemic circulation, or hypersplenism), and no
imaging or ultrasound evidence of portosystemic
collateral veins. In the absence of an underlying liver
disease, liver function is normal due to a compensatory
increase in the hepatic arterial blood flow, as well as a
rapid development of collateral veins. If the mesenteric
veins are also obstructed, there is a substantial risk of
intestinal ischemia and subsequent bowel infarction.
EHPVO may also be asymptomatic and can be
occasionally diagnosed as the chronic form."> Chronic
EHPVO is the late-stage sequela of thrombosis and is
usually defined by the presence of a portal cavernoma.
The disease is characterised by replacement of the
portal vein by fibrous tissue and the development of
periportal collateral vessels. Chronic EHPVO can
cause portal hypertension with splenomegaly, and the
frequency of bleeding of oesophageal varices is high as
12% patient-years.'® Other less frequent manifestations
of chronic EHPVO include portal cholangiopathy and
hepatic encephalopathy.”” The overall survival of
patients with EHPVO is 54% after 10 years, although
in the absence of cancer, cirrhosis, and thrombosis of
the mesenteric vein, the survival rate is increased to
81%."” However, the mortality rate of patients with
chronic EHPVO and mesenteric vein thrombosis is 5%
at one year.17

Mesenteric vein thrombosis: MVT presentation can be
acute, subacute, or chronic.'"® Acute thrombosis is
associated with a bowel infarction in one-third of the of
patients,” and the mortality rate of MVT is 20%.” In the
vast majority of patients, the onset of MVT is
characterised by acute abdominal pain. Other common
symptoms include diarrhea , nausea, vomiting, and
lower gastrointestinal bleeding.'”® MTV is associated
with EHPVO in 65% of patients, and chronic
presentation with no acute abdominal pain and
extensive venous collateral circulation is common.'®

Risk factors. Risk factors for splanchnic vein
thrombosis can be local or systemic, and the latter are
influenced by inherited or acquired conditions (Tables
1-2). The combination of multiple concurrent factors is
present in 10-46% of patients with BCS'*'*** and in
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Table 1. Causes of Budd-Chiari syndrome (BCS) in adults.

0,
LOCAL RISK FACTORS (%) % of the patients SYSTEMIC RISK FACTORS (%) [ﬁl;)igrtlltl:
- Acquired - Inherited
Cancer 6-7 Antithrombin deficiency 2-5
Cirrhosis 8-14 Protein C deficiency 2-9
Abdominal infection 7 Protein S deficiency 3-7
Liver abscess 2 Factor V Leiden 4-26
Inflammatory bowel diseases 3-8 Prothrombin G20210A 3-8
Membranous web 1-4 (West)-30 (East) - Acquired
- Circumstantial Myeloproliferative neoplasms (MPN) 23-49
Abdominal surgery 2-23 JAK2 V617F (with overt MPN) 57-100
Splenectomy 2 JAK2 V617F (without overt MPN) 44
Abdominal trauma 10 Antiphospholipid antibodies 1-11
Behcet disease 4-9
Autoimmune diseases 10-13
Paroxysmal nocturnal hemoglobinuria 2-19
Hyperhomocysteinemia 2-9
- Circumstantial*
Oral contraceptives 15-50
Hormone replacement therapy 14
Pregnancy or puerperium 4-16

* percentage calculated on the number of women.

The per cent values are the rate ranges from single studies®®'*!%-2233

Table 2. Causes of portal vein thrombosis in adults.

and from revision papers.”>"*

LOCAL RISK FACTORS (%) % of the patients SYSTEMIC RISK FACTORS (%) % of the patients

- Acquired - Inherited
Cancer 13-24 Antithrombin deficiency 1-2
Cirrhosis 17-18 Protein C deficiency 1-9
Abdominal infection 10 Protein S deficiency 1-5
Liver abscess 3-5 Factor V Leiden 3-8
Inflammatory bowel diseases 1-4 Prothrombin G20210A 3-22
Pancreatitis 6-19 - Acquired
Cholecystitis 2-7 Myeloproliferative neoplasms (MPN) 6-33
Appendicitis 1 JAK2 V617F (with overt MPN) 78-100
Tuberculous lymphadenitis 3 JAK2 V617F (without overt MPN) 27
Neonatal omphalitis 1-6 Antiphospholipid antibodies 3-13

- Circumstantial Autoimmune diseases 1-4
Abdominal surgery 10-30 Paroxysmal nocturnal hemoglobinuria 1-2
Splenectomy 7 Hyperhomocysteinemia 9-19
Cholecystectomy 3-12 Increased FVIII levels 60
Gastrectomy 3 - Circumstantial*
Liver transplantation 2 Oral contraceptives 15-30
Abdominal trauma 1-3 Hormone replacement therapy 3

Pregnancy or puerperium 2-3

* percentage calculated on the number of women.

The per cent values are the rate ranges from single studies'*>*%

10-64% of patients with portal vein thrombosis.'***

BCS is considered primary when obstruction of the
hepatic venous outflow tract is the result of an
endoluminal venous lesion (thrombosis or web). In
contrast, BCS is considered secondary when the
obstruction results from the presence of extravascular
material (for example a tumor or a parasitic mass) in
the lumen or from extrinsic compression (such as
abscesses, cysts, tumors). Although the presence of a
membraneous web that obstructs the terminal portion
of the inferior vena cava is a rare cause of BCS in
Western countries, it causes a large majority of cases in
Oriental countries.” There is evidence that these

and from revision papers.

25,37,28,30

occluding membraneous webs are not congenital but
are the late-stage sequelae of a previous thrombotic
obstruction of the inferior vena cava.’

Recent studies from India have shown that isolated
inferior vena cava obstruction is nowadays diagnosed
in a minority of patients.** Poverty, malnutrition,
recurrent bacterial infections, and filariasis have been
suggested to be predisposing factors for inferior vena
cava occlusion. Thus, improvements in hygienic and
sanitary conditions in Eastern patients may partially
explain the recent change in BCS pathogenesis.

In Western countries, most BCS patients are
females, whereas in Asia the male to female ratio is
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close to 1. Use of oral contraceptive is common in
Western countries while it is rare in the FEastern
countries. A higher prevalence of pregnancy or
puerperium associated BCS is found in Asian
countries, as such oral contraceptive-related BCS is
more common in Western countries than that in Asia.

The leading cause of splanchnic vein thrombosis is
myeloproliferative neoplasms (MPN), which are
diagnosed in half of BCS patients and one-third of
EHPVO patients.">'"**?"** Until the mid 1990s, the so-
called occult MPN was diagnosed on the basis of
spontaneous endogenous erythroid colonies (growth of
erythroid colonies in the absence of exogenous
erythropoietin),” which allowed recognizition of MPN
in the early stages. However, this positive result did not
fulfil the complete diagnostic criteria for up to 80% of
BCS patients and 50% of EHPVO patients.”® Recently,
the JAK2 V617F mutation has been reported to be the
main molecular marker of the Philadelphia-negative
MPN. This mutation occur in nearly all patients with
polycythemia vera and in about half of the patients
with essential thrombocytemia. Thus, this mutation is
now recognised as a diagnostic cornerstone.”® The
close relationship between MPN and splanchnic vein
thrombosis has been confirmed by the current one-third
prevalence of the JAK2 V617F mutation among
patients with BCS and EHPVO (Tables 1-2).%7*
Patients with splanchnic vein thrombosis that show no
additional signs of haematologic disease other than the
JAK?2 V617F mutation at the time of thrombosis have
an overt MPN development rate as high as 52% during
the follow-up.”®

Inherited thrombophilia is found in patients with
splanchnic vein thrombosis, although diagnosis of
inherited deficiencies of antithrombin, protein C, and
protein S is difficult in the presence of liver
impairment, which causes a reduced synthesis of the
natural anticoagulant proteins.">*****° This difficulty is
not present with the factor V Leiden and prothrombin
G20210A mutations. Interestingly, a high prevalence
of prothrombin G20210A mutation has been
consistently reported in various series of patients with
EHPVO,”*"" whereas factor V Leiden appears to be
more common in BCS patients.”?' A recent meta-
analysis showed a 4-fold increased risk for
prothrombin G20210A in EHPVO patients and a 2-fold
increased risk for factor V Leiden in BCS patients.*’

BCS is the most frequent thrombotic complication
of paroxysmal nocturnal hemoglobinuria (41% of the
occlusive events)’' and of Behcet’s disease (26% of the
occlusive events).”

The known circumstantial risk factors for BCS are
pregnancy, puerperium and the wuse of oral
contraceptives.””** A case control study showed that
oral contraceptives were associated with a 2.4-fold

increased risk of BCS,** although a more current
estimation for currently used hormone preparations is
needed.

While a local precipitating factor is rare in patients
with BCS,"****! it is identified in at least one-third of
the patients with portal vein thrombosis.”
Inflammatory or malignant abdominal foci, surgical
trauma to the portal vein, and liver cirrhosis are among
the local causes of portal vein thrombosis (Table 2).
EHPVO develops in about 5% of patients undergoing
splenectomy, especially in patients with cancer,
myeloproliferative disorders or haemolytic anemia.”
Reports on the risk factors associated with MVT were
mostly anedoctal until recently, when an autopsy series
and a population-based study were published.”® The
autopsy study stated that abdominal cancer was present
in 22% of cases and liver cirrhosis was present in 17%.
The population-based study showed a marker of
thrombophilia in 67% of patients, a local factor
(surgery or inflammation) in 25%, cancer in 24%, and
oral contraceptive use in 6% of patients.

Risk factors in the Southern Mediterranean area: The
large majority of reports concerning BCS are from
Western countries or Asia (in particular, India and
Japan). A few case series of adult patients from
countries of the Southern Mediterrancan area are
available.

In a survey from Israel,’® 29 patients with hepatic
vein thrombosis were diagnosed between 1955 and
1975. Fifteen of the patients were Jews and 14 were
Arabs. In contrast to the Jewish patients, all of whom
were adults, the majority of the Arab patients were
children below 10 years of age. Primary hepatic vein
occlusion was 2.4 times more common among Arab
than among Jewish patients. Of the 11 Arab patients
with primary hepatic vein occlusion, three had
histological changes typical of veno-occlusive disease;
whereas in five others, thrombotic occlusion of large
hepatic veins or of the vena cava was documented.
Although no plant alkaloids could be directly
implicated in any of the Arab patients, circumstantial
evidence strongly supports such an etiology; all Arab
patients  originated  from  small  agricultural
communities where ancient methods of winnowing,
which expose the home-ground wheat to a high risk of
contamination by grains containing pyrrolizidine
alkaloids, are still in use.

In a series of 22 patients with BCS from Israel,’” 10
demonstrated spontaneous erythroid cell growth (45%),
in two cases associated with overt polycythemia vera.
Seven patients (32%) had protein C deficiency, six
patients (27%) had activated protein C resistance, five
(23%) had anti-cardiolipin antibodies, five (23%) had
antithrombin deficiency, and four patients (18%) had
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protein S deficiency.

In a series from Saudi Arabia out of 29 patients with
BCS,* nine patients had Behcet's disease (31%); seven
had malignancy (24%), eight had antiphospholipid
syndrome (27%); of the remaining patients, two had no
known cause, one had trauma, one had protein C
deficiency, and one had a nephrotic syndrome.

In a large series of 75 patients with BCS from
Turkey,” at least one etiological factor was determined
in 54 (72%) of them. The etiology could not be defined
in 21 (28%) patients. One etiological factor was found
in 52% of patients, two in 19%, and three factors in
1%. The most common acquired causes were
membraneous webs in 12 patients, (16%), hydatid
disease in eight (11%), Behcet’s disease in seven (9%).
Overall, thrombophilia (antithrombin, protein C,
protein S deficiency, APC-resistance, anticardiolipin
antibodies) was detected in 20 patients (26%). Notably,
overt MPN were diagnosed only in six patients (8%).
In this series the JAK2 V617F mutation was not
investigated; therefore, the prevalence of MPNs could
be underestimated. BCS was associated with
pregnancy in 14% of 35 female patients and with oral
contraceptive use in 8%.

In a series of 94 patients with BCS from Egypt™ at
least one etiological factor was found in 49% of
patients, two in 31%, three in 8%, and four in 3%. The
JAK2 V617F mutation was found in 29% of 62
patients tested; Behcet’s disease was diagnosed in 12
patients (13%). Overall, antithrombin, protein C, and
protein S deficiencies were found in nine patients
(9%); out of 64 patients tested, 10 patients were
homozygous for factor V Leiden and 24 were
heterozygous (52%), whereas prothrombin G20210A
was detectable only in 5%. This exceeding prevalence
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Abstract. The term splanchnic vein thrombosis encompasses Budd-Chiari syndrome (BCS), extrahepatic portal vein obstruction (EHPVO), and mesenteric vein thrombosis. 

Risk factors can be local or systemic. A local precipitating factor is rare in BCS, while it is common in  patients with portal vein thrombosis. Chronic myeloproliferative neoplasms (MPN) are the leading systemic cause of splanchnic vein thrombosis, and are diagnosed in half BCS patients and one-third of EHPVO patients; the somatic mutation JAK2 V617F is detectable in a large majority of patients with overt MPN, and up to 40% of patients without overt MPN. Inherited thrombophilia is present in at least one-third of patients, and the factor V Leiden or the prothrombin G20210A mutations are the most common mutations found in BCS or EHPVO patients, respectively. Multiple factors are present in approximately one-third of patients with BCS and two- thirds of patients with portal vein thrombosis. 

In a few patient series from the Southern Mediterranean area the high prevalence of MPN and thrombophilia as underlying cause of BCS is confirmed, although the data should be considered preliminary. Peculiar risk factors present in the area are Behçet’s disease and hydatidosis; moreover, membraneous webs, typically found in Asian patients, are present in a significant portion of cases. 
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Definition. The portal vein is formed by the union of the superior mesenteric and splenic veins. At the porta hepatis, the portal vein  divides into the right and left branches, which are segmentally distributed throughout the liver; the terminal portal venules drain into the sinusoids. The hepatic venous outflow travels through the three hepatic veins to the inferior vena cava. The term splanchnic vein thrombosis encompasses occlusions of veins that constitute either the portal vein system or the hepatic veins (Budd-Chiari syndrome, BCS). 

BCS is defined as any obstruction of the hepatic venous outflow at any region from the small hepatic veins to the junction of the inferior vena cava and the right atrium.  The obstruction can involve small hepatic veins, large hepatic veins, the inferior vena cava, or a combination of these sites. Outflow obstruction can be caused by hepatic veno-occlusive disease (sinusoidal obstruction syndrome) or cardiac disorders associated with right heart failure, which are not included in this definition.1

EHPVO is defined as obstruction of the extra-hepatic portal vein. The obstruction may occlude the intra-hepatic portal veins, splenic veins, or superior mesenteric veins. EHPVO also includes the formation of portal cavernomas and the development of portal hypertension, which are associated with long-term disease. Isolated occlusion of the splenic or superior mesenteric vein, as well as portal vein obstruction associated with chronic liver disease or tumor,  is not defined as EHPVO.2



Epidemiology. 

Budd-Chiari syndrome: The annual incidence of BCS is 0.4 to 0.8 per million individuals in Western countries3-5 and 0.1 per million in Japan.3 BCS has a prevalence of 1.4 per million individuals in Western Countries5 and 2.4 per million in Japan.3

Extrahepatic portal vein obstruction: In the 1980s, the estimated annual incidence of portal vein thrombosis was less than 4 per million individuals;4 indeed, autopsy studies have shown that portal vein thrombosis is present in approximately 1% of cases – one-third are EHPVO and two-thirds are related to cirrhosis or hepatocarcinoma.6

Mesenteric vein thrombosis: The annual incidence of superior mesenteric vein thrombosis is 2,7 per 100,000 individuals.7 Isolated MVT without concomitant EHPVO and splenic vein thrombosis is rare.8,9



Clinical Presentation.

Budd-Chiari syndrome: Posthepatic obstruction associated with BCS leads to increased sinusoidal pressure, which may cause perisinusoidal necrosis and eventually liver failure. Hepatomegaly, splenomegaly, right upper abdominal quadrant pain, and ascites occur in the majority of patients.10,11 Additionally, portal hypertension can develop and EHPVO is concomitant in 14% of cases.10

BCS symptoms depend on the extent and rapidity of the hepatic outflow obstruction, as well as liver decompression via a collateral blood flow; accordingly, disease presentation can be classified as fulminant, acute, subacute or  chronic.1 Fulminant BCS is rare (5% of cases) and is associated with a rapid onset, hepatocellular necrosis, and hepatic encephalopathy. Acute BCS is reported in 20% of patients and is associated with symptoms that last for a short duration, such as ascites and hepatic necrosis, without the formation of venous collaterals. The chronic form of BCS  is the most common form as it occurs in 60% of cases, usually with symptoms of portal hypertension and liver cirrhosis.11 The remaining 15% of BCS patients are asymptomatic because one patent hepatic vein or large collaterals can preserve the hepatic outflow.12 However, in a recent multicentre survey of consecutive cases, the prevalence of asymptomatic BCS was notably lower (3%), and the mortality rate at 6 months was 10%.13 After 10 years of follow-up, the overall survival of patients with BCS was 57-62%.10,14

Extrahepatic portal vein obstruction: EHPVO presentation can be acute or chronic. Acute thrombosis is characterized by a sudden onset of abdominal pain, no evidence of chronic portal hypertension (gastrointestinal bleeding, ascites, collateral portosystemic circulation, or hypersplenism), and no imaging or ultrasound evidence of portosystemic collateral veins. In the absence of an underlying liver disease, liver function is normal due to a compensatory increase in  the hepatic arterial blood flow, as well as a rapid development of collateral veins. If the mesenteric veins are also obstructed, there is a substantial risk of intestinal ischemia and subsequent bowel infarction. EHPVO may also be asymptomatic and can be occasionally diagnosed as the chronic form.15 Chronic EHPVO is the late-stage sequela of thrombosis and is usually defined by the presence of a portal cavernoma. The disease is characterised by replacement of the portal vein by fibrous tissue and the development of periportal collateral vessels. Chronic EHPVO can cause portal hypertension with splenomegaly,  and the frequency of bleeding of oesophageal varices is high as 12% patient-years.16 Other less frequent manifestations of chronic EHPVO include portal cholangiopathy and hepatic encephalopathy.15 The overall survival of patients with EHPVO is 54%  after 10 years, although in the absence of cancer, cirrhosis, and thrombosis of the mesenteric vein, the survival rate  is increased to 81%.17 However, the mortality rate of patients with chronic EHPVO and mesenteric vein thrombosis is 5% at one year.17

Mesenteric vein thrombosis: MVT presentation can be acute, subacute, or chronic.18 Acute thrombosis is associated with a bowel infarction in one-third of the of patients,7 and the mortality rate of MVT is 20%.7 In the vast majority of patients, the onset of MVT is characterised by acute abdominal pain. Other common symptoms include diarrhea , nausea, vomiting, and lower gastrointestinal bleeding.18 MTV is associated with EHPVO in 65% of  patients,8 and chronic presentation with no acute abdominal  pain and extensive venous collateral circulation is common.18



Risk factors. Risk factors for splanchnic vein thrombosis can be local or systemic, and the latter are influenced by inherited or acquired conditions (Tables 1-2). The combination of multiple concurrent factors is present  in  10-46%  of  patients  with BCS13,19-22 and in 
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Table 1. Causes of Budd-Chiari syndrome (BCS) in adults. 

		LOCAL RISK FACTORS (%)

		% of the  patients

		SYSTEMIC RISK FACTORS (%)

		% of the  patients



		- Acquired

		

		- Inherited

		



		Cancer

		6-7

		Antithrombin deficiency

		2-5



		Cirrhosis

		8-14

		Protein C deficiency

		2-9



		Abdominal infection

		7

		Protein S deficiency

		3-7



		Liver abscess

		2

		Factor V Leiden

		4-26



		Inflammatory bowel   diseases

		3–8

		Prothrombin G20210A

		3-8



		Membranous web

		1-4 (West)-30 (East)

		- Acquired

		



		- Circumstantial

		

		Myeloproliferative neoplasms  (MPN)

		23-49



		Abdominal surgery

		2-23

		JAK2 V617F (with overt MPN)

		57-100



		Splenectomy

		2

		JAK2 V617F (without overt MPN)

		44



		Abdominal trauma

		10

		Antiphospholipid antibodies

		1-11



		

		

		Behcet disease

		4-9



		

		

		Autoimmune diseases

		10-13



		

		

		Paroxysmal nocturnal hemoglobinuria 

		2-19



		

		

		Hyperhomocysteinemia

		2-9



		

		

		- Circumstantial*

		



		

		

		Oral contraceptives

		15-50



		

		

		Hormone replacement therapy

		14



		

		

		Pregnancy or puerperium

		4-16





* percentage calculated on the number of women. 

The per cent values are the rate ranges from single studies5,9,13,19-22,33 and from revision papers.25,27,28

Table 2. Causes of portal vein thrombosis in adults. 

		LOCAL RISK FACTORS (%)

		% of the patients

		SYSTEMIC RISK FACTORS (%)

		% of the patients



		- Acquired

		

		- Inherited

		



		Cancer

		13-24

		Antithrombin deficiency

		1-2



		Cirrhosis

		17-18

		Protein C deficiency

		1–9



		Abdominal infection

		10

		Protein S deficiency

		1-5



		Liver abscess

		3–5

		Factor V Leiden

		3-8



		Inflammatory bowel diseases

		1-4

		Prothrombin G20210A

		3-22



		Pancreatitis

		6-19

		- Acquired

		



		Cholecystitis

		2-7

		Myeloproliferative neoplasms (MPN)

		6-33



		Appendicitis

		1

		JAK2 V617F (with overt MPN)

		78-100



		Tuberculous lymphadenitis

		3

		JAK2 V617F (without overt MPN)

		27



		Neonatal omphalitis

		1–6

		Antiphospholipid antibodies

		3-13



		- Circumstantial

		

		Autoimmune diseases

		1-4



		Abdominal surgery

		10-30

		Paroxysmal nocturnal hemoglobinuria 

		1-2



		Splenectomy

		7

		Hyperhomocysteinemia

		9-19



		Cholecystectomy

		3-12

		Increased FVIII levels

		60



		Gastrectomy

		3

		- Circumstantial*

		



		Liver transplantation

		2

		Oral contraceptives

		15-30



		Abdominal trauma

		1– 3

		Hormone replacement therapy

		3



		

		

		Pregnancy or puerperium

		2-3





* percentage calculated on the number of women. 

The per cent values are the rate ranges from single studies17,20-23,29 and from revision papers.25,37,28,30





10-64% of patients with portal vein thrombosis.17,20-23

BCS is considered primary when obstruction of the hepatic venous outflow tract is the result of an endoluminal venous lesion (thrombosis or web). In contrast, BCS is considered secondary when the obstruction results from the presence of extravascular material (for example a tumor or a parasitic mass) in the lumen or from extrinsic compression (such as abscesses, cysts, tumors). Although the presence of a membraneous web that obstructs the terminal portion of the inferior vena cava is a rare cause of BCS in  Western countries, it causes a large majority of cases in Oriental countries.3 There is evidence that these occluding membraneous webs are not congenital but are the late-stage sequelae of a previous thrombotic obstruction of the inferior vena cava.3

Recent studies from India have shown that isolated inferior vena cava obstruction is nowadays diagnosed in a minority of patients.24 Poverty, malnutrition, recurrent bacterial infections, and filariasis have been suggested to be predisposing factors for inferior vena cava occlusion. Thus, improvements in hygienic and sanitary conditions in Eastern patients may partially explain the recent change in BCS pathogenesis. 

In Western countries, most BCS patients are females, whereas in Asia the male to female ratio is close to 1.3 Use of oral contraceptive is common in Western countries while it is rare in the Eastern countries. A higher prevalence of pregnancy or puerperium associated BCS is found in Asian countries, as such oral contraceptive-related BCS is more common in Western countries than that in Asia.

The leading cause of splanchnic vein thrombosis is myeloproliferative neoplasms (MPN), which are diagnosed in half of BCS patients and one-third of EHPVO patients.13,17,20,21,25 Until the mid 1990s, the so-called occult MPN was diagnosed on the basis of spontaneous endogenous erythroid colonies (growth of erythroid colonies in the absence of exogenous erythropoietin),25 which allowed recognizition of MPN in the early stages. However, this positive result did not fulfil the complete diagnostic criteria for up to 80% of BCS patients and 50% of EHPVO patients.25 Recently, the JAK2 V617F mutation has been reported to be the main molecular marker of the Philadelphia-negative MPN. This mutation occur in nearly all patients with polycythemia vera and in about half of the patients with essential thrombocytemia. Thus, this mutation is now recognised as a diagnostic cornerstone.26 The close relationship between MPN and splanchnic vein thrombosis has been confirmed by the current one-third prevalence of the JAK2 V617F mutation among patients with BCS and EHPVO (Tables 1-2).27,28 Patients with splanchnic vein thrombosis that show no additional signs of haematologic disease other than the JAK2 V617F mutation at the time of thrombosis have an overt MPN development rate as high as 52% during the follow-up.28

Inherited thrombophilia is found in patients with splanchnic vein thrombosis, although diagnosis of inherited deficiencies of antithrombin, protein C, and protein S is difficult in the presence of liver impairment, which causes a reduced synthesis of the natural anticoagulant proteins.13,23,29,30 This difficulty is not present with the factor V Leiden and prothrombin G20210A mutations. Interestingly, a high prevalence of prothrombin G20210A mutation has been consistently reported in various series of patients with EHPVO,23,29,30 whereas factor V Leiden  appears to be more common in BCS patients.13,21 A recent meta-analysis showed a 4-fold increased  risk for prothrombin G20210A in EHPVO patients and a 2-fold increased risk for factor V Leiden in BCS patients.30

BCS is the most frequent thrombotic complication of paroxysmal nocturnal hemoglobinuria (41% of the occlusive events)31 and of Behcet’s disease (26% of the occlusive events).32

The known circumstantial risk factors for BCS are pregnancy, puerperium and the use of oral contraceptives.33,34 A case control study showed that oral contraceptives were associated with a 2.4-fold increased risk of BCS,34 although a more current estimation for currently used hormone preparations is needed.   

While a local precipitating factor is rare in patients with BCS,19,20,21 it is identified in at least one-third of the patients with portal vein thrombosis.15 Inflammatory or malignant abdominal foci, surgical trauma to the portal vein,  and liver cirrhosis are among the local causes of portal vein thrombosis (Table 2). EHPVO develops in about 5% of patients undergoing splenectomy, especially in patients with cancer, myeloproliferative disorders or haemolytic anemia.35 Reports on the risk factors associated with MVT were mostly anedoctal until recently, when an autopsy series and a population-based study were published.7,8 The autopsy study stated that abdominal cancer was present in 22% of cases and liver cirrhosis was present in 17%. The population-based study showed a marker of thrombophilia in 67% of patients, a local factor (surgery or inflammation) in 25%, cancer in 24%, and oral contraceptive use  in 6% of patients.



Risk factors in the Southern Mediterranean area: The large majority of reports concerning BCS are from Western countries or Asia (in particular, India and Japan). A few case series of adult patients from countries of the Southern Mediterranean area are available. 

In a survey from Israel,36 29 patients with hepatic vein thrombosis were diagnosed between 1955 and 1975. Fifteen of the patients were Jews and 14 were Arabs. In contrast to the Jewish patients, all of whom were adults, the majority of the Arab patients were children below 10 years of age. Primary hepatic vein occlusion was 2.4 times more common among Arab than among Jewish patients. Of the 11 Arab patients with primary hepatic vein occlusion, three had histological changes typical of veno-occlusive disease; whereas in five others, thrombotic occlusion of large hepatic veins or of the vena cava was documented. Although no plant alkaloids could be directly implicated in any of the Arab patients, circumstantial evidence strongly supports such an etiology; all Arab patients originated from small agricultural communities where ancient methods of winnowing, which expose the home-ground wheat to a high risk of contamination by grains containing pyrrolizidine alkaloids, are still in use. 

In a series of 22 patients with BCS from Israel,37 10 demonstrated spontaneous erythroid cell growth (45%), in two cases associated with overt polycythemia vera.  Seven patients (32%) had protein C deficiency, six patients (27%) had activated protein C resistance, five (23%) had anti-cardiolipin antibodies, five (23%) had antithrombin deficiency, and four patients (18%) had protein S deficiency.

In a series from Saudi Arabia out of 29 patients with BCS,38 nine patients had Behcet's disease (31%); seven had malignancy (24%), eight had antiphospholipid syndrome (27%); of the remaining patients, two had no known cause, one had trauma, one had protein C deficiency,  and one had a  nephrotic syndrome.

In a large series of 75 patients with BCS from Turkey,39 at least one etiological factor was determined in 54 (72%) of them. The etiology could not be defined in 21 (28%) patients. One etiological factor was found in 52% of patients,  two in 19%, and three factors in 1%. The most common acquired causes were membraneous webs in 12 patients, (16%),  hydatid disease in eight (11%), Behcet’s disease in seven (9%). Overall, thrombophilia (antithrombin, protein C, protein S deficiency, APC-resistance, anticardiolipin antibodies) was detected in 20 patients (26%). Notably, overt MPN were diagnosed only in six patients (8%). In this series the JAK2 V617F mutation was not investigated; therefore, the prevalence of MPNs could be underestimated. BCS was associated with pregnancy in 14% of 35 female patients and with oral contraceptive use in 8%.

In a series of 94 patients with BCS from Egypt40 at least one etiological factor was found in 49% of patients, two in 31%, three in 8%, and four in 3%. The JAK2 V617F mutation was found in 29% of 62 patients tested; Behcet’s disease was diagnosed in 12 patients (13%). Overall, antithrombin, protein C, and protein S deficiencies were found in nine patients (9%); out of 64 patients tested, 10  patients were homozygous for factor V Leiden and 24 were heterozygous (52%), whereas prothrombin G20210A was detectable only in 5%. This exceeding prevalence of factor V Leiden could mirror the high prevalence of the mutation in the general population of this geographic area .41 A total of 15% of 58 female patients had received hormonal treatment whereas 17% had BCS associated with pregnancy.

A series of 95 patients with portal vein thrombosis (in 25% of cases associated with liver cirrhosis) has been described in Turkey;42 nine patients had overt MPN (10%). The prevalence of inherited thrombophilia in this series is not reliable due to the lack of investigation for factor V Leiden and prothrombin G20210A.



Conclusions. In the Southern Mediterranean area the association of deficiency of natural anticoagulants with BCS is similar to that found in Western countires; unfortunately, the prevalence of factor V Leiden and prothrombin G20210A is  described only in one study from Egypt, reporting the presence of factor V leiden in half of the patients. The presence of spontaneous endogenous erythroid growth or JAK2 V617F as reliable signs of MPN has been detected in one-third to half of patients, with a prevalence quite similar to that reported in patient series from Western countries.

Interestingly, Behcet’s disease is the underlying cause of BCS in about 10% of patients from Turkey and Egypt. At variance with series from high-income countries, another cause potentially present in a large portion of patients is hydatidosis. Finally, the presence of membraneous webs has been reported in 16% of patients from Turkey. As noted by the authors,39 this prevalence is not as high as in Eastern countries but higher than in Western ones, ideally mirroring the position of this area as a bridge between East and West. 





References: 











1. Janssen HL, Garcia-Pagan JC, Elias E, Mentha G, Hadengue A, Valla DC;European Group for the Study of Vascular Disorders of the Liver. Budd-Chiari syndrome: a review by an expert panel. J Hepatol 2003; 38: 364-71. http://dx.doi.org/10.1016/S0168-8278(02)00434-8

2. Sarin SK, Sollano JD, Chawla YK, Amarapurkar D, Hamid S, Hashizume M, Jafri W, Kumar A, Kudo M, Lesmana LA, Sharma BC, Shiha G, Janaka de Silva H; Members of the APASL Working Party on Portal Hypertension. Consensus on extra-hepatic portal vein obstruction. Liver Int 2006; 26:512-9. http://dx.doi.org/10.1111/j.1478-3231.2006.01269.x PMid:16761994

3. Valla D. Hepatic venous outflow tract obstruction etiopathogenesis: Asia versus the West. J Gastroenterol Hepatol 2004; 19: 204–11. http://dx.doi.org/10.1111/j.1440-1746.2004.03642.x

4. Almdal TP, Sorensen TI. Incidence of parenchymal liver diseases in Denmark, 1981 to 1985: analysis of hospitalization registry data. The Danish Association for the Study of the Liver. Hepatology 1991; 13: 650–5. http://dx.doi.org/10.1002/hep.1840130407 PMid:2010159

5. Rajani R, Melin T, Björnsson E, Broomé U, Sangfelt P, Danielsson A, Gustavsson A, Grip O, Svensson H, Lööf L, Wallerstedt S, Almer SH. Budd-Chiari syndrome in Sweden: epidemiology, clinical characteristics and survival - an 18-year experience. Liver Int 2009;29:253-9. http://dx.doi.org/10.1111/j.1478-3231.2008.01838.x PMid:18694401

6. Ogren M, Bergqvist D, Björck M, Acosta S, Eriksson H, Sternby NH. Portal vein thrombosis: prevalence, patient characteristics and lifetime risk: a population study based on 23,796 consecutive autopsies. World J Gastroenterol 2006;12: 2115-9. PMid:16610067

7. Acosta S, Alhadad A, Svensson P. Ekberg O. Epidemiology, risk and prognostic factors in mesenteric venous thrombosis. Br J Surg 2008;95:1245-51. http://dx.doi.org/10.1002/bjs.6319 PMid:18720461

8. Acosta S, Ogren M, Sternby NH, Bergqvist D, Björck M. Mesenteric venous thrombosis with transmural intestinal infarction: a population-based study. J Vasc Surg 2005;41: 59-63. http://dx.doi.org/10.1016/j.jvs.2004.10.011 PMid:15696045

9. Dentali F, Ageno W, Witt D, Malato A, Clark N, Garcia D, McCool K, Siragusa S, Dyke S, Crowther M; WARPED consortium. Natural history of mesenteric venous thrombosis in patients treated with vitamin K antagonists: a multi-centre, retrospective cohort study. Thromb Haemost 2009;102:501-4. PMid:19718470

10. Darvish Murad S, Valla DC, de Groen PC, Zeitoun G, Hopmans JA, Haagsma EB, van Hoek B, Hansen BE, Rosendaal FR, Janssen HL. Determinants of survival and the effect of portosystemic shunting in patients with Budd-Chiari syndrome. Hepatology 2004;39:500-8. http://dx.doi.org/10.1002/hep.20064 PMid:14768004

11. Senzolo M, Cholongitas EC, Patch D, Burroughs AK. Update on the classification, assessment of prognosis and therapy of Budd-Chiari syndrome. Nat Clin Pract Gastroenterol Hepatol 2005;2:182-90. http://dx.doi.org/10.1038/ncpgasthep0143

12. Hadengue A, Poliquin M, Vilgrain V, Belghiti J, Degott C, Erlinger S, Benhamou JP . The changing scene of hepatic vein thrombosis: recognition of asymptomatic cases. Gastroenterology 1994;106:1042-7. PMid:8143970

13. Darvish Murad S, Plessier A, Hernandez-Guerra M, Fabris F, Eapen CE, Bahr MJ, Trebicka J, Morard I, Lasser L, Heller J, Hadengue A, Langlet P, Miranda H, Primignani M, Elias E, Leebeek FW, Rosendaal FR, Garcia-Pagan JC, Valla DC, Janssen HL; EN-Vie (European Network for Vascular Disorders of the Liver). Etiology, management, and outcome of the Budd-Chiari syndrome. Ann Intern Med 2009;151: 167-75. PMid:19652186

14. Zeitoun G, Escolano S, Hadengue A, Azar N, El Younsi M, Mallet A, Boudet MJ, Hay JM, Erlinger S, Benhamou JP, Belghiti J, Valla D. Outcome of Budd-Chiari syndrome: a multivariate analysis of factors related to survival including surgical portosystemic shunting. Hepatology 1999;30:84-9. http://dx.doi.org/10.1002/hep.510300125 PMid:10385643

15. Condat B, Valla D. Nonmalignant portal vein thrombosis in adults. Nat Clin Pract Gastroenterol Hepatol 2006;3:505-15. http://dx.doi.org/10.1038/ncpgasthep0577

16. Condat B, Pessione F, Helene Denninger M, Hillaire S, Valla D. Recent portal or mesenteric venous thrombosis: increased recognition and frequent recanalization on anticoagulant therapy. Hepatology 2000;32:466-70. http://dx.doi.org/10.1053/jhep.2000.16597 PMid:10960436

17. Janssen HL, Wijnhoud A, Haagsma EB, van Uum SH, van Nieuwkerk CM, Adang RP, Chamuleau RA, van Hattum J, Vleggaar FP, Hansen BE, Rosendaal FR, van Hoek B. Extrahepatic portal vein thrombosis: aetiology and determinants of survival. Gut 2001;49:720-4. http://dx.doi.org/10.1136/gut.49.5.720 PMid:11600478 PMCid:1728504

18. Kumar S, Sarr MG, Kamath PS. Mesenteric vein thrombosis. N Engl J Med 2001;345: 1683-8. http://dx.doi.org/10.1056/NEJMra010076 PMid:11759648

19. Mentha G, Giostra E, Majno PE, Bechstein WO, Neuhaus P, O'Grady J, Praseedom RK, Burroughs AK, Le Treut YP, Kirkegaard P, Rogiers X, Ericzon BG, Hockerstedt K, Adam R, Klempnauer J. Liver transplantation for Budd-Chiari syndrome: A European study on 248 patients from 51 centres. J Hepatol 2006;44:520-8. http://dx.doi.org/10.1016/j.jhep.2005.12.002 PMid:16427719

20. Denninger MH, Chaït Y, Casadevall N, Hillaire S, Guillin MC, Bezeaud A, Erlinger S, Briere J, Valla D. Cause of portal or hepatic venous thrombosis in adults: the role of multiple concurrent factors. Hepatology 2000;31:587-91. http://dx.doi.org/10.1002/hep.510310307 PMid:10706547

21. Janssen HL, Meinardi JR, Vleggaar FP, van Uum SH, Haagsma EB, van Der Meer FJ,van Hattum J, Chamuleau RA, Adang RP, Vandenbroucke JP, van Hoek B, Rosendaal FR.Factor V Leiden mutation, prothrombin gene mutation, and deficiencies in coagulation inhibitors associated with Budd-Chiari syndrome and portal vein thrombosis: results of a case-control study. Blood 2000;96:2364-8. PMid:11001884

22. Primignani M, Barosi G, Bergamaschi G, Gianelli U, Fabris F, Reati R, Dell'Era A, Bucciarelli P, Mannucci PM. Role of the JAK2 mutation in the diagnosis of chronic myeloproliferative disorders in splanchnic vein thrombosis. Hepatology 2006;44:1528-34. http://dx.doi.org/10.1002/hep.21435 PMid:17133457

23. Plessier A, Darwish Murad S, Hernandez Guerra M, et al.; European Network for Vascular Disorders of the Liver (EN-Vie). Acute portal vein thrombosis unrelated to cirrhosis: a prospective multicenter follow-up study. Hepatology 2009;51:210-8. http://dx.doi.org/10.1002/hep.23259 PMid:19821530

24. Eapen CE, Mammen T, Moses V, Shyamkumar NK. Changing profile of Budd Chiari syndrome in India. Indian J Gastroenterol 2007;26:77-81. PMid:17558071

25. De Stefano V, Teofili L, Leone G, Michiels JJ. Spontaneous erythroid colony formation as the clue to an underlying myeloproliferative disorder in patients with Budd-Chiari syndrome or portal vein thrombosis. Semin Thromb Hemost 1997;23: 411-8. http://dx.doi.org/10.1055/s-2007-996117 PMid:9387199

26. Dahabreh IJ, Zoi K, Giannouli S, Zoi C, Loukopoulos D, Voulgarelis M. Is JAK2 V617F mutation more than a diagnostic index ? A meta-analysis of clinical outcomes in essential thrombocythemia. Leuk Res 2009;33:67-73. http://dx.doi.org/10.1016/j.leukres.2008.06.006 PMid:18632151

27. Fiorini A, Chiusolo P, Rossi E, Za T, De Ritis DG, Ciminello A, Leone G, De Stefano V. Absence of the JAK2 exon 12 mutations in patients with splanchnic venous thrombosis and without overt myeloproliferative neoplasms. Am J Hematol 2009;84:126-7. http://dx.doi.org/10.1002/ajh.21335 PMid:19105231

28. Dentali F, Squizzato A, Brivio L, Appio L, Campiotti L, Crowther M, Grandi AM, Ageno W. JAK2V617F mutation for the early diagnosis of Ph-myeloproliferative neoplasms in patients with venous thromboembolism: a meta-analysis. Blood 2009;113:5617-23 http://dx.doi.org/10.1182/blood-2008-12-196014 PMid:19273837

29. Martinelli I, Primignani M, Aghemo A, Reati R, Bucciarelli P, Fabris F, Battaglioli T, Dell'Era A, Mannucci PM. High levels of factor VIII and risk of extra-hepatic portal vein obstruction. J Hepatol 2009;50:916-22. http://dx.doi.org/10.1016/j.jhep.2008.12.020 PMid:19304336

30. Dentali F, Galli M, Gianni M, Ageno W. Inherited thrombophilic abnormalities and risk of portal vein thrombosis. A meta-analysis. Thromb Haemost 2008;99:675-82. PMid:18392325

31. Ziakas PD, Poulou LS, Rokas GI, Bartzoudis D, Voulgarelis M. Thrombosis in paroxysmal nocturnal hemoglobinuria: sites, risks, outcome. An overview. J Thromb Haemost 2007;5:642-5. http://dx.doi.org/10.1111/j.1538-7836.2007.02379.x PMid:17319910

32. Bayraktar Y, Balkanci F, Bayraktar M, Calguneri M. Budd-Chiari syndrome: a common complication of Behçet's disease. Am J Gastroenterol 1997:92:858-62. PMid:9149201

33. Rautou PE, Plessier A, Bernuau J, Denninger MH, Moucari R, Valla D. Pregnancy: a risk factor for Budd-Chiari syndrome? Gut 2009; 58: 606-8. http://dx.doi.org/10.1136/gut.2008.167577 PMid:19299391

34. Valla D, Le MG, Poynard T, Zucman N, Rueff B, Benhamou JP. Risk of hepatic vein thrombosis in relation to recent use of oral contraceptives. A case-control study. Gastroenterology 1986;90: 807-11. PMid:3949113

35. Stamou KM, Toutouzas KG, Kekis PB, Nakos S, Gafou A, Manouras A, Krespis E, Katsaragakis S, Bramis J. Prospective study of the incidence and risk factors of postsplenectomy thrombosis of the portal, mesenteric, and splenic veins. Arch Surg 2006;141:663-9. http://dx.doi.org/10.1001/archsurg.141.7.663 PMid:16847237

36. Ghanem J, Hershko C. Veno-occlusive disease and primary hepatic vein thrombosis in Israeli Arabs. Isr J Med Sci 1981;17:339-47. PMid:7263190

37. Hirshberg B, Shouval D, Fibach E, Friedman G, Ben-Yehuda D. Flow cytometric analysis of autonomous growth of erythroid precursors in liquid culture detects occult polycythemia vera in the Budd-Chiari syndrome. J Hepatol 2000;32:574-8. http://dx.doi.org/10.1016/S0168-8278(00)80218-4

38. Al Himali SH, Al Osaimi AM, Dahab ST, Khuroo MS, Al Ashgar HI. Budd Chiari syndrome: experience at King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia. Saudi J Gastroenterol 2003;9:11-4. PMid:19861804

39. Uskudar O, Akdogan M, Sasmaz N, Yilmaz S, Tola M, Sahin B. Etiology and portal vein thrombosis in Budd-Chiari syndrome. World J Gastroenterol 2008;14:2858-62. http://dx.doi.org/10.3748/wjg.14.2858 PMid:18473410 PMCid:2710727

40. Sakr M, Barakat E, Abdelhakam S, Dabbous H, Yousuf S, Shaker M, Eldorry A. Epidemiological aspects of Budd-Chiari in Egyptian patients: a single-center study. World J Gastroenterol 2011;17:4704-10. http://dx.doi.org/10.3748/wjg.v17.i42.4704 

41. Jadaon MM. Epidemiology of activated protein C resistance and Factor V Leiden mutation in the Mediterranean Region. Mediterr J Hematol Infect Dis 2011, 3(1): e201105 Epub 2011 Nov 28. 

42. Ertuğrul I, Köklü S, Başar O, Yüksel O, Uçar E, Coban S, Ibiş M, Arhan M, Odemiş B, Saşmaz N. Thrombosis of the portal venous system: a prospective study. J Clin Gastroenterol 2008; 42:835-8. PMid:18469722

43. 





image1.png







