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Introduction

Vascular disorders of the liver, although affecting less than
5/10,000 patients, collectively account for a number of rare
conditions that represent an important health problem world-
wide in the field of liver diseases. A common characteristic of
most of these disorders is that they can cause non-cirrhotic portal
hypertension with an ensuing high morbidity and mortality. In
addition, special relevance addresses the fact that patients are
usually young with an otherwise normal life expectancy that
may be markedly shortened if they are not adequately managed.

Advances in the knowledge of vascular liver disorders are
hampered by the small number of cases and a limited number
of studies assessing natural history, pathophysiology or therapy.
However, in recent years, interest for these disorders has
increased as reflected in the rise in the number of publications
on this topic. In addition, EASL has encouraged this increased
interest by sponsoring a monothematic conference in June 2012
in Tallinn on vascular disorders of the liver, and by proposing
an EASL clinical practice guidelines on the issue. These guidelines
will not cover all possible vascular disorders of the liver but are
mainly based on the subjects discussed during the monothematic
conference; Budd-Chiari syndrome, non-cirrhotic portal vein
thrombosis, idiopathic portal hypertension, sinusoidal obstruc-
tion syndrome, hepatic vascular malformations in hereditary
haemorrhagic telangiectasia and portal vein thrombosis in
cirrhosis.

Guidelines have been written according to published studies
retrieved from Pubmed. The evidence and recommendations
have been graded according to the Grading of Recommendations
Assessment Development and Evaluation (GRADE) system. The
strength of evidence has been classified into three levels: high
(A), moderate (B) or low quality (C), while the grade of recom-
mendation in two levels: strong (1) or weak (2) (Table 1). The
higher the quality of the evidence, the more likely a strong rec-
ommendation is warranted. Where no clear evidence existed,
recommendations were based on agreed opinions of the writing
committee members.
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Aetiological factors in splanchnic vein thrombosis in patients
without underlying liver disease

In the last decades several aetiological factors for splanchnic vein
thrombosis (SVT), including Budd-Chiari syndrome (BCS) and
portal vein thrombosis (PVT), have been identified. These can
be divided into local and systemic factors. Local risk factors for
the development of BCS include solid malignancies or cysts that
compress the venous tract [1]. PVT is most often seen as a com-
plication of liver cirrhosis or hepatobiliary malignancies. Other
local risk factors are intra-abdominal surgery and infections or
inflammation in the abdomen. Systemic risk factors can be iden-
tified in most patients with SVT. In a large multicentre European
En-Vie study on patients with BCS (n=163) and PVT (n = 105),
prothrombotic factors were present in up to 84% and 42%, respec-
tively [2,3] (Table 2). These data are consistent with earlier retro-
spective studies using similar diagnostic tools [4,5]. In other parts
of the world, especially in Asia other aetiological factors are
observed, including Behget disease, webs (also known as mem-
branous obstruction) of the inferior vena cava (IVC) and hydatid
cysts [6,7]. Most studies have been performed in adults with
SVT. In children with SVT prothrombotic factors seem to play
an important aetiological role, however SVT may also be caused
by age-specific factors, such as neonatal sepsis and umbilical
catheterisation [8]. The aetiology of BCS and PVT is often multi-
factorial. In the En-Vie study a combination of two or more
genetic or acquired prothrombotic factors occurred in 46% of
BCS and 10% of PVT patients [2,3]. In PVT a prothrombotic factor
was found in 36% of patients with a local risk factor [3]. In BCS
patients, 18% of the patients even had three risk factors. In over
60% of SVT patients diagnosed with inherited thrombophilia an
additional risk factor was found.

Inherited and acquired thrombophilia

The term “thrombophilia” defines both inherited and acquired
conditions that are associated with an increased risk of venous
thrombosis, and is characterized by a hypercoagulable state [9].
Both inherited deficiencies of natural inhibitors of the coagula-
tion system, increased levels of coagulation factors and genetic
mutations of coagulant factors are associated with an increased
risk of SVT. The prevalence of inherited deficiencies of antithrom-
bin, protein C and protein S are difficult to assess in SVT patients,
aresult of decreased liver synthesis which is often encountered in
these patients. Also treatment with vitamin K antagonists (VKA)
hampers the diagnosis of protein C and protein S deficiency.
The prevalence of antithrombin deficiency ranges between
0-5% in both BCS and PVT, of protein C deficiency between
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Table 1. Evidence and recommendation grading (adapted from the GRADE system).

Grading of evidence Notes

Symbol

High quality
Moderate quality

Further research is very unlikely to change our confidence in the estimate of effect A
Further research is likely to have an important impact on our confidence in the B

estimate of effect and may change the estimate

Low or very low

Further research is very likely to have an important impact on our confidence in C

the estimate of effect and is likely to change the estimate. Any estimate of effect is

uncertain
Grading recommendation Notes Symbol
Strong recommendation warranted Factors influencing the strength of the recommendation included the quality of 1
evidence, presumed patient-important outcomes, and cost
Weaker recommendation Variability in preferences and values, or more uncertainty: more likely a weak 2

recommendation is warranted

Recommendation is made with less certainty: higher cost or resource

consumption

Table 2. Aetiological factors in Budd-Chiari syndrome and portal vein
thrombosis (references to articles of murad and plessier).

BCS PVT

Risk factor Frequency (%) Frequency (%)
Thrombophilia

Inherited 21 35

Acquired 44 19
Myeloproliferative neoplasm 49 21

JAK2 pos 29 16
Hormonal factors 38 44

Oral contraceptives 33 44

Pregnancy 6 0
PNH 19 0
Other systemic factors 23 n.d.
Local factors 0 21

BCS, Budd-Chiari syndrome; PVT, portal vein thrombosis; PNH, paroxysmal
nocturnal haemoglobinuria; n.d, no date.

4-20% in BCS and 0-7% in PVT, and of protein S deficiency
between 0-7% in BCS and 0-30% in PVT [2-4,10-12]. Because this
is strikingly higher than in the general population, deficiencies of
these coagulation inhibitors are considered an aetiological factor
in the pathogenesis of BCS and PVT, and should be included in the
diagnostic work-up.

In BCS patients the prevalence of Factor V Leiden mutation
(FVL) ranges between 7% and 32%. Most of these BCS patients
are heterozygous carriers, although homozygous patients have
been described occasionally [13]. It is well known that homozy-
gote carriers have a significantly higher risk of deep vein throm-
bosis compared to heterozygotes, however this has not been
demonstrated for SVT. The prevalence of the FVL mutation in
patients with PVT is lower, ranging between 3% and 9% [14].
FVL carriers have a 4- to 11-fold increased risk of BCS, and a 2-
fold risk of PVT [15]. Prothrombin G20210A gene variant is more
common in PVT than in BCS [14]. A meta-analysis reported a 4- to
5-fold increase in the risk of PVT in carriers of the prothrombin
G20210A gene variant [15], whereas the risk of BCS is approxi-
mately 2-fold increased [10]. The mechanism for the difference

in prevalence of FVL and the prothrombin G20210A gene variant
in BCS and PVT remains unresolved. The prevalence of antiphos-
pholipid antibodies (APA) in BCS and PVT has been estimated to
be around 5-15% [2-4]. However, in most studies only one
measurement of APA was carried out, whereas according to the
current guidelines this measurement should be repeated after
12 weeks in order to confirm presence of APA [16].

In addition to the above mentioned risk factors for SVT, more
recent studies have investigated whether increased levels of pro-
coagulant factors or disorders of fibrinolysis are associated with
an increased risk of SVT. Elevated factor VIII levels are found in
patients with PVT [17,18]. A significant increase of endogenous
thrombin irrespective of the underlying prothrombotic or throm-
bophilic disorder was also observed in PVT [18]. Hypofibrinolysis,
defined by an increase of clot lysis time, was also associated with
an increased risk of BCS. This was mainly determined by
increased plasminogen activator inhibitor-1 levels. So far the
importance of these findings for prognosis and treatment of
SVT has not been studied [19].

Myeloproliferative neoplasms

Myeloproliferative neoplasms (MPNs) are a common underlying
cause of abdominal vein thrombosis. MPNs are chronic clonal
haematopoietic stem cell disorders characterized by an overpro-
duction of mature and functional granulocytes, red blood cells
and/or platelets. One of the main complications of MPNs is the
development of arterial and venous thrombotic complications
caused by increased platelet aggregation and thrombin genera-
tion [19,20]. It has previously been estimated that MPNs are
observed in 30-40% of patients with BCS or PVT, whereas this
is the cause in only a minority of other types of venous throm-
boembolism [2,3,11,21,22]. MPN is diagnosed based on several
criteria including the characteristic peripheral blood cell changes
(increased haemoglobin levels and thrombocytosis) and bone
marrow findings. In SVT patients however the relevance of these
commonly used criteria for the diagnosis of MPN is debated. Due
to portal hypertension leading to hypersplenism and haemodilu-
tion the characteristic thrombocytosis and erythrocytosis may
be masked [23]. Previously, diagnosis of MPNs in these patients
relied on bone marrow (BM) biopsy findings and growth of ery-
throid colonies in the absence of exogenous erythropoietin,
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referred to as spontaneous endogenous erythroid colonies or
EEC. This could also be used to identify patients at risk of
aggravation of MPN [23]. Nowadays the JAK2V617F mutation, a
common gain-of-function mutation leading to the development
of MPN, is of major importance in the diagnostic strategy of
MPN. This mutation is present in nearly all patients with poly-
cythemia vera and in about 50% of patients with essential
thrombocythemia and primary myelofibrosis. The JAK2V617F
mutation has been detected in a large number of unselected
BCS and PVT patients. In a recent meta-analysis the prevalence
of MPNs and their subtypes as well as JAK2V617F and its
diagnostic role in these uncommon disorders was reported
[24]. In BCS, mean prevalence of MPNs and JAK2V617F was
40.9% and 41.1%, respectively. In PVT, mean prevalence of MPNs
and JAK2V617F was 31.5% and 27.7%, respectively. MPN and
JAK2V617F were more frequent in BCS compared to PVT.
Polycythemia vera was more prevalent in BCS than in PVT.
JAK2V617F screening in SVT patients without typical haemato-
logical MPN features identified MPN in 17.1% and 15.4% of
screened BCS and PVT patients, respectively [24]. It can be con-
cluded that in all patients with SVT BM histology and screening
for JAK2V617F should be performed as part of the standard diag-
nostic work-up [25]. In some cases, MPN is difficult to diagnose
and additional tests, such as peripheral blood smear, erythropoi-
etin levels or endogenous erythroid colony formation in vitro
may be added to the diagnostic algorithm, as suggested by the
WHO [26]. Recently two research groups simultaneously
reported the presence of somatic mutations in the gene encod-
ing calreticulin (CALR), a protein present in the endoplasmic
reticulum and involved in the regulation of STAT-signalling
pathway [27,28]. These mutations were detected using whole
exome sequencing in the majority of patients with MPN with
non-mutated JAK2. CALR mutations were absent in poly-
cythemia vera patients, and occurred in up to 80% of patients
with JAK2 negative essential thrombocythemia and primary
myelofibrosis. In two recent studies [29,30], CALR mutations
were evaluated in patients with SVT being positive in 0.7 and
1.9% of patients respectively. The rate increased when only
patients with MPN were considered (2.3 and 5.4% respectively).
Indeed, CALR was found positive in respectively 9.1% (1 out of 11
patients) and 30% (4 out of 13 patients) of JAK2 negative MPN.

The exact pathogenetic mechanism of SVT in MPNs still
remains to be resolved, but besides characteristic erythrocytosis
and thrombocytosis, platelet and leukocyte functional abnormal-
ities seem to have a pathogenetic role [31].

Other aetiological factors

Paroxysmal nocturnal haemoglobinuria (PNH) is a rare acquired
haematological disorder of haematopoietic stem cells and is most
strongly associated with BCS [32]. PNH has been reported in
9-19% of tested BCS patients [11,33], whereas a prevalence of
0-2% has been reported in PVT [3]. The exact mechanism for
the development of SVT is yet unknown [33]. Patients with a
PNH cell population above 60% of the granulocytes appear to be
at a greater risk for thrombosis [34]. Testing for PNH should
routinely be performed in all BCS and considered in PVT patients
[35]. Autoimmune-mediated diseases, inflammatory bowel
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disease, vasculitis, sarcoidosis and connective tissue disease
may also be associated with SVT, although these disorders were
hardly observed in the En-Vie study, Behget's disease is especially
observed in the Mediterranean area [36]. Other rare causes
of SVT include cytomegalo-virus infections and celiac disease
[37,38].

Hormonal factors, including oral contraceptive use and preg-
nancy are considered risk factors for SVT. Oral contraceptives
have been shown to be associated with at least a 2-fold risk for
BCS [10,39]. For PVT the risk may be slightly increased, but this
has not yet been well-established [10]. It should be noted that
in many patients other concomitant aetiological factors were
identified.

Aetiological factors and their importance for treatment

Diagnosing the underlying aetiological factor for developing SVT
is important, since it may have therapeutic or prognostic impli-
cations. For instance, the presence of a prothrombotic disorder
may influence the duration of anticoagulant treatment in PVT
patients. For patients with BCS, lifelong anticoagulant treatment
is warranted considering the severity of the disorder. In
individuals with acute PVT, anticoagulant therapy is given for
6 months. However, long-term treatment is sometimes given,
depending upon the underlying disorder. In general, the
duration of anticoagulant therapy is strongly dependent upon
the risk of recurrent thrombosis. Although only a few retrospec-
tive studies have focused on the risk of recurrence in PVT, these
studies revealed that an underlying prothrombotic state was an
independent predictor of recurrent thrombosis [40-42]. On the
other hand, the risk of bleeding in these patients, who frequently
present with variceal bleeding, should be taken into account.
Therefore recent guidelines have suggested long-term anticoag-
ulant therapy only to those individuals with major underlying
thrombophilic risk factors, such as homozygous FVL mutation
and prothrombin gene variant [43]. However, other guidelines
state that thrombophilic defects has an uncertain predictive
value for recurrence and decisions regarding duration of antico-
agulant treatment if the result of testing is not evidence-based
[44]. Follow-up studies are needed to establish the duration of
anticoagulant treatment especially those with no or mild
thrombophilic disorders. Current guidelines do not support the
testing of other family members in case a thrombophilia defect
is identified [45].

In case of an underlying MPN, anticoagulant treatment with
VKA should be given indefinitely for SVT. Nearly all MPN patients
nowadays are treated with aspirin. However it is yet unknown
whether aspirin should be added to the treatment of SVT patients
with MPN using VKA. Although a potential benefit of aspirin in
patients with PVT and MPN was observed in a retrospective
study, this should be confirmed in prospective studies [44,46].
MPN patients should be treated with anti-proliferative therapy,
such as alpha interferon or hydroxyurea, in order to normalise
peripheral blood cell counts. In patients with polycythemia vera
a haematocrit <45% should be aimed for [47]. The diagnosis of
underlying PNH in patients with SVT may have important impli-
cations for treatment. Long-term treatment with eculizumab may
be indicated in these individuals [35].
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Recommendations:

1. Investigate patients with BCS and PVT for underlying
local and systemic prothrombotic factors. Identification
of one risk factor should not deter from looking for
additional risk factors (A1)

2. Work-up consists of diagnosis for inherited and
acquired thrombophilia factors, myeloproliferative
neoplasms, paroxysmal nocturnal haemoglobinuria
and autoimmune disorders (A1)

3. Investigate patients with both BCS and PVT for local
risk factors, including intra-abdominal inflammatory
conditions and abdominal malignancies (A1)

4. Thrombophilia screening should include protein S,
protein C and antithrombin levels, FVL mutation,
prothrombin G20210A gene variant and anti-
phospholipid antibodies (APA). In case of APA
positivity, this should be repeated after 12 weeks (A1)

5. Test for myeloproliferative neoplasms by testing
for JAK2V617F mutation in SVT patients, and in
individuals with normal peripheral blood cell counts
(A1). In JAK2V617F mutation negative patients,
calreticulin mutation screening should be performed
and if both are negative, bone marrow histology should
be considered. Patients have to be referred to an
haematologist (B2)

6. Treat the underlying condition appropriately (B1). In
case of an underlying MPN, anticoagulant treatment
should be given indefinitely for SVT patients (B1)

Budd-Chiari syndrome

BCS is defined as the obstruction of hepatic venous outflow that
can be located from the small hepatic venules up to the entrance
of the IVC into the right atrium [1]. Hepatic outflow obstruction
related to cardiac disease, pericardial disease or sinusoidal
obstruction syndrome (SOS) are excluded from this definition.
BCS can be classified into: i) primary, caused by thrombosis in
the absence of compression by space occupying lesions, or inva-
sion by malignancy or parasites; and ii) secondary otherwise.
Given the different therapeutic and prognostic implications, we
will only discuss primary BCS. In Western countries pure hepatic
vein thrombosis is most common [48], while in Asia a pure IVC or
combined IVC/hepatic vein block predominates. The pathophysi-
ological consequences include obstruction, which leads to
sinusoidal congestion, ischemia, and finally hepatocellular
necrosis. They can result in centrilobular fibrosis, nodular
regenerative hyperplasia and/or cirrhosis.

Clinical manifestations

Clinical presentation is heterogeneous and ranges from absence
of symptoms to fulminant hepatic failure [1,49]. An asymp-
tomatic presentation is often associated with the presence of
large hepatic venous collaterals. In a multicentre prospective
study of a large cohort of patients with BCS at diagnosis, ascites
were present in 83% of patients, hepatomegaly in 67%, abdominal

pain in 61%, esophageal varices in 58% and gastrointestinal
bleeding in 5% [2]. In approximately 15% of cases, BCS and PVT
occur simultaneously [2,50]. Therapeutic options and prognosis
tend to be worse in BCS-PVT patients [50].

Imaging studies display hepatic nodules in 60-80% of patients
with BCS. They are usually benign and are the result of perfusion
disturbances. Although, these nodules are characteristically
small, in most cases under 4 cm in diameter, multiple (frequently
more than 10 lesions), hypervascularized, and disseminated
throughout the liver. A pathognomonic pattern is not detected
on computed tomography (CT) or magnetic resonance (MR)
imaging. Cumulative incidence of hepatocellular carcinoma
(HCC) in BCS has been shown to be 4% (after a median follow-
up of 5years) [51], therefore differential diagnosis is essential.
Biopsy has been suggested in patients with less than or equal
to three nodules, nodules with a diameter more than or equal
to 3 cm, heterogeneity or washout on the venous phase, changes
in two consecutive imaging techniques, or increase in alpha-
fetoprotein levels [51]. However, radiological and histological
characterization of hepatic nodules in BCS cannot rely on the
well-established criteria of HCC in cirrhosis and the only
formal recommendation is close and careful multidisciplinary
surveillance.

Diagnosis

Diagnosis is established with unequivocal radiological confirma-
tion of hepatic venous outflow obstruction. Doppler ultrasound
has a diagnostic sensitivity of more than 75% and is the first line
investigation [1]. If an experienced sonographer is not available,
MR imaging and CT evaluation are used for diagnostic confirma-
tion [1,48]. Venography is recommended if the diagnosis remains
uncertain or for the characterization of anatomy prior to treat-
ment. If imaging has failed to demonstrate obstruction of large
veins then a liver biopsy can be used in order to assess small
hepatic vein thrombosis.

Treatment

The recommended stepwise therapeutic algorithm of BCS based
on retrospective cohorts and prospective series of patients
[2,52,53] is summarized in Fig. 1.

Patients with BCS have often required therapy for ascites and
varices. These treatments should be administered following the
same treatment recommendations as for ascites and portal
hypertension in cirrhosis.

Medical treatment

Angioplasty/stenting/thrombolysis

TIPS

Liver transplant

\

Fig. 1. Recommended stepwise therapeutic algorithm of Budd-Chiari
syndrome.
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Patients with BCS should receive anticoagulant therapy as
soon as possible for an indefinite period of time in an attempt
to reduce the risk of clot extension and new thrombotic episodes
[1,2,52,54]. According to the recommendation for deep vein
thrombosis, the patient should be treated with low molecular
weight heparin (LMWH) for at least 5 to 7 days, and also with oral
anticoagulant treatment with VKA, aiming at an international
normalised ratio (INR) between 2 and 3. LMWH can be stopped
when INR is within the target range for two consecutive
measurements.

A high rate of bleeding complications while on anticoagula-
tion (up to 50% of patients) has been reported in a cohort of
BCS patients diagnosed between 1995 and 2005 [55]. In a more
recent prospective cohort of patients diagnosed between 2005
and 2007, bleeding complications were less frequently observed
(17% of patients), likely due to a better management of anticoag-
ulation during invasive procedures or adequate prophylaxis for
portal hypertension-related bleeding [53].

Treatment of the underlying prothrombotic cause (for
instance MPNs) should be logically initiated concomitantly.
Indeed, the benefits from early treatment for an underlying
myeloproliferative disorder has been suggested in a retrospective
cohort analysis [56].

The experience of correcting hepatic venous outflow obstruc-
tion with thrombolysis is limited. Good results have been
reported in patients with recent and incomplete thrombosis
treated with local and early infusion of a thrombolytic agent
combined with angioplasty or stenting [57]. Complications
however, can be fatal [58].

Partial or segmental stenoses are present in 60% of patients
with IVC obstruction, and 25-30% of those with hepatic vein
obstruction [59]. Angioplasty or stenting of these stenosis could
re-establish the physiological drainage of portal and sinusoidal
blood. Post-angioplasty re-stenosis is frequent but can be reduced
when done in combination with a stent. Misplacement of a stent
may compromise the subsequent performance of a transjugular
intrahepatic portosystemic shunt (TIPS) or orthotopic liver trans-
plantation (OLT). Overall angioplasty/stenting is the definitive
treatment for less than 10% of Western BCS patients [53]. The
efficacy may be greater in other regions of the world where there
is a higher prevalence of this specific form of BCS [60].

Patients with BCS non-responsive to medical treatment or
that are not candidates for angioplasty/stenting must be treated
with derivative techniques. There is no clear explanation as to
why some patients do not respond to medical treatment, there-
fore the characteristics of BCS patients’ receiving TIPS differ from
centre to centre. Some criteria have been proposed: clinical fail-
ure to therapy (treatment failure) was considered when criteria
for complete or ongoing response were lacking [52]. Complete
response was considered when all of the following six criteria
were met and stable: (1) absence of clinically detectable ascites,
with normal serum sodium and creatinine levels, in the absence
of diuretic therapy, or on low dose diuretics (spironolactone
75 mg/d or furosemide 40 mg/d) and moderate NaCl intake; (2)
increase in coagulation factor V to a level above 40% of normal
value; (3) decrease in conjugated serum bilirubin to a level below
15 pumol/L; (4) absence of first or recurrent portal hypertension-
related bleeding while on primary or secondary prophylaxis with
non-selective beta blockers or with endoscopic therapy; (5) no
occurrence of spontaneous bacterial infection; and (6) BMI
>20 kg/m? after substraction of ascites and edema. Ongoing
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response was considered when all of the following three criteria
were met on a 2-weekly evaluation basis: (1) in the presence of
ascites, a negative sodium and water balance was achieved using
low dose diuretics and moderate sodium intake, together with
normal serum sodium and creatinine levels, or with increasing
serum sodium if initially low and decreasing serum creatinine
levels if initially high; (2) factor V level was increasing if initially
low; and (3) serum conjugated bilirubin level was decreasing if
initially high. These response criteria must be validated in future
studies.

Derivative techniques, either surgical shunts or TIPS, are
aimed to transform the portal system into an outflow tract
[61]. The most frequent surgical shunt performed is the
mesocaval shunt with a polytetrafluoroethylene (PTFE) stent or
autologous jugular vein interposition. It is easier to do than the
porto-caval side-to-side shunt when hypertrophy of the caudate
lobe is present. Surgical shunts are ineffective if there is associ-
ated IVC thrombosis or severe compression of the IVC by an
enlarged liver. In this situation some groups have performed a
meso-atrial shunt or a cavo-atrial shunt plus a portocaval shunt.
Surgical shunts have not demonstrated to be an independent sur-
vival advantage in cohorts of patients with BCS [62,63]. This is
likely related to the high inherent mortality rate of the patient
population with severe BCS, as well as to the high rate of dysfunc-
tion/thrombosis of the shunts [64-66]. On the other hand, TIPS
has a lower morbidity and mortality rate than surgery and is
feasible in most patients with IVC obstruction and in those with
severe [VC stenosis. A recent multicentre retrospective European
study including 124 BCS patients treated with TIPS showed excel-
lent 1- and 5-year OLT-free survival (88% and 78%, respectively)
[67]. These results have been confirmed by a recent prospective
study [53]. PTFE-covered stents reduce the recurrence of
post-procedure TIPS obstruction or dysfunction [53,67]. TIPS
placement in patients with BCS requires special training. Indeed,
in more than 45% of cases, a transcaval approach (direct puncture
from the intrahepatic IVC) may be required due to complete
thrombosis of the hepatic veins [67].

OLT in patients with BCS is associated with a survival [68]
similar to that obtained in patients initially treated with TIPS
[67]. It has been suggested that the placement of previous TIPS
can make a posterior OLT more difficult if it is needed. However,
this has not been confirmed in more recent studies [67,69]. BCS
recurrence may occur after OLT. The incidence of this
complication has markedly dropped since the initiation of early
anticoagulation treatment after OLT and its lifelong maintenance.
An exception for the need for anticoagulation could be in those
patients whom the prothrombotic disorder is corrected by OLT
(e.g. most inherited thrombophilia). The natural history of MPN
must also be considered in the post-transplant course.

There are patients with severe BCS who may benefit from
being treated directly with OLT, without previous use of TIPS.
However, up until now there is no reliable method to identify
such patients [53,67].

Budd-Chiari and pregnancy

Pregnancy in patients with BCS has an excellent maternal out-
come provided patients have a well controlled disease. Fetal out-
come is less favourable but it has been reported that pregnancies
reaching week 20 of gestation are associated with an acceptable
fetal prognosis even when 76% had preterm delivery [70]. VKA
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are associated with a high risk of miscarriage and congenital mal-
formations [71]. Therefore, a pregnancy test must be done as
early as possible, if positive mothers should switch to LMWH
[72] with periodic monitoring of anti-Xa activity.

Prognosis

There have been various attempts to determine parameters or
combinations of parameters that may predict prognosis in BCS
patients [53,62,67,73]. Although all of these prognostic indices
are valid for the assessment of transplant-free survival and inva-
sive therapy-free survival, their predictive accuracy is suboptimal
for use in individual patients in day to day clinical practice [74].
Development of HCC or progression of the haematological disease
may modify prognosis of BCS.

Recommendations:

1. Consider diagnosis of BCS in any symptomatic or
asymptomatic patient with acute or chronic liver
disease (A1)

2.  Doppler ultrasound is the first line of investigation
for BCS. MRI and CT have to be used for diagnostic
confirmation (A1)

3. Reevaluate the patient with an expert radiologist in
patients with negative imaging studies but a high
suspicion of BCS (A1)

4. Refer patients with BCS to expert centres (A1)

5. Initiate therapy for complications of portal hypertension
as recommended in patients with cirrhosis (C2)

6. Treat all BCS patients with anticoagulation, in the
absence of major contraindications (A1). Portal
hypertension complications, when adequately treated,
are not a contraindication for anticoagulation (B1)

7. Consider brief interruption of anticoagulation therapy
whenever an invasive procedure is performed,
including paracentesis (B1)

8. Consider angioplasty/stenting as the first line
decompressive procedure in patients with short hepatic
vein stenosis or IVC stenosis (A1)

9. Closely monitor these patients for early detection of
liver deterioration. Treat patients who do not respond
to initial therapy, or do not respond to angioplasty/
stenting with portal derivative techniques (A1). TIPS,
using PTFE-covered stents, is the derivative treatment
of choice (A1). Discuss surgical shunting when TIPS is
not feasible or fails (B1)

10. Propose liver transplantation as a salvage treatment
for patients in whom derivative techniques have failed
(A1). Anticoagulation needs to be continued in most
BCS patients after liver transplantation (B1)

11. Screen patients with BCS for HCC. Distinction between
benign and malignant liver nodules is very difficult and
may need referral to specialized centres (A1)

Acute portal vein thrombosis (non-cirrhotic, non-malignant)
Definition and scope

Acute PVT is defined as a recent formation of a thrombus within
the portal vein and/or right or left branches. The thrombus may
extend into the mesenteric or splenic veins; occlusion may be
complete or partial. We will limit the discussion to acute PVT
occurring in the absence of malignancy and cirrhosis [54,75].
Acute PVT may also occur in patients with long-standing obstruc-
tion of portions of the portal venous system [76].

Manifestations

According to prospective [3] and retrospective studies [40,77,78],
acute abdominal pain is present in 90% of acute PVT patients. A
systemic inflammatory response syndrome is present in 85% of
patients diagnosed with acute PVT which contrasts with local
or systemic infection being present in only 20% of these patients.
A significant number of patients only have mild non-specific
symptoms so that the diagnosis is overlooked and PVT is recog-
nised only at the stage of cavernomatous transformation. Liver
tests generally show no, or only mildly and transient abnormali-
ties. Ascites is present in 50% of patients; in most patients only
visible on imaging [3]. Due to improved awareness and availabil-
ity of sensitive non-invasive imaging, diagnosis of portal venous
obstruction is now made in 50 to 70% of cases at the stage of
acute PVT [76,78].

Course and outcome

Intestinal infarction is the most concerning immediate complica-
tion of acute porto-mesenteric vein thrombosis, with a related
mortality of up to 60%. Extensive bowel resection may be neces-
sary with a risk of short bowel syndrome [79-82]. The incidence
of intestinal infarction has currently declined to 2-20% in
patients treated with anticoagulation [3]. In patients not
receiving anticoagulation therapy, spontaneous recanalisation of
symptomatic PVT appears to be exceptional [83].

Recognising venous mesenteric infarction is difficult as clini-
cal, biological and radiological manifestations are non-specific.
Persisting severe abdominal pain despite adequate anticoagula-
tion, organ failure (shock, renal failure, metabolic acidosis, ele-
vated arterial lactates), massive ascites and rectal bleeding all
appear to be suggestive of infarction [79-82]. In a recent study,
diabetes was the only factor independently associated with
intestinal resection [84].

Diagnosis

Doppler ultrasound is usually the first imaging procedure per-
formed in the context of abdominal pain. It may detect an
absence of flow within the portal vein. The presence of a hyper-
echoic thrombus in the portal lumen may be lacking [43,85].
Doppler ultrasound, and MR have a lower sensitivity than CT
imaging. Doppler ultrasound is dependent on the expertise and
awareness of the operator [43,85]. Diagnosis and extension of
acute portal venous obstruction should be confirmed by contrast
enhanced CT and/or MR imaging. Acquiring images at the correct
time (portal phase) is mandatory in order to prevent pitfalls.
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Images acquired during the late arterial phase are not optimal for
the diagnosis of PVT. Furthermore, in cases of low portal vein
flow, a delayed arrival of contrast to the portal vein could be seen
on CT, giving the appearance of a filling defect resulting in a false
positive diagnosis of thrombosis [86].

Portal phase CT scan shows the absence of visible lumen corre-
sponding to the portal vein clot; CT scan provides additional infor-
mation regarding the extent of the thrombus to the mesenteric
veins and arches, the presence of a local factor, or of congestion
and ischemia of the bowel. Distal thrombosis (occlusion of second
order radicals of superior mesenteric vein), anomalies of the bowel
(homogeneous or heterogeneous hypoattenuating or hyperatten-
uating wall thickening, dilatation, abnormal or absent wall
enhancement) or of the mesentery, mesenteric stranding, large
ascites, pneumatosis, and portal venous gas are more frequently
observed in patients who will need intestinal resection [84].

Studies addressing the duration of PVT are scarce. A recent
thrombus can be defined as a thrombus occurring in the setting
of abdominal pain and or systemic inflammatory response syn-
drome. A spontaneous hyperdense clot in the portal vein lumen
on a non-enhanced CT scan may suggest that the thrombus dates
back to less than 30 days after onset of symptoms [43]. Absence
of portal cavernoma is also of help, although cavernoma may not
develop in unilateral portal branch obstruction. A cavernoma
may be identified as early as 15 to 30 days after the apparent
onset of abdominal pain [43]. Furthermore, acute thrombosis
may superimpose on a long-standing cavernoma.

Underlying prothrombotic disorders and local factors are
common in adults. These disorders constitute major determi-
nants of outcome, and may require specific therapy (see section
1). In children, aetiological investigations have been negative or
only show common weak prothrombotic conditions [87].

Therapy

The aim of therapy for acute PVT is; i) to prevent the extension of
thrombosis to mesenteric veins and thereby, mesenteric venous
infarction; and ii) to achieve portal vein recanalisation (Fig. 2)
[43,85].

Anticoagulation

In a recent prospective study, thrombus extension was prevented
in all patients who had early initiation of anticoagulation therapy
[3]. Only 2/95 cases of limited intestinal infarction were
observed, although 60% of patients had initial involvement of
the superior mesenteric vein. Furthermore, recanalisation of the
portal, splenic and superior mesenteric veins was obtained in
39%, 80%, and 73% of anticoagulated patients, respectively.
Recanalisation of the portal vein did not occur in any of the
patients beyond the sixth month of anticoagulation treatment.
These findings independently validated retrospective single cen-
tre studies [3,40,77,78]. Bleeding while on anticoagulation
occurred in 9% of patients. Mortality rate was 2% and was not
related to bleeding or PVT [3]. Among baseline factors, splenic
vein obstruction and ascites [3] and delay in initiating anticoag-
ulation [77] have been associated with the absence of recanalisa-
tion of the portal vein. These findings need further confirmation
in other cohorts.

In most previous studies, anticoagulation therapy was mainly
based on unfractionated heparin or LMWH or derivatives at high
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Abdominal pain and
systemic inflammation
and/or thrombophilic
factor

¥
Confirm acute PVT
on unenhanced and contrast
CT scan
after having informed
radiologist of PVT suspicion

v

Screen for general and
local cause

v
Start LMWH
Add antibiotics if septic
thrombophlebitis
Treat cause when accurate

¥
If:
* Persisting severe abdominal pain
despite adequate anticoagulation
* Organ failure
* Rectal bleeding

v v
Yes No
v v

1. Close Monitoring
2. 6 months anticoagulation
with coumarin

Discuss urgent laparotomy
with expert surgeon

Fig. 2. Proposed algorithm for the management of acute portal vein
thrombosis.

so-called therapeutic doses. In the most recent prospective Euro-
pean study, unfractionated heparin and LMWHs have been used
in 25% and 65% of patients, respectively [3]. In most studies
LMWH has been substituted for VKA targeting an INR between
2 and 3.

Heparin-induced thrombocytopenia (HIT) has been found to
occur in up to 20% of PVT patients treated with unfractionated
heparin, a much higher rate compared to HIT in patients without
PVT [88]. The incidence is probably lower in patients treated with
LMWH.

Thrombolysis

The experience of local thrombolysis, either venous or arterial,
has been reported in no more than 100 patients, mainly as case
reports. The transhepatic route or transjugular routes have been
used. The reported recanalisation rates have been similar to those
achieved with anticoagulation alone. However, 50% of treated
patients developed major procedure-related bleeding, with a fatal
outcome in some [58,89,90]. The transjugular approach for
thrombolysis appears to be associated with reduced complica-
tions but the data remains limited to less than 30 treated patients
[91,92]. With surgical thrombectomy, recanalisation is achieved
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in only 30% of the patients. It is associated with a high recurrence
rate, when performed >30days from apparent onset [93].
Recently it has been shown that balloon angioplasty and/or stent
placement without thrombolysis or thrombectomy may be a safe
and effective treatment modality for post-operative main portal
vein and superior mesenteric vein thrombosis [94]. As the
long-term outcome of patients with chronic PVT is generally good
(five-year survival rate above 70%) and mostly related to the
associated conditions, the risk: benefit balance of such invasive
procedures have to be considered [95].

Antibiotics

When septic pylephlebitis is diagnosed, prolonged treatment
with antibiotics adapted to isolated bacteria or to anaerobic
digestive flora is necessary [96].

Prognosis

Recanalisation of the portal vein must be expected to occur up
to 6 months whereas recanalisation of mesenteric and splenic
veins steadily increase until 12 months follow-up [3]. Over half
of the patients (55%) not achieving recanalisation will develop
gastroesophageal varices during their follow-up, with a two-
year actual probability of variceal bleeding of 12% and 16%
for ascites [77]. Severe portal biliopathy, detected during
imaging studies, developed in 30% of patients with acute PVT
within 1 year [97].

Chronic extrahepatic
portal vein

v

Implement prophylaxis
for portal hypertension
-related bleeding

v
Permanent, strong
prothrombotic
condition*
¥ ' ¥
Yes No
v v

Past history of
intestinal ischemia

|
| !

Yes No
v v

Consider long-term Monitor
anticoagulation propose RCT

Consider long-term
anticoagulation

Fig. 3. Proposed algorithm for making a decision of permanent anticoagu-
lation in patients with chronic extrahepatic portal vein obstruction. "Assess-
ment based on personal and familial history of unprovoked deep vein thrombosis,
and on findings of isolated or combined prothrombotic conditions.

Recommendations:

1. Consider the diagnosis of acute portal vein obstruction
in any patient with abdominal pain (A1)

2. Use Doppler ultrasound as the first line investigation
for acute PVT. Use CT for diagnostic confirmation and
the assessment of extension (A1)

3. Establish or rule out underlying cirrhosis or obliterative
portal venopathy (C1)

4. Consider intestinal infarction in patients with persisting
severe abdominal pain, rectal bleeding, moderate or
massive ascites, or multiorgan dysfunction. Closely
monitor these patients for signs of deterioration (B1)

5. Initiate immediate anticoagulation with LMWH in the
absence of major contraindications to anticoagulation
(A1)

6. Screen for HIT in patients with a sudden unexplained
platelet count fall 2 50% or to a value less than 150
x 10%/L, especially in those in whom unfractionated
heparin was initiated (A1)

7. According to recommendations for venous
thromboembolism, initial treatment should be
with LMWH, in addition, anti-Xa activity should be
monitored in overweight patients, pregnancy, and
poor kidney function, targeting a level between 0.5
and 0.8 IU/ml (A1). Oral VKA are used for long-term
anticoagulant treatment targeting an INR between 2
and 3 (B1)

8. Anticoagulation therapy should be given for at least 6
months (A1)

9. Perform a CT scan to assess recanalisation of the
portal venous system at 6-12 months follow-up (B1)

10. Screen for gastroesophageal varices in unrecanalised
patients (A1)

11. Perform MR imaging cholangiography in patients with
persisting cholestasis or biliary tract abnormalities
suggestive of portal biliopathy (B2)

Extrahepatic portal vein obstruction (non-cirrhetic,
non-malignant)

Extrahepatic portal vein obstruction (EHPVO) occurs due to the
three following mechanisms; malignant invasion (frequently
but improperly referred to as malignant thrombosis), portal vein
narrowing within a malignant tumor, and thrombosis. Malignant
invasion and portal vein narrowing will not be discussed further
in this section. Following acute thrombosis, in the absence of
recanalisation, the portal venous lumen obliterates and porto-
portal collaterals develop. This process is called cavernomatous
transformation of the portal vein, the result of which is the portal
cavernoma, which fully develops in a couple of months after
acute thrombosis. Chronic PVT has been used to designate the
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latter condition although these terms are not as factual as caver-
noma or cavernomatous transformation. There is a debate as to
whether portal cavernoma may result from other mechanisms
than thrombosis. In children, aetiological investigation has been
negative or has shown only weak common prothrombotic condi-
tions [98]. When a cavernoma is found in infancy or childhood in
the absence of local or general factors for thrombosis, the hypoth-
esis of a congenital malformation cannot be ruled out although
evidence for this hypothesis is still poor [98].

Manifestations

Available data in patients with non-cirrhotic non-malignant
EHPVO come from short-term prospective studies following
acute thrombosis [3], or from retrospective cohort studies where
patients have received various forms of treatment [40,42,76,99].
Due to the improved sensitivity of non-invasive imaging,
diagnosis of EHPVO is increasingly being made at an early
stage of acute PVT [40,42,76,99]. Among features of portal
hypertension, gastrointestinal bleeding has become a rare mode
of presentation, by contrast with frequent fortuitous findings of
an enlarged spleen, reduced blood cell counts, gastroesophageal
varices or portal hypertensive gastropathy, or portosystemic
collaterals at abdominal imaging [40,42,76,99]. The severity of
portal hypertension typically contrasts with a mild or absent liver
dysfunction and with normal levels of transaminases, alkaline
phosphatase, and gamma-glutamyl transferase. Some patients
may experience post-prandial abdominal pain, or features of
incomplete bowel obstruction related to ischemic stenosis. Less
frequently, initial manifestations are with biliary symptoms
(biliary pain, pancreatitis, cholecystitis) related to portal
cholangiopathy, a condition characterized by compression and
deformation of intra- and extrahepatic bile ducts by the collateral
veins constituting the cavernoma. Progressive cholestatic disease
or recurrent bacterial cholangitis are rare in patients with portal
cholangiopathy [42,76,99].

Outcome

The most frequent complication is gastrointestinal bleeding
related to portal hypertension [40,42,76,99], followed by recur-
rent thrombosis (mostly in the splanchnic area) [40,42,76,99]
and more rarely, biliary complications [100]. Asymptomatic
recurrent thrombosis in the splanchnic area is underestimated
and its actual clinical significance requires further evaluation.
Ascites, bacterial infections and overt encephalopathy are
uncommon except following an episode of gastrointestinal bleed-
ing [101]. Subclinical encephalopathy appears to be much more
common than previously suspected [102]. In children, a specific
additional consequence appears to be growth failure [103].
Regenerative macronodules may develop but HCC has not been
reported yet [104]. Previous gastrointestinal bleeding and size
of esophageal varices have been identified as independent predic-
tors for gastrointestinal bleeding [40,42]; the presence of an
underlying prothrombotic condition as a predictor for recurrent
thrombosis [40,42]; dilated segments of the bile ducts, for clinical
biliary complications [97]; and age, ascites, extension to the
superior mesenteric vein and severity of underlying conditions
as predictors for death [40,42,76,99].
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Diagnosis

The diagnosis of EHPVO should be considered in patients with
features of portal hypertension or hypersplenism; in patients
affected with a condition associated with a risk for PVT (general:
myeloproliferative neoplasm, antiphospholipid syndrome, inher-
ited thrombophilic factors, or local: pancreatitis, diverticulitis,
inflammatory bowel disease); in patients with abdominal pain;
and in patients with biliary disease. Rarely, the diagnosis has to
be considered in a context resembling decompensated cirrhosis
(encephalopathy, and/or ascites, and/or bacterial infection).

A diagnosis of EHPVO is based on the findings of Doppler
ultrasound, and axial CT or MR imaging using vascular contrast
agents. The experience and awareness of the radiologist is crucial.
Essential features are; (a) the absence of visible lumen corre-
sponding to the portal vein; and (b) the presence of numerous,
serpiginous vascular channels in porta hepatis [105,106]. Other
less specific features may provide indirect clues for an obstructed
portal vein: a dysmorphic liver where segment 1 and segment 4
are enlarged but surface is smooth; a mosaic pattern of parenchy-
mal enhancement in the arterial phase, with homogeneous
enhancement at a later phase; an increased enhancement of the
peripheral parts of the liver at the arterial phase; a dilated hepatic
artery; and a mild irregular dilatation of the bile ducts [107]. A
thickened gallbladder wall due to collateral veins should be dif-
ferentiated from cholecystitis. A thickened heterogenous pan-
creas due to collateral veins should be differentiated from
pancreatic cancer and chronic pancreatitis. In cases of pure portal
vein obstruction, liver biopsy shows an essentially normal liver.
However, a cavernomatous transformation of the portal vein
can be superimposed on cirrhosis or obliterative portal venopa-
thy where diagnosis requires a liver biopsy [3,99]. Liver biopsy
in EHPVO is indicated in patients with persistently abnormal liver
tests or a dysmorphic liver whose aspect is not typical for extra-
hepatic venous obstruction as described above. Non-invasive
tests like elastometry would be most useful in recognising under-
lying liver disease [108].

Underlying prothrombotic disorders and local factors are
common in adults. These disorders constitute major determi-
nants of outcome, and may require specific therapy (Fig. 3).

Therapy

Prevention of thrombotic extension or recurrence

The effect of specific treatments for underlying conditions has
not been evaluated. Evidence for a favourable benefit/risk ratio
of anticoagulation is low as no prospective study has ever been
performed. In three retrospective cohort studies on non-cirrhotic
PVT patients, long-term anticoagulation has been associated with
a reduced risk of recurrent thrombosis. In a multivariate analysis
it was found to be independent factor in one study (risk ratio
0.39, p=0.02) [42] and borderline in the other (hazard ratio
0.2, p=0.1) [41]. Prevention of rethrombosis was also observed
at univariate analysis in a large cohort of patients whose initial
presentation was with abdominal pain or intestinal ischemia
[40]. When evaluated in patients with EHPVO receiving anticoag-
ulation, the risk of recurrent bleeding has not been shown to be
increased in the context where prophylaxis for bleeding has been
routinely performed [40,42]. In another study where the strategy
for bleeding prophylaxis has not been evaluated, anticoagulation
therapy was significantly associated with an increased risk of
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bleeding [41]. The severity of bleeding on anticoagulation has
been found to be similar in patients with and without anticoagu-
lation at the time of bleeding [42]. Multivariate analysis indicated
a favourable impact of anticoagulation therapy on survival with a
statistically significant decrease in mortality in one study [99],
and a non-significant decrease in the other [41]. Extrapolation
of these data collected between 1983-1998 [83], 1973-2005
[84] and 1985-2009 [41] requires caution.

Prevention of the complications of EHPVO

In most available surveys, patients have been treated for portal
hypertension according to the recommendations for patients
with cirrhosis. Hemodynamic data in animals with pre-hepatic
portal hypertension [109] and in patients with non-cirrhotic por-
tal hypertension [110] indicate beneficial effects of non-selective
beta adrenergic blockade on splanchnic haemodynamics.
Theoretical deleterious effects of non-selective beta blockers on
patients with extended thrombosis promoting abdominal pain
or intestinal ischemia have never been proved.

According to multivariate analysis, beta adrenergic blockade
decreases the risk of bleeding in patients with large varices
[42], and improves survival in patients with chronic portomesen-
teric venous obstruction [99]. Sclerotherapy reduces the inci-
dence of bleeding in previously untreated patients. Endoscopic
variceal band ligation is superior to sclerotherapy according to
a short-term randomized controlled trial in children [111]. In
children, combination of ligation and sclerotherapy provides
marginal advantage to either band ligation alone or sclerotherapy
alone. In adults, by two years of follow-up, there was no differ-
ence in the rate of recurrent bleeding between treatment with
propranolol or with band ligation for non-cirrhotic portal hyper-
tension (including a majority of patients with EHPVO) [112]. In
the latter study, none of the patients were receiving anticoagula-
tion. Rebleeding rate was about 20% at two years.

In selected patients, low mortality and rebleeding rates have
been observed with surgical portosystemic shunting using supe-
rior mesenteric or splenic veins [113]. However, the proportion of
patients where these shunts are feasible remains unclear. The
data with TIPS are still extremely limited in patients without cir-
rhosis or malignancy. While covered TIPS insertion appears to be
feasible when intrahepatic portal veins are visible, results are
available only on a short-term follow-up (average 18 months)
[114]. Encephalopathy appears to occur at a similar rate as in
patients with cirrhosis.

In children with patent superior mesenteric and left portal
veins, a bypass can be constructed between these two veins
(so-called mesenterico-Rex shunt). The feasibility and long-term
patency appears to be high. Gastrointestinal bleeding is effec-
tively prevented. An improvement in mental status and in coag-
ulation factor levels as been observed [115,116]. There is no
report of adult patients treated with mesenterico-Rex shunt.

Only patients with clinical manifestations of portal cholan-
giopathy should be considered for a specific treatment [100]. Bile
stones should be treated endoscopically. Risk of endobiliary
maneuvers is haemobilia from ruptured intrabiliary varices,
which can be massive. Biliary stricture associated with jaundice
or bile stones can also be treated endoscopically with repeated
stenting. When superior mesenteric vein or splenic veins are evi-
dent a surgical shunt can be considered. Because of anecdotal
reports of successful TIPS placement, such a procedure can also
be considered although results beyond a few months of follow-
up have not been reported [114,117].

Overall outcome

Overall outcome is relatively good in patients with extrahepatic
PVT in the absence of cirrhosis or malignancy. Five-year survival
rates above 70% have been reported in large cohorts spanning
over the last 20 years [40-42,76,99]. No comparison with the
general population is available.

Recommendations:

1. Consider the diagnosis of extrahepatic portal vein
obstruction (EHPVO) in any patient presenting with
features of portal hypertension, hypersplenism or
abdominal pain,or biliary tract disease (A1)

2. Consider screening for extrahepatic portal vein
obstruction in patients with myeloproliferative disease
and antiphospholipid syndrome (B2)

3. Use Doppler ultrasound as first line investigation
for the diagnosis of EHPVO. Use CT for diagnostic
confirmation and extension assessment (A1)

4. Rule out underlying cirrhosis or obliterative portal
venopathy whenever liver tests are abnormal, a
cause for chronic liver disease is present, or the
liver is dysmorphic, or results of liver elastometry are
abnormal (C1)

5. Perform MR imaging cholangiography in patients with
persisting cholestasis or biliary tract abnormalities
suggesting occurrence of portal biliopathy (B2)

6. Manage portal hypertension according to the
guidelines elaborated for cirrhosis (B1)

7. Once prophylaxis for gastrointestinal bleeding has
been implemented:

a. Treat underlying prothrombotic conditions
according to corresponding guidelines (B1)

b.  Consider permanent anticoagulation in patients
with a strong prothrombotic condition, or past
history suggesting intestinal ischemia or recurrent
thrombosis on follow-up (B2)

c. Long-term anticoagulation is indicated in case of
an underlying MPN

Idiopathic non-cirrhotic portal hypertension
Introduction

Many disorders are associated with non-cirrhotic intrahepatic
portal hypertension, such as infiltrative diseases, vascular malig-
nancies, schistosomiasis, congenital hepatic fibrosis and sar-
coidosis [118]. The diagnosis of idiopathic non-cirrhotic portal
hypertension (INCPH) can be made if all these disorders have
been excluded and consequently no clear liver disease has been
identified (Table 3). The nomenclature of this condition is
ambiguous and it has been referred to as hepatoportal sclerosis,
non-cirrhotic portal fibrosis, idiopathic portal hypertension,
incomplete septal cirrhosis and nodular regenerative hyperplasia
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Table 3. Diagnostic criteria of idiopathic non-cirrhotic portal hypertension.*

1) Clinical signs of portal hypertension
(any one of the following**)

Splenomegaly/hypersplenism
Esophageal varices
Ascites (non-malignant)
Minimally increased hepatic venous pressure gradient
Portovenous collaterals
2) Exclusion of cirrhosis on liver biopsy

3) Exclusion of chronic liver disease causing cirrhosis or non-
cirrhotic portal hypertensiont

Chronic viral hepatitis B/C

Non-alcoholic steatohepatitis/alcoholic steatohepatitis

Autoimmune hepatitis

Hereditary hemochromatosis

Wilson's disease

Primary biliary cirrhosis
4) Exclusion of conditions causing non-cirrhotic portal
hypertension

Congenital liver fibrosis

Sarcoidosis

Schistosomiasis

5) Patent portal and hepatic veins (doppler ultrasound or
computed tomography scanning)

“All criteria must be fulfilled in order to diagnose INCPH. “Splenomegaly must be
accompanied by additional signs of portal hypertension in order to fulfil this
criterion. fChronic liver disease must be excluded since severe fibrosis might be
understaged on liver biopsy.

[119]. Agreement on a uniform nomenclature is an essential
requirement. Since the focus of the current guideline is on vascu-
lar liver disease, we restrict our recommendations for INCPH
which is thought to be caused largely by parenchymal vascular
obstruction, while other forms of non-cirrhotic intrahepatic por-
tal hypertension are associated with a large group of distinct liver
diseases and presumably have less of a vascular etiology [118].
Thrombophilia, immunological disorders, specific medication
(e.g. azathioprine and didanosine) and infections (e.g. HIV infec-
tion) have been identified as the major potential causes for portal
venous obliteration [120,121]. In Western INCPH patients, a 40%
prevalence of thrombophilic disorders has been reported [120].

Clinical presentation

Clinical presentation is dependent on referral patterns and on the
medical specialist who makes the diagnosis (e.g. hepatologist vs.
haematologist). In large studies from India the majority of
patients present with gastrointestinal haemorrhage related to
portal hypertension. This is most commonly due to esophageal
varices, although gastric varices and portal hypertensive gas-
tropathy can occur in a minority. Commonly, and more often than
in other causes of portal hypertension (e.g. liver cirrhosis and
PVT), a large spleen is observed in patients with INCPH
[120,122]. At initial diagnosis, patients present mainly with nor-
mal liver function [120-122]. Only a minority demonstrate
impaired liver function, mainly in the context of intercurrent
conditions. The presence of ascites may be associated with poor
survival [121]. Hepatic encephalopathy has been rarely reported
but can be found due to massive portosystemic shunting [123].
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Diagnosis

Diagnosis of INCPH remains a challenge because there is no
single test that can be regarded as a gold standard. Patients with
INCPH are often radiologically misclassified as cirrhotic since
abdominal ultrasonography in these patients demonstrates liver
surface nodularity and thickening of portal vein walls in combi-
nation with signs of portal hypertension [120,121]. A clue for
the correct non-invasive diagnosis of INCPH might be low liver
stiffness measurement by transient elastography (<12 kPa)
[108,124]. A recent study demonstrated metabolomic analysis
as a potential tool for the diagnosis of INCPH [125].

In order to exclude severe fibrosis or cirrhosis, liver histology
remains essential in the diagnosis of INCPH. Macroscopical exam-
ination often reveals organised thrombi in the large portal vein
branches, liver surface nodularity, and liver dysmorphism [126].
In the past, INCPH has been classified morphologically into four
different categories: idiopathic portal hypertension (equivalent
to hepatoportal sclerosis or non-cirrhotic portal fibrosis), nodular
regenerative hyperplasia, partial nodular transformation and
incomplete septal cirrhosis [119]. However, since all these
entities share histopathological characteristics (obliterative
vascular lesions), it has been suggested that INCPH can be viewed
as a distinct single entity with various pathological aspects,
rather than different clinicopathological entities [118]. The most
prevalent histological features observed in INCPH patients are
phlebosclerosis, nodular regeneration, sinusoidal dilatation, para-
portal shunt vessels and perisinusoidal fibrosis [120,121,127].
Phlebosclerosis is generally regarded as the primary lesion in
the development of the intrahepatic haemodynamic changes
[128]. Potentially this obliteration of portal venules results in
disturbed intrahepatic circulation and subsequently parenchymal
remodeling (nodular regeneration). In order to demonstrate the
presence of these lesions, large liver specimens containing a
sufficient amount of portal tracts are needed (transjugular
specimens often are too small). Nevertheless, a sufficient
specimen size can show normal liver histology in liver biopsies
from INCPH patients.

Natural history

Mortality by variceal haemorrhage in INCPH is significantly lower
than that observed in cirrhotic patients, likely because of a
preserved liver function [118]. In comparison to patients with
cirrhosis a higher incidence of PVT has been reported in patients
with INCPH [120,121,129]. Starting early anticoagulation therapy
leads to recanalisation in 54% of patients [129]. A minority of
patients develop liver failure over time, which might even neces-
sitate a liver transplantation [121,123]. A poor outcome can be
implicated by a precipitating factor or an additional cause for
liver damage [120]. Liver function impairment and ascites in
these patients can possibly be explained by a reduction in
portal flow and subsequently atrophy of the peripheral hepatic
parenchyma. Despite low liver-related mortality, overall survival
in INCPH patients is lower than generally considered as a result of
high mortality related to INCPH associated disorders [121].

Treatment
Treatment and prophylaxis of variceal gastrointestinal bleeding

Data on management or prophylaxis of variceal bleeding and
INCPH are lacking [118]. Endoscopic therapy has been found to
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be effective in controlling acute variceal bleeding in 95% of the
INCPH patients [130]. No data has yet been published regard-
ing endoscopic band ligation in these patients. However, con-
sidering the superiority of ligation in patients with cirrhosis
or EHPVO, applying this treatment in INCPH patients with
varices is preferable. With uncontrolled bleeding, portal sys-
temic shunting by insertion of TIPS should be considered.
Although there is literature from India on emergency surgical
shunting, this is currently not regarded to be superior to TIPS
insertion, which is less invasive. Complications of portosys-
temic shunting such as hepatic encephalopathy are rare due
to the preserved liver function in most of the patients [121].
Endoscopic therapy has been shown to reduce the risk of var-
iceal rebleeding in patients with INCPH [131]. Data are lacking
regarding the efficacy of non-selective beta blockers in the
setting of INCPH, however in keeping with the good results
of bleeding prophylaxis in the setting of cirrhosis we
recommend to use the same approach in INCPH patients.

Anticoagulation

Anticoagulation therapy has been proposed by several investi-
gators to prevent disease progression and to maintain portal
vein patency [120,132]. However, considering the fact that
gastrointestinal bleeding is the main complication and the role
of thrombophilia in the pathogenesis is uncertain, this treat-
ment is still debated and cannot be generally recommended.
Anticoagulation can only be considered in patients with INCPH
with clear underlying prothrombotic conditions or in patients
who develop PVT.

Liver transplantation

Several reports describe liver transplantation in the setting of
INCPH [120,121,123]. The indications for liver transplantation
are unmanageable portal hypertension-related complications
and progressive liver failure.

Hepatic vascular malformations in hereditary haemorrhagic
telangiectasia

Definition

Hereditary haemorrhagic telangiectasia (HHT), or Rendu-
Osler-Weber disease, is a genetic disorder with autosomal
dominant inheritance, characterized by widespread cutaneous,
mucosal and visceral telangiectasias and is reported to affect
1-2/10,000 people in the general population [133]. The clinical
presentation of HHT varies widely based on the number, type
and location of the telangiectasias or larger vascular malforma-
tions (VMs). The clinical criteria for HHT diagnosis, known as
the Curacao criteria, have been established by a panel of experts
(Table 4): the diagnosis of HHT is certain with three criteria,
likely with two, and unlikely with one or no criteria [134]. Most
patients have mutations in one of the two known disease-related
genes: endoglin (ENG, on chromosome 9, HHT1) and activin A
receptor type Il-like 1 (ACVRL1, on chromosome 12, HHT2), both
of which are involved in the TGFB pathway. Mutations in the

Table 4. Diagnostic criteria of HHT - Doppler ultrasound grading of liver VMs.

HHT - Curagao
Clinical Criteria

Epistaxis

Description

Spontaneous and recurrent
Telangiectases Multiple, at characteristic sites: lips, oral
cavity, fingers, nose

Gastrointestinal telangiectasia, pulmonary,
hepatic, cerebral or spinal Arterio-Venous
Malformations

A first degree relative with HHT

according to these criteria

Liver VMs in HHT- Doppler ultrasound grading

Visceral lesions

Family history

0+ * Hepatic Artery diameter >5 <6 mm , and/or
Recommendations: . Pea!< I_:k_)w Velocity >80 cm/sec, and/or
’ * Resistivity Index <0.55, and/or
« Peripheral hepatic
hypervascularization
1. Consider the diagnosis of INCPH in any patient with 1 * HA dilatation, only extrahepatic >6
portal hypertension particularly when there is no other mm, and
cause for liver disease (B1) *  PFV >80 cm/sec, and/or
* RI<0.55
2. INCPH diagnosis requires the exclusion of cirrhosis 2 * HA dilatation, extra- and
and other causes of non-cirrhotic portal hypertension intrahepatic, PFV >80 cm/sec
(B1) * Possibly associated with moderate
flow abnormality of hepatic and/or
3. Perform liver biopsy for the diagnosis of INCPH (A1) portal veins
3 » Complex changes in hepatic artery
4. Manage portal hypertension according to the guidelines and its branches, with marked flow
elaborated for cirrhosis (B1) abnormalities
» Abnormality of hepatic and/or portal
5. Screen, at least every 6 months, for the occurrence of vein flow
PVT (B1) 4 Decompensation of arteriovenous shunt
with:
6. Liver transplantation has to be considered in INCPH * Dilatation of hepatic and/or portal
patients that develop liver failure, or unmanageable vein o
portal hypertension-related complications (B1) * Marked flow abnormalities in both
arteries and vein/s
12 Journal of Hepatology 2015 vol. XXX | XXX-XXx

jhep.2015.07.040

Please cite this article in press as: EASL Clinical Practice Guidelines: Vascular diseases of the liver. ] Hepatol (2015), http://dx.doi.org/10.1016/j.



http://dx.doi.org/10.1016/j.jhep.2015.07.040
http://dx.doi.org/10.1016/j.jhep.2015.07.040

SMAD4 gene can cause a rare syndrome combining juvenile
polyposis and HHT; recently additional genes have been found
on chromosome 5 and 7 [133]. Genetic testing is available on a
clinical basis.

Hepatic VMs in HHT

Hepatic VMs are found in 44-74% of HHT-affected subjects
[135,136], implying a prevalence in the general (non-HHT)
population varying between 1/7000 to 1/12,500. The prevalence
of hepatic VMs depends substantially on HHT genotype, with
greater frequency of hepatic VMs in HHT2 genotype than in
HHT1 genotype [137,138]. The penetrance of most of the clinical
features of HHT depends on the patient’s age, with a mean age of
patients with hepatic VMs of 52 years [139]. Previous data shows
a strong and significant predominance of hepatic VMs in females
who have HHT, both for asymptomatic and symptomatic lesions,
with a male/female ratio varying from 1:2 to 1:4.5; therefore, the
expression of HHT in the liver is likely dependent on the patient’s
sex [135,137].

Pathogenesis

Hepatic VMs unique to HHT involve the liver diffusely and evolve
in a continuum from small telangiectases to large arteriovenous
malformations, 21% of patients show an increased size of liver
VMs and complexity over a median follow-up of 44 months
[135].

Three different and often concomitant types of intrahepatic
shunting (hepatic artery to portal vein, hepatic artery to hepatic
vein and/or portal vein to hepatic vein) can lead to different
but possibly coexistent clinical features: high-output cardiac
failure (HOCF), portal hypertension (PH), encephalopathy, biliary
ischemia, and mesenteric ischemia, the latter two being due to a
blood flow steal through arteriovenous shunting. Perfusion
abnormality can also entail hepatocellular regenerative activity,
either diffuse or partial, leading to focal nodular hyperplasia
(FNH), which has a 100-fold greater prevalence in HHT patients
than in the general population, or to nodular regenerative
hyperplasia [140-143].

Clinical presentations

Only 8% of patients with liver VMs are symptomatic in cross-
sectional surveys [136,139]. A recent cohort study with a median
follow-up of 44 months has shown that hepatic VM-related
morbidity and mortality will occur in 25% and 5% of patients
respectively, with incidence rates of complications and death
3.6 and 1.1 per 100 person-years, respectively. The clinical
outcome of liver VMs correlates with their severity [135].

HOCF represents the predominant complication associated
with HHT [142,143], but complicated PH occurs at a rate
comparable to that of HOCF (1.4 and 1.2 respectively per
100 person-years); HOCF and complicated PH each accounts for
about a half of hepatic VM-associated fatalities. In patients with
chronic cardiac overload due to liver VMs atrial fibrillation
occurred at a 1.6 rate per 100 person-years, suggesting that this
arrhythmia in patients with liver VMs is not purely coincidental
and should be approached with special caution [135].

JOURNAL OF HEPATOLOGY

PH due to arterioportal shunts can manifest itself with severe
recurrent variceal bleeding; however both a case series and a
cohort study have shown that gastrointestinal bleedings in
patients with liver VMs were more often due to bleeding from
gastrointestinal telangiectasias than to variceal bleeding
[135,140].

Anicteric cholestasis is observed in one-third of patients
with liver VMs [135]; its degree is generally correlated with the
severity of vascular malformations.

Much rarer presentations of liver VMs in HHT are
encephalopathy, mesenteric angina, or ischemic cholangiopathy
with potential hepatic necrosis [135,140,142-145].

Diagnosis

Screening for hepatic VMs with Doppler ultrasound in
asymptomatic individuals with suspected or certain HHT has
been recommended because a correct diagnosis can help to
clarify the diagnosis of HHT and improve subsequent patient
management [142,143].

The diagnosis of liver involvement in HHT requires labora-
tory assessment and sensitive imaging methods such as
abdominal Doppler ultrasound or abdominal CT [136,139].
Doppler ultrasound has been proposed as the first line investi-
gation for the assessment of liver VMs taking into account its
safety, tolerability, low costs, accuracy for the detection of liver
VMs [139,146] and good interobserver reproducibility [147].
Furthermore, Doppler ultrasound is the only imaging technique
which can give a severity grading (from 0.5 to 4) (Table 4) of
liver VMs which correlates with clinical outcome and allows
a tailored patient management and follow-up [135].

Echocardiographic evaluation of cardiac function and
morphology, particularly cardiac index and systolic pulmonary
arterial pressure, gives a non-invasive estimate of the
haemodynamic impact of liver VMs [148].

Further testing (either one or a combination of the following:
gastrointestinal endoscopy, CT, MR, angiography, cardiac
catheterisation, portal pressure measurement with hepatic
venous pressure gradient) may be required depending either on
the presence of focal liver lesions or on the severity of liver
VMs and their haemodynamic impact.

Characterization of a liver mass in the context of HHT can be
made non-invasively by evaluating epidemiological (and namely
the high prevalence of FNH in HHT), clinical and laboratory data
(including serological tumor markers, hepatitis B and C markers)
as well as imaging (at least two examinations — whether Doppler
ultrasound, MR or CT - showing suggestive findings). Liver biopsy
is thus not necessary and should be regarded as risky in any
patient with proven or suspected HHT, considering the reported
high prevalence of liver VMs in HHT [142,143].

Diffuse liver VMs are unique to HHT and their presence should
always lead to the search of HHT diagnostic criteria. Other much
rarer syndromes, such as Klippel-Trénaunay-Weber syndrome,
can be associated to liver VMs. Multiple FNH, or, to a lesser
extent, hypervascular metastases can cause enlargement of hep-
atic artery. The association of history, clinical and imaging find-
ings together with the absence of other criteria for HHT will
assist the correct diagnosis.
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Treatment

Currently, no treatment is recommended for asymptomatic

Recommendations:

liver VMs. Patients with symptomatic liver VMs require 1. Consider HHT in subjects presenting with diffuse liver
intensive medical treatment either for HOCF (salt restriction, VMs, which are either complicated or not (A2)
diuretics, beta blockers, digoxin, angiotensin-converting
enzyme inhibitors, antiarrhythmic agents, cardioversion and 2. Investigation for liver VMs are to be completed:
radiofrequency catheter ablation), or for. corpplicaFions pf PH - In HHT patients with symptoms/signs
and encephalopathy (as recommended in cirrhotic patients), suggestive of complicated liver VMs (High-Output
or for cholangitis (antibiotics) [142,143]. Supportive care is Cardiac Failure, ascites, gastrointestinal bleeding,
also important in these patients, either as blood transfusions cholangitis, encephalopathy and mesenteric angina)
or iron administration for anemia and treatment of the source (A1)
of bleeding (either epistaxis or gastrointestinal bleeding) in . In all subjects at risk for HHT, as liver VMs
actively bleeding patients. diagnosis and staging offer the advantages of a
Of note, 63% of patients show a complete response, and a proper patient management and follow-up (A2)
further 21% a partial response to therapy for complicated liver
VMs [135]. This high response rate argues for the importance of 3. Doppler ultrasound is the ideal first line imaging for the
an intensive approach to symptomatic liver VMs and for a diagnosis and staging of liver VMs. Wherever expertise
. . . of Doppler ultrasound is lacking, multiphase CT is a
cautious approach to major remedies. . . . : o
- . 1. . . suitable alternative to investigate symptomatic liver
For patients failing to respond to an initial intensive medical VMs (A1)
therapy, invasive treatments, including transarterial emboliza-
tion of liver VMs or OLT, are considered. There is sparse literature 4.  Propose echocardiographic evaluation to patients with
which suggests that the response to intensive treatments should liver VMs, particularly if severe (grade 3-4), at baseline
be judged within 6 to 12 months [135]. and during follow-up, to monitor haemodynamic impact
Peripheral, staged embolization of liver VMs seems the most of liver VMs (B2)
effective and repeatable transarterial treatment [149]. HOCF has
been the main indication in these treated patients. However, a 5. Liver biopsy:
significant morbidity and 10% of fatal complications, together . . . .
with its palliative role suggest caution in its use, which can be £ 5 el EEEEEEry I (D SEEOsTs G e E i
. A related to HHT (A1)
proposed only in severely symptomatic liver VMs not amenable
to transplant [142,143]. . . . . b. If needed for other reasons, in a patient with known
OLT represents the only definitive curative option for hepatic or suspected HHT, consider the risk of increased
VMs in HHT, and is indicated for ischemic blllary necrOSiS, b|eeding with percutaneous transcapsu|ar route.
intractable HOCF and complicated PH [142,143]. Post-operative (A1)
mortality of OLT in HHT is 7-10%, with a long-term survival rang-
ing between 82 and 92% [144,145]. 6. Discuss Focal Nodular Hyperplasia first in a HHT patient
Right heart catheterisation should always be performed in with liver mass(es), and use non-invasive, contrast
patients with HHT being evaluated for OLT, to exclude severe enhanced imaging for diagnostic confirmation (B1)
pulmonary hypertension: OLT may be allowed in HHT patients ) ) ) o
with pulmonary vascular resistance <240 dynes sec cm™> [142]. v EE adwce? 172l meFi|.ca| e V‘."th R HHT
Bevacizumab, an angiogenesis inhibitor, has shown the ability SIS (LIl elas) S Gl I [Eelre g (el s IR CTT
e K . P X VMs, and notably OLT (A1)
to reduce the cardiac index in 24 patients with severe liver VMs
and high cardiac output, with complete and partial response in 8.  Only in HHT patients who failed to respond to intensive
12% and 70%, respectively [150]. However, critical issues need medical therapy consider invasive therapies for liver
to be carefully weighed regarding the use of bevacizumab; involvement. Obtain assessment and treatment by a
namely its unpredictable efficacy and non-negligible toxicity, cardiologist for HOCF prior to considering an invasive
revascularization following drug withdrawal, and problems with therapy (B1)
respects to anglogeneS{s—depeqdent phenomenfal .such s Wgund 9. Regard transarterial embolization of liver VMs as
and 'apastomoses healing, which could be critical in patients a palliative, temporizing and risky procedure, to
requiring emergency OLT. be discussed in patients with HOCF or mesenteric
The subset of patients with severe grade 4 liver VMs, at angina who are not candidates for OLT. Consider
high risk of poor outcome, could be the target for prophylactic cholangiopathy as a contraindication to transarterial
treatments. In the case of cardiac overload, angiotensin- embolization (B2)
converting enzyme inhibitors or carvedilol could be used to ) )
prevent cardiac remodeling, while for PH, beta blockers could 10. Regard OLT as the only curative treatment for liver
be proposed to prevent gastrointestinal bleeding either from .VMS‘ |f'|ntr'actable HOCF'or P, Sl U o)
. . . . . ischemic bile duct necrosis (B1)
varices or from gastrointestinal telangiectasias [135].
.
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Sinusoidal obstruction syndrome - veno-occlusive disease of
the liver

Sinusoidal obstruction syndrome (SOS, previously named veno-
occlusive disease or VOD), is characterized morphologically by
a loss of sinusoidal wall integrity. Sinusoidal endothelial cells at
first become injured and detach from the wall (endothelium
denudation), followed by cell embolization and sloughing
towards central zones of hepatic lobules, and a subsequent
sinusoidal congestive obstruction by outflow block. According
to the level of obstruction, various degrees of centrilobular
hepatocellular necrosis may occur. SOS may also be associated
with one or more other lesions such as centrilobular perisinu-
soidal and endovenular fibrosis, peliosis and nodular regenerative
hyperplasia (NRH).

SOS is a well-established hepatic complication of myeloab-
lative regimens used in the setting of haematopoietic stem cell
transplantation (HSCT). A large number of drugs and toxins
have also been associated with SOS including several
chemotherapeutic agents used in adjuvant or neo-adjuvant
treatments of solid cancer, or immunosuppressors applied in
the context of organ transplantation or inflammatory bowel
diseases. Total body or hepatic irradiation and platelet transfu-
sion containing ABO-incompatible plasma represents other
reported associated conditions (Table 5). SOS can engender
significant morbidity and mortality in all these settings
[54,151]. Pathogenesis of SOS is not yet conclusively estab-
lished. The establishment of a rat model based on monocro-
taline (pyrrolizidine alkaloid) gavage was a milestone and
lead to a better understanding of SOS pathogenesis, both at
the morphological and biochemical levels [152].

Table 5. Major causes of sinusoidal obstruction syndrome.

* Actinomycin D

* Azathioprine

* Busulfan

» Carmustine

« Cytosine arabinoside

* Cyclophosphamide

» Dacarbazine

» Gemtuzumab-ozogamicin

* Melphalan

* Mercaptopurine

» Mitomycin

+ Oxaliplatin

* Pyrrozolidine alkaloids

* Urethane

« Terbinafine

* Traditional herbal remedies

* 6-mercaptopurine

* 6-thioguanine

* Post-bone marrow transplant
« Total-body irradiation

* Hepatic irradiation (high doses)
» Platelet transfusion containing ABO-incompatible plasma

JOURNAL OF HEPATOLOGY

Incidence

Many studies have been based on clinical criteria whose
specificity and sensitivity may vary greatly according to the con-
text. SOS incidence differs considerably according to patient risk
factors, type of drug regimen, number of cycles of chemotherapy,
diversity in clinical or in histological diagnostic criteria.

SOS incidence has declined in HSCT from 50% [153] to
currently about 14% [154], and in solid transplantation as well.
Decreased incidence has been attributed to the development of
prophylactic therapy, avoidance of cyclophosphamide containing
regimens, and lower doses of total body irradiation in HSCT, and
lesser use of azathioprine in solid organ transplantation.
However, other drugs and settings may be responsible for SOS
(Table 5). The incidence is these cases are less well-established.

Clinical manifestations and outcome

The typical signs and symptoms are; weight gain due to fluid
retention with or without ascites, tender hepatomegaly and
jaundice [155]. Clinical presentation may however range from
the absence of symptoms to features of PH and severe multiorgan
dysfunction that may lead to death.

In the context of HSCT, clinical onset usually occurs in the first
20 days in SOS due to cyclophosphamide, and later with other
regimens. According to clinical course severity, SOS may be
subdivided into three forms: mild SOS (self-limiting disease not
requiring treatment); moderate SOS (resolving disease neverthe-
less requiring treatment notably for fluid retention); and severe
SOS (disease not resolving after day 100 despite treatment, that
may lead to death). Major parameters of poor outcome (mostly
validated for cyclophosphamide-related SOS), are high serum
bilirubin and level of weight gain. Other parameters are
aminotransferase rise, high hepatic venous pressure gradient,
renal function and multiorgan failure. Death is most commonly
caused by renal, cardiopulmonary or liver failure. Mortality rate
at 100 days is 9% in mild cases to near 100% in patients with
clinically severe SOS.

In the context of oxaliplatin chemotherapy regimen (used for
downstaging colorectal liver metastasis (CRLM) before surgical
hepatic resection), SOS is associated with a decreased liver
metastases imaging detections [155], an increased operative
bleeding [156], and post-operative liver dysfunction or a delay
in liver regeneration [157,158].

The time frame for regression of SOS and associated lesions
(centrilobular fibrosis and NRH) remains unknown. SOS and
NRH persisted histologically in the setting of a two stage hepate-
ctomies for CRLM (where liver surgery of the same patient is per-
formed with an interval of 4 to 7 weeks with no chemotherapy
applied during this interval) [159], as in several cases that
underwent iterative hepatic surgery for recurrence with a gap
of several months. PH, evaluated by spleen size, improved only
between 1 to 3years after completing oxaliplatin treatment
[160]. It is noteworthy that in several cases persistence or
progression of a histological lesion and signs of PH have been
observed.

Despite an apparently indolent initial course, delayed compli-
cations of SOS may occur. In toxic oil syndrome, PH appeared
2.5years after consuming the oil, as with azathioprine and
6-thioguanine, sinusoidal lesions persist at biopsy and become
symptomatic over time.
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Currently, the absence of specific clinical signs or serological
diagnostic tool makes recognition of SOS challenging. Diagnosis
is essentially based on a high index of clinical suspicion, after
exclusion of other potential mimicking causes (Table 6), resulting
in various levels of diagnostic accuracy (up to 20% of patients
cannot be clinically diagnosed with certainty) and potential risks
of error. Clinical features for diagnosis have been formalized in
the Seattle or Baltimore criteria; their sensitivity and specificity
have not been well-defined and their use in the different settings
of SOS aetiology have not been evaluated. According to regimens,
delay in clinical onset of SOS after initiation of therapy varies and
some features may be lacking.

Increase in serum bilirubin is a sensitive but not specific
marker of SOS. Other markers have been proposed, including
serum procollagen, plasminogen activator inhibitor-1, platelet
count less than 167,000/ul, high APRI or FIB-4 scores but not
independently validated yet [161].

There are no definitive ultrasound features for early SOS diag-
nosis. Doppler ultrasound may show signs of PH, and liver and
spleen enlargement [162-164]. Reversal of flow in the portal vein
and monophasic flow in the hepatic vein have been used to diag-
nose SOS but lacks sensitivity [165]. CT scan is not recommended
because of the toxicity of contrast agents. MR imaging may show
patients hepatic veins and patchy signal enhancement compati-
ble with the diagnosis of histologically severe SOS [166-168].

Transjugular liver biopsy combined with measurement of the
wedged hepatic venous pressure gradient is of major help in con-
firming the diagnosis [169,170,170]. Regardless of its cause, SOS
has similar pathological features [171]. According to the level of
obstruction, various degrees of centrilobular hepatocellular
necrosis may occur. SOS may also be associated with centrilobu-
lar perisinusoidal and endovenular fibrosis, peliosis and NRH
[172]. Except peliosis, all these lesions are morphologically dis-
tinct from sinusoidal changes, although they appear to be related
to its severity [169,172] or represent late lesions. Occlusion of the
centrilobular veins occurs only in 50% of patients with mild to
moderate SOS and up to 75% of patients with severe SOS after
HSCT [169], and in around 50% of patient with oxaliplatin-related
SOS [156,171,172]. Therefore, the alternate terms of SOS was pro-
posed in replacement of VOD. Percutaneous biopsy is often con-
traindicated by thrombocytopenia, coagulopathy or ascites.

Despite patchy distribution of SOS lesions, liver biopsy find-
ings have been reported to influence treatment decisions in
around 90% of patients [173,174]. Combining biopsy with
haemodynamic evaluation helps in the overall sensitivity.
Hepatic venous pressure gradient >10 mmHg has a sensitivity
of 52% and a specificity of 91% with a positive predictive value
greater than 85% for the diagnosis of SOS in the context of HSCT.
Despite advanced imaging modalities, histology currently
remains the optimal means for the diagnosis of fibrosis and
NRH. From a pathologist’s perspective, the diagnosis of NRH
can be challenging and reticulin staining is needed.

Prophylaxis and treatment

Recognition of risk factors is helpful for the prevention of SOS
[161,175]. Risk factors include pre-existing liver disease, previous
episode of SOS and type of regimen; and, in the context of solid
cancer treatment (in particular colorectal liver metastasis),
abnormal preoperative gamma-glutamyl transpeptidase, age,
female gender, indocyanin green retention rate at 15 minutes,

number of cycles of chemotherapy and a short interval between
the end of chemotherapy and surgical liver resection. Polymor-
phisms of the glutathione S-transferase gene (coding for enzymes
catabolizing chemotherapeutic drugs) have been associated with
a risk of SOS [176].

Reduction of the intensity of myeloablative regimens or
choice of regimens that carry lower risk of SOS has to be
counterbalanced with a possible lower anti-tumoral efficacy or
appearance of other complications.

Defibrotide  (single-stranded  oligodeoxyribonucleotides
mixture extracted from porcine intestinal mucosal DNA with
multiple antithrombotic, fibrinolytic and angiogenic properties)
has demonstrated a benefit for SOS prophylaxis in a randomized
study in pediatric HSCT [177]. A meta-analysis of the effects of
heparin showed no positive effect [178].

Indications for treatment of SOS depend on its clinical sever-
ity. There are still no solid data to give firm recommendations
[179]. Treatment of SOS relies mostly on supportive care with
therapy of fluid retention, sepsis and organ failure. TIPS, surgical
shunting and liver transplantation have been used essentially in
individual cases as a rescue therapy; more data and prospective
studies are needed to confidently indicate the value of this treat-
ment approach in SOS. Liver transplantation is however limited
by the underlying malignancy which may itself be a contraindica-
tion and should be proposed only to patients with favourable
oncologic prognosis or non-oncologic aetiology.

Recommendations:

1. Consider a diagnosis of SOS whenever liver disease
occurs in patients with haematopoietic stem cell
transplantation, chemotherapy for cancers, or
immunosuppression in solid organ transplantation or
inflammatory bowel (B1)

2. Consider SOS in patients with weight gain, associated
with or without ascites, tender hepatomegaly and
jaundice. Exclude other common causes of these
symptoms including sepsis, other types of drug toxicity
and graft versus host disease (C1)

3. In patients who do not meet clinical criteria of SOS
or when other diagnoses have to be excluded, use
transjugular liver biopsy, and haemodynamic evaluation
(€1)

4. Routinely control risk factors for SOS (B1)
5.  Use defibrotide for the prevention of SOS undergoing
Haematopoietic stem cell transplantation (B2). Other

means for prophylaxis need further investigation

6. Use supportive measures for the treatment of
complications of established SOS (B1)

Cirrhosis as a prothrombotic condition. Portal vein
obstruction

Introduction

Venous thromboembolism (VTE), once considered unlikely in cir-
rhosis, has recently been documented to occur [180,181] not only
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Table 6. Major differential diagnosis of sinusoidal obstruction syndrome.

* Acute liver graft versus host disease (GVH)
« Liver infections (virus, fungi)

» Sepsis associated cholestasis

* Other drug-induced liver diseases

* Cardiac diseases

* Other causes of ascites

* Parenteral nutrition

* Haemolysis

* Renal failure

in the portal system, but also in the lower limbs and in the lung.
Recently, a procoagulant imbalance was demonstrated in cir-
rhotic patients probably due to increased levels of factor VIII
(procoagulant driver) combined with decreased levels of protein
C (anticoagulant driver) [182]. These features are common in
patients with cirrhosis and may explain the increased risk of
VTE. This new concept makes the treatment with anticoagulants
such as heparins or VKA, once regarded as contraindicative, pos-
sible in patients with cirrhosis who present with thrombosis.

Incidence and prevalence of PVT in cirrhosis

PVT is the most common of thrombotic events occurring in cir-
rhotic patients, with a reported prevalence ranging from 2.1% to
23.3% in published series of transplant candidates without HCC
[183]. Incidence at 1year has been described to be 7.4% and
11% in two cohort studies, respectively [184,185]. In the general
population, the presence of cirrhosis is associated with a relative
risk of 7.3 of developing non-neoplastic PVT [186].

Manifestations

PVT in cirrhotic patients is often asymptomatic and detected at
follow-up ultrasound evaluation. In other instances, PVT is diag-
nosed in coincidence with a liver decompensation. PVT has been
shown to be independently associated with a higher risk of var-
iceal bleeding, failure of endoscopic control of bleeding and
rebleeding, leading to an increased 6 week mortality (36% in
PVT vs. 16% in non-PVT patients) [187-189]. In those patients
with extension of the thrombus into the superior mesenteric vein
the risk of intestinal infarction and associated mortality is higher
[190]. Englesbe et al. showed an increased mortality in cirrhotic
patients with occlusive PVT listed for liver transplantation, inde-
pendently from transplant (HR 1.99) [191]. Moreover, among all
the published studies, the presence of PVT was associated with a
significant increase in 30-day and 1-year mortality post-LT when
compared to patients without PVT [183]. However, only complete
PVT accounted for this increased mortality, also confirmed in a
study from the registry data [191].

Risk factors

The occurrence of pathological thrombosis is determined by
an alteration in the physiological equilibrium that regulates
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coagulation and anticoagulation dynamics as one of the compo-
nents of Virchow’s triad. In cirrhotic patients the pathogenesis
of PVT is likely to be multifactorial. Reduced portal flow velocity
was associated with higher risk of developing PVT in one study
[185]. The possible role of thrombophilic genetic defects has been
investigated in several cohorts and G20210A prothrombin gene
variant has been the most common abnormality associated with
PVT [192,193]. Moreover the occurrence of PVT has been
associated with more advanced liver disease (Child-Pugh C),
presence of portal hypertensive complications and previous
endoscopic sclerotherapy of oesophageal varices [183].

Diagnosis

The diagnosis of PVT is often made during routine ultrasound in
asymptomatic patients, or once a new event of hepatic decom-
pensation occurs. Doppler ultrasound is the first line method
used, with sensitivity of about 90% for complete PVT which
decreases to about 50% for partial PVT [183]. CT scan or MR
imaging can better define the extension of PVT into the other
splanchnic vessels. The presence of neoplastic infiltration of
the portal vein has been shown to be associated in patients with
underlying HCC, high serum alpha-fetoprotein levels, enlarged
portal vein diameter, enhancement of the thrombus in the
arterial phase of contrast injection at CT scan or contrast
ultrasound [194], or an arterial-like flow observed on Doppler
ultrasound [195].

Treatment

A recent randomized controlled trial has shown that enoxa-
parin 4000 IU daily for 1year is able to completely prevent
the occurrence of PVT, without increasing bleeding complica-
tions [196].

Spontaneous complete recanalisation of the portal vein may
occur, mainly when thrombosis is partial [197,198]. Progression
of thrombosis has also been reported in 48% up to 70% of
patients at 2 years follow-up [197,199]. Data on the efficacy of
medical anticoagulation to treat PVT come from five cohort
studies [184,199-202] which included 163 anticoagulated
patients, most with partial PVT, with different regimens (LMWH
or VKA). Repermeation rate ranged from 55% to 75% with a
mean interval time of about 6 months. Time interval between
diagnosis of PVT and start of anticoagulation treatment less than
6 months, seems to be the most important factor able to predict
the chance of response to anticoagulation [199]. When anticoag-
ulation has been stopped soon after repermeation of the PV
recurrence of thrombosis has been reported in up to 38% of
cases after a few months [201]. This observation suggests that
the prolongation of anticoagulation treatment after reperme-
ation of the PV may prevent rethrombosis. Overall, bleeding
complications were seen in 9/163 (5%) patients and correlated
with PH in three cases. A multicentre study showed a correla-
tion between platelet count less than 50 x 10°/L and risk of
bleeding [201].

Either beta blockers or band ligation can be used to prevent
variceal bleeding before anticoagulation. TIPS has been shown
to be feasible in the presence of PVT, even in some cases with
cavernous transformation [117,199,203,204]. However, in
most cases the indication for TIPS was not PVT per se, but
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complications of PH. Therefore, the applicability of TIPS to treat
PVT is unknown. The thrombotic occlusion of the intrahepatic
portal vein branches compels the use of transcutaneous approach
with associated increased risk of complications [205,206]. While
waiting for the results of randomized controlled trials, each insti-
tution/liver unit should define its own algorithm of treatment of
PVT in cirrhosis, based on its experience, pattern of referral, etc.
Candidacy to liver transplantation, degree and extent of occlu-
sion, underlying conditions, past history and presence of PH com-
plications among others need to be taken into account when
designing such an algorithm.

Recommendations:

1. Evaluate portal vein patency in all patients with
cirrhosis listed or potential candidates for liver
transplantation (B2)

2. Always evaluate the extension of PVT with CT scan or
MR imaging (A1)

3. In patients with underlying HCC, rule out neoplastic
PVT by contrast enhanced ultrasound/CT scan/MR
imaging or biopsy of the thrombus (A1)

4. Consider screening for underlying genetic thrombophilic
conditions in patients with PVT and cirrhosis (B2)

5.  Anticoagulation must be started always after
implementing an adequate prophylaxis for
gastrointestinal bleeding (A1)

6. Consider anticoagulation at therapeutic dose for at
least 6 months (B1)

7. In patients with superior mesenteric vein thrombosis,
with a past history suggestive of intestinal ischemia
or liver transplant candidates, consider lifelong
anticoagulation (C2)

8. Once PVT has been repermeated, consider prolonging
anticoagulation for some months and until transplant in
liver transplant candidates (B2)

9. In liver transplant candidates, who have progressive
PVT not responding to anticoagulation, consider
refering the patients for TIPS (B2)

Management of anticoagulation in patients with liver disease
Heparins

Background

The American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines [207] for acute VTE [including deep vein
thrombosis, pulmonary embolism and SVT (i.e., mesenteric, por-
tal and hepatic vein thromboses)] in non-liver disease patients,
recommend initial parenteral anticoagulation. LMWH or fonda-
parinux is suggested over intravenous or subcutaneous unfrac-
tioned heparin (UFH). All the above anticoagulants require

binding to endogenous antithrombin in order to exert their
anticoagulant action. Unfractionated heparin upon binding to
antithrombin neutralizes both FXa and thrombin, whereas
LMWH and fondaparinux neutralizes predominantly FXa [208].
Unfractionated heparin is mainly given as IV injection and
requires laboratory monitoring by the activated partial
thromboplastin time (APTT). The UFH therapeutic interval should
be 1.5-2.5 times over the normal APTT. However, this therapeutic
interval is uncertain because it has not been confirmed by
controlled trials and is also dependent on the reagent/instrument
used for testing (not yet standardized). The 1.5-2.5 APTT thera-
peutic intervals corresponds to approximately 0.3-0.7 U/ml
anti-Xa. However, like the APTT also the standardization of
anti-Xa assays is far reaching, so that also the definition of the
anti-Xa therapeutic interval is problematic. Because of the above
limitations and other complications associated with its uses
(i.e., the risk of HIT, osteoporosis, etc.), unfractionated heparin
has been gradually replaced by LMWH, notwithstanding that it
can be rapidly reversed by protamine-sulphate.

LMWH is given subcutaneously once daily or twice daily in
a fixed dose for thromboprophylaxis and in a weight-adjusted
dose for therapeutic purposes. Laboratory monitoring is not
generally required, but it has been suggested in obesity, renal
insufficiency or pregnancy [208]. Fondaparinux is given subcu-
taneously once daily in a fixed dose, without laboratory
monitoring.

Liver disease patients

The major concern on the use of heparins in cirrhosis is the
reduction of antithrombin that is a typical feature of patients
with advanced disease. The crucial question is whether fixed-
or weight-adjusted LMWH doses that are effective/safe in
non-liver disease patients are equally effective/safe in cirrhotic
patients. The direct consequence of this question is whether or
not LMWH in cirrhosis requires laboratory monitoring to adjust
the dosage. Experience is still insufficient and is limited to a
few non-randomized studies (reviewed in [209]), and to
in vitro studies using the plasmas from cirrhotic patients trea-
ted with LMWH [210-212]. Briefly, the non-randomized studies
showed that LMWH when used at fixed prophylactic dose
(4000 IU/day SC) and without laboratory monitoring was effec-
tive and safe in patients with PVT [209]. The in vitro studies
gave conflicting results that can be summarized as follows.
The anti-Xa assay is not the assay of choice to measure the
LMWH anticoagulant effect [210,211]. Conversely, thrombin
generation assays seem more suitable for this task, but are
not available in every haemostasis laboratory and need to be
evaluated [212]. Finally, plasma from cirrhotic patients seem
more responsive to the anticoagulation mediated by LMWH,
despite the fact that they have low antithrombin levels [212].
The only randomized trial so far carried out showed that
LMWH when used at a fixed prophylactic dose and without
laboratory monitoring was effective and safe in preventing
PVT in cirrhotic patients [196].

Vitamin K antagonists

Background
VKA are the drugs of choice for prevention of stroke and systemic
embolism in atrial fibrillation, patients with mechanical
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prosthetic heart-valves, and treatment/prevention of VTE after
the first event in non-liver disease patients. VKA are coumarin-
like drugs that interfere with the carboxylation of vitamin K-
dependent coagulation factors, thus limiting their activity. Owing
to the relatively narrow therapeutic window, VKA need strict lab-
oratory monitoring to adjust the dose and maintain the patients
within the therapeutic interval [213]. The test of choice is the
prothrombin time (PT) with results expressed as INR. Briefly,
the INR is the ratio (patient-to-normal) of PT raised to a power
equal to the international sensitivity index (ISI) according to
the following equation:

INR = (PTpatient/PTnormal)ISI

The ISI, being characteristic for each thromboplastin/
coagulometer, represents the slope of the relationship of the PT
determined with the standard and the working thromboplas-
tin/coagulometer for plasmas from healthy subjects and patients
stabilized on VKA [214]. By definition the INR scale is valid only
for patients on VKA and no other superimposed coagulation
defect [214], and any other use warrants validation and possible
modification. VKA dose-adjustment is aimed at maintaining
patients within the therapeutic interval corresponding to
2.0-3.0 INR (target 2.5).

Liver disease patients

The main concern on the use of VKA in cirrhosis is that the base-
line-PT is often prolonged. This implies that the attainment of the
therapeutic interval requires probably smaller VKA doses, thus
cirrhotic patients could be under-dosed. No studies whatsoever
have yet to address this issue and cirrhotic patients are currently
treated with VKA doses aimed at 2.0-3.0 INR. The second concern
on VKA in cirrhosis is the use of the INR as the scale to express PT
results. As demonstrated by independent groups (reviewed in
[215]) the regular INR (here called INR-vka) is not valid for cir-
rhotic patients and hence cannot minimize the variability of the
INR obtained in laboratories using different thromboplastins. As
a consequence the INR-vka obtained in any given laboratory
may or may not be representative of the real anticoagulation
achieved with the specific dose. An alternative to this scale would
be the modified-INR, valid for cirrhosis (called INR-liver) that has
been developed [215], but not yet investigated for its value in
assessing survival in patients with cirrhosis nor for monitoring
patients with cirrhosis on VKA.

Direct oral anticoagulants (DOAC)

These are drugs that (unlike VKA) target directly specific acti-
vated factors such as thrombin (dabigatran) or FXa (rivaroxaban
and apixaban) without intermediation by antithrombin or car-
boxylation. DOAC have been licensed for atrial fibrillation and
treatment/prophylaxis of VTE (reviewed in [216]). Cirrhotic
patients have been deliberately excluded from phase III trials
and therefore (although they might have some theoretical advan-
tages over heparins or VKAs) [182] no information is currently
available in this setting. The main advantage of DOAC is that they
do not require dose-adjustment by laboratory tests, thus the
issue on the validity of the INR in this setting could be eliminated.
Recently, it has been reported that treatment with rivaroxaban
can be associated with severe symptomatic liver injury [217].
Caution should be exerted until this issue is addressed in clinical
trials.
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Recommendations:

Unfractionated heparin should be used with laboratory
monitoring with the APTT as the test for dose-adjustment
and a therapeutic interval aimed at 1.5-2.5 prolongation
over the normal value (C2), keeping in mind that the above
therapeutic interval may vary between centres depending
on the reagent being used for testing. An additional problem
is that the baseline APTT in cirrhosis is often prolonged
beyond normal and therefore unfractionated heparin

will probably be under-dosed. For the above reasons
unfractionated heparin is probably not indicated in cirrhosis.

Low molecular weight heparin should be used at fixed or
weight-adjusted dose for prophylaxis or treatment without

laboratory monitoring. From the limited experience thus far
the anti-Xa assay in cirrhosis is not representative of the
real anticoagulation. Patients who are obese, those with
renal insufficiency or during pregnancy should be strictly
monitored by regular clinical visits and should be advised
to report immediately any sign that may be suggestive of
adverse event (C2).

Vitamin K antagonists should be used by regular
laboratory monitoring with an INR aimed at the therapeutic
interval 2.0-3.0, the limitation, inherent in the use of this
scale in cirrhosis should be kept in mind: the INR value
might not be representative of the real anticoagulation and
the results may vary between centres (C2).

Warning. Before deciding anticoagulation, consider carefully
the risk/benefit ratio for individual patients. Risk factors for
bleeding are oesophageal varices if not treated prior to
anticoagulation and severe thrombocytopenia (C2). Type
and duration of anticoagulation are discussed in the specific
sections of these guidelines.

Future investigations

Randomized trials are urgently needed to assess the efficacy/
safety especially of LMWH, VKA and DOAC in cirrhosis.
Alternative laboratory monitoring should be developed and
validated in cirrhotic patients treated with LMWH or VKA.
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