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ABSTRACT

Portal vein thrombosis (PVT) is a rare disorder that is
associated with a variety of underlying conditions, of which
liver cirrhosis, malignancy and myeloproliferative disorders
are the most common. Based on clinical presentation and
results of imaging, two different entities can be identified,
acute and chronic PVT. Anticoagulation therapy is
recommended for all patients with acute PVT in an attempt
to prevent further thrombosis and to promote recanalisation
of the obstructed veins. Chronic PVT is characterised by
the presence of a portal cavernoma and development of
portal hypertension. Bleeding from ruptured oesophageal
or gastric varices is the main complication of portal
hypertension in these patients. Both endoscopic therapy
and B-adrenergic blockade are used for the prevention
and treatment of gastrointestinal bleeding. In the absence
of bleeding, continuous anticoagulant therapy should be
considered for the group of chronic PVT patients in whom
an underlying prothrombotic factor can be identified. With
adequate management of complications and concurrent
diseases, prognosis of PVT is good in patients without
underlying cirrhosis or malignancies.
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INTRODUCTION

The portal vein forms the backbone of the portal venous
system that allows for blood from the digestive organs to

flow towards the liver. Thrombosis of the portal vein can
occur both in children and adults and results in significant

haemodynamic changes.! As with other forms of venous
thrombosis, portal vein thrombosis (PVT) is associated with a
number of different precipitating factors, both inherited and
acquired.”” Though it is considered a rare disorder, a recent
autopsy study showed the life-time risk of PVT in the general
population to be 1%.° In adults, clinical presentation is highly
variable but depending on the duration of symptoms and
results of imaging, PVT can usually be classified as either
acute or chronic’ In the past decade a number of, mainly
retrospective, studies have been performed in patients
with PVT. Results from these studies have significantly
contributed to the current understanding of this vascular liver
disorder. However, many questions remain unanswered and
there is still much debate concerning the optimal treatment
strategy for both acute and chronic PVT. In this review we
will discuss the aetiology and clinical characteristics of PVT,
with special attention for the management of this disorder.

AETIOLOGY

Both local (hepatobiliary) and systemic (thrombophilic) risk
factors have been associated with thrombosis of the portal
vein (table 1).>*"° In children, infectious causes of PVT, such
as sepsis or omphalitis, are frequently present. Specifically in
neonates, catheterisation of the umbilical vein is an important
risk factor for development of PVT.™" In the adult population,
liver cirrhosis and hepatobiliary malignancies are the most
common local precipitating factors that together account for
a large proportion of cases of PVT.® In patients with liver
cirrhosis, the reported incidence of PVT varies from 6 to
17%." Patients with more advanced stages of cirrhosis have
a higher risk of PVT than patients with compensated liver
disease.” Development of thrombosis in cirrhotic patients
is thought to be caused by both reduced portal blood flow

© 2009 Van Zuiden Communications B.V. All rights reserved.

FEBRUARY 2009, VOL. 67, NO. 2

46



Netherlands

TheJournal of Medicine

Table 1. Risk factors for the development of portal vein
thrombosis

Local (hepatobiliary) factors ~ Systemic (thrombophilic) factors

Inherited:

« Factor V Leiden mutation

« Factor II (prothrombin)
mutation

« Protein C deficiency

« Protein S deficiency

« Antithrombin deficiency

Liver cirrhosis
(Hepatobiliary) malignancy

Intra-abdominal infection/
inflammation:

« Pancreatitis

« Cholecystitis

« Diverticulitis

« Appendicitis

« Inflammatory bowel

disease
« Omphalitis

Acquired:

« Myeloproliferative disorder

« Antiphospholipid syndrome

« Paroxysmal nocturnal
hemoglobinuria

« Oral contraceptives

« Pregnancy or puerperium

« Hyperhomocysteinemia

« Malignancy

Tatrogenous injury of the

portal vein:

+ Splenectomy

« Abdominal surgery

« Umbilical vein
catherisation

and the effects of periportal fibrosis. Thrombus formation
in patients with a local malignancy is usually related to
direct compression or invasion of the portal vein by tumour
mass. The incidence of PVT in patients with hepatocellular
carcinoma (HCC) is 10 to 44%"7" and appears to increase
even further when concurrent cirrhosis is present.® For this
reason, diagnosis of PVT in a patient with liver cirrhosis
should raise awareness for the presence of HCC. Other
known local risk factors, such as pancreatitis, abdominal
surgery and inflammatory bowel disease, are associated with
a lower risk of PVT and are only encountered in a minority
of patients.>*>* In contrast, it is now clear that in many
patients with noncirrhotic nonmalignant PVT, a systemic,
thrombophilic risk factor is present. Over the past two
decades, a number of systemic conditions, either inherited or
acquired, that result in a thrombogenic phenotype have been
identified as risk factors for the development of PVT.>#92* Of
these factors, myeloproliferative disorders (i.e. polycythaemia
vera, essential thrombocythaemia and myelofibrosis) are
by far the most common. In a recent study, a myelopro-
liferative disorder (MPD) was found in 37% of patients with
noncirrhotic nonmalignant PVT.” Less frequent systemic
risk factors associated with PVT are factor V Leiden mutation,
prothrombin gene mutation and inherited deficiencies
of protein C, protein S and antithrombin.>® Moreover, in
concordance with venous thrombosis at other sites, the
aetiology of PVT is often multifactorial, as in many patients
a combination of underlying risk factors can be identified.**
This was not only demonstrated in patients with noncirrhotic
nonmalignant PVT,>* but also in cirrhotic patients with
PVT.* In a cohort of patients with liver cirrhosis and PVT,
a concurrent systemic risk factor was present in 70% of
patients.>**” Furthermore, patients with PVT also seem
to be at an increased risk of developing other venous

thromboembolic events.?329

CLINICAL MANIFESTATIONS AND
DIAGNOSIS

Acute PVT

An acute obstruction of the portal vein usually manifests
itself as a sudden onset of abdominal pain, which may be
very severe. Other symptoms that can occur are nausea,
fever and diarrhoea’ Whereas in the past, very few
patients were diagnosed with acute PVT, due to increased
awareness and improved imaging this disease entity is
increasingly being recognised.>® On physical examination
the majority of patients will exhibit splenomegaly, but
ascites is usually absent. Laboratory investigations provide
few clues and unless an underlying liver disease is present
liver function tests are usually (near) normal. However,
using noninvasive imaging techniques the diagnosis
of PVT can easily be established. Doppler ultrasound,
computerised tomography (CT) or magnetic resonance
imaging (MRI) can all be applied to demonstrate either
the absence of flow or the presence of a thrombus in the
portal vein (figure 1). 3" Additionally, with these imaging
modalities it is possible to visualise the extent of the
thrombosis. If apart from the portal vein, the mesenteric
veins are also obstructed, there is a substantial risk of
intestinal ischaemia and subsequent bowel infarction.’*
This is the most severe complication of acute portal
vein thrombosis and often requires immediate surgical
intervention. Fortunately, intestinal infarction occurs very
infrequently; in a recent study less than 5% of patients with
acute PVT suffered from this complication.’s

Once PVT is diagnosed, patients should be screened for
underlying aetiological factors. Identification of a single

Figure 1. Computed tomography image of the liver (L)
of a patient with portal vein thrombosis showing the
presence of thrombotic material (arrow) in the lumen
of the portal vein (PV)

Hoekstra, et al. Portal vein thrombosis.

FEBRUARY 2009, VOL. 67, NO. 2




Netherlands

TheJournal of Medicine

risk factor does not diminish the need for a further
search because multiple risk factors may be present. Of
interest, in patients with PVT or underlying liver disease
the diagnosis of certain thrombogenic factors may be
impaired. Firstly, decreased hepatic synthetic function
may result in lower plasma levels of protein C, protein
S and antithrombin, thereby potentially masking a true
deficiency or leading to an incorrect diagnosis of natural
anticoagulant deficiency.3® Secondly, characteristic features
of an MPD (e.g. elevated platelets or haemoglobin) may be
absent due to splenomegaly or haemodilution.”” The latter
diagnostic problem can be solved by performing a bone
marrow biopsy or by assessing the presence of endogenous
erythoid colony formation® Furthermore, the diagnosis of
MPD has recently been facilitated by the discovery of the
V617F mutation of the Janus Kinase 2 (JAK2), a tyrosine
kinase.® In patients with polycythaemia vera it has been
shown that approximately 95% carry the JAK2 mutation;
for essential thrombocythaemia and myelofibrosis this
mutation is present in 50 to 60% of patients.** Because the
JAK2 mutation is not found in healthy controls, it has been
applied as a screening marker for MPD. In several studies
of patients with noncirrhotic nonmalignant PVT, 20 to 35%
of the cases were JAK2 positive, underlining that MPDs are
a major risk factor for the development of PVT.##

Chronic PVT

Whereas many patients will display some symptoms
associated with PVT, a number of patients are completely
asymptomatic.>*® These patients are often only diagnosed
by coincidence or later on when complications of chronic
PVT occur. In response to thrombosis of the portal vein,
portoportal and portosystemic collateral veins will develop
to compensate for the decreased portal blood flow.*+4
These collaterals may be present within several days after
the venous occlusion and are eventually found in nearly all
patients with a complete obstruction of the portal vein.*
However, the amount, size and localisation of collaterals
differ strongly between patients. On imaging, the presence
of a network of collateral vessels around the portal vein, a
so-called portal cavernoma, is a typical feature of chronic
PVT.# Moreover, in patients with long-standing thrombosis
the portal vein itself often becomes a fibrotic cord and may
be difficult to visualise (figure 2). Besides the development
of collaterals, another compensatory mechanism that takes
place is dilatation of the hepatic artery.* Nevertheless,
despite the fact that hepatic blood flow is only minimally
decreased as a result of these haemodynamic changes,
portal venous pressure is inevitably increased. Therefore,
complications related to portal hypertension, such as
splenomegaly and gastro-oesophageal varices, are the
main features of patients with chronic PVT. At diagnosis
of PVT, more than half of the patients will already have
varices or signs of portal hypertensive gastropathy.’®4549

Figure 2A. Doppler ultrasound of a patient with
chronic portal vein thrombosis depicting a network of
collateral vessels (arrows) and some fibrosis (F) in the
area of the portal vein

Figure 2B. Ultrasound image displaying the typical
fibrotic transformation of the portal vein in chronic
PVT; between the left lobe of the liver (L) and the
lobus caudatus (LC), a marked fibrotic streak (F) can
be visualised surrounding a meandering collateral
vein (arrows)

Furthermore, in 20 to 40% of cases, an episode of

gastrointestinal bleeding will be the presenting symptom
of an underlying chronic PVT3™

In addition to complications of portal hypertension, two
other potential consequences of chronic PVT are intestinal
ischaemia and portal biliopathy. As in patients with acute
PVT, there is also a minor risk of intestinal ischaemia
and bowel infarction in chronic PVT if there is secondary
extension of thrombosis into the superior mesenteric vein.
The other complication, portal biliopathy, denotes structural
abnormalities of the intrahepatic or extrahepatic biliary
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Figure 3A. Endoscopic retrograde cholangiography in
a patient with symptomatic portal biliopathy

There is an undulating contour of the distal common bile duct
(arrowheads) and more proximally marked angulation (*). Slight
stenosis at the origin of the marginally dilated left hepatic duct (arrow).

tree that are related to the presence of a portal cavernoma
(figure 3)5° These changes are most likely the result of either
direct compression of bile ducts by the portal cavernoma
or ischaemic structuring. In the majority of patients with
chronic PVT a certain degree of biliary tree involvement can
be demonstrated,’>* but most remain asymptomatic. Clinical
manifestations such as jaundice, cholangitis or cholecystitis
are present in approximately 10 to 20% of cases, especially in
patients of older age and with longer disease duration.>3*

TREATMENT

Acute PVT

The management of patients with acute PVT is based on:
(1) prevention of further thrombosis and therapy aimed at
recanalisation, (2) treatment of complications (e.g. bowel
infarction) and concurrent disease and (3) identification
and, if possible, treatment of underlying (thrombophilic)

Figure 3B. Smooth indentation of the common bile
duct (arrow) in a patient with portal biliopathy

v

risk factors. Although no controlled studies have been

performed, there is convincing evidence that rapid initiation
of anticoagulation therapy results in either complete or partial
recanalisation in a significant number of patients. Several
retrospective series and a recent prospective study have all
shown a beneficial effect of anticoagulation in patients with
noncirrhotic nonmalignant PVT, with recanalisation rates of
approximately 45%.3°34% Spontaneous improvement of portal
vein patency was rarely seen in these studies. Therefore,
the current consensus indicates that all patients with acute
PVT should be treated with anticoagulation when there are
no contraindications.® A minimal treatment duration of
three months is advised but, as with venous thrombosis at
other sites, this could be extended to six months. Moreover,
in patients with proven systemic thrombophilia life-long
anticoagulation therapy may be warranted due to the
increased risk of new thrombotic events.?%4%5

Apart from anticoagulation, several other treatment
modalities have also been employed to achieve

Hoekstra, et al. Portal vein thrombosis.

FEBRUARY 2009, VOL. 67, NO. 2

49



Netherlands

TheJournal of Medicine

recanalisation of the obstructed portal vein. A number of
case reports have successfully demonstrated the use of local
thrombolysis in the early phase of PVT.5*57 Recanalisation
has also been described after surgical thrombectomy or
with percutaneous transhepatic angioplasty (PTA)5%5
Nevertheless, experience with these techniques is limited
and the risk of procedure-related complications and
mortality is high.®>® Consequently, their role in the
treatment of acute PVT is still highly controversial.

In addition to its effect on recanalisation, anticoagulation
should also be initiated in the acute phase of PVT to
prevent extension of the thrombosis. Extensive thrombosis
of the mesenteric veins is mostly symptomatic and carries
a high risk of intestinal ischaemia.'® Symptoms that may
be present are severe abdominal pain and bloody diarrhoea.
When intestinal infarction is suspected, immediate
surgical intervention is required to resect necrotic parts
of the bowel. If left untreated, bowel ischaemia can lead to
major complications such as intestinal perforation, shock,
multi-organ failure and even death .

Chronic PVT

Treatment and prevention of variceal bleeding

For patients with chronic PVT, therapy is mainly aimed
at the treatment and prevention of complications of portal
hypertension. Bleeding from gastro-oesophageal or ectopic
(e.g. duodenal or rectal) varices is the most important
complication of PVT-induced portal hypertension. Around
50% of patients will already have signs of varices at diagnosis
and for that reason endoscopic screening for the presence of
varices should be part of the diagnostic work-up in all patients
with (chronic) PVT. In the case of noncirrhotic nonmalignant
PVT, approximately 30% of patients will experience one or
more episodes of gastrointestinal bleeding during follow-up.>4°
When an underlying cirrhosis is present the incidence of
variceal bleeding is even higher? The risk of bleeding is
also increased in patients with large varices at diagnosis,
especially for those who do not receive adequate prophylactic
treatment.**#9 Despite the serious nature of complications,
no controlled studies have been performed addressing the
optimal management of variceal bleeding in patients with
PVT. Therefore, current guidelines are mainly based on data
from studies in patients with portal hypertension caused
by liver cirrhosis, in the absence of PVT5 As has become
clear from these studies, primary prevention of bleeding
is recommended in patients with large (>5 mm) varices.*
Treatment with nonselective 3-blockers and endoscopic band
ligation are equally effective and both significantly reduce the
risk of a first bleeding episode.” It has not been established
which therapy should be preferred in patients with PVT, but
pharmacological treatment with B-blockers is probably more
cost-effective. Endoscopic treatment as primary prevention
could then be reserved for those patients with intolerance or
contraindications to B-blockers.

When prevention fails or when a patient presents with
variceal haemorrhage, endoscopic therapy is the mainstay of
treatment. Variceal band ligation is the preferred treatment
modality for acute bleeding episodes but endoscopic
sclerotherapy may also be applied.” For acute bleeding
from gastric fundal varices, endoscopic variceal obturation
with tissue adhesives seems to be most effective to control
bleeding.®* Other, more general, measures in patients
with gastrointestinal haemorrhage may include volume
resuscitation, blood transfusions and admission to an
intensive care unit. Furthermore, it has been shown that
additional treatment with vasoconstrictors and antibiotics
also has a beneficial effect on complications and survival.®s
After a first episode of variceal bleeding has been
controlled, therapy is aimed at prevention of further
events. In patients with cirrhosis and portal hypertension,
treatment with B-blockers and endoscopic band ligation
can both reduce the rate of rebleeding.®® Combined
therapy of pharmacological treatment and endoscopy
is even more effective in the secondary prevention of
variceal bleeding.”” In patients with PVT there have been
a few studies addressing the prevention of rebleeding,
specifically with endoscopic therapy. It was shown
that endoscopic eradication of varices in patients with
noncirrhotic nonmalignant PVT significantly reduced the
risk of rebleeding.®®7° The rate of rebleeding was reported
to be 23% in the first year,® which compares favourably
with a rebleeding rate of approximately 31% in cirrhotic
patients treated with endoscopic band ligation.”” Studies
investigating the effect of B-blockers on the prevention of
rebleeding in patients with PVT have not been performed
and their role in the secondary prophylaxis of variceal
bleeding in these patients is therefore still unclear.”
Many patients with PVT-induced portal hypertension can
be adequately managed with pharmacological or endoscopic
treatment. However, when these therapeutic options fail
and in patients with recurrent variceal bleeding, a shunting
procedure could be considered. Surgical shunts, preferably
a distal splenorenal shunt, have proven to give durable
decompression of the portal venous system.”” Disadvantages
that hamper the widespread application of these procedures
are the considerable rates of morbidity and mortality and the
high risk of shunt thrombosis.?”* As a less invasive option,
recent interest has gone out to the use of a transjugular
intrahepatic portosystemic shunt (TIPS). Several studies
have reported the successful use of TIPS in the management
of patients with PVT7#7® Nevertheless, a TIPS can only
be performed in selected patients, as in many cases the
procedure is technically not feasible due to extensive
thrombosis (e.g. involving the splenic and mesenteric veins)
or an inability to catheterise either the portal vein itself or
collaterals forming the portal cavernoma. Future studies will
have to determine the exact role of TIPS in the treatment of
portal hypertension associated with PVT.
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Other therapeutic measures

Treatment of portal biliopathy is only indicated in
symptomatic patients. Endoscopic therapy with or without
stent placement is effective in most cases of biliary
obstruction or biliary stone formation.”” When symptoms
persist, a surgical intervention may be needed, aimed at
the management of portal hypertension. A few studies
performed in patients with portal biliopathy as a result of
PVT have illustrated that symptoms can be relieved with
a portosystemic shunting procedure.”®” This diminishes
the need for a secondary surgical bilioenteric anastomosis,
which is associated with a high morbidity and mortality in
these patients due to the extensive network of collaterals
frequently surrounding the biliary structures.®

Whereas the role of anticoagulation has been quite well
established in the treatment of patients with acute PVT,
there is still much debate concerning its place, if any, in
the management of chronic PVT. The significant risk of
bleeding complications from gastro-oesophageal varices
is often seen as a contraindication. Nevertheless, the
high prevalence of systemic thrombophilia would support
treatment with anticoagulation, as it has been reported
that patients with PVT and an underlying thrombogenic
risk factor have an increased risk of developing further
thrombotic events.?94%4% Moreover, it was shown that
anticoagulation therapy decreased the incidence of
new thrombotic episodes in these patients whilst the
risk and severity of variceal bleeding was not altered.*
This would support the use of anticoagulation in patients
with chronic PVT and proven thrombophilia. Whether
anticoagulation should be considered in patients with PVT
and underlying liver cirrhosis is even less clear. One study
has suggested that anticoagulation therapy may prove useful
in a subgroup of patients with cirrhosis and PVT that are
candidates for liver transplantation.® The presence of PVT
in patients undergoing liver transplantation is associated
with more complex surgical procedures and an increased
rate of complications.®*® Treatment with anticoagulation
in cirrhotic patients with PVT awaiting transplantation
resulted in recanalisation in 42% of cases and successfully
prevented extension of thrombosis.® Still, despite these
favourable results of anticoagulation, evidence is minimal
and more studies are needed to define whether treatment
with anticoagulation truly has a beneficial effect in patients
with chronic PVT. Current consensus, solely based on expert
opinion, indicates that life-long anticoagulation therapy
should be considered in patients with PVT in whom an
underlying thrombophilic risk factor has been identified.

PROGNOSIS

The prognosis of patients with PVT is mainly determined
by the underlying cause of thrombosis and not by the

complications of portal hypertension.>’™ Whereas in
earlier studies many patients died as a result of variceal
bleeding,® recent data suggest that mortality related to
gastrointestinal haemorrhage is uncommon.#® In a large
cohort of 172 patients with PVT, death due to variceal
bleeding occurred in 2% of the patients.” Furthermore,
in a recent short-term prospective study in patients with
noncirrhotic nonmalignant PVT, no deaths due to variceal
bleeding were reported.’> The prognosis of PVT patients
without underlying cirrhosis or malignancy can therefore
be considered as good, with five- and ten-year survival
rates of 9o and 80%, respectively.'® Outcome is worse in
patients with liver cirrhosis because in this group liver
function is already impaired and there is a higher risk of
(liver-associated) complications and liver decompensation.
Survival after liver transplantation was shown to be
significantly lower in cirrhotic patients with concomitant
PVT as compared with cirrhotic patients without PVT.®
Clearly, the presence of an underlying malignancy also
substantially affects survival. It has been reported that
patients with HCC who develop PVT during the course
of the disease have a very poor prognosis.?® In one study,
five-year survival of PVT patients with malignancy was only
8%.° Another factor that has a negative impact on survival
is intestinal ischaemia complicated by bowel infarction. In
patients with mesenteric vein thrombosis mortality rates
may vary between 20 and 50%.3* Conversely, underlying
systemic risk factors do not seem to influence prognosis,
although long-term follow-up data of patients with PVT
and known thrombophilia are lacking. A recent study
demonstrated that the presence of an MPD does not affect
five-year survival rates.”

CONCLUSION

Thrombosis of the portal vein often has a multifactorial
aetiology. Presentation is highly variable and the
clinical course is relatively benign, but dependent on
the underlying cause. Acute and chronic PVT are two
distinct disease entities that require a somewhat different
treatment approach. Anticoagulation is the mainstay of
treatment in acute PVT whereas therapy for chronic PVT
is guided by the presence and severity of complications
related to portal hypertension. Because controlled studies
in patients with PVT are not available, gastro-oesophageal
varices should be treated as in patients with liver cirrhosis-
induced portal hypertension. Despite recent advances,
many aspects of the (multifactorial) aetiology and
management of PVT are still unclear. More studies are
needed to further elucidate the role of anticoagulation
in patients with chronic PVT and the role of different
therapeutic options in the treatment and prevention of
variceal bleeding.

Hoekstra, et al. Portal vein thrombosis.

FEBRUARY 2009, VOL. 67, NO. 2

51



Netherlands

TheJournal of Medicine

REFERENCES

20.

21.

22.

23.

Cohen J, Edelman RR, Chopra S. Portal vein thrombosis: a review. Am |
Med. 1992;92:173-82.

Janssen HL, Meinardi |R, Vleggaar FP, et al. 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.

Sogaard KK, Astrup LB, Vilstrup H, Gronbaek H. Portal vein thrombosis; risk
factors, clinical presentation and treatment. BMC Gastroenterol. 2007;7:34.

Valla DC, Condat B. Portal vein thrombosis in adults: pathophysiology,
pathogenesis and management. | Hepatol. 2000;32:865-71.

Rosendaal FR. Venous thrombosis: a multicausal disease. Lancet.
1999;353:1167-73.

Ogren M, Bergqvist D, Bjorck 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 |
Gastroenterol. 2006;12:2115-9.

Condat B, Valla D. Nonmalignant portal vein thrombosis in adults. Nat
Clin Pract Gastroenterol Hepatol. 2006;3:505-15.

Primignani M, Martinelli |, Bucciarelli P, et al. Risk factors for
thrombophilia in extrahepatic portal vein obstruction. Hepatology.
2005;41:603-8.

Valla D, Casadevall N, Huisse MG, et al. Etiology of portal vein thrombosis
in adults. A prospective evaluation of primary myeloproliferative disorders.
Gastroenterology. 1988;94:1063-9.

. Janssen HL, Wijnhoud A, Haagsma EB, et al. Extrahepatic portal

vein thrombosis: aetiology and determinants of survival. Gut.
2001;49:720-4.
Alvarez F, Bernard O, Brunelle F, Hadchouel P, Odievre M, Alagille D.

Portal obstruction in children. I. Clinical investigation and hemorrhage
risk. ] Pediatr. 1983;103:696-702.

Morag |, Epelman M, Daneman A, et al. Portal vein thrombosis in the
neonate: risk factors, course, and outcome. | Pediatr. 2006;148:735-9.

Belli L, Romani F, Sansalone CV, Aseni P, Rondinara G. Portal thrombosis
in cirrhotics. A retrospective analysis. Ann Surg. 1986;203:286-91.

. Monarca A, Natangelo R, Tavani E, Azzolini V. Cirrhosis and portal vein

thrombosis. Gastroenterology. 1986;90:509.

Nonami T, Yokoyama I, Iwatsuki S, Starzl TE. The incidence of portal vein
thrombosis at liver transplantation. Hepatology. 1992;16:1195-8.

. Amitrano L, Guardascione MA, Brancaccio V, et al. Risk factors and

clinical presentation of portal vein thrombosis in patients with liver
cirrhosis. | Hepatol. 2004;40:736-41.

A new prognostic system for hepatocellular carcinoma: a retrospective
study of 435 patients: the Cancer of the Liver Italian Program (CLIP)
investigators. Hepatology. 1998;28:751-5.

. Pirisi M, Avellini C, Fabris C, et al. Portal vein thrombosis in hepatocellular

carcinoma: age and sex distribution in an autopsy study. ] Cancer Res Clin
Oncol. 1998;124:397-400.

. Rabe C, Pilz T, Klostermann C, et al. Clinical characteristics and outcome

of a cohort of 101 patients with hepatocellular carcinoma. World |
Gastroenterol. 2001;7:208-15.

Bernades P, Baetz A, Levy P, Belghiti ], Menu Y, Fekete F. Splenic
and portal venous obstruction in chronic pancreatitis. A prospective
longitudinal study of a medical-surgical series of 266 patients. Dig Dis

Sci. 1992;37:340-6.

Winslow ER, Brunt LM, Drebin JA, Soper NJ, Klingensmith ME. Portal vein
thrombosis after splenectomy. Am | Surg. 2002;184:631-5; discussion 5-6.

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.

Kiladjian JJ, Cervantes F, Leebeek FWG, et al. Role of JAK 2 mutation
detection in budd-chiari syndrome (BCS) and portal vein thrombosis
(PVT) associated to MPD. Blood. 2006;108:116a-a.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37-

38.

39.

40.

41.

42.

43.

44-

Denninger MH, Chait Y, Casadevall N, et al. Cause of portal or hepatic
venous thrombosis in adults: the role of multiple concurrent factors.
Hepatology. 2000;31:587-91.

Erkan O, Bozdayi AM, Disibeyaz S, et al. Thrombophilic gene mutations
in cirrhotic patients with portal vein thrombosis. Eur | Gastroenterol
Hepatol. 2005 ;17:339-43.

Amitrano L, Brancaccio V, Guardascione MA, et al. Inherited coagulation
disorders in cirrhotic patients with portal vein thrombosis. Hepatology.
2000;31:345-8.

Amitrano L, Brancaccio V, Guardascione MA, et al. Portal vein thrombosis
after variceal endoscopic sclerotherapy in cirrhotic patients: role of genetic
thrombophilia. Endoscopy. 2002;34:535-8.

Connolly GC, Chen R, Hyrien O, et al. Incidence, risk factors and
consequences of portal vein and systemic thromboses in hepatocellular
carcinoma. Thromb Res. 2008;122(3):299-306. Epub 2007 Nov 28.

Ogren M, Bergqvist D, Bjorck M, Acosta S, Sternby NH. High incidence
of concomitant venous thromboembolism in patients with portal vein
thrombosis: a population study based on 23 796 consecutive autopsies.
) Thromb Haemost. 2007;5:198-200.

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.

Shah TU, Semelka RC, Voultsinos V, et al. Accuracy of magnetic resonance
imaging for preoperative detection of portal vein thrombosis in liver
transplant candidates. Liver Transpl. 2006;12:1682-8.

Tessler FN, Gehring BJ, Gomes AS, et al. Diagnosis of portal vein
thrombosis: value of color Doppler imaging. AJR Am | Roentgenol.
1991;157:293-6.

Kuszyk BS, Osterman FA, Jr., Venbrux AC, et al. Portal venous system
thrombosis: helical CT angiography before transjugular intrahepatic
portosystemic shunt creation. Radiology. 1998;206:179-86.

Kumar S, Sarr MG, Kamath PS. Mesenteric venous thrombosis. N Engl |
Med. 2001;345:1683-8.

Plessier A, Murad SD, Hernandez-Guerra M, et al. A prospective
multicentric follow-up study on 105 patients with acute portal vein
thrombosis (PVT): Results from the european network for vascular
disorders of the liver (en-vie). Hepatology. 2007;46:310a-a.

Fisher NC, Wilde JT, Roper , Elias E. Deficiency of natural anticoagulant
proteins C, S, and antithrombin in portal vein thrombosis: a secondary
phenomenon? Gut. 2000;46:534-9.

McNamara C, Juneja S, Wolf M, Grigg A. Portal or hepatic vein thrombosis
as the first presentation of a myeloproliferative disorder in patients with
normal peripheral blood counts. Clin Lab Haematol. 2002;24:239-42.

Chait Y, Condat B, Cazals-Hatem D, et al. Relevance of the criteria
commonly used to diagnose myeloproliferative disorder in patients with
splanchnic vein thrombosis. Br | Haematol. 2005;129:553-60.

Kralovics R, Passamonti F, Buser AS, et al. A gain-of-function mutation of
JAK2 in myeloproliferative disorders. N Engl ] Med. 2005;352:1779-90.

Baxter EJ, Scott LM, Campbell P), et al. Acquired mutation of the
tyrosine kinase JAK2 in human myeloproliferative disorders. Lancet.
2005;365:1054-61.

Colaizzo D, Amitrano L, Tiscia GL, et al. The JAK2 V617F mutation
frequently occurs in patients with portal and mesenteric venous
thrombosis. ] Thromb Haemost. 2007;5:55-61.

De Stefano V, Fiorini A, Rossi E, et al. Incidence of the JAK2 V617F
mutation among patients with splanchnic or cerebral venous thrombosis
and without overt chronic myeloproliferative disorders. | Thromb
Haemost. 2007;5:708-14.

Primignani M, Barosi G, Bergamaschi G, et al. Role of the JAK2 mutation
in the diagnosis of chronic myeloproliferative disorders in splanchnic vein
thrombosis. Hepatology. 2006 ;44:1528-34.

Ohnishi K, Okuda K, Ohtsuki T, et al. Formation of hilar collaterals or
cavernous transformation after portal vein obstruction by hepatocellular
carcinoma. Observations in ten patients. Gastroenterology.
1984;87:1150-3.

Hoekstra, et al. Portal vein thrombosis.

FEBRUARY 2009, VOL. 67, NO. 2

52



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55-

56.

57-

58.

59.

60.

61.

62.

63.

64.

Netherlands

TheJournal of Medicine

Lebrec D, Bataille C, Bercoff E, Valla D. Hemodynamic changes in patients
with portal venous obstruction. Hepatology. 1983;3:550-3.

De Gaetano AM, Lafortune M, Patriquin H, De Franco A, Aubin B, Paradis
K. Cavernous transformation of the portal vein: patterns of intrahepatic
and splanchnic collateral circulation detected with Doppler sonography.
AJR Am | Roentgenol. 1995;165:1151-5.

Ueno N, Sasaki A, Tomiyama T, Tano S, Kimura K. Color Doppler
ultrasonography in the diagnosis of cavernous transformation of the
portal vein. | Clin Ultrasound. 1997;25:227-33.

Amitrano L, Guardascione MA, Scaglione M, et al. Prognostic factors
in noncirrhotic patients with splanchnic vein thromboses. Am |
Gastroenterol. 2007;102:2464-70.

Condat B, Pessione F, Hillaire S, et al. Current outcome of portal
vein thrombosis in adults: risk and benefit of anticoagulant therapy.
Gastroenterology. 2001;120:490-7.

Chandra R, Kapoor D, Tharakan A, Chaudhary A, Sarin SK. Portal
biliopathy. ] Gastroenterol Hepatol. 2001;16:1086-92.

Condat B, Vilgrain V, Asselah T, et al. Portal cavernoma-associated
cholangiopathy: a clinical and MR cholangiography coupled with MR
portography imaging study. Hepatology. 2003;37:1302-8.

Khuroo MS, Yattoo GN, Zargar SA, et al. Biliary abnormalities
associated with extrahepatic portal venous obstruction. Hepatology.
1993;17:807-13.

Malkan GH, Bhatia S), Bashir K, et al. Cholangiopathy associated with
portal hypertension: diagnostic evaluation and clinical implications.
Gastrointest Endosc. 1999;49:344-8.

Nagi B, Kochhar R, Bhasin D, Singh K. Cholangiopathy in extrahepatic
portal venous obstruction. Radiological appearances. Acta Radiol.
2000;41:612-5.

De Franchis R. Evolving consensus in portal hypertension. Report of the
Baveno IV consensus workshop on methodology of diagnosis and therapy
in portal hypertension. ] Hepatol. 2005;43:167-76.

Aytekin C, Boyvat F, Kurt A, Yologlu Z, Coskun M. Catheter-directed
thrombolysis with transjugular access in portal vein thrombosis secondary
to pancreatitis. Eur ) Radiol. 2001;39:80-2.

Ozkan U, Oguzkurt L, Tercan F, Tokmak N. Percutaneous transhepatic
thrombolysis in the treatment of acute portal venous thrombosis. Diagn
Interv Radiol. 2006;12:105-7.

Rossi C, Zambruni A, Ansaloni F, et al. Combined mechanical and
pharmacologic thrombolysis for portal vein thrombosis in liver-graft
recipients and in candidates for liver transplantation. Transplantation.
2004,78:938-40.

Uflacker R, Alves MA, Cantisani GG, Souza HP, Wagner |, Moraes LF.
Treatment of portal vein obstruction by percutaneous transhepatic
angioplasty. Gastroenterology. 1985;88:176-80.

Hollingshead M, Burke CT, Mauro MA, Weeks SM, Dixon RG, Jaques PF.
Transcatheter thrombolytic therapy for acute mesenteric and portal vein
thrombosis. ] Vasc Interv Radiol. 2005;16:651-61.

Bilbao JI, Vivas |, Elduayen B, Alonso C, et al. Limitations of percutaneous
techniques in the treatment of portal vein thrombosis. Cardiovasc
Intervent Radiol. 1999;22:417-22.

Garcia-Tsao G, Sanyal A), Grace ND, Carey W. Prevention and management
of gastroesophageal varices and variceal hemorrhage in cirrhosis.
Hepatology. 2007;46:922-38.

Schepke M, Kleber G, Nurnberg D, et al. Ligation versus propranolol for
the primary prophylaxis of variceal bleeding in cirrhosis. Hepatology.
2004;40:65-72.

Lo GH, Lai KH, Cheng ]S, Chen MH, Chiang HT. A prospective,
randomized trial of butyl cyanoacrylate injection versus band
ligation in the management of bleeding gastric varices. Hepatology.
2001;33:1060-4.

65.

67.

68.

69.

70.

71.

72.

73

74.

75-

76.

77

79-

8o.

81.

82.

83.

84.

Banares R, Albillos A, Rincon D, et al. Endoscopic treatment versus
endoscopic plus pharmacologic treatment for acute variceal bleeding:
a meta-analysis. Hepatology. 2002;35:609-15.

. Patch D, Sabin CA, Goulis |, et al. A randomized, controlled trial of

medical therapy versus endoscopic ligation for the prevention of variceal
rebleeding in patients with cirrhosis. Gastroenterology. 2002;123:1013-9.

de la Pena ), Brullet E, Sanchez-Hernandez E, et al. Variceal ligation plus
nadolol compared with ligation for prophylaxis of variceal rebleeding:
a multicenter trial. Hepatology. 2005;41:572-8.

Yachha SK, Sharma BC, Kumar M, Khanduri A. Endoscopic sclerotherapy
for esophageal varices in children with extrahepatic portal venous
obstruction: a follow-up study. ] Pediatr Gastroenterol Nutr.
1997:24:49-52.

Vleggaar FP, van Buuren HR, Schalm SW. Endoscopic sclerotherapy for
bleeding oesophagogastric varices secondary to extrahepatic portal
vein obstruction in an adult Caucasian population. Eur | Gastroenterol
Hepatol. 1998;10:81-5.

Spaander V, Murad SD, van Buuren H, Hansen B, Kuipers E, Janssen H.
Endoscopic treatment of esophagogastric variceal bleeding in patients
with non-cirrhotic extrahepatic portal vein thrombosis: A long-term
cohort study. Gastroenterology. 2006;130:A669-70.

Lopes CV, Pereira-Lima JC, Pereira-Lima LF, et al. The efficacy of
endoscopic ligation for the prevention of variceal rebleeding in cirrhotic
patients according to the hepatocellular function. Hepatogastroenterology.
2004;51:195-200.

Orloff MJ, Orloff MS, Girard B, Orloff SL. Bleeding esophagogastric
varices from extrahepatic portal hypertension: 40 years' experience with
portal-systemic shunt. | Am Coll Surg. 2002;194:717-28; discussion 28-30.

Warren WD, Henderson JM, Millikan W), Galambos T, Bryan FC.
Management of variceal bleeding in patients with noncirrhotic portal vein
thrombosis. Ann Surg. 1988;207:623-34.

Blum U, Haag K, Rossle M, et al. Noncavernomatous portal vein
thrombosis in hepatic cirrhosis: treatment with transjugular intrahepatic
portosystemic shunt and local thrombolysis. Radiology. 1995;195:153-7.

Senzolo M, Tibbals |, Cholongitas E, Triantos CK, Burroughs AK, Patch D.
Transjugular intrahepatic portosystemic shunt for portal vein thrombosis
with and without cavernous transformation. Aliment Pharmacol Ther.
2006;23:767-75.

Van Ha TG, Hodge ], Funaki B, et al. Transjugular intrahepatic
portosystemic shunt placement in patients with cirrhosis and concomitant
portal vein thrombosis. Cardiovasc Intervent Radiol. 2006;29:785-90.

Sezgin O, Oguz D, Altintas E, Saritas U, Sahin B. Endoscopic management
of biliary obstruction caused by cavernous transformation of the portal
vein. Gastrointest Endosc. 2003;58:602-8.

. Dumortier ), Vaillant E, Boillot O, et al. Diagnosis and treatment of biliary

obstruction caused by portal cavernoma. Endoscopy. 2003;35:446-50.

Chaudhary A, Dhar P, Sarin SK, et al. Bile duct obstruction due to portal
biliopathy in extrahepatic portal hypertension: surgical management. Br
) Surg. 1998;85:326-9.

Khare R, Sikora SS, Srikanth G, et al. Extrahepatic portal venous
obstruction and obstructive jaundice: approach to management.
) Gastroenterol Hepatol. 2005;20:56-61.

Francoz C, Belghiti J, Vilgrain V, et al. Splanchnic vein thrombosis
in candidates for liver transplantation: usefulness of screening and
anticoagulation. Gut. 2005;54:691-7.

Llado L, Fabregat |, Castellote ), et al. Management of portal vein
thrombosis in liver transplantation: influence on morbidity and mortality.
Clin Transplant. 2007;21:716-21.

Yerdel MA, Gunson B, Mirza D, et al. Portal vein thrombosis in adults
undergoing liver transplantation: risk factors, screening, management,
and outcome. Transplantation. 2000;69:1873-81.

Webb LJ, Sherlock S. The aetiology, presentation and natural history of
extra-hepatic portal venous obstruction. Q ] Med. 1979;48:627-39.

Hoekstra, et al. Portal vein thrombosis.

FEBRUARY 2009, VOL. 67, NO. 2

53



