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Abstract

Budd-Chiari Syndrome is a rare, challenging clinical condition which is characterised by a
hepatic venous outflow obstruction, usually caused by a thrombotic occlusion at the level of the
small hepatic veins until the entrance of the inferior vena cava into the right atrium. It affects
usually young adults, mostly female.

The classical clinical presentation is a triade of abdominal pain, hepatomegaly and ascites, but
usually, there are large inter-individual differences ranging from asymptomatic cases to patients
with portal hypertension or even liver failure. Budd-Chiari syndrome can be classified in a
primary form, typified by an endoluminal lesion of mostly thrombotic origin, and a secondary
form, characterised by an extravascular lesion invading or compression the lumen.

The aetiology is complex and multifactorial, and usually consists of a combination of underlying
inherited and acquired thrombophilia. Among the main causes are myeloproliferative disorders,
Factor V Leiden mutation, prothrombine gene mutation and deficiencies of natural coagulation
inhibitors, but also antiphospholipid syndrome and use of oral contraceptives. The outflow
obstruction, resulting in increased sinusoidal pressure causes centrilobular congestion and
ischaemia, with a decrease in portal inflow.

Therapeutic options range from conservative measures to derivative procedures and eventually
liver transplantation. Anticoagulation seems mandatory to prevent further ungoing thrombosis
but should be used with caution when there is a history of variceal bleeding. Hepatic vein
angioplasty, vascular stents and thrombolysis can be attempted in patients with a short history of
thrombosis. Surgical portosystemic shunting was commonly used in the past as a derivative
procedure to convert the portal vein from an inflow to an outflow tract. The rationale for this type
of shunting is decreasing since the introduction of the TIPS, which shows promising results in
the treatment of Budd-Chiari Syndrome, especially when covered stents are used. Liver
transplantation is reserved for patients with end-stage liver disease.

The overall 5-year survival in Budd-Chiari Syndrome currently ranges from 64-69%. Age, renal

function and the Child-Pugh score and its components appear to be of prognostic value to
assess disease severity in terms of survival probabilities.
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Introduction

Budd-Chiari Syndrome is a rare clinical disorder caused by the obstruction of hepatic veins or
the inferior vena cava ' 2 (figure 1). It presents with abdominal pain, hepatomegaly, ascites, and
leads to severe congestion and necrosis, which can result in fibrosis and ultimately cirrhosis.
Sometimes liver function deteriorates rapidly, leading to acute liver failure 5. The extension of
the hepatic vein or inferior vena cava obstruction is variable and expressed in different clinical
courses.

Figure 1
Hepatic outflow obstruction caused by thrombosis in Budd-Chiari Syndrome.

] ) inferior vena cava
hepatic veins

portal vein

Historical perspective

In 1845, Budd described several cases of intrahepatic abscesses that involved one of the
hepatic veins and resulted in thrombosis €. Budd did not describe the clinical picture of hepatic
vein occlusion. In 1899, Chiari collected cases in whom the occlusion was thought to be due
primarily to inflammation of the wall of the large hepatic veins 7. He established occlusion of
hepatic veins as a disease entity, independent of an associated liver disorder and he presumed
the disease to be syphilitic in origin. The described occlusion was limited to the hepatic vein
ostia. Subsequently, the entity was identified as obliterating endophlebitis and characterised as
Chiari's disease or syndrome, or Budd-Chiari disease or syndrome. Thompson and Turnbull
reported in 1921 on hepatic vein obstruction associated with a fibrous diaphragm in the
intrahepatic vena cava. In contrast to Chiari, they strongly supported the view that the disease
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can be explained on the basis of thrombosis alone, and they rejected the syphilitic origin &. In
1929, Oppenheimer recognised the association with polycythemia rubra vera, a
myeloproliferative disorder which is nowadays considered a major cause for BCS °. In 1959,
Parker distinguished symptomatic and asymptomatic hepatic vein occlusion and related the
latter to the fact that some large hepatic veins remain patent 2. He concluded that although the
vascular lesions can be explained in terms of thrombosis alone, initial endophlebitis couldn’t be
excluded. In the sixties and seventies numerous reports from Asia and South Africa were
published on primary involvement of the hepatic portion of the inferior vena cava usually
associated with partial or complete hepatic vein obstruction 2.

Terminology and definition

Several authors have challenged the term Budd-Chiari syndrome (BCS) as ambiguous and
attempted to introduce other nomenclatures ' 2 (Table 1). Although important for our
understanding of BCS, most of these nomenclatures have not entered clinical practice. The term
Budd-Chiari syndrome has been retained because it is more concise than other terminologies
ever proposed to designate the whole spectrum of disorders encompassed by the present
definition 19, Budd-Chiari syndrome is defined as: hepatic venous outflow obstruction and its
manifestations, regardless of the cause and regardless of the level of obstruction from the small
hepatic veins to the entrance of the inferior vena cava into the right atrium.

According to this definition, two entities bearing many pathophysiological and clinical similarities

with BCS are excluded:

= Heart diseases impairing hepatic venous outflow. Right-sided congestive heart failure can
be very difficult to distinguish from BCS. This applies particularly to constrictive pericarditis
predominantly involving the juxtacaval pericardium, as well as right atrial myxoma
obstructing the entrance of inferior vena cava.

= Veno-occlusive disease (VOD), also referred to as sinusoidal obstruction syndrome, is
defined as a non-thrombotic obstruction of central and/or sublobular hepatic veins by
concentric luminal narrowing due to subendothelial edema or fibrosis. Veno-occlusive
disease occurs in relation to application of toxic agents and is, at present, encountered
almost exclusively in association with bone marrow transplantation ''. The epidemiology,
cause, pathophysiology, treatment and prognosis of veno-occlusive disease are such
distinct from other forms of hepatic venous outflow obstruction that it should be considered
a separate disease entity 2. With the exception of veno-occlusive disease as defined
above, obstruction limited to the small veins is generally due to thrombosis, allergic phlebitis
or granulomatous involvement, all reported causes of obstruction affecting the large hepatic
veins 3. Although the manifestations of BCS are sometimes difficult to distinguish from
those of veno-occlusive disease, the context is different. When liver imaging shows no signs
of large vein obstruction, the differentiation between small vein thrombosis and veno-
occlusive disease can be made by means of liver biopsy.
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Table 1
Previously reported terms given to the entity Budd-Chiari syndrome or its subsets.

Endophlebitis obliterans hepatica

Chiari’s disease

Budd-Chiari's syndrome

Veno-occlusive disease

Thrombosis of the hepatic veins

Membranous obstruction of inferior vena cava
Coarctation of inferior vena cava
Obliterative/occlusive hepatocavopathy
Obstruction of the hepatic veins

Hepatic venous outflow obstruction/block

Classification

Obstruction of the hepatic venous outflow tract is classified according to its location: small
hepatic veins, large hepatic veins, inferior vena cava and combined obstruction of large hepatic
veins and inferior vena cava (Table 2) '. This classification can be used in the absence of
pathological examination of the venous outflow tract, which should be preferred in future clinical
investigations 4. In general, the site of obstruction is easily determined through non-invasive
imaging (Doppler-ultrasound, magnetic resonance, computed tomography) or conventional
venography.

There is currently no consensus on the classification of disease severity (fulminant versus non-
fulminant) and disease duration (acute, subacute and chronic). To be clinically useful, such a
classification should be based on factors influencing prognosis and factors, which guide
physicians in their management of the disease. These factors should ideally be extracted from
studies based on large retrospective or prospective data sets. A purely descriptive stratification
for disease severity should be used in clinical studies until such a prognostic classification is
validated. In previous classifications, duration of symptoms, rate of disease progression,
severity of manifestations, and the age of venous or hepatic lesions have been variously used to
differentiate among fulminant, acute, subacute or chronic disease 5 '3 %1%, The prognostic value
of these categories has not been assessed. It is well known that the disease can either have a
long insidious course or a rapid downhill course. Furthermore, the apparent age of the
macroscopic and microscopic damage to the liver may differ from the apparent duration of
symptoms. Several cases with a recent clinical onset have been associated with marked liver
fibrosis, suggesting a long preclinical course 3. Recent thrombosis superimposed on older
lesions probably explains the acute clinical onset in these patients.
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Table 2
Classification of Budd-Chiari syndrome according to the site of obstruction 10

Designation Definition

Small hepatic veins Veins that cannot be shown clearly on hepatic
venograms or by ultrasound studies; they include
terminal hepatic veins (central veins), intercalated
veins, and interlobular veins

Large hepatic veins Veins that are regularly demonstrable on hepatic
venograms and ultrasound studies; segmental
branches of hepatic veins are generally included

Inferior vena cava A segment of the IVC which extends from the
entry level of the right, middle, and left hepatic
veins to the junction between the IVC and the right
atrium

Combined obstruction Combination of obstruction in the large hepatic

veins and inferior vena cava

Clinical features

Two-third of the patients with BCS are female and most of them are diagnosed at an age of 20
to 40 years. Most patients present with obstruction of the hepatic veins, sometimes combined
with obstruction of the inferior vena cava (Table 3). Membranous obstruction of the vena cava is
rarely seen in western patients, but much more prevalent in middle- or east Asia, and in Africa.
Clinically, a classical triad of hepatomegaly, ascites and abdominal pain is found in many
patients. However, the clinical course may show marked inter-individual differences. Some
patients exhibit clinical signs of portal hypertension, such as variceal bleeding and refractory
ascites with relatively intact hepatic function. Others present with liver failure, including hepatic
encephalopathy, jaundice and biochemical signs of severe hepatocellular dysfunction (Table 4).
Common laboratory findings are represented in table 5.

It is important to recognize that BCS is not always a severe disease requiring aggressive
treatment. Lack of long-term prognostic studies of unselected patients has limited our knowledge
about the real prevalence of the different clinical forms of the syndrome. BCS is considered
asymptomatic when there are no signs of abdominal pain, ascites, hepatomegaly, edema,
encephalopathy and gastro-intestinal bleeding, nor a history of any of them 2. The diagnosis of
asymptomatic BCS in these patients is often made in the course of a routine examination, e.g. in
patients with myeloproliferative syndrome.
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Table 3
Site of outflow obstruction in a western population with Budd-Chiari syndrome (n=237) 7*.

Site of outflow obstruction (%)

Hepatic veins 147 (62)
Inferior vena cava 17 (7)
Combined hepatic veins and inferior vena cava 73 (31)
Membranous obstruction of inferior vena cava 94)
Portal vein obstruction 34 (14)
Table 4

Patient characteristics at the time of diagnosis in patients with Budd-Chiari Syndrome 7.
Characteristic %
ascites 84%
hepatomegaly 76%
splenomegaly 51%
abdominal pain 53%
jaundice 21%
leg edema 15%
fever 18%
encephalopathy 10%
variceal bleeding 8%
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Table 5
Common laboratory findings in patients with Budd-Chiari Syndrome.

Laboratory test Change in BCS

Aminotransferases Mild increase (x 1-5 ULN) in the majority of patients. May occasionally

be high (up to 100 x ULN), particularly so in the fulminant form.

Bilirubin Mild increase usual.

Prothrombin time Moderate decrease usual. Marked decrease in the fulminant form.

Hematocrit May be low, normal or high. Suggest polycythemia vera when
increased.

Platelet count May be low, normal or high. Suggest primary myeloproliferative

disorders when high normal or frankly increased.

White blood cell count | May be low, normal or high. Increased counts in the absence of
infection may be seen in patients with underlying myeloproliferative

disorders.
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Aetiology

An extensive systematic investigation for the aetiology should always be initiated once the
diagnosis has been confirmed. BCS can be classified into a primary and a secondary type
(Table 6). Primary BCS is defined as hepatic outflow obstruction caused by the presence of an
endoluminal vascular lesion within the hepatic veins. In western countries, this lesion is usually
caused by thrombosis in the presence of a hypercoagulable state, which is either an acute event
or a chronic development. In developing countries such as India, China, Nepal and South-Africa,
a thin membrane (i.e. web) occluding the inferior vena cava is much more prevalent. Okuda and
colleagues have proposed a different nomenclature for IVC thrombosis as they believe
significant differences exists between “classical BCS” and IVC thrombosis 2 2. Patients with so-
called obliterative hepatocavopathy exhibit a more insidious clinical presentation with
remarkable subcutaneous abdominal dilated veins and have often infection-associated causes.
However, hypercoagulable states and prothrombotic disorders are difficult to diagnose in
developing countries. Furthermore, Valla et al. reported on patients with short-segment
stenosis, defined as smooth tapering of the hepatic venous lumen over a maximum length of 4
cm, which could also manifest in a membranous obstruction of the hepatic veins at the ostia 2.
In this study, the authors concluded that this condition is the result of previous caval thrombosis
and should therefore not be considered as separate etiological entity. Therefore, nowadays
hepatic vein thrombosis as well as IVC thrombosis are still both considered manifestations of
BCS.

Secondary BCS is caused either by a malignancy or parasitic mass invading the vascular lumen,
or by extrinsic compression of the hepatic veins and/or inferior vena cava by lesions in the
vicinity of the vessel, such as abscesses, cysts or solid tumors. In practice, BCS is regarded as
primary when no causes of secondary obstruction can be found by radiological imaging
techniques.

Table 6

Classification of Budd-Chiari syndrome according to etiology .

Designation Definition

Primary Hepatic venous outflow obstruction originating from

endoluminal venous lesion (thrombosis, webs,
endphlebitis)

Secondary Hepatic venous outflow obstruction originating from
a lesion outside the venous system (tumor,
abcsess, cysts). The lesion can obstruct outflow by

invading the lumen or by extrinsic compression.
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Many current studies underline the complex multifactorial pathogenesis of BCS, in which
inherited thrombophilia creates a predisposition for thrombosis and acquired thrombotic stimuli
are needed to cause clinically manifest hepatic vein thrombosis. Concurrence of several
prothrombotic risk factors is present in more than 25% of the patients 2 2. Since a combined
etiology is common, identification of a single cause should not preclude investigation of other
etiological factors. An overview of the main etiological factors is presented in table 7.

Table 7
Most common underlying thrombophilia in recent series of patients with BCS. Data are derived
from studies in the Netherlands 23, India 2%, France 2* and Israel %

Etiological factor % Hazard Ratio for BCS (95% Cl)
Inherited
Factor V Leiden mutation 26 11.3 (4.6-26.5)
Prothrombin gene mutation 5 2.1(0.4-9.6)
Protein C deficiency 9 6.8 (1.9-24.4)
Protein S deficiency 6 4.4 (2.2-20.6)
Antithrombin deficiency 4 4.4 (2.1-10.9)
MTHFR mutation 12 -
Acquired
Myeloproliferative disorders 45 -
Occult 36 -
Classic 9 -
Antiphospholipid syndrome 5 -
Oral contraceptive use 60 24(0.9-6.2)
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The most predominant inherited prothrombotic cause of BCS is Factor V Leiden (FVL) mutation,
which is present in 23-31% of the patients 25 26 and of which the prevalence is significantly
higher in BCS than in controls 23 25, FVL mutation is a point mutation in the Factor V gene
(G1691A). Factor V plays an important role in promoting the conversion of prothrombin in
thrombin. However, FVL exerts its thrombogenic effect mainly when combined with other
prothrombotic factors, as protein C or S deficiency or use of oral contraceptives. Furthermore,
patients with BCS and FVL mutation appear to present significantly more frequent with acute
ischaemic forms and ALT levels of higher than 50 times the upper limit of normal value, than
patients with BCS without FVL 26, However, mortality rates were not different.

Prothrombin gene mutation is a point mutation (G20210A) in the factor Il gene leading to
increased levels of prothombin and can be detected by PCR analysis. Prothrombin gene
mutation is present in 5-6% of the patients with BCS with a relative risk of 2.1 as compared to
controls 2324,

A mutation in the methylene tetrahydrofolate reductase gene (i.e. MTHFR C677T mutation)
results in hyperhomocysteinemia, a condition associated with arterial and venous thrombosis.
The diagnosis is made by either PCR (mutation) or the methionine tolerance test. In BCS,
hyperhomocysteinemia was found to be 2.7 times more prevalent than in controls %

Other inherited thrombogenic disorders are deficiencies in the natural coagulation inhibitors.
Protein C deficiency is present in 13-20% of patients with BCS 2* 28 and the relative risk of BCS
in patients with protein C deficiency is 6.8 2. For protein S deficiency, association with BCS is
less strong, as it was only present in 6-7% in series from India % 2° but it was absent in patient
series from western countries 2% 2, The same accounts for antithrombin deficiency, which is
only reported in 4% in Indian series 2. The diagnosis of inherited deficiencies in protein C,
protein S and antithrombin in patients with BCS is difficult because acquired deficiencies can
develop in the event of liver failure, acute thrombosis and anticoagulant therapy. Therefore,
decreased levels of coagulation inhibitors are of significance only when associated with normal
or slightly reduced levels of other liver-dependent coagulation factors such as factor Il, V,VIII
and X. Family studies can provide useful additive information and vitamin K deficiency needs to
be ruled out as a cause of these deficiencies.

Myeloproliferative disorders, including polycythemia rubra vera, essential thrombocytosis and
myelofibrosis, consitute the most common etiological factors for BCS, being present in about
25% when classic diagnostic criteria are used 2 24, but in 45-53% when occult and latent forms
are considered % 31, Careful evaluation of the peripheral blood pattern for evidence of a primary
myeloproliferative disorder (increased blood cell count, increased hematocrit) may be followed
by determination of total red cell mass and serum erythropoietin, and bone marrow biopsy. In
addition, culture of bone marrow or peripheral blood progenitors for assessment of spontaneous
erythroid colony formation may support the diagnosis of a primary occult myeloproliferative
disorder when no changes in the peripheral blood examinations are found. Noteworthy is that
sometimes an increased red blood cell mass can also be observed within the course of BCS, i.e.
secondary polycythemia vera, in the presence of increased erythropoietin levels, but as yet, this
phenomena remains unexplained 3.
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Antiphospholipid syndrome, defined by presence of high levels of anticardiolipin antibodies (IgG
and IgM) and lupus anticoagulant antibodies, is the second most common acquired
prothrombotic risk factor for BCS, being present in 20% of patients with BCS . However, IgG
anticardiolipin antibodies were also elevated in patients with liver cirrhosis of other origin,
suggesting a secondary effect 34.

Paroxysmal nocturnal haemoglobinuria % and Behget's disease 3¢ are other forms of acquired
thrombophilia reported to be associated with BCS. Diagnoses of these diseases are made by
respectively flow cytometry (for paroxysmal nocturnal haemoglobinuria) and assessment of the
criteria of the International Study Group for Behget's disease.

Use of oral contraceptives, especially of the first and second generation, was shown to be more
prevalent in patients with BCS as in controls %, with a comparable association as with other
thrombotic diseases. Pregnancy-related BCS is common in Eastern countries ° but very rare in the
West. Local factors predisposing for thrombosis, like inflammation and infection related
diseases (e.g. pancreatitis, gastrointestinal disorders) or abdominal interventions, are
occasionally reported and of minor importance in BCS.

Pathogenesis and haemodynamic changes

After obstruction of the hepatic outflow tract, continuing blood inflow from the hepatic artery and
portal vein into the sinusoids results in an increase of sinusoidal pressure upstream of the
occlusion and subsequent centrilobular congestion and ischaemic changes in the pericentral
area with loss of hepatocytes and necrosis. Outcomes of this course are either massive necrosis
resulting in acute liver failure, or the process of fibrotic changes, resulting in cirrhosis. As would
be expected, sinusoids surrounding the portal tract do not become affected until very late in the
course and hence, overall liver function remains intact for a long time. Hemodynamically, an
increase in the sinusoidal pressure is suggested to lead to 1) decreased portal flow due to small
pressure gradient between the sinusoids and portal vein and 2) compensatory increased flow in
the hepatic artery with, when sinusoidal pressure exceeds portal pressure, stagnant or even
reversed (i.e. hepatofugal) flow in the portal vein. However, circumstantial evidence for this
mechanism is lacking at the present time.
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Diagnosis

Since the disease can deteriorate rapidly, the need to obtain the correct diagnosis is usually
urgent. The diagnosis of BCS should be suspected under the following circumstances:

(a) simultaneous presence of ascites, liver enlargement and upper abdominal pain;

(b) signs of chronic liver disease, particularly when intractable ascites contrasts with mildly
altered liver function tests;

(c) liver disease in a patient known to have a prothrombotic disorder;

(d) fulminant hepatic failure in the presence of liver enlargement and ascites;

(e) chronic liver disease which remains unexplained after alcoholism, chronic viral hepatitis B or
C, autoimmunity, iron overload, Wilson's disease, and alpha-1 antitrypsin deficiency have been
excluded.

These circumstances, although suggestive, are not sufficient to make a diagnosis of BCS. This
is established only upon demonstration of an obstructed hepatic venous outflow tract.

Figure 2

Diagnostic Work-up for patients with Budd-Chiari Syndrome °.
Step Diagnostic Method

1 Doppler-ultrasound

.

2 Magnetic resonance imaging
Computed Tomography
.
3 Venography & transvenous biopsy

.

4 Liver explant
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Radiographic evaluation

In the clinical setting, various imaging modalities are available for investigating the gross hepatic
vascular anatomy: ultrasound (US), magnetic resonance imaging (MRI), computed tomography
(CT) and X-ray venography (Figure 2). US combined with Doppler imaging has a diagnostic
sensitivity of more than 75% and should be the first line of investigation 38 39, Hepatic veins
devoid of flow signal, collateral hepatic venous circulation, a spider-web appearance usually
located in the vicinity of the hepatic vein ostia, and stagnant, reversed or turbulent flow can all
be indicative of BCS 40 4!, Lack of visualization or tortuosity of the hepatic veins at real-time
ultrasonography is common but not specific for BCS because such features can also be seen in
advanced cirrhosis. A distinctive feature of BCS, however, is the association with intrahepatic or
subcapsular hepatic venous collaterals.

When it is technically difficult to obtain an adequate sonographic evaluation or when the
diagnostic features cannot be demonstrated, CT or, preferably, MRI should be performed as a
second line of investigation 2. With the combination of these imaging procedures, the diagnosis
will remain uncertain only in a small minority of cases. Uncertainty is likely to occur mainly in
patients with cirrhosis.

MRI allows good evaluation of the hepatic veins and the inferior vena cava. Inhomogeneous
parenchymal enhancement after intravenous contrast injection is suggestive but not diagnostic
of BCS. Parenchymal changes, such as atrophy-hypertrophy complex, parenchymal infarction
or extinction and focal nodular hyperplasia can be visualised as well. The sensitivity and
specificity of MRI needs to be further clarified. MRI has several advantages above other
radiological modalities in being devoid of (nefro) toxicity and being unaffected by body habitus
and being operator-independent. CT also shows inhomogeneous contrast distribution (figure 3,
4). Compared to MRI, CT has reduced sensitivity for investigating hepatic veins and the contrast
used could lead to reduced renal function.

The third line of investigation should be retrograde cannulation (transjugular or transfemoral) of
the hepatic veins for venography with or without liver biopsy. Venography is useful in the
assessment of the extent of outflow obstruction and also allows for pressure measurements,
while the concurrent liver biopsy yields data that is useful not only for confirming the diagnosis of
BCS but also for ruling out other disorders such as veno-occlusive disease and cirrhosis of other
etiologies 4. Typically, venography delineates the obstruction and shows gross hepatic
collaterals or a spider web (i.e. tiny venous channels opacified from the catheter tip in the wedge
position). The disadvantage of venography is that it is often impossible to cannulate the hepatic
veins in the presence of a (thrombotic) occlusion, and that the procedure usually requires the
use of considerable amounts of iodine-containing contrast medium. Currently, direct hepatic vein
puncture through the transcapsular route has been successfully performed in experienced
centres.
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Figure 3
CT image of a patient with acute Budd-Chiari Syndrome. Note the marked hepatomegaly and
congestive parenchymal changes

Figure 4
CT image of a patient with Budd-Chiari type nodules (arrows)
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Liver biopsy
Although a liver biopsy can help in the diagnosis of BCS, its value in the assessment of disease

severity and prognosis is limited ™ 4. This is probably due to sample variation, which is caused
by the inhomogeneous distribution of the disease characteristics within the liver. Liver histology
therefore should not be considered essential to assess liver injury in patients with an already
established diagnosis of BCS. Laboratory and radiological investigations, in addition to being
safer, are probably better in providing prognostic information and in guiding therapy.

The combination of Doppler-ultrasound and magnetic resonance imaging allow optimal
delineation of venous obstruction for therapeutic decisions. Venography with pressure
measurements, in particular, should be performed when radiological or surgical shunting is
considered. A major, as yet unanswered issue is how to take the degree of liver dysfunction into
account when choosing the type of medical or surgical therapy. The uncontrolled non-

randomized studies performed thus far do not allow this issue to be answered satisfactory 19 45
46
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Therapy

Therapeutic options in BCS are diverse, ranging from a conservative attitude to the need for
urgent liver transplantation. Therapy in BCS as yet is far from being evidence-based, as
controlled studies have never been performed. Consequently, therapeutic guidelines must be
based on case series, clinical experience and expert opinion. Therapeutic choices are
influenced considerably by local facilities and expertise. Hence, the treatment of this syndrome
is associated with uncertainties and difficulties. Attempts to concentrate management in
(academic) centers with specific expertise should therefore be strongly encouraged. This policy
is likely to improve patient care and hence, prognosis and is essential for facilitating proper
scientific research.

General considerations

A well-accepted general principle in the therapy of BCS is that patients should receive treatment
for underlying diseases. Although based on circumstantial evidence, therapy with
anticoagulation should always be considered because underlying prothrombotic states are often
present and recent improvement in the prognosis of BCS has coincided with the generalized use
of anticoagulation 4. In addition, there are no reports of severe bleeding in patients with BCS
who received anticoagulation, and there is proven efficacy of anticoagulation in other forms of
thrombosis. For symptomatic patients, anticoagulation should be combined with diuretics or
paracentesis for ascites and with pharmacological or endoscopic therapy of varices when there
is a history of gastro-intestional bleeding due to portal hypertension. Patients with ascites,
variceal bleeding or signs of liver failure should be followed closely.

Those who do not improve or develop severe or recurrent complications despite medical
treatment should be considered for stenting, Transjugular Intrahepatic Portosystemic Shunt
(TIPS) insertion, or surgical portosystemic shunting. The timing of these procedures is one of the
greatest challenges in managing BCS. In particular, it is often difficult to decide whether in a
given clinical situation the effect of conservative therapy can be awaited or whether an invasive
procedure aimed at restoration of the hepatic outflow block would be preferable. For instance, a
patient may present with local occlusions of the hepatic veins that seem amenable to dilatation
and/or stenting. However, when this is associated with only mild clinical manifestations, which
may be controlled with medical therapy alone, the best therapeutic strategy remains unclear and
highly dependent on individual preferences.

Liver transplantation should be considered when there is progression of liver dysfunction despite
previous therapies or when patients have subacute or acute liver failure 4.

Clearly, the eventual therapeutic choice may be influenced by local expertise in specific
intervention techniques. At present, there are no clear end-points for defining failure of a given
treatment and thus the need for more definitive intervention. Many studies of therapeutic
interventions, particularly surgical shunts, have been published 1% 4. 46, However, the scientific
value of the published data is unsatisfactory. Data on selection criteria, proportion of patients not
suitable for the studied procedures and long-term follow-up are often not mentioned. Therefore,
conclusive information obtained from such studies is limited. Nevertheless, these studies provide
important information that can be used in the design of future studies.
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Hepatic vein angioplasty and stenting

In patients with short segment stenosis 22 or occlusion of the hepatic veins with significant patent
segments, it is desirable to overcome the obstruction between hepatic vein remnants and the
inferior vena cava by means of balloon angioplasty with or without stenting 452, This approach
will re-establish hepatic venous outflow via the physiological route. Use of thrombolysis may
enhance the success rate of these procedures 4% 5%, Thrombolysis may be effective
particularly when locally infused, in the presence of a short history of thrombosis or when
combined with a successful radiological procedure %. If the veins cannot be entered via the
transjugular route, then transhepatic puncture of hepatic vein remnants can be considered. The
predictive factors for restenosis are still unknown. Therefore, the indications for stenting — at the
time of initial angioplasty or after recurrence — remain unclear. After failure of angioplasy or
stenting a surgical portosystemic shunt or TIPS should be considered.

Shunt procedures
The rationale for surgical portosystemic shunting is to convert the portal vein into an outflow tract

of the liver %. It is evident that this cannot be accomplished with end-to-side porto-caval
anastomoses. There is controversy as to the superiority of side-to-side porto-caval versus
mesocaval shunts in the management of BCS. The latter were introduced because of the
difficulty to perform a portocaval shunt in the presence of a hypertrophied caudate lobe %8. In
addition, mesocaval shunting can be achieved at some distance from the portal vein, thereby
increasing the feasibility of subsequent liver transplantation. Complete obstruction of the inferior
vena cava or its compression by the caudate lobe adds to the difficulty of deciding to perform a
surgical portosystemic shunt %, Patients with severe forms of BCS have the potential to benefit
from decompression of the liver by means of a surgical shunt. However, the surgical mortality in
such high-risk patients may surpass the benefit of the shunt.

In the past decade, TIPS implantation has been increasingly used as an alternative derivative
procedure. The technique of TIPS has been described extensively but requires refinement and
special expertise in BCS because the hepatic vein obstruction makes the procedure more
difficult 662, In most patients it is possible to cannulate the remaining hepatic vein stump and to
direct a needle through the liver parenchyma towards the right intrahepatic branch of the portal
vein. When no hepatic vein remnants are found, ultrasound-guided puncture in the liver can be
performed directly through the intrahepatic portion of the inferior vena cava. As the liver in BCS
is usually large, the intrahepatic parenchymal tract bridged by the stent is typically longer than in
patients with cirrhotic liver disease. At least in theory, TIPS has advantages over a surgical
shunt when there is marked enlargement of the caudate lobe and compression or thrombosis of
the inferior caval vein as this may result in caval vein pressures exceeding portal venous
pressure. TIPS implantation functionally results in a portocaval shunt because it enables
retrograde (hepatofugal) blood flow through intrahepatic portal veins radicles. Many centers
nowadays prefer TIPS to surgical shunts because the procedure-related morbidity and mortality
are lower and results seem comparable or even superior to surgical shunting 64, An additional
factor leading to increased popularity of TIPS is that expertise with surgical shunt procedures
has considerably decreased worldwide. Also in patients presenting with severe hepatic failure,
TIPS has been proposed as the preferred initial treatment ¢, but further studies should
determine whether in this situation transplantation would be the better option €. Recent studies
convincingly show that TIPS implantation using newly developed covered stents significantly
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reduces the incidence of shunt dysfunction, a previously common complication -8, This is of
paramount importance in BCS, since this condition is often associated with increased thrombotic
tendency. Future long-term studies have to show whether this treatment modality should
become the first line therapy in BCS.

Liver transplantation

Orthotopic liver transplantation should be considered as effective treatment for rapidly
progressive BCS after failure of conventional treatment or portosystemic shunting % 70, Early
mortality is related mainly to infections whereas late mortality is usually related to recurrent BCS
or thrombosis of the inferior vena cava or portal vein, despite anticoagulation. Morbidity is
related mainly to portal and arterial thrombosis, haemorrhage under anticoagulant therapy and
ischaemic bile duct lesions. Since most patients with BCS exhibit important risk factors for
thrombosis, anticoagulation is probably best continued after transplantation. How long to
continue anticoagulation is at present unclear. The European Liver Transplant Association
(ELTA) collected the results for BCS patients transplanted from 1998 using the European Liver
Transplantation Registry. These data show a 5-year survival rate of 76%. Recipient age had no
impact on survival, neither did the condition under which transplantation was performed
(emergency or elective). The results, however, were negatively influenced by renal failure pre-
transplantation and by the time interval between diagnosis and transplantation.
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Prognosis

The natural course of BCS is largely unknown. In previous studies in which the disorder was
recognised only at an advanced stage and therapeutic options were limited, first-year mortality
was up to 60%. Main causes of death are variceal bleeding due to portal hypertension,
complications associated with chronic ascites and liver failure. During the last decades, medical
as well as derivative treatment options have expanded, the disease is recognised earlier and
hence, outcome has gradually improved. Noteworthy is that, in accordance with the clinical
presentation and the aetiology of BCS, prognosis is heterogeneous, difficult to predict and to a
large extent dependent on type of treatment.

Current large longitudinal studies have reported 1-, 5- and 10-year survival rates of 77-82%, 64-
69%, and 57-62%, respectively 4 7'. Highest mortality rates are within the first 12-24 months.
Furthermore, both multivariate cohort studies have determined independent prognostic factors,
which influence long-term survival.

In the French study by Zeitoun et al. of 120 patients, the response of ascites to diuretics, Child-
Pugh score, age, and serum creatinine levels were found to be of prognostic value and an index
composed of these factors could distinguish excellent and poor prognostic groups “4. In the
same study, portosystemic shunting did not show a significant influence on survival after
correcting for other predictive factors in multivariate analyses. This is in contrast to previous
surgical case series, which have reported survival rates as high as 94% '°. However, most of
these studies did not provide data on patient selection criteria.

In another study, performed at our own institution among 237 patients, a prognostic
classification, composed of the factors ascites, encephalopathy, prothrombin time and bilirubin
levels, could subdivide patients in 3 classes with good, intermediate and poor prognosis (figure
5) 7'. In the same study, efficacy of different therapeutic options were compared between the
classes by using time-dependent analyses. Patients in the good prognostic class were most
likely to benefit from medical management with anticoagulation alone. Patients in the
intermediate class were the only ones who showed a tendency to benefit from portosystemic
shunting. The latter finding is remarkable and offers possibilities for the selected use of
derivative procedures, including TIPS. In the poor prognostic class, neither medical
management nor shunt procedures were adequate, suggesting that orthotopic liver

transplantation may be the only treatment option for these patients with end-stage liver disease
70, 72_

In contrast to clinical parameters, liver histology was not related to survival in BCS and may
therefore have limited prognostic value '*. Concurrent portal vein thrombosis (PVT) is present in
about 25% of patients with BCS 3. Prognosis in these patients with combined pathology
appears poor with 5-year survival rates of 23-57%. The presence of an occluded portal vein in
addition to obstructed hepatic veins clearly puts an additional strain on the already marginal
therapeutic options for patients with BCS.
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Figure 5
Survival in patients with Budd-Chiari Syndrome according to the prognostic classification
(p<.0001) 71
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Points to remember:

= Budd-Chiari syndrome is defined as hepatic venous outflow obstruction and its
manifestations, regardless of the cause and regardless of the level of obstruction from the
small hepatic veins to the entrance of the inferior vena cava into the right atrium.

= Sinusoidal obstruction syndrome (also veno-occlusive disease) is not considered Budd-
Chiari syndrome.

= Primary Budd-Chiari syndrome is defined as hepatic venous outflow obstruction
originating from an endoluminal venous lesion (thrombosis, webs, endphlebitis), while
secondary Budd-Chiari syndrome is characterised by a lesion outside the venous system,
with invasion or compression of the lumen (tumor, abcsess, cysts).

= The classical triad of symptoms consists of ascites, hepatomegaly and abdominal pain.

= Diagnosis is usually made by Doppler Ultrasound, followed by MRI or CT.

= Liver histology can confirm the diagnosis, but is hampered by a heterogeneous
distribution of lesions. Therefore, the prognostic value is limited.

= Anticoagulation is always indicated in patients with Budd-Chiari syndrome, unless
absolute contra-indications exist (history of repeated variceal bleeding).

= TIPS is the shunting procedure of first choice.

= Liver transplantation is performed as salvage treatment for end-stage disease.

= Prognosis is poor in the absence of treatment. With adequate therapy, 5-year survival is
about 70%.

29



References

1.

10.

1.

12.
13.

14.

15.

16.

17.

18.

19.

Ludwig J, Hashimoto E, McGill DB, van Heerden JA. Classification of hepatic venous
outflow obstruction: ambiguous terminology of the Budd-Chiari syndrome. Mayo Clin
Proc 1990; 65:51-5.

Okuda K, Kage M, Shrestha SM. Proposal of a new nomenclature for Budd-Chiari
syndrome: hepatic vein thrombosis versus thrombosis of the inferior vena cava at its
hepatic portion. Hepatology 1998; 28:1191-8.

Parker RG. Occlusion of the hepatic veins in man. Medicine (Baltimore) 1959; 38:369-
402.

Valla D, Benhamou JP. Obstruction of the hepatic veins or suprahepatic inferior vena
cava. Dig Dis 1996; 14:99-118.

Dilawari JB, Bambery P, Chawla Y, Kaur U, Bhusnurmath SR, Malhotra HS, Sood GK,
et al. Hepatic outflow obstruction (Budd-Chiari syndrome). Experience with 177 patients
and a review of the literature. Medicine (Baltimore) 1994; 73:21-36.

Budd G. On Diseases of the Liver. London: Churchill, 1845:147.

Chiari H. Ueber die selbsténtige Phlebitis obliterans der Hauptsamme der Venae
hepaticae als todeursache. Beitr Z Pathol Anat U Z Allg Pathol 1899:1-18.

Thompson T, Turnbull HM. Primary occlusion of the ostia of the hepatic veins. Q J Med
1912:277-296.

Oppenheimer BS. Vascular occlusion in polycythemia rubra vera. Trans Assoc Am
Phys 1929:328-334.

Janssen HL, Garcia-Pagan JC, Elias E, Mentha G, Hadengue A, Valla DC. Budd-Chiari
syndrome: a review by an expert panel. J Hepatol 2003; 38:364-71.

Shulman HM, Fisher LB, Schoch HG, Henne KW, McDonald GB. Veno-occlusive
disease of the liver after marrow transplantation: histological correlates of clinical signs
and symptoms. Hepatology 1994; 19:1171-81.

Stuart KL, Bras G. Veno-occlusive disease of the liver. Q J Med 1957; 26:291-315.
Valla D, Benhamou JP. Obstruction of the hepatic venous system. In: Bircher J BJ,
Mclntyre N, Rizzetto M, Rodes J, eds, ed. Oxford textbook of clinical hepatology.
Oxford: Oxford Medical Publication, 1999:1468-1478.

Tang TJ, Batts KP, de Groen PC, van Hoek B, Haagsma EB, Hop WC, Janssen HL.
The prognostic value of histology in the assessment of patients with Budd-Chiari
syndrome. J Hepatol 2001; 35:338-43.

Reynolds TB, Peters RL. Budd-Chiari syndrome. In: L S, ed. Diseases of the liver. 4th
edition. Philadelphia: JB Lippincott, 1975:1502-1510.

Bismuth H, Sherlock DJ. Portasystemic shunting versus liver transplantation for the
Budd-Chiari syndrome. Ann Surg 1991; 214:581-9.

Mahmoud AE, Mendoza A, Meshikhes AN, Olliff S, West R, Neuberger J, Buckels J, et
al. Clinical spectrum, investigations and treatment of Budd-Chiari syndrome. Qjm 1996;
89:37-43.

Klein AS, Cameron JL. Diagnosis and management of the Budd-Chiari syndrome. Am J
Surg 1990; 160:128-33.

Orloff MJ, Daily PO, Orloff SL, Girard B, Orloff MS. A 27-year experience with surgical
treatment of Budd-Chiari syndrome. Ann Surg 2000; 232:340-52.

30



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

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

Okuda K. Obliterative hepatocavopathy-inferior vena cava thrombosis at its hepatic
portion. Hepatobiliary Pancreat Dis Int 2002; 1:499-509.

Valla D, Hadengue A, el Younsi M, Azar N, Zeitoun G, Boudet MJ, Molas G, et al.
Hepatic venous outflow block caused by short-length hepatic vein stenoses.
Hepatology 1997; 25:814-9.

Janssen HL, Meinardi JR, Vleggaar FP, van Uum SH, Haagsma EB, van Der Meer FJ,
van Hattum J, et al. Factor V Leiden mutation, prothrombin gene mutation, and
deficiencies in coagulation inhibitors associated with Budd-Chiari syndrome and portal
vein thrombosis: results of a case-control study. Blood 2000; 96:2364-8.

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

Mahmoud AE, Elias E, Beauchamp N, Wilde JT. Prevalence of the factor V Leiden
mutation in hepatic and portal vein thrombosis. Gut 1997; 40:798-800.

Deltenre P, Denninger MH, Hillaire S, Guillin MC, Casadevall N, Briere J, Erlinger S, et
al. Factor V Leiden related Budd-Chiari syndrome. Gut 2001; 48:264-8.

Li XM, Wei YF, Hao HL, Hao YB, He LS, Li JD, Mei B, et al. Hyperhomocysteinemia
and the MTHFR C677T mutation in Budd-Chiari syndrome. Am J Hematol 2002; 71:11-
4.

Bhattacharyya M, Makharia G, Kannan M, Ahmed RP, Gupta PK, Saxena R. Inherited
prothrombotic defects in Budd-Chiari syndrome and portal vein thrombosis: a study
from North India. Am J Clin Pathol 2004; 121:844-7.

Mohanty D, Shetty S, Ghosh K, Pawar A, Abraham P. Hereditary thrombophilia as a
cause of Budd-Chiari syndrome: a study from Western India. Hepatology 2001; 34:666-
70.

Hirshberg B, Shouval D, Fibach E, Friedman G, Ben-Yehuda D. Flow cytometric
analysis of autonomous growth of erythroid precursors in liquid culture detects occult
polycythemia vera in the Budd-Chiari syndrome. J Hepatol 2000; 32:574-8.

Valla D, Casadevall N, Lacombe C, Varet B, Goldwasser E, Franco D, Maillard JN, et
al. Primary myeloproliferative disorder and hepatic vein thrombosis. A prospective
study of erythroid colony formation in vitro in 20 patients with Budd-Chiari syndrome.
Ann Intern Med 1985; 103:329-34.

Levy VG, Ruskone A, Baillou C, Theirman-Duffaud D, Najman A, Boffa GA.
Polycythemia and the Budd-Chiari syndrome: study of serum erythropoietin and bone
marrow erythroid progenitors. Hepatology 1985; 5:858-61.

Pelletier S, Landi B, Piette JC, Ekert P, Coutellier A, Desmoulins C, Fadlallah JP, et al.
Antiphospholipid syndrome as the second cause of non-tumorous Budd-Chiari
syndrome. J Hepatol 1994; 21:76-80.

Aggarwal R, Ravishankar B, Misra R, Aggarwal A, Dwivedi S, Naik SR. Significance of
elevated IgG anticardiolipin antibody levels in patients with Budd-Chiari syndrome. Am
J Gastroenterol 1998; 93:954-7.

Valla D, Dhumeaux D, Babany G, Hillon P, Rueff B, Rochant H, Benhamou JP. Hepatic
vein thrombosis in paroxysmal nocturnal hemoglobinuria. A spectrum from

31



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

asymptomatic occlusion of hepatic venules to fatal Budd-Chiari syndrome.
Gastroenterology 1987; 93:569-75.

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

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

Bolondi L, Gaiani S, Li Bassi S, Zironi G, Bonino F, Brunetto M, Barbara L. Diagnosis of
Budd-Chiari syndrome by pulsed Doppler ultrasound. Gastroenterology 1991;
100:1324-31.

Chawla Y, Kumar S, Dhiman RK, Suri S, Dilawari JB. Duplex Doppler sonography in
patients with Budd-Chiari syndrome. J Gastroenterol Hepatol 1999; 14:904-7.

Kane R, Eustace S. Diagnosis of Budd-Chiari syndrome: comparison between
sonography and MR angiography. Radiology 1995; 195:117-21.

Millener P, Grant EG, Rose S, Duerinckx A, Schiller VL, Tessler FN, Perrella RR, et al.
Color Doppler imaging findings in patients with Budd-Chiari syndrome: correlation with
venographic findings. AJR Am J Roentgenol 1993; 161:307-12.

Gupta S, Barter S, Philips GW, Gibson RN, Hodgson HJ. Comparison of
ultrasonography, computed tomography and 99mTc liver scan in diagnosis of Budd-
Chiari syndrome. Gut 1987; 28:242-7.

Tanaka M, Wanless IR. Pathology of the liver in Budd-Chiari syndrome: portal vein
thrombosis and the histogenesis of veno-centric cirrhosis, veno-portal cirrhosis, and
large regenerative nodules. Hepatology 1998; 27:488-96.

Zeitoun G, Escolano S, Hadengue A, Azar N, El Younsi M, Mallet A, Boudet MJ, et al.
Outcome of Budd-Chiari syndrome: a multivariate analysis of factors related to survival
including surgical portosystemic shunting. Hepatology 1999; 30:84-9.

Ringe B, Lang H, Oldhafer KJ, Gebel M, Flemming P, Georgii A, Borst HG, et al. Which
is the best surgery for Budd-Chiari syndrome: venous decompression or liver
transplantation? A single-center experience with 50 patients. Hepatology 1995;
21:1337-44.

Henderson JM, Warren WD, Millikan WJ, Jr., Galloway JR, Kawasaki S, Stahl RL,
Hertzler G. Surgical options, hematologic evaluation, and pathologic changes in Budd-
Chiari syndrome. Am J Surg 1990; 159:41-8; discussion 48-50.

Slakey DP, Klein AS, Venbrux AC, Cameron JL. Budd-Chiari syndrome: current
management options. Ann Surg 2001; 233:522-7.

Hemming AW, Langer B, Greig P, Taylor BR, Adams R, Heathcote EJ. Treatment of
Budd-Chiari syndrome with portosystemic shunt or liver transplantation. Am J Surg
1996; 171:176-80; discussion 180-1.

Fisher NC, McCafferty I, Dolapci M, Wali M, Buckels JA, Olliff SP, Elias E. Managing
Budd-Chiari syndrome: a retrospective review of percutaneous hepatic vein angioplasty
and surgical shunting. Gut 1999; 44:568-74.

Bilbao JI, Pueyo JC, Longo JM, Arias M, Herrero JI, Benito A, Barettino MD, et al.
Interventional therapeutic techniques in Budd-Chiari syndrome. Cardiovasc Intervent
Radiol 1997; 20:112-9.

Baijal SS, Roy S, Phadke RV, Agrawal DK, Kumar S, Choudhuri G. Management of
idiopathic Budd-Chiari syndrome with primary stent placement: early results. J Vasc
Interv Radiol 1996; 7:545-53.

32



52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lopez RR, Jr., Benner KG, Hall L, Rosch J, Pinson CW. Expandable venous stents for
treatment of the Budd-Chiari syndrome. Gastroenterology 1991; 100:1435-41.

Griffith JF, Mahmoud AE, Cooper S, Elias E, West RJ, Olliff SP. Radiological
intervention in Budd-Chiari syndrome: techniques and outcome in 18 patients. Clin
Radiol 1996; 51:775-84.

Ishiguchi T, Fukatsu H, Itoh S, Shimamoto K, Sakuma S. Budd-Chiari syndrome with
long segmental inferior vena cava obstruction: treatment with thrombolysis, angioplasty,
and intravascular stents. J Vasc Interv Radiol 1992; 3:421-5.

Raju GS, Felver M, Olin JW, Satti SD. Thrombolysis for acute Budd-Chiari syndrome:
case report and literature review. Am J Gastroenterol 1996; 91:1262-3.

Sharma S, Texeira A, Texeira P, Elias E, Wilde J, Olliff SP. Pharmacological
thrombolysis in Budd Chiari syndrome: a single centre experience and review of the
literature. J Hepatol 2004; 40:172-80.

Tilanus HW. Budd-Chiari syndrome. Br J Surg 1995; 82:1023-30.

Mitchell MC, Boitnott JK, Kaufman S, Cameron JL, Maddrey WC. Budd-Chiari
syndrome: etiology, diagnosis and management. Medicine (Baltimore) 1982; 61:199-
218.

Emre A, Kalayci G, Ozden |, Bilge O, Acarli K, Kaymakoglu S, Rozanes I, et al.
Mesoatrial shunt in Budd-Chiari syndrome. Am J Surg 2000; 179:304-8.

Blum U, Rossle M, Haag K, Ochs A, Blum HE, Hauenstein KH, Astinet F, et al. Budd-
Chiari syndrome: technical, hemodynamic, and clinical results of treatment with
transjugular intrahepatic portosystemic shunt. Radiology 1995; 197:805-11.

Ganger DR, Klapman JB, McDonald V, Matalon TA, Kaur S, Rosenblate H, Kane R, et
al. Transjugular intrahepatic portosystemic shunt (TIPS) for Budd-Chiari syndrome or
portal vein thrombosis: review of indications and problems. Am J Gastroenterol 1999;
94:603-8.

Ochs A, Sellinger M, Haag K, Noldge G, Herbst EW, Walter E, Gerok W, et al.
Transjugular intrahepatic portosystemic stent-shunt (TIPS) in the treatment of Budd-
Chiari syndrome. J Hepatol 1993; 18:217-25.

Mancuso A, Fung K, Mela M, Tibballs J, Watkinson A, Burroughs AK, Patch D. TIPS for
acute and chronic Budd-Chiari syndrome: a single-centre experience. J Hepatol 2003;
38:751-4.

Rossle M, Olschewski M, Siegerstetter V, Berger E, Kurz K, Grandt D. The Budd-Chiari
syndrome: outcome after treatment with the transjugular intrahepatic portosystemic
shunt. Surgery 2004; 135:394-403.

Kavanagh PM, Roberts J, Gibney R, Malone D, Hegarty J, McCormick PA. Acute Budd-
Chiari syndrome with liver failure: The experience of a policy of initial interventional
radiological treatment using transjugular intrahepatic portosystemic shunt. J
Gastroenterol Hepatol 2004; 19:1135-1139.

Bureau C, Garcia-Pagan JC, Otal P, Pomier-Layrargues G, Chabbert V, Cortez C,
Perreault P, et al. Improved clinical outcome using polytetrafluoroethylene-coated
stents for TIPS: results of a randomized study. Gastroenterology 2004; 126:469-75.
Angermayr B, Cejna M, Koenig F, Karnel F, Hackl F, Gangl A, Peck-Radosavljevic M.
Survival in patients undergoing transjugular intrahepatic portosystemic shunt: ePTFE-
covered stentgrafts versus bare stents. Hepatology 2003; 38:1043-50.

33



68.

69.

70.

7.

72.

73.

Rossi P, Salvatori FM, Fanelli F, Bezzi M, Rossi M, Marcelli G, Pepino D, et al.
Polytetrafluoroethylene-covered Nitinol Stent-Graft for Transjugular Intrahepatic
Portosystemic Shunt Creation: 3-year Experience. Radiology 2004; 231:820-30.

Ringe B, Braun F, Laabs S, Matamoros M, Lorf T, Canelo R. Graft rupture after living
donor liver transplantation. Transplant Proc 2002; 34:2268-71.

Halff G, Todo S, Tzakis AG, Gordon RD, Starzl TE. Liver transplantation for the Budd-
Chiari syndrome. Ann Surg 1990; 211:43-9.

Murad SD, Valla DC, de Groen PC, Zeitoun G, Hopmans JA, Haagsma EB, van Hoek
B, et al. Determinants of survival and the effect of portosystemic shunting in patients
with Budd-Chiari syndrome. Hepatology 2004; 39:500-8.

Nyckowski P, Dudek K, Skwarek A, Zieniewicz K, Pawlak J, Patkowski W, Michalowicz
B, et al. Results of liver transplantation according to indications for orthotopic liver
transplantation. Transplant Proc 2003; 35:2265-7.

Mahmoud AE, Helmy AS, Billingham L, Elias E. Poor prognosis and limited therapeutic
options in patients with Budd-Chiari syndrome and portal venous system thrombosis.
Eur J Gastroenterol Hepatol 1997; 9:485-9.

34



Early Changes of the Portal Tract
on Micro-CT Images in a Newly
Developed Rat Model for Budd-
Chiari Syndrome

Sarwa Darwish Murad, Veerle A.L. Dom, Erik L. Ritman, Piet
C. de Groen, Patricia E. Beigley, Susan C. Abraham, Pieter E.
Zondervan, Harry L.A. Janssen

Journal of Gastroenterology and Hepatology, 2008, In press



Abstract

Background and aim

The effect of increased sinusoidal pressure on the portal tract in Budd-Chiari Syndrome (BCS) is
as yet not elucidated. Our aim was to investigate portal changes in a newly developed rat model
for BCS.

Methods

We created an outflow obstruction in Sprague-Dawley rats (n=6) by diameter reduction of the
inferior vena cava. Left and right liver lobes, with portal vein contrast, were scanned using a
Micro-CT, and volumes of the portal tree and liver parenchyma were computed by the ANALYZE
software program.

Results

Portal branching density was significantly lower in BCS than shams and decreased over time
(P<0.01). There was a significant drop in volume of both parenchyma and portal tree in the left,
but not right lobes. At 6 weeks post-surgery, perfusion-index (i.e. ratio between both volumes)
became equal to (left) or even higher than (right) shams, suggesting a new equilibrium with
preserved portal perfusion. Histological findings were consistent with those observed in humans.

Conclusions

As early as day 2, a significant loss of peripheral portal branches was seen, which progressed
over time. Inter-lobar differences in vascular abnormalities suggest compensatory mechanisms.
Despite a decrease in both liver and portal vein volume, relative portal perfusion appeared
spared.
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Introduction

Budd-Chiari Syndrome (BCS), a hepatic venous outflow obstruction mostly attributable to
thrombosis, can be located anywhere from the small hepatic veins until the entrance of the
inferior vena cava into the right atrium . BCS is uncommon, and has a broad spectrum of
symptoms, etiological factors, radiological findings and clinical outcomes, the latter varying from
compensated disease to liver failure and death. So far, the pathogenesis and sequence of
vascular changes following BCS are poorly understood.

The portal vein accounts for 75-78% of total hepatic flow 2. In BCS, the obstruction of the hepatic
veins causes increased sinusoidal and portal pressure and eventually portal hypertension.
However, the hemodynamic changes, usually called ‘hyperdynamic circulatory syndrome’,
observed in portal hypertension following cirrhosis, are not present in BCS 3, indicating a
different pattern of circulatory changes. So far, these changes have only been studied in
radiological studies inducing temporary hepatic vein occlusion 4, and histological studies in
explanted livers of transplanted patients 5. These studies showed impairment of the portal
perfusion, indicated by deceased velocity rates and a change of portal flow direction from
hepatopetal to hepatofugal or even stagnant flow. However, in order to study the true effects on
both structure and volume of the portal venous tract, an animal model is needed.

Of all animal models, the rat model is the most logical choice, as it not only applies to most of
the general considerations for feasibility of using animal models, as described by Mullen et al. 6,
but also, the anatomy of the rat liver closely resembles that of human 7, Indeed, in the past,
several rat models of hepatic outflow obstruction have been developed 8°. However, all were
only used to investigate the histological consequences of outflow obstruction. Therefore, we
developed a rat model, in which we evaluated by micro-CT imaging the actual structural and
volume changes occurring within the portal vein following BCS at time points representing acute
and sub-acute conditions.
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Material and Methods

Animals

Six male Sprague-Dawley rats were used. To mimic conditions occurring in acute and sub-acute
BCS, rats were sacrificed at 2 days and 6 weeks after surgery, respectively. Within each group,
2 operated rats and 1 sham rat were included. The study was executed with approval of the
Mayo Clinic Institutional Animal Care and Use Committee.

Creation of hepatic outflow obstruction

All rats were denied food overnight and anaesthetized with an intraperitoneal injection of Sodium
Pentobarbital (40 mg/kg). The rat was supported with head up at an angle of 30° to allow gravity
to lower the intra-abdominal organs. A 2.5 cm abdominal mid-line incision was made, the
diaphragm was pulled up and the falciform ligament was cut to expose the suprahepatic inferior
vena cava (IVC). Subsequently, the IVC and an adjacent glass tube (diameter 1.3 mm) was
tightly ligated using a 3-0 silk thread according to a technique previously described 8. Several
attempts revealed that a diameter reduction of 50% of the original size of the IVC was sufficient
to create an acute hepatic venous obstruction without undesirable effects for the venous return
of the lower body part. The muscle and skin were closed in layers and Buprenorphine (0.1-0.5
mg/kg) was used as post-operative analgesic. Sham surgery included the same steps, but
without ligature of the IVC. All animals were fed ad libitum and received humane care in
compliance with the Institution’s guidelines for care and use of laboratory animals in research.

Specimen preparation

At 2 days and 6 weeks, rats were anaesthetized with intraperitoneal injected Nembutal (40
mg/kg), a laparotomy was performed and the rats were euthanized by exsanguinations following
an incision in the right atrium. The portal vein was ligated to allow cannulation and was
subsequently infused with a heparinized 0.9% saline solution to prevent clotting. The IVC was
cut and cannulated to facilitate flushing out of any residual blood in the hepatic vasculature
using a Syringe Infusion Pump (22, Harvard Apparatus) until homogenous bleaching of the liver
occurred.

Subsequently, the portal vein was injected with a yellow low-viscosity radiopaque polymer
compound (Microfil® MV-122; Flow Tech, Inc., Carver, MA, USA). In order to prevent filling of
the hepatic veins, injection was ceased as soon as the opacified portal veins reached the
peripheral surface of the liver. The liver was resected into a right, left and middle lobe and fixed
in 10% formalin solution, followed by immersion in successively increased concentrations of
glycerin solutions. The left and right lobes were suspended in a plastic cylinder and imbedded in
Bioplastic Liquid Casting Plastic (Aldon Corp. Avon, NY, USA) and used for micro-CT scanning.
Middle lobes were prepared for histology, using Hematoxylin and Eosin (H&E), Masson
Trichrome and Reticulin staining. Slides were investigated by 2 independent pathologists (SCA
and PEZ).
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Micro-CT scanning and image analyses

The micro-CT scanner used was previously described in more detail 1", Its resolution is more
than ten times higher than in regular CT scanners (it depicts details at 40 um versus 500 um).
Specimens were rotated at angular increments of 0.49°, providing 721 views in 360° to create 3-
Dimensional projection images. A reconstruction program created volume images up to 10243
voxels and a modified Feldkamp’s filtered back-projection algorithm was used to convert data
into a 16-bits gray scale '2. The ANALYZE software package (version 4.0, Biomedical Imaging
Resource, Mayo Clinic, Rochester, MN, USA) was used for quantitative analyses of the images,
providing volume rendering methods to visualize the 3-D architecture of the portal tree. Two
computational methods were employed to measure volumes. First, seeded region growth
algorithm was applied to extract voxels representing the opacified vascular lumen, based on the
steep difference in grayscale value, to measure the volume of the portal vein (Vy). This method
also served to subtract all perfusion-related artifacts (i.e. noise) from the true observed tree.
Second, homotopic morphological thickening was a technique used to define volume of the liver
perfused (V4). It involves computational thickening of the selected supplying (i.e. root) vascular
tree in 3 dimensions in a number of iterations until the liver surface was reached.

Statistical analyses

In each micro-CT image, we counted in 5 representative fields of 4 x 4 millimeter hepatic tissue
the number of visible portal branches (branching density). With the ANALYZE software, Vyy as
well as Vi was computed at every significant bifurcation from the main vascular stem. The ratio
between Vi and Vv Was calculated to indicate the relative perfusion per each square millimeter
(mm3) of portal vein volume; we called this the perfusion index. Computations were limited to 5
branching levels. Mann-Whitney-U tests were used to compare the number of portal branches
per field between BCS rats and shams, and to compare changes in volumes in BCS and sham
rats over time. To control for multiple testing (3 comparisons), [ was set at 0.01 (i.e. Bonferroni
correction).
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Results

Macroscopy and histology

Marked ascites formation was noted in both BCS rats at 6 weeks post-surgery, but not in shams
or BCS rats at 2 days post-surgery. At laparotomy, we noted extensive abdominal wall bleeding
and the presence of abdominal collaterals in BCS rats, whereas this was not observed in the
shams. Liver specimens in experimental BCS rats sacrificed after 2 days were enlarged and
discolored due to congestion, and after 6 weeks marked hepatomegaly and necrotic streaks in
the peripheral blunt edges of the liver surface were observed (fig 1). Centrilobular congestion
and sinusoidal dilation was the main histological feature at 2 weeks post-surgery (fig 2b).
However, at 6 weeks, more extensive pathology, including centrilobular necrosis, portal
inflammation, peri-central, peri-portal and bridging fibrosis and wall thickening of the central
veins was observed, in addition to the formation of inadequate peri-portal veins and a few
regenerative nodules (fig 2c). At both time-points, the portal veins contained only contrast
without frank thrombosis. Completely normal liver morphology and architecture were seen in
shams (fig 2a).

Figure 1
Macroscopy of liver at 6 weeks post-operative. Note the congested liver and marked necrotic
streaks in the periphery of the liver surface.

40



Figure 2

Histology showed normal architecture in shams (2a; H&E stain, original magnification 20x),
marked sinusoidal congestion and pressure atrophy of the peri-central hepatic cords at 2 days
post-surgery (2b; H&E stain; original magnification 10x); and delicate centro-central bridging
fibrosis at 6 weeks post-surgery (2¢c; Masson trichrome stain; original magnification 20x).

2a

2b)
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2c)

3-Dimensional CT images

Micro-CT imaging analyses revealed a gradual loss of small portal branches in BCS rats over
time (fig 3). Median numbers of portal branches are presented in table 1. For both the left and
right lobe, a significant decrease in number of portal branches was observed at 6 weeks post-
surgery, as compared to 2 days post-surgery and shams (all P<0.01). In addition, significant
differences existed between right lobes of BCS rats at 2 days and 6 weeks post-surgery
(P<0.01).

Volume measurements

At 2 days after ligation, we found lower Vy, and Vi in BCS rats than in shams, but the difference
was not statistically significant. For left lobes, loss of parenchyma (decreased by 20%) was more
pronounced than loss of vascular supply (a decrease of 10%), reflecting in a significant
decrease in the perfusion index. This observation suggested that the liver tissue was relatively
under-perfused. The opposite was true for right lobes, in which an increase in perfusion index
was seen. Here, the decrease in tissue volume of 11% was proportionally lower than that of
portal venous volume (20%), but this failed to reach statistical significance (P=0.06).

At 6 weeks post-surgery, marked discrepancy developed between the left and right lobe. For left
lobes, the decline in both V,, as V; continued and was significantly different from shams or at 2
days post-surgery. However, now the perfusion index increased and approached the level found
in shams, thereby possibly indicating a new equilibrium in which the remaining liver tissue was
adequately perfused. In contrast, for right lobes, Vv and Viwere higher at 6 weeks than at 2 days
following ligation and were also higher than in shams. As is shown in table 1, Viincreased two-
fold, implying possible development of hypertrophy. Hence, the relative perfusion index was
significantly higher than in shams, indicating functional compensatory mechanisms.
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Figure 3

Three-dimensional micro-CT images of the portal tract of shams (3a), BCS rats at 2 days post-
surgery (3b) and BCS rats at 6 weeks post-surgery (3c). Note that the spherical objects in figure
3b left and 3c right are perfusion-related artifacts, which were not included in the computation of
these vascular volumes.

3a) left 3a) right
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Table 1
Number of portal branches per area of 4 by 4 mm, volume of the portal vein (Vy, ), volume of the
perfused liver tissue (Vi) and perfusion index (V: /Vy, ratio) per lobe for BCS rats and shams.
Represented values are medians (interquartile range). Level of statistical significance is set at
P<0.01.

Branches (N) Vp (mm3) Vi (mm3) ViV ratio (%)

Left lobes

Shams 77 (47-140) 20(11-21) 557 (437-823) 38 (27-41)
2 days post-surgery 50 (43-54)  18(12-22) 444 (365-545) 27 (24-31)

6 weeks post-surgery 13 (9-18) 7(4-12) 274 (193-397) 42 (31-55)

2 days vs. shams P=0.14 P=0.94 P=0.13 P=0.01

6 weeks vs. shams P<0.001 P=0.01 P=0.003 P=0.26

2 days vs. 6 weeks P<0.001 P=0.008 P=0.008 P=0.02
Right lobes

Shams 83 (60-121)  5(2-13) 130 (70-136) 25 (24-31)
2 days post-surgery 40(33-53) 4 (1-8) 116 (43-288) 42 (25-53)

6 weeks post-surgery 17 (8-31) 7(3-10) 272 (165-386) 41 (40-47)

2 days vs. shams P<0.001 P=0.29 P=0.65 P=0.06
6 weeks vs. shams P<0.001 P=0.91 P=0.09 P<0.001
2 days vs. 6 weeks P<0.001 P=0.29 P=0.04 P=0.76
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Discussion

The pathogenesis of BCS and changes in the hepatic vasculature following BCS are poorly
understood. In particular, the portal vein is of interest since it undergoes structural and functional
changes, together with the hepatic artery to compensate for the diminished outflow. In this study,
we developed a rat model that mimicked vascular changes occurring in BCS, 2 days and 6
weeks after obstruction, representing acute and sub-acute conditions. We evaluated changes in
the portal vein by 3-dimensional Micro-CT contrast images.

In our rat model, we created a partial outflow block of the IVC. This can be compared with the
clinical situation of BCS with an occlusion in the IVC, a condition that occurs in association with
hepatic vein thrombosis in 16-31% of patients 3. Unfortunately, a model in which hepatic vein
thrombosis is induced locally without immediate sacrifice of the rat is as of yet not available and
not feasible. However, the macroscopic and histological findings of our rat model were
consistent with those observed in humans with BCS '5'6. At 2 days post-operative, liver
specimen were enlarged and significant centrilobular congestion was found. After 6 weeks,
centrilobular necrosis, peri-portal veins and fibrosis became apparent, which reflected more
long-term changes. Therefore, our current model using partial IVC occlusion was able to mimic
the clinical situation in BCS, and is as of yet the most feasible model approaching the human
clinical situation of BCS.

The results of the Micro-CT analyses suggest the following sequence of vascular changes. At 2
days post-surgery, branching density was evidently diminished, and both volume of the portal
vein and the liver tissue decreased in both lobes. However, in the left lobe, the loss of tissue was
more pronounced while in the right lobe loss of venous volume was more remarkable. There,
our findings at day 2 were consistent with a combination of relative hypo-perfusion of the liver
parenchyma in the left, but hyper-perfusion in the right lobe. At 6 weeks post-operatively, both
volumes declined even further in the left lobe, implying both portal loss and atrophy of the liver
tissue. However, a new equilibrium appeared to have been established in which the tissue,
although atrophied, showed preserved perfusion. In the right lobe on the other hand, a
reciprocal increase in both the volume of the portal vein as well as liver tissue occurred,
indicating hypertrophy and hyper-perfusion, most likely to compensate for the changes in the left
lobe.

The severe loss of portal branches in the left lobes is in accordance with results from several
other studies. Gronczewski et al. 1" showed that partial IVC occlusion led to a decrease in portal
flow by tracer experiments in guinea pig models. Furthermore, in transplanted patients with
recent onset BCS disturbed portal inflow and obliterative portal venopathy were found, while
patients with long-standing disease showed increased arterial influx and a variable degree of
atrophy in one of the liver lobes 5. Temporary occlusion of the hepatic veins leads to an
immediate decrease in maximum peak velocity of the portal vein and disappearance of Doppler
signal, indicating that the changes occur very soon after the occlusion .

In our model, marked inter-lobar vascular differences were present. While the left lobes

appeared seriously affected, the right lobes seemed to compensate with a greater-than-normal
hepatic perfusion. Most studies on the atrophy/hypertrophy complex of liver lobes after venous
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occlusion are performed in animal models of portal vein ligation '81°. Rocheleau et al. showed
that there was an inverse relationship between the vascular changes in the left and right lobes
following left portal stenosis 2. This was also reflected in the weight of the two lobes, with the left
lobe being atrophied and the right hypertrophied, resulting in a similar total liver weight.
However, their model differed from ours since in our model, the stenosis was at the level of the
IVC and therefore theoretically affected both lobes equally. The question of why in our
experiment the left lobe specifically is affected and the right is not, is difficult to answer from this
pilot study. However, a few possible explanations can be hypothesized. The first explanation is
related to the anatomy of the rat liver, which differs from the human livers in two ways. First, in
rats 67% of the total portal flow goes to the left lobe, which is much larger than the right lobe,
while in humans the opposite is true 2. Secondly, the hepatic vein of the rat bifurcates unequally;
the left vein bifurcates at an angle of 90°, while the right vein is a straight continuum of the main
trunk 7. Taking both observations together, one can speculate that a partial stenosis at the level
of the IVC leads to a larger relative outflow block for the left than for the right hepatic vein. In
other words, the majority of the remaining outflow preferentially goes through the right hepatic
vein, making the right lobe the most likely lobe for compensation, and the left lobe the more
susceptible lobe. The second explanation is more close to changes observed in the human liver.
Patients with BCS are known to form intra- or extra-hepatic venous collaterals, which offer
compensatory outflow for the obstructed regions, and/or exhibit changes in the hepatic artery,
known as the Hepatic Artery Buffer Response (HABR) 2. However, in the current experiment we
did not evaluate changes in the hepatic artery, nor could we opacify the hepatic veins searching
for collaterals. We believe that future studies should focus on these possible compensatory
mechanisms to further elucidate this phenomenon.

Our study has a few limitations. First, the comparison between the two different time- points is
inter-subject rather than intra-subject. This is due to the fact that for computerized visualization
of the complete vascular tree, the whole liver organ needed to be resected. However, there is
little reason to suspect that our results would be altered if we looked for the changes over time
within the same subject. Second, we only collected data at 2 days and 6 weeks, and not at
intermediate intervals. However, the choice of these time-points was based on the study by
Akiyoshi et al. #who showed in their rat model of congestive liver fibrosis that fibrosis develops
after 6 weeks and necrotic changes after 24 hours. As we were most interested in the acute and
sub-acute changes following BCS, we decided to choose similar intervals. However, we believe
that intermediate data would be very interesting to observe small consecutive steps in future
studies with larger study sample size. Third, there are several micro- and macro-anatomic
differences between rat and human livers that could affect the translation of these findings to the
human situation. It is for instance known that in rats two caudate lobes are present with one
vascular supply whereas in men there is one caudate lobe with two separate ramuli caudates 7.
Therefore, despite the intriguing effects of IVC occlusion on the caudate lobe in humans with
BCS, we decided not to analyze this lobe in our rats. Another difference is that in rats, the left
and middle hepatic vein can enter the IVC either separately or in conjuncture via the truncus
communis, whereas the right hepatic veins are homologous to the right hepatic vein in men. This
is the reason why we chose not to ligate the hepatic veins separately, but to ligate above the
insertion of the hepatic veins, namely the IVC itself. Finally, in rats, different anatomical and
functional relations exist between the portal, sinusoidal, and central venous bed. However, in the
current study, we were only interested in the gross changes of the portal venous tree, and

46



detailed information regarding these microscopic relations was beyond the scope of our
investigation.

In conclusion, in this first rat model for Budd-Chiari syndrome, a significant loss of peripheral
portal branches was found on Micro-CT images in BCS rats as compared to shams. Changes
occurred as early as 2 days after hepatic outflow obstruction. Hepatic vasculature was not
equally affected among the lobes, suggesting inter-lobar compensatory mechanisms. Despite a
decrease in both liver and portal vein volumes, which could be explained by atrophy and loss of
portal branches, overall portal perfusion appeared relatively spared.
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Abstract

Background and objectives

Several issues regarding myeloproliferative diseases (MPD) in Budd-Chiari syndrome (BCS)
exist that need to be clarified. The aim of this study was to evaluate multifactorial aetiology in
BCS patients with MPD, to assess potential added value of the JAK2 mutation in the diagnostics
of MPD in BCS and to determine the survival of MPD patients in BCS.

Design and methods

All patients referred to a university hospital with primary, non-malignant BCS between January
1980 and January 2006 were included in this study (n=40). In addition to standard MPD work-
up, JAK2 mutation analysis was performed in 17 patients.

Results

MPD was present in 33% of the patients. In two patients suspect for Essential
Thrombocythemia, who failed to meet WHO criteria, JAK2 mutation analysis led to the
identification of MPD. In 38% of patients with MPD additional pro-thrombotic factors were
present. Ten-year survival was 92% (95% Cl, 78%-100%) in patients with MPD versus 53%
(95% CI, 28%-79%) in patients without MPD (P=0.18).

Interpretation and conclusions

The multifactorial aetiology in BCS patients with MPD highlights the necessity of extensive
screening for other underlying pro-thrombotic conditions. JAK2 mutation analysis is of diagnostic
importance in patients with BCS. Survival of BCS patients did not differ significantly between
individuals with and without MPD.
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Introduction

Budd-Chiari syndrome (BCS) is a rare disorder caused by obstruction of the hepatic veins or the
suprahepatic inferior vena cava and is associated with one or more underlying pro-thrombotic
conditions in at least 75% of the patients (1). Myeloproliferative diseases (MPD) are the most
important aetiological factor (2).

Several issues regarding MPD in BCS exist that need to be clarified. First, studies showing
multifactorial aetiology in BCS patients with MPD are scarce and number of included patients in
these studies are low (3, 4). Second, some BCS patients are labelled as having so-called occult
MPD when criteria for MPD are not fulfilled, but in whom bone marrow culture show
spontaneous erythroid colony formation (EEC). These patients may subsequently develop overt
MPD. Recently, a clonal mutation in the JAK2 tyrosine kinase (JAK2V617F) is reported in a high
proportion of patients with MPD and its role in BCS has not yet been fully determined (5). Third,
there are no studies that address survival of BCS patients with MPD.

The aim of this study was to evaluate multifactorial aetiology in BCS patients with MPD, to

assess potential added value of the JAK2 mutation in the diagnostics of MPD in BCS and to
determine the survival of MPD patients in BCS.
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Methods

Patients

Between January 1980 and January 2006, all patients referred to our hospital with primary, non-
malignant Budd-Chiari Syndrome (BCS) were included in this study. BCS was defined as
hepatic venous outflow obstruction at any level from the small hepatic veins to the junction of the
inferior vena cava and the right atrium (1). Patients were followed up from date of diagnosis until
death, study closure (January 1, 2006), or, in case of loss to follow up, the last date of visit.
Patients were evaluated for pro-thrombotic conditions including coagulation disorders, MPD, and
paroxysmal nocturnal haemoglobinuria (PNH). Other potential aetiological factors were collected
by chart review. For patients included before 1996, the diagnostic evaluation has been reported.
For patients included after 1996, plasma and DNA was stored and informed consent was
obtained to perform studies on prothrombotic factors. The medical ethical committee approved
these studies.

Coagulation assays

Venous blood samples were collected in 3.2% sodium citrate (final concentration). Plasma was
centrifuged at 2000 g for 10 min at 4 °C. Routine coagulation assays were performed
immediately, or plasma was frozen at —-80 °C. Genomic DNA was isolated from the white cell
fraction of citrated blood, using the salt concentration standard procedure.

Antithrombin, protein C and protein S activity were measured by standard clotting assays. Free
protein S levels were assessed using an ELISA (Biopool, Umea, Sweden). In case of potential
liver failure, the presence of hereditary deficiencies in antithrombin, protein C and S was only
diagnosed if there was a clear isolated deficiency of either coagulation inhibitor in comparison to
other coagulation tests and liver synthesis markers such as albumin. In patients on long-term
oral anticoagulant treatment, protein C and S levels were not determined. Factor V Leiden
mutation and prothrombin gene variant were assessed by PCR. The presence of lupus
anticoagulant was tested by an APTT based and a diluted PT assay. Anticardiolipin antibodies
(aCL) were tested by ELISA and values above the 95" percentile were considered a significant
increase. Diagnosis of antiphospholipid antibodies (APA) was made if lupus anticoagulant or
aCL was present on two or more occasions according to recently published guidelines (6).
Diagnosis of paroxysmal nocturnal hemoglobinuria (PNH) was based on flow cytometric
analysis.

Diagnostic work-up and diagnostic criteria for MPD

MPD was classified according to the current WHO guidelines (7-10). Total red blood cell (RBC)
mass was determined as described before (11). A value above 125% of the theoretical value
was considered a significant increase (12). If RBC mass was not measured, a significant
increase was defined as a hemoglobin level above 18.5 g/dl in men or 16.5 g/dl in women (7,
10). Spontaneous erythroid colony formation (EEC) was determined in clonogenic assays as
described earlier (13).

JAK2 mutation was determined in patients of whom DNA was available. High-molecular-weight
peripheral blood DNA was isolated and the quality was verified by amplification of exon 11 of the
FLT3 gene, using FLT3-11F 5-CAATTTAGGTATGAAAGCC-3' and FLT3-11R 5'-
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CAAACTCTAAATTTTCTCT-3'. Subsequently, two independent PCR reactions were performed
using an allele-specific forward primer JAK2-ASP 5-TTTTAAATTATGGAGTATATT-3'in
combination with reverse primers GJAK2MUT1 5-TATAACTGAATAGTCCTACAGTG-3' or
GJAK2MUT2 5-GTTGAACCTGCCATAATCTC-3". PCR were performed on 50ng DNA (250uM
dNTP, 15 pmol primers, 2mM MgCI2, Taq polymerase and 1x buffer (Invitrogen LT, Breda, The
Netherlands)). Cycling conditions: 1x 5'94°C, 35x 1'94°C, 1'54°C (FLT3) or 61.5°C (JAK2
mutation), 1'72°C, and 1x 7'72°C.

Statistical analysis

Results are expressed as median £ SD. All tests were 2-tailed with the level of significance set
at P<0.05. Comparison between patients with and without MPD were performed using the non-
parametric Mann-Whitney U test for continuous variables and the Chi-square test for categorical
variables. Survival rates were calculated by means of the Kaplan-Meier method and comparison
of survival functions was based on log-rank testing. Statistical analyses were carried out in
SPSS 11.5.0 for Windows (SPSS, Chicago, IL).
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Results

Patient characteristics

Forty patients with primary, non-malignant BCS were identified in our hospital. Median age was
28.4 years (18.4-53.3) and 26 patients (65%) were female. In nine patients (23%) additional
portal vein thrombosis (PVT) was present.

Underlying disorders

Coagulation disorders were found in 14 patients (35%). APA were detected at diagnosis of BCS
in ten patients. Four patients had APA that was confirmed after 12 weeks. In six patients aCL or
lupus anticoagulant was measured only once. Only patients in whom APA were confirmed were
regarded as having APA. Oral contraceptives were used in 13 patients (52%). In four patients
(10%) no underlying disorder could be found. Other prothrombotic factors are shown in table 1.

MPD in BCS

Twenty-nine patients underwent complete diagnostic work-up for MPD, and in 21 of these EEC
were also performed. Eleven patients did not undergo a bone marrow biopsy nor was an EEC
performed, mostly because of absence of peripheral blood count abnormalities and clinical
features of MPD (n=8). This latter group of patients, who were not suspect for having a primary
haematological disorder, did not undergo bone marrow biopsy since they were worked-up earlier
in our study period and biopsies were not yet part of the routine diagnostic work-up for BCS.
However, most of these patients were already diagnosed with another eligible cause for BCS.
Screening for the JAK2 mutation could be performed in 17 patients (43%).

The results of MPD work-up are shown in table 2. Eleven patients were diagnosed with MPD
according to current WHO criteria. Two other patients, who were suspect for MPD (high platelet
counts), but failed to meet WHO criteria, had a positive JAK2 mutation and were therefore
classified as MPD. MPD was present in 13 BCS patients (33%). In two of these patients, MPD
had existed for a considerable period prior to the development of BCS (9 and 11 years). BCS
was the first clinical presentation of MPD in eleven MPD patients.

Comparison of baseline characteristics between patients with (n=13) and without (n=27) MPD
were as follows: median age (35.7 years vs. 29.6 years, P=0.10) and male:female ratio
(44%:56% vs. 59%:41%. n.s.). Combined BCS-PVT was observed in nine patients, all without
MPD. In five MPD patients (38%) additional pro-thrombotic factors were present, indicating
multifactorial aetiology. Of these patients, three (23%) had one additional risk factor and two
(15%) had two additional risk factors (table 2). Multifactorial aetiology was present in six patients
(22%) of the patients without MPD.

The JAK2 mutation was identified in seven out of the 17 tested BCS patients (41%). None of the
ten patients without the JAK2 mutation were diagnosed with MPD according to WHO criteria.
The JAK2 mutation was present in two patients with clinical MPD showing spontaneous EEC,
while absent in a third showing an isolated spontaneous EEC.
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Table 1
Aetiological factors in 40 patients with primary, non-malignant Budd-Chiari syndrome?

N %"
Myeloproliferative disease 13 33
Coagulation disorder 14 35
Protein C deficiency® 2 7
Protein S deficiency® 2 7
Factor V Leiden mutation 5 15
Homozygote 2 6
Heterozygote 3 9
Prothrombin gene variant 2 8
Homozygote 0 0
Heterozygote 2 8
Antiphospholipid antibodies? 4 1
Anticardiolipin antibodies IgM/lgG 4 1
Lupus anticoagulant 1 3
Plasminogen deficiency 1 3
Others 21 53
Oral contraceptive use 13 52
Paroxysmal nocturnal hemoglobinuria 2 9
Auto-immune® 5 13
Ulcerative colitis 1 3
Abdominal surgery 1 3
No underlying disorder 4 10

aPatients can have more than one aetiological factor simultaneously.

bPercentage of tested patients; not all investigations could be performed in the individual patients.

cPatients treated with oral anticoagulants or hepatic failure during diagnostic work-up were excluded in this analysis.

dDiagnosis of antiphospholipid antibodies was made if lupus anticoagulant or aCL was present and confirmed after 12 weeks.
eAuto-immune diseases: Behcet's disease (n=1), Sjogren’s disease (n=1), systemic lupus erythematosus (n=2) and mixed
connective tissue disease (n=1).
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Table 2
The diagnostic criteria in 13 patients with Myeloproliferative Disease (MPD) in primary, non malignant BCS

Pat. no Sex Age Hb Ht RBC  Spl.meg- Platelets WBC  Epo EEC  JAK2 Retic. fibrosis BM Iron Bone marrow biopsy/ morphology Addiitional RF
g/dl % mitkg 10E9L  10E9/L mU/mL

Polycythemia vera

1a F 499 163 43 211+ 273 25.0 327 - NA  + - Panmyelosis, especially erythroid line, None
dysplastic megakaryocytes, clustering

2 F 463 174 51 339 + 361 10.2 19 NA + + - Panmyelosis, dysplastic megakaryocytes, None
clustering

3 M 402 184 54 NA 4+ 112 16.5 5 NA NA  + - Erythroid and megakaryocytic hyperplasia, None
dysplastic megakaryocytes, clustering

4 F 469 126 42 3920+ 418 10.6 NA NA + + - Panmyelosis, dysplastic megakaryocytes, None
clustering

5 M 260 173 41 346 + 472 9.7 10 + + + - Erythroid and megakaryocytic hyperplasia None

6 M 274 173 47 413 + 328 4.6 12 + + - - Panmyelosis, dysplastic megakaryocytes None

dysplastic megakaryocytes, clustering
Essential thrombocythemia

7 F 205 142 45 295 - 520 49 NA + NA - + Erythroid and megakaryocytic hyperplasia, OCC
dysplastic megakaryocytes

8 F 38 92 27 NA - 629 16.0 NA NA + - - Megakaryocytic hyperplasia and dysplasia, Protein C
clustering def., OCC

9 F 466 118 37 26 - 596 3.6 NA NA NA  + - Megakaryocytic hyperplasia and dysplasia, None
clustering

10 F 359 110 39 NA - 497 9.8 23 + NA  + - Erythroid and megakaryocytic hyperplasia, OCC, SLE
dysplastic megakaryocytes

11e F 209 113 38 NA - 445 7.3 15 - + - + Megakaryocytic hyperplasia and dysplasia OCC

12¢ M 218 158 43 26.7 + 450 16 3 - + - + Megakaryocytic hyperplasia and dysplasia None

Chronic myeloproliferative disease. unclassifiable

13 F 369 144 39 300 + 215 23 30 + NA - - Erythroid and megakaryocytic hyperplasia, OCC

dysplastic megakaryocytes, clustering




2Patient 1 was diagnosed with MPD despite an elevated erythropoietin level, as it has been shown that this does not exclude MPD (9).
b>25% above mean normal predicted value.

<In none of the patients' bone marrow collagen fibrosis was present.

dOCC (oral contraceptives), SLE (systemic lupus erythematosus).

¢Patients 11 and 12 were suspect for MPD based on high platelet counts, which was later confirmed by positive JAK2 mutation.

Follow-up
Overall mean follow-up was 7.1 + 6.9 years (8.2 + 6.6 years in patients with MPD and 6.5 + 7.1

years in patients without MPD). Only two patients were lost to follow-up, one in each group. One
patient without, and three patients with MPD underwent liver transplantation. Eleven patients
(28%) died during follow-up, of which two had MPD. In both patients, cause of death was not
MPD, but newly developed epitheloid abdominal sarcoma after liver transplantation (n=1) and
liver failure (n=1). Causes of death in patients without MPD were liver failure (n=3), sepsis (n=3),
cardiovascular disorders (n=1), variceal bleeding (n=1) and mesenteric vein thrombosis (n=1).
Both patients with MPD died in the first year after diagnosis and hence the survival rates in
patients with MPD at 1, 5, and 10 years remained constant at 92% (95% Cl, 78%—-100%).
Survival rates in patients without MPD at 1, 5, and 10 years were 89% (95% Cl, 77%-100%),
64% (95% Cl, 44%-85%) and 53% (95% Cl, 28%—79%), respectively (figure 1). There was no
significant difference in survival between the two (P=0.18). None of the patients without MPD
clinically developed MPD during follow-up.

Figure 1

Survival in non-MPD patients (n=27) and MPD patients (n=13) with primary, non-malignant
Budd-Chiari syndrome. Survival rates in patients with MPD at 1, 5, and 10 years were 92% (95%
Cl, 78%-100%), with number of patientzs at risk being 12, 8 and 5, respectively. Survival rates
in patients without MPD at 1, 5, and 10 years were 89% (95% Cl, 77%-100%), 64% (95% CI,
44%—-85%) and 53% (95% ClI, 28%-79%), with number of patients at risk being 24, 11 and 5,
respectively.
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Discussion

In this study we evaluated a large group of 40 consecutive patients diagnosed with primary, non-
malignant BCS at our hospital, thereby focussing on multifactorial aetiology, the potential added
value of the JAK2 mutation in MPD diagnostics and survival of MPD patients in BCS.

We found a prevalence of MPD of 33%, which is in line with the prevalence of 23%-49% when
conventional criteria for diagnosis of MPD are used (PVSG/WHO) (14, 15). None of our BCS
patients without MPD at diagnosis developed MPD during follow-up.

Several studies have shown the coexistence of multiple pro-thrombotic factors in BCS patients
with MPD (3, 4). Our results showed that in 38% of the patients with MPD additional risk factors
were present. These results highlight the necessity of extensive screening for additional pro-
thrombotic conditions.

Recently, a clear association between MPD and a somatic point mutation of the JAK2 tyrosine
kinase (JAK2 V617F) has been described (5). The acquired mutation in JAK2 is found in most
patients with PV and is seen in half of the patients with ET and CIMF (5). This mutation has
recently been shown to occur in 59% of BCS patients and is reported to be of use in the
characterization of occult MPD in BCS (16). Our study showed a JAK2 mutation prevalence of
41%. Interestingly, the JAK2 mutation led to the identification of two patients with MPD who
failed to meet WHO criteria. This, combined with the report by Patel et al., suggests that JAK2
mutation analysis should be included in standard MPD work-up in BCS patients. One patient
was diagnosed with MPD despite an elevated erythropoietin level, as it has been shown that this
does not exclude MPD (17). Unfortunately, this patient died during follow-up, making JAK2
analysis impossible.

To date, survival in BCS patients with MPD has not yet been systematically investigated. In our
study, 10-years survival was 92% for BCS patients with MPD. It has been suggested that a
shortened survival in MPD patients with additional BCS is primarily related to complications of
hepatic dysfunction and portal hypertension, and not to complications of MPD. Indeed, the two
BCS patients with MPD died of causes unrelated to MPD. Our results showed no statistically
significant difference in survival between BCS patients with and without MPD. However, it
should be noted that in the 27 BCS patients without MPD, a wide range of pro-thrombotic factors
were present that differ in nature and prognosis, varying from oral contraceptive use,
homozygote factor V Leiden mutation to PNH (18). Since individual prevalences of these
etiological factors are low, comparative sub-group analysis was not possible. It has been shown
that more extensive thrombosis in the splanchnic area is associated with poorer survival (19).
PVT was only present in patients without MPD in our BCS population, which may account for the
slightly lowered survival of these patients in our study. In addition, three patients with and one
patients without MPD underwent liver transplantation, which may have affected survival rate in
favour of MPD patients.

In conclusion, we report MPD in 33% of our BCS patients. In 38% of the patients with MPD,
additional pro-thrombotic factors were present. Our study clearly confirms the importance of



JAK2 mutation analysis in patients with BCS. Long term follow-up did not show a significant
difference in survival between patients with and without MPD.
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Abstract

Background and Aims

Splanchnic vein thrombosis (SVT) has been associated with a hypercoagulable state. TAFI may
contribute to a hypercoagulable state and therefore we were interested in the role of TAFI in
SVT. Since the disease is frequently associated with liver insufficiency, which affects plasma
levels of TAFI, we studied the role of variation in the TAFI gene in SVT.

Patients and Methods

In a multicenter case-control study on 118 patients with SVT (39 Budd-Chiari syndrome and 85
portal vein thrombosis) and 118 population-based controls, the relationship of SVT with single
nucleotide polymorphisms (SNPs) and haplotypes in the TAFI gene (438G/A, Ala147Thr,
Thr325lle and 1583A/T) was determined.

Results

The risk for SVT was decreased (OR 0.2, 95% CI 0.1-0.7) in 147Thr/Thr homozygotes and
slightly, but not significantly, increased in carriers of the 325lle allele (OR 1.6, 95%Cl 0.9-2.7).
Haplotype analysis confirmed that the Ala147Thr SNP has the strongest association with risk of
SVT.

Conclusions
Genetic variation in the TAFI gene is associated with risk of SVT, suggesting a role for TAFI in
the pathogenetic mechanism of SVT.



Introduction

Splanchnic vein thrombosis (SVT) is thrombosis of the hepatic veins and of the portal venous
system. It includes the Budd-Chiari syndrome (BCS), which is characterized by occlusion of
hepatic outflow at the level of hepatic venules, large hepatic veins or inferior caval vein (1) and
portal vein thrombosis (PVT) (2). PVT often occurs in conditions leading to decreased portal
flow, such as cirrhosis or malignancies, abdominal surgery and infections. Both BCS and PVT
have been observed in association with acquired or hereditary hypercoagulable conditions, such
as myeloproliferative disorders and antiphospholipid syndrome or factor V Leiden mutation and
prothrombin mutation (2-4).

Thrombin-activatable fibrinolysis inhibitor (TAFI) (5), also known as plasma procarboxypeptidase
R (6), procarboxypeptidase U (7) and procarboxypeptidase B (8), is the precursor of a
carboxypeptidase that potently attenuates fibrinolysis. Activated TAFI (TAFla) suppresses
fibrinolysis by removing carboxy-terminal lysine residues from partially degraded fibrin polymers,
preventing the binding of the fibrinolytic components plasminogen and tissue-type plasminogen
activator (9, 10). By this mechanism, TAFI stabilizes the fibrin clot and makes the clot more
resistant to lysis. Indeed, elevated plasma TAFI antigen levels are associated with a mildly
increased risk for venous thrombosis (11, 12) and for recurrent venous thromboembolism (13).
The TAFI concentration in plasma is partly genetically determined, and several genetic variants
have been reported that are associated with plasma TAFI levels, such as the —438G/A
(rs#2146881) (14, 15) single nucleotide polymorphism (SNP) in the TAFI promoter region which
is of interest because promoter SNPs may affect the transcription rate and because this SNP is
associated with risk of venous thrombosis (14). Also SNPs that result in amino acid changes and
may affect the TAFI function are of interest, such as the Thr325lle (1040C/T, rs#1926447) which
results in a TAFI isoform with altered antifibrinolytic activity (16) and the Ala147Thr (505G/A,
rs#3742264). These SNPs have also been associated with TAFI levels and venous thrombosis
risk (14). Also the 1583A/T (rs#1087) has a strong association with TAFI plasma levels (17).
However, the associations between these SNPs and risk of splanchnic vein thrombosis are still
unknown.

In patients with liver disease, the role of TAFI in determining the risk of SVT can not be clearly
determined, since plasma levels are strongly affected by the disease. Therefore, we focused on
studying genetic variation, which is an important determinant of TAF| levels and not affected by
the disease. SVT is frequently seen in patients with pre-existent liver disease, but may also
result in a reduced liver synthesis capacity, as is seen in patients with BCS. Therefore, we
studied the role of TAFI in SVT by determining the contribution of variation in the TAFI SNPs
that have been reported to be functional on SVT in a multicenter case-control study.



Methods

Subjects
A total of 118 patients, 39 patients with BCS and 85 patients with PVT of whom six patients had

both BCS and PVT, were enrolled in the study. These patients, identified in seven academic
hospitals in the Netherlands between July 1997 and February 2003, underwent a full screening
for thrombogenic disorders. Details of the procedure have been published previously (3). Part of
this previously reported patient population (n = 105) is included in this study. Briefly, diagnostic
criteria for BCS and PVT were partial or complete obstruction of hepatic outflow or the portal
vein, respectively, as documented by appropriate radiographic abdominal imaging (Doppler
ultrasonography, computed tomography, magnetic resonance imaging or venography) or
laparotomy. Patients with veno-occlusive disease or with hepatic outflow obstruction caused by
congestive heart failure were excluded. Patients alive were asked to visit the hospital in which
they were registered for blood sampling, at the same time enabling investigators to complete the
questionnaire with information on previous thrombotic events, familial thrombosis, acquired risk
factors of thrombosis, and the use of anticoagulants at the time of venipuncture. The population-
based control group consisted of 118, sex- and age matched (< 5 years difference) healthy
subjects who had no history of venous thromboembolism and did not use coumarin derivatives,
and were partners or friends of the patients. The study was approved by the ethical committee of
each participating hospital and the participants gave their informed consent before entering the
study.

Methods

We selected four SNPs in the TAFI gene that comprehensively describe the DNA sequence
variation of the TAFI gene, including the promoter and 3' UTR region. The four haplotype-
tagging SNPs were selected on the basis of the linkage disequilibrium map of the TAFI locus
provided by the SeattleSNP project (http://pga.gs.washington.edu/) and the HAPMAP project
(www.hapmap.org) to study the total common genetic variation. Since there are several SNPs
that tag a specific haplotype, we selected SNPs based on their potential functionality as
described in the introduction. Blood was collected in tubes containing 3.2% trisodium citrate (9:1
vol/vol) using a Vacutainer system (Becton Dickinson, Plymouth, UK). The blood was
centrifuged for 30 min at 2000g at 4° C and genomic DNA was isolated from the white cell
fraction using standard procedures. Analysis of the SNPs in the TAFI gene (-438G/A (dbSNP
rs#2146881), Ala147Thr (505G/A, dbSNP rs#3742264), Thr325lle (1040C/T, dbSNP
rs#1926447) and 1583A/T dbSNP rs#1087)) was performed using polymerase chain reaction
(PCR) with subsequent restriction enzyme digestions as described previously (18). Briefly: the
PCR mixture (25 pL) contained: 50 ng genomic DNA, 37.5 pM of each primer, 1.5 mM of each
dNTP (Pharmacia), 2.5 pL buffer (15 mM MgCI2 500 mM KCI 100 mM TrisHCI, pH 8.3) and
1.25 U Taq DNA polymerase (Boehringer Mannheim). The PCR conditions were: 4 min 95° C of
initial denaturation, followed by 32 cycles of 1 min of denaturation at 94° C, 1 min annealing at
58 and 62° C resp and 2 min of elongation at 72° C. The PCR products were digested with their
specific restriction enzymes for 180 min at 37°C and analyzed on a 2.5% agarose gel. The
laboratory staff was not aware of the patient or control status.



Statistical analysis

Patients with both BCS and PVT were included in the analyses of both diseases. The data are
presented as means =+ standard deviation (SD). Allele frequencies were calculated by gene
counting and for each SNP the deviation from Hardy-Weinberg equilibrium was tested in
controls using a 2 test with one degree of freedom. The association between TAFI SNPs and
SVT was investigated by logistic regression, using the genotypes with the highest frequency (-
438GG, 147Ala/Ala, 325Thr/Thr and 1583A/A) as reference groups (14).

Haplotypes present in the population were inferred by means of the haplo.em function of the
program Haplo Stats (http://cran.r-project.org/src/contrib/Descriptions/haplo.stats.html), which
computes maximum likelihood estimates of haplotype probabilities (19, 20). Haplotype
reconstruction resulted in seven haplotypes with frequencies > 2%. The most common
haplotype (G-Ala-Thr-A) served as the reference category.

The association between TAFI gene haplotypes and SVT was investigated by (weighted)
logistic regression using the haplo.gim function of the program Haplo Stats (19-21). The
probability for each haplotype pair in each individual was assigned and then an individual’s
phenotype was directly modeled as a function of each inferred haplotype pair, weighed by their
estimated probability, to account for haplotype ambiguity. Using haplo.score, we computed
simulation P-values for each haplotype to account for multiple testing. Details on the background
and theory of score statistics can be found in Schaid et al. (21) The number of simulations was
set at 1000.

A value of P < 0.05 was considered statistically significant. Except for the haplotype analyses, all
statistical analyses were performed using the Statistical Package for Social Science for
windows, version 10.1 (SPSS Inc. Chicago, lllinois, USA).



Results

The characteristics of the 118 patients with SVT (39 patients with BCS and 85 patients with
PVT) and 118 controls are summarized in table 1. Fifty-four (46%) of the SVT patients and
controls were male and the mean age of SVT patients and controls was 51 years.

Table 1
Characteristics of patients with Splanchnic Vein Thrombosis (SVT), Budd-Chiari syndrome
(BCS), Portal vein thrombosis (PVT) and healthy controls

SvVT BCS PVT Controls
n=118 n=39 n=2385 n=118
Age (y) 51(18-81)  43(18-66)  53(24-81) 51(17-77)
Male 54 (46%) 14 (36%) 42 (49%) 54 (46%)
Oral anticoagulation 47 (40%) 30 (77%) 21(25%) -
Inherited thrombophilia 27 (23%) 11 (28%) 17(20%)  NA
Myeloproliferative disorders |27 (23%) 13 (33%) 15(18%) -
PNH 3 (3%) 1(3%) 2 (2%) NA
Lupus anticoagulant 4 (3%) 4 (10%) - NA
Anti-cardiolipin antibodies 5 (4%) 3 (8%) 2 (2%) NA
Biopsy documented cirrhosis |15 (13%) 6 (15%) 10(12%) NA
History of pancreatitis 9 (8%) - 9(11%) -
Infection 15 (13%) 3 (9%) 14 (16%) -
Inflammatory bowel disease |3 (3%) 2 (5%) 2 (2%) -
Autoimmune disease 10 (8%) 5(13%) 5 (6%) -
Previous abdominal surgery |39 (33%) 10 (26%) 30 (35%)  NA
Cancer 2 (2%) - 2 (2%) -
Oral contraceptives 24 (38%) 14 (56%) 14 (33) 12 (19)
Antithrombin activity levels (%) |92.1 £22.5 994 +£238  91.0+18.7 1042+135

Data are presented as mean (range). Inherited thrombophilia is defined as Factor V Leiden mutation, Prothrombin mutation, Protein
C deficiency, Protein S deficiency or Antithrombin deficiency. Myeloproliferative disorders include Polycythemia vera, Essential
thrombocythemia, Myelofibrosis, MPD Unclassified. hemoglobinuria. Infection at time of diagnosis: liver viral, liver bacterial,
cholecystitis/cholangitis, omphalitis, intestinal with(out) abcess, elsewhere abdominal, extra-abdominal, sepsis eci. Previous
abdominal surgery: Splenectomy, Cholecystectomy, and other abdominal surgery. Oral contraceptive use % of women at time of
diagnosis. PNH: paroxysmal nocturnal, NA: not available.



The distributions of the —438G/A, Ala147Thr, Thr325lle and 1583A/T TAFI SNPs were in Hardy-
Weinberg equilibrium in the control group.

Subjects with the 147Thr/Thr genotype had a lower risk of SVT (OR 0.2, 95% CI 0.1-0.7)
compared with the reference group of subjects with the 147Ala/Ala genotype, with an
intermediate risk (OR 0.9, 95% CI 0.5-1.5) for the heterozygotes (table 2). Subjects with the
325Thr/lle genotype had a higher risk of SVT (OR 1.8, 95% CI 1.0-3.0) than subjects with the
325Thr/Thr genotype. Carriers of the 325lle allele also had a slightly increased risk (OR 1.6;
95% C1 0.9-2.7). Subjects with the -438GA genotype showed an OR of 1.6 (95% CI 0.9-2.7) as
compared to subjects with the —438GG genotype. The 1583A/T polymorphism was not
associated with risk of SVT (table 2).

In the subgroup of BCS subjects with the 147Thr/Thr genotype had also somewhat, although not
significantly, lower risk of vein thrombosis with an OR of 0.2 (95% CI 0.02-1.3) compared with
subjects with the 147Ala/Ala genotype, and an OR of 1.2 (95% Cl 0.6-2.5) for the heterozygotes.
The associations between the other TAFI SNPs and BCS was similar to those in the total group.
Subjects with the 325Thr/lle genotype had an OR for BCS of 1.3 (95% CI 0.6-2.9) when
compared with subjects with the 325Thr/Thr genotype. Subjects with the —438GA genotype
showed an OR of 1.5 (95% CI 0.7-3.3) when compared with the subjects with the —438GG
genotype. Subjects with the 1583AT genotype showed an OR of 1.4 (95% CI 0.7-3.0) when
compared with the subjects with the 1583AA genotype.

In the PVT subgroup, the associations between the TAFI SNPs and risk of vein thrombosis were
similar to those in the total SVT group. Subjects with the 147Thr/Thr genotype had a lower risk
of PVT (OR 0.3, 95% CI 0.1-0.8) than subjects with the 147Ala/Ala genotype, with an
intermediate risk (OR 0.9, 95% CI 0.5-1.6) for the heterozygotes. Subjects with the 325Thr/lle
genotype showed an OR of 1.7 (95% CI 1.0-3.1) when compared with subjects with the
325Thr/Thr genotype. In subjects with the —438GA genotype the OR for PVT was 1.4 (95% ClI
0.8-2.5) when compared with subjects with the —438GG genotype. Subjects with the 1583AT
genotype showed an OR of 1.5 (95% CI 0.8-2.9) when compared with the subjects with the
1583AA genotype.

Since the TAFI SNPs are in high linkage disequilibrium, we also analyzed the association
between TAFI haplotypes and risk of SVT, using the most common haplotype (G-Ala-Thr-A) as
reference (figure 1). The haplotype analysis confirmed that the Ala147Thr SNP has the
strongest association with risk of SVT. The risk of SVT was significantly lower for the G-Thr-Thr-
A haplotype (-438G/147Thr/325Thr/1583A, OR 0.1, 95% CI 0.03-0.6) and also somewhat,
although not significantly, lower for the A-Thr-Thr-T haplotype (OR 0.3, 95% CI 0.06-1.5), when
compared with the common G-Ala-Thr-A haplotype. There was a clear SNP-SNP interaction,
since no association with risk was seen for the G-Thr-Thr-T haplotype. In the BCS and PVT
subgroups a similar trend, although not significantly, was observed for the G-Thr-Thr-A
haplotype as compared to the common G-Ala-Thr-A haplotype.



Table 2
Associations between TAFI genotypes and risk of SVT

Genotype distribution ~ Genotype distribution OR (95% ClI)
patients (n=118) controls (n=118)

-438G/A*
GG 48  (42%) 60  (52%) 1
GA 58 (51%) 46  (40%) 1.6 (0.9-2.7)
AA 8 (T%) 10 (9%) 1.0 (0.4-2.7)
GA & AA 66 (58%) 56 (48%) 1.5(0.9-2.5)
A-allele (freq) 0.32 0.28
Ala147Thr*
Ala/Ala 58  (50%) 48  (41%) 1
Ala/Thr 54 (46%) 50  (43%) 0.9 (0.5-1.5)
Thr/Thr 5  (4%) 18 (16%) 0.2 (0.1-0.7)
Ala/Thr & Thr/Thr 59  (51%) 68  (59%) 0.7 (0.4-1.2)
Thr-allele (freq) 0.27 0.37
Thr325lle*
Thr/Thr 40  (34%) 53  (45%) 1
Thr/lle 69 (59%) 52 (44%) 1.8 (1.0-3.0)
lle/lle 9  (8%) 13 (11%) 0.9(0.4-24)
Thr/lle & lle/lle 78  (66%) 65 (55%) 1.6 (0.9-2.7)
lle-allele (freq) 0.37 0.33
1583 A/T*
A 47 (41%) 48  (58%) 1
AT 60 (52%) 45  (45%) 14 (0.8-2.4)
T 8 (T%) 7 (7%) 1.2 (0.4-3.5)
AT&TT 68 (60%) 52 (52%) 1.3(0.8-2.3)

0.33 0.30
A-allele (freq)

*Genotype with highest TAFI antigen level was considered as reference. TAFI, thrombin-activatable fibrinolysis
inhibitor; SVT, splanchnic vein thrombosis; OR, odds ratio; Cl, confidence interval



Figure 1

The effect of thrombin-activatable fibrinolysis inhibitor (TAFI) haplotypes on risk of splanchnic
vein thrombosis (SVT) in patients versus controls expressed as odds ratio’s. The alleles in the
haplotype are given in the following polymorphism order: -438G/A, Ala147Thr (505G/A),
Thr325lle (1040C/T) and 1583A/T. Asterisk indicate haplotype, whose average effect is
significantly different from the group with the most common haplotype (G-Ala-Thr-A) which
served as the reference category.
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Discussion

Our study indicates that SNPs in the TAFI gene are associated with the risk of SVT. Both the
Ala147Thr and Thr325lle SNPs are associated with risk of SVT.

We selected four haplotype-tagging SNPs in the TAFI gene to study the total common genetic
variation (covering 92% of the genetic variation). Since there are several options for SNPs
tagging a haplotype, we selected SNPs based on their potential functionality in order to learn
more about the different mechanisms that may underlie associations with SVT. The -438G/A
and 1583A/T were selected because they are associated with the TAFI concentration, and the —
438G/A is located in the promoter region and may therefore affect synthesis regulation (16, 17).
The Ala147Thr SNP was also selected because of its association with TAFI concentration and
with the risk of arterial thrombosis and because the amino acid substitution may affect
functionality of TAFI (22, 23). The Thr325lle SNP was selected because this SNP encodes for
two different isoforms of TAFI, with a difference in activity and half-life and because it also
correlates with TAFI concentration (16).

We considered BCS and PVT as one entity (splanchnic vein thrombosis) as has been done in
previous studies (24, 25) because a common pathway, that leads to a hypercoagulable
condition, is expected.

In our study, the 147Thr/Thr genotype was significantly associated with decreased risk of SVT
and the risk for SVT was slightly, but not significantly, increased in carriers of the 325lle allele
(OR 1.6, 95%Cl 0.9-2.7). Previously, the Ala147Thr and theThr325lle SNPs were reported to be
strongly associated with TAFI antigen levels (15, 26). However, from previous findings it has
become clear that this association is mostly due to the genotype-dependent antibodies that are
used in these assays (26). When using assays that did not have this problem, it has been shown
that the 147Ala and 325lle alleles are still associated with lower TAFI antigen levels but that the
relationship is less strong (15). It is therefore expected that the genotypes that are associated
with SVT in our study are the genotypes that are associated with the lowest TAFI antigen levels.
A recent study by Martini and coworkers (14) reported also that carriers of the 505G (147Ala)
allele have an increased risk of DVT. In contrast, previous studies reported an association
between high levels of TAFI and risk of deep venous thrombosis (11) which suggests that the
relation between genotypes and risk may not be via the TAFI concentration in plasma per se,
but may be related to a change in functional aspects of TAFI.

TAFI can circulate in different isoforms, and the activated form of TAFI of the 325lle isoform has
a half-life of 15 min while that of the 325Thr variant is 8 min. Furthermore, the antifibrinolytic
potential of the 325lle isoform was 30-60% greater than the 325Thr variant (27). The ability of
TAFla 325lle variant to release twice as much lysine during fibrinolysis as the 325Thr variant
may shift the balance towards coagulation instead of fibrinolysis in these patients albeit the
lower antigen levels. This may partially explain the increased risk of SVT in carriers of the
325lle-allele.

Because there is a high degree of linkage disequilibrium, it is not possible to estimate the
contribution of the individual SNPs by analyzing the SNPs separately in the univariate analysis.



Therefore, we also studied the effects of haplotypes, in order to estimate the effects of the SNPs
combined in one model. This haplotype analysis indicates that the Ala147Thr SNP has the
strongest effect on risk of SVT. Mechanistic studies have so far shown little effect of the
Ala147Thr SNP on the antifibrinolytic potential of TAFla (27). A possible explanation could be
that there is linkage disequilibrium between the Ala147Thr with a yet unknown regulatory factor
of TAFI.

The haplotype analysis assumes additivity of the effects of the alleles. We see some, but not
strong, gene-dose effects and therefore it is not completely clear whether this assumption is
completely valid. Larger studies are needed to elucidate more detailed the interaction between
the alleles.

The strength of our study is that we determined TAFI genetic variations, performed haplotype
analysis to assess the pathogenetic importance of TAFI in SVT and that our study is therefore
not affected by an effect of the disease on TAFI levels. In addition, this study is performed in a
group of patients with SVT that is unique and large considering that SVT is a rare disease. Our
study had a case-control design, which means that only patients who survived the SVT were
included, and since BCS is fatal in 20% of the cases within 2 years when treated in specialized
centers (28) the true association between TAFI and SVT may have been underestimated.

In conclusion, the present study describes a relationship between TAFI gene SNPs, including
haplotype analysis and risk of SVT, where subjects carrying TAFI “lowering alleles” had a higher
risk of SVT which suggests that TAFI plays a role in the development of splanchnic vein
thrombosis.
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Abstract

Background
Budd-Chiari Syndrome (BCS) is characterised by hepatic venous outflow obstruction. Because

of the low incidence previous studies have been focussed on prevalent patients and were small
in sample size. Our aim was to prospectively investigate risk factors and current trends in
management and outcomes .

Methods

From October 2003 to October 2005, incident patients with BCS were identified in nine
European countries. Diagnosis was exclusively based on radiological imaging. Obstruction due
to sinusoidal obstruction syndrome, malignant and cardiac causes were excluded. Blood
samples and radiographical studies were collected for centralized work-up. Patients were
systematically followed until death, study closure or last visit.

Results

Of 210 patients identified in 39 hospitals, 163 (93 females; median age 38) were eligible for
analysis. Median follow-up was 17 months (range 0.1-31). More than one risk factor was present
in 46% of the patients. Myeloproliferative disorders were found in 49%. V617F-JAK2 mutation
was detected in 29%. Patients were mainly treated with anticoagulation (n=140, 86%), TIPS
(n=56, 34%) and/or liver transplantation (n=20, 12%). Only 3 patients underwent surgical
portosystemic shunting. Eighty patients (49%) were managed non-invasively. One and two-year
survival rates were 87% (95% CI 82-93) and 82% (95% Cl 75-88), respectively. Time to
intervention was determined by ascites, encephalopathy, albumin, ALT and creatinine levels.

Conclusions

This study on BCS shows an excellent short-term survival with management aimed at minimal
invasiveness. TIPS appears to have replaced surgical shunting. Myeloproliferative disorders
were often present in BCS patients and should always be tested for.



Introduction

Budd-Chiari Syndrome (BCS) is a rare, but clinically challenging disorder defined as an
obstruction of hepatic venous outflow, anywhere from the small hepatic veins to the
suprahepatic inferior vena cava'. In the Western world thrombosis is the most common cause.
Although the classic presentation is that of a previously healthy young woman who presents with
sudden onset of abdominal pain, ascites and hepatomegaly, many variations to this presentation
exist. The etiology is frequently related to an underlying prothrombotic disorder. Previous studies
have suggested that one-fourth of patients have coexistence of multiple risk factors?2.
Therapeutic options include medical management with anticoagulants and diuretics, as well as
invasive procedures, such as thrombolysis, Percutaneous Transluminal Angioplasty (PTA),
radiological (Transjugular Intrahepatic Portosystemic  Shunting (TIPS)) and surgical
portosystemic shunting, and Orthotopic Liver Transplantation (OLT)*5.

Due its low incidence, estimated at 1 in 2.5 million per yearS, our current knowledge on etiology
and prognosis is based on small studies of prevalent cases, i.e. a mix of patients who developed
the disease recently or longer ago. This gives rise to survival bias as well as a distorted view on
current treatment modalities and their effect, compounded by scarcity of recent data”?. There is
an important need for knowledge on the current aspects of BCS, obtained in a large multicentric
cohort of recently diagnosed patients and treated according to most recent recommendations.
Therefore, we performed a large prospective cohort study in patients with BCS.



Methods

Study design
This was a prospective multicenter follow-up study of incident patients with BCS, identified in

academic and large regional hospitals in nine European countries, enrolled from October 2003
to October 2005 and followed until May 2006 (study closure), death or, in case of loss to follow-
up, date of last visit. The study was conducted with approval from all national, and- if necessary-
local ethical committees. All patients agreed by completion of a written informed consent.

BCS was defined as previously described!. Sinusoidal obstruction syndrome (previously known
as veno-occlusive disease) was excluded from this definition.

All consecutive newly diagnosed patients with BCS were enrolled in the study if they met the
following inclusion criteria: 1) evidence for BCS was unambiguous and established by
radiographic imaging (Ultrasound (US), Computerised Tomography (CT), Magnetic Resonance
Imaging (MRI) or Venography); and 2) patient was older than 16 years. Patients were excluded
if outflow obstruction occurred in the setting of congestive heart failure, liver transplantation, or a
(hepatobiliary) malignancy.

Data acquisition
To harmonise patient management all participating centers received guidelines at the start of

this study on follow-up and general indications for invasive procedures, such as portosystemic
shunting and liver transplantation. Data were collected at baseline, week 1 to 4, month 2, 3, 6,
9, 12, 18 and 24, at death, and at significant clinical events. These were defined as 1) clinical
deterioration (i.e. any new hospital admission and/or first development or recurrence of massive
ascites, spontaneous bacterial peritonitis, hepatorenal syndrome, variceal bleeding and/or
hepatic encephalopathy; 2) new radiographic liver study, and 3) new BCS-related intervention.
All data were obtained by a standardised review of the medical charts by a single investigator
per country using a structured questionnaire. Data were periodically reviewed and monitored by
a single investigator (SDM) for purposes of data quality assessment. Copies of the original
imaging studies were collected and scored by one radiologist per country, with special expertise
in vascular liver disease.

Risk factors at diagnosis

At diagnosis, plasma and DNA samples were obtained following a uniform protocol and sent to a
central laboratory (Hopital Beaujon, Clichy, France) for standardized thrombophilia assessment.
Patients were screened for the following underlying disorders: Factor V G1691A mutation (factor
V Leiden); prothrombin gene G20210A mutation; protein S, protein C or antithrombin deficiency;
myeloproliferative disorders and JAK2 V617F mutation; antiphospholipid antibodies,
hyperhomocysteinemia and MTHFR C677T mutation; paroxysmal nocturnal hemoglobinuria
(PNH) and Behget's disease. In view of the possibility of an acquired deficiency of the natural
anticoagulant proteins (C, S and antithrombin) due to hepatocellular dysfunction and
concomitant use of anticoagulation and/or oral contraceptives, a deficiency was only considered
hereditary if 1) only one of the three proteins was deficient (i.e. isolated deficiency); 2) the
abovementioned drugs were not used; and 3) bilirubin level was lower than 2 times the upper
limits of normal (ULN). In addition, for protein S deficiency, concurrent presence of Factor V
Leiden mutation or anticardiolipin IgG antibodies were excluded, since these can influence




protein S levels. An expert (FWL) who was not involved in data analysis reviewed each case
individually.

Statistical analyses

The primary endpoint was death. Secondary outcomes included time to transplantation or death
(i.e. transplantation-free survival), and time to any invasive therapeutic intervention or death (i.e.
intervention-free survival). Between-groups comparison was based on Chi-square testing,
independent sample T-tests or Mann-Whitney-U tests. Actual and transplantation-free survival
rates were calculated by means of the Kaplan Meier method and compared by log rank testing.
Cox regression analysis was utilized to find predictors of intervention-free survival. Statistical
significance was set at P<0.05. All statistical analyses were conducted in SPSS, version 14.0.0,
Chicago, IL.




Results

Baseline characteristics and risk factors

Baseline characteristics and risk factors are summarised in table 1 and 2. A total of 210 patients
were identified in 39 hospitals. Forty-seven patients were excluded because the date of
diagnosis fell outside the study period (n=16); the diagnosis of BCS was not confirmed (n=14);
there was an underlying malignancy (n=7); and other reasons (n=10). Thus, the total number of
eligible patients was 163. Median age at diagnosis was 38 years (range 16-83), 93 patients
(57%) were female, and the majority was Caucasian (87%). Median follow-up time was 17.1
months (range 0.1-31).

The prominent clinical features of BCS were ascites (83%), hepatomegaly (67%) and abdominal
pain (61%). Half of the patients had a recent (i.e. <1 months) onset of symptoms. In 5 patients,
all asymptomatic, BCS was found incidentally. In total, 227 imaging studies were performed to
establish the diagnosis of which ultrasound was the most commonly used technique (n=88,
39%), followed by CT (n=82, 36%), MRI (n=36, 16%) and venography (n=21, 9%). Hepatic
outflow obstruction involved the hepatic veins in 49%, the inferior vena cava (IVC) in 2% and
both in 49%. In only 2 patients, the IVC was occluded by a membrane. Concurrent obstruction in
the portal venous system was found in 30 patients (18%), including portal vein (n=11), superior
mesenteric vein (n=2), splenic vein (n=2), and combinations (n=15). Thirty-nine patients (24%)
underwent liver biopsy at diagnosis. Main histological features were sinusoidal congestion
(n=25, 64%), hepatocellular necrosis (n=13, 33%) and fibrosis (n=23, 59%), often with
significant heterogeneity within the same specimen. Evidence of cirrhosis was present in 7
patients (18%).

In total 160 patients (98%) were screened for underlying prothrombotic disorders (table 2). In
135 of 160 patients (84%), at least one thrombophilic disorder was identified. About half of the
patients had more than one of these risk factors (74 of 160 patients (46%)). The most common
underlying disease was a myeloproliferative disorder (MPD), which was found in 49% of the
patients who underwent bone marrow biopsy (n=93, 57%), red cell mass measurement (n=29,
18%) and/or colony cultures (n=41, 25%). The JAK2 V617F mutation was found in 35 of 121
tested patients (29%), of whom 27 showed a mutational load lower than 50% and 4 showed a
mutational load above 75% (in 4 patients mutational load could not be calculated). Twenty-eight
of the 35 JAK2-positive patients already had MPD features on bone marrow biopsy, whereas in
the others biopsy was negative (n=4) or not performed (n=3).

Factor V Leiden mutation was found in 12% (n=18) and prothrombin gene mutation in 3% (n=5)
of patients. Hyperhomocysteinemia, defined as elevated plasma levels of homocysteinemia or
the presence of a homozygous MTHFR C677T mutation (genotype 677TT) was detected in 28
(22%) patients. In addition, concurrent risk factors were present in 14 of 18 (78%) with Factor V
Leiden mutation, in 5 of 5 (100%) with prothrombin gene mutation and in 22 of 28 (79%) with
hyperhomocysteinemia. Isolated protein C, protein S and antithrombin deficiency was present in
4% (n=5), 3% (n=3) and 3% (n=3), respectively.



Table 1
Clinical characteristics at time of diagnosis in 163 patients with BCS.

Clinical Characteristic N (%)
Onset of symptoms prior to diagnosis

<1mo 82 (50)

1-6 mo 56 (34)

> 6 mo 23 (14)

undetermined 2(1)
Abdominal pain 99 (61)
Ascites 135 (83)
Hepatic encephalopathy 15(9)
Esophageal varices ! 45 (58)
Gastrointestinal bleeding 8(5)
Hepatorenal syndrome (type | 2) 12 (7)
Clinicopathological presentation 3 43 (26)

acute

chronic 33(20)

acute-on-chronic 87 (53)
Radiographic finding *
Hepatomegaly 109 (67)
Splenomegaly 85 (52)
Caudate lobe hypertrophy 118 (72)
Location of outflow obstruction

hepatic veins 80 (49)

inferior vena cava 4(2)

both 79 (49)
Number of hepatic veins involved:

1 15(9)

2 15(9)

3 129 (79)
Portal vein occlusion 30 (18)
Laboratory testing (unit) Median (range)
ALT (ULN) 1.42 (0.3-294.4)
Albumin (g/l) 34 (17-51)
Bilirubin (umol/l) 31 (4-325)
Prothrombin time 5

seconds 18.1 (11.4-61.7)

INR 1.4 (1.0-10.9)

Quick time (%) 64 (7-100)
Creatinine (umol/l) 79.6 (36-589)

177 patients underwent gastroduodenoscopy

2type | Hepatorenal syndrome was defined as at least 50% lowering of the creatinine clearance to a value below 20 mi/min or at least 2-fold increase of
serum creatinine to level of 221 umol/l in less than two weeks.

3 According to predefined criteria ', acute was defined as abdominal pain, ALT above 5 x ULN and liver cell loss at biopsy (if available); chronic as
previous symptoms and / or hospitalisations, splenomegaly, atrophy/hypertrophy complex of liver lobes and centrilobular fibrosis or cirrhosis at biopsy
(if available), acute-on-chronic as both acute and chronic characteristics

“radiographic findings are analyzed such that preference was given to MRI, followed by CT, US, and venography findings in that order. In other words,
if for one patient multiple radiological reports were available, findings obtained by a MRI study was considered superior to CT and so on.

5excluded are patients under anticoagulation at time of diagnosis (n= 20)



Table 2
Risk factors in 163 patients with BCS.

Etiology Positive / total nr. tests (%)
Inherited thrombophilia * 30/154 (19)
Factor V Leiden G1691A mutation 181147 (12)
Prothrombine gene G20210A mutation 57144 (3)
Protein C deficiency 2 51117 (4)
Protein S deficiency 23 37109 (3)
Antithrombin deficiency 2 3/110 (3)
Acquired thrombophilia ! 67 /153 (44)
Antiphospholipid antibodies 377150 (25)
Hyperhomocysteinemia 4 281129 (22)
Paroxysmal nocturnal hemoglobinuria 157170 (19)
Myeloproliferative disorder and/or JAK2 mutation 5 56 /143 (39)
Myeloproliferative disorder 50/103 (49)
Polycythemia vera 27
Essential thrombocytosis 9
Idiopathic myelofibrosis 2
Unclassified MPD 1
Occult (i.e. negative biopsy but positive cultures) 1
JAK2 V617F mutation 35/121(29)
Hormonal risk factors (females only) 35/93 (38)
Oral contraceptives use 31/93 (33)
Pregnancy 3 months prior to diagnosis 6/93 (6)
Other (systemic) risk factors ' 32/163 (20)
Connective tissue disease 10
Inflammatory bowel disease 8
Behget's disease 4
Sarcoidosis 2
Vasculitis 1
Dehydration 5
Other 6 9

Tthe group prevalence represents the presence of at least one of the factors in the following list

2 deficiencies of natural anticoagulants were only considered true if they were tested in the absence of anticoagulation and/ or oral contraceptives, and
isolated low values were found on only one of the natural anticoagulant in the absence of liver dysfunction (i.e. bilirubin level < 2ULN).

3 additional exclusion criteria applied to Protein S deficiency were Factor V Leiden mutation and anticardiolipin IgG antibodies.

4 hyperhomocysteinemia was defined as the presence of either elevated plasma levels of homocysteinemia (>15 Imol/l) or a homozygous MTHFR
C677T mutation

5 based on the evidence of MPD on bone marrow biopsy and/or spontaneous colony formation on cultures and/or presence of JAK2 mutation

6 other risk factors considered were intra-abdominal infection, sepsis or spontaneous bacterial peritonitis



Management
Thirteen patients (8%) received no treatment directed at the venous obstruction or its

manifestations (figure 1). Ten of these patients had no (n=3) or mild (n=7) symptoms and nearly
normal bilirubin levels (median 19 umol/l). All survived and remained ascites-free with a median
follow-up of 22.7 months (range 6.8-31.0). The remaining three patients without BCS treatment
had severe liver failure and all of them died within five months (range 1.6-4.4). The majority of
patients however, received treatment with anticoagulation (n=140; 86%) and diuretics (n=100;
61%). Twenty patients were already using anticoagulation with a median time of 27 days before
diagnosis of BCS for previous thrombotic events (n=11) or suspected but unconfirmed BCS
before the final diagnosis was made (n=9; median 1 day). Of all anticoagulated patients, only 5
(8%) developed variceal bleeding, all non-fatal.

Twenty-two patients underwent thrombolysis (n=10) and/or percutaneous transluminal
angioplasty (PTA; n= 14) as initial invasive procedure. Inmediate recanalisation of the vein(s)
was achieved in 40% of those undergoing thrombolysis and in 57% of the patients undergoing
PTA. Thirteen patients required subsequent TIPS and one patient deteriorated rapidly and
needed liver transplantation 2.8 months later.

TIPS was attempted in 64 patients (39%) and was successfully implanted in 56 (34%). Main
indications for TIPS were refractory ascites (64%), liver failure (13%) and variceal bleeding (5%).
We observed no significant differences in clinical parameters between patients in whom TIPS
was successful, and those in whom it was not, indicating that failure of placement was largely
due to technical issues (data not shown). The approach of the TIPS procedures was through the
hepatic vein remnant in 49% and transcaval in 51%. Shunt dysfunction occurred in 9 patients
(18%) and was successfully treated by TIPS revision in all cases. Polytetrafluoroethylene (E-
PTFE) covered stents were used in 63% (n=35) with a patency rate of 85%. After TIPS, three
patients (5%) required OLT. In contrast to TIPS, surgical shunting - all side-to-side portocaval -
was only performed in 3 patients (2%). Thrombosis of the surgical shunt occurred in 1 patient,
who died two months later. The second shunted patient continued to have refractory ascites and
was transplanted after 9.8 months. The third remained transplant-free.

Twenty patients (12%) underwent OLT. The indications for OLT were the following: fulminant or
rapidly progressive liver failure (n=8), absence of response on previous intervention (n=5),
rescue treatment for fulminant failure after failed attempt of TIPS (n=2), intractable variceal
bleeding (n=2), refractory ascites (n=2) and hepatopulmonary syndrome (n=1). One patient died
immediately after OLT due to multi-organ failure (i.e. the patient with failure of TIPS placement)
and one patient died 6.6 months post-OLT due to ovarian sarcoma, which became evident only
after OLT. All 18 surviving patients were alive and symptom-free at a median follow-up of 19
months post-OLT (range 1.1-30.2).



Figure 1

Treatment flowchart for 163 patients with Budd-Chiari Syndrome. @ patients can have had more than one procedure; ® three patients received no

medical treatment prior to decompression; ¢ nine patient underwent revision of TIPS by recanalisation procedures.
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Survival and Prognostic Indicators

Fourteen patients were lost to follow-up after a median of 17.4 months, and 29 patients died with
a median of 5.5 months after diagnosis (range 0.1-26.3). Main causes of death were liver failure
(n=8), multi-organ failure (n=4) and Gl bleeding (n=2). Median follow-up for the surviving
population was 19.3 months (range 0.3-31). Overall survival was 90% (95%Cl 85-94) at 6
months, 87% (95% Cl 82-93) at 12 months and 82% (95% Cl 75-88) at 24 months.
Transplantation-free survival rates were 83% (95% Cl 77-88), 77% (95% CI 71-84), and 68%
(95% CI 60-77) at 6, 12 and 24 months, respectively. Survival without invasive intervention was
52% (95% Cl 44-59), 44% (95% CI 36-52) and 35% (95% Cl 26-44) at 6,12 and 24 months,
respectively (figure 2).

Figure 2

Cumulative probability to remain free of death (i.e. overall survival), free of liver transplantation
or death (i.e. OLT-free survival) and free of invasive interventions (including PTA, thrombolysis,
TIPS, surgical shunting and OLT) or death (i.e. intervention-free survival) in 163 patients with
BCS.
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Further exploration by univariate analyses revealed that patients who underwent invasive
interventions were those with ascites and hepatic encephalopathy, higher levels of bilirubin,
prothrombin time, ALT, and creatinine, and lower levels of albumin at diagnosis (table 3).
Patients with an MPD were also at increased risk to undergo a procedure. However, this was no
longer the case after we adjusted for liver-related parameters in the multivariate regression
analysis. Eventually, ascites, encephalopathy, albumin, ALT and creatinine remained as
independent indicators of invasive interventions.

Table 3

Results of univariate and multivariate Cox modelling for invasive intervention-free survival for
163 patients with BCS. Only predictors (i.e. baseline characteristics) with a statistical significant
association (i.e. P <0.01) or important demographics are shown. Total number of events is 100.

Univariate Cox model Multivariate Cox model!
Predictors HR 95% CI P-value HR 95% CI P-value
Age (per 10 y) 1.08 0.95-1.22 0.27 - - NS
Sex 0.11 - - NS
male 1.38 0.93-2.05
female 1.0
Ascites <0.001 0.001
present 12.43 3.92-39.36 7.91 2.43-25.78
absent 1.0
Hepatic encephalopathy <0.001 0.043
present 3.89 2.22-6.81 2.04 1.02-4.06
absent 1.0
Thrombophilia 0.007 - - NS

inherited and/or acquired 0.58 0.34-0.99
MPD and/or JAK2 mutation?2  1.18 0.70-1.98

other 1.0
Bilirubin (per 10 umol/l) 1.05 1.02-1.09 <0.001 - - NS
Albumin (per 1 g/l) 0.95 0.93-0.97 <0.001 097 0.94-1.00 0.046
Prothrombin time (per 1 INR)2 ~ 1.23 1.07-1.42 <0.001 - - NS
ALT (per 1 ULN) 1.01 1.01-1.02 <0.001  1.01 1.00-1.01 0.025

Creatinine (per 10 umol/l) 1.06 1.04-1.08 <0.001  1.05 1.02-1.08 <0.001

"in the multivariate cox model, complete data was obtained for 154 patients with 93 events.

Zincludes patients with only MPD/JAK2 (n=18) or in combination with inherited and/or acquired thrombophilia (n=36)
3if prothrombin time was expressed other than in INR (i.e. in seconds or in % Quick time) then this was converted into
INR assuming a normal value of 10 seconds. Also, patients with anticoagulation at diagnosis (n=20) were excluded.



Discussion

We present a prospective cohort study of newly diagnosed patients with BCS, conducted in 9
countries throughout Western Europe. Previous studies have been performed in single tertiary
referral centers and have all been retrospective in nature. As a result of our study design, we
have minimized selection and information bias and limited problems related to incomplete data.
We followed patients for a maximum of 2.8 years which allowed us to capture most significant
events, since the vast majority of interventions and deaths occur within the first 2 years after
diagnosis8-13. Moreover, all established therapeutic options were available in the participating
centers.

The prevalence of Factor V Leiden mutation was only 12% in our predominantly Caucasian
population. This is in contrast to earlier studies on BCS (22%-31%)2,3,14,15, and resembles the
proportion described in venous thrombosis (12%-19%)16,17. The discrepancy with those earlier
studies is most likely explained by selection bias. Since the prevalence in Caucasians is 5-
8%18, Factor V Leiden is only a moderate risk factor for BCS. The prevalence of the
prothrombin gene mutation (3% in our study versus 2% in healthy individuals19) and
hyperhomocysteinemia20 hardly exceeded population frequencies, hence these variables were
weak risk factors at most. The majority of these patients had at least one other identifiable
cause, indicating that in conjunction with other prothrombotic disorders, thrombophilia potentially
plays a significant role in the pathogenesis of BCS.

In 46% of our BCS patients there was more than one risk factor. This is almost twice as high as
previously reported2,3 and is most likely related to our near-complete etiological work-up. We
still were unable to detect a cause in 16% of patients which signifies the need for future
exploration of new factors, e.g. in the fibrinolytic pathway.

Myeloproliferative disorders comprise the most prevalent underlying disease (49%), in line with
previous findings21,22. Despite the initial hesitation of performing invasive diagnostic tests for
MPD, we believe that every patient with BCS should undergo a bone marrow assessment, since
concurrent hypersplenism, occult gastrointestinal bleeding or hemodilution can mask peripheral
blood abnormalities23,24. The recently discovered JAK2 V617 mutation was found in only 29%
of our patients. This is in sharp contrast to recent publications which reported prevalences as
high as 40-59%21,25,26. However, these retrospective studies were performed on stored
samples and conducted in specialised hepatology and/or hematology centers, whereas we
tested JAK2 on samples of incident patients, regardless of previous MPD testing.

Our data indicate that management focused on early interventions, yet with the lowest possible
invasiveness, yields excellent results. Nearly half of our patients were managed without a
radiological or surgical therapeutic intervention. Time to these interventions, used as a proxy for
clinical deterioration, appeared to be determined by the same factors earlier found to be related
to patient survival8,10 (i.e. ascites, encephalopathy, albumin, ALT and creatinine levels). We
observed excellent short-term survival rates, which were similar if not higher than those
observed in earlier retrospective series, where more aggressive interventions were applied 8,
10.



TIPS was the most frequently used invasive intervention (n=56), whereas only 3 patients
received a surgical portosystemic shunt. This observation illustrates the temporal change in
management, as surgical shunting was previously mainstay of therapy (applied in 50-68% in a
large earlier series8,10). The frequently feared complication of TIPS occlusion appears to have
diminished to the background, as e-PTFE covered stents provide excellent patency27,28.
Despite the absence of evidence from randomised studies - an impossibility in such a rare
disease - we believe that TIPS provides excellent outcome for patients with BCS and should be
the treatment of choice for those patients with refractory ascites and progressive liver function
abnormalities.

In conclusion, this international prospective cohort study on BCS shows an excellent 1- and 2-
year survival of over 80% with a management aimed at minimal invasiveness with
anticoagulation and TIPS, and with transplantation as a salvage procedure. Surgical shunting,
only a decade ago the treatment of choice, appears to have lost its place in the management of
BCS. Myeloproliferative disorders are highly associated with BCS and should always be tested
for.
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Abstract

Background
Clinical outcome of covered versus uncovered TIPS for patients with Budd-Chiari Syndrome

(BCS) is as yet largely unknown.

Objective

To compare patency rates of bare and polytetrafluoroethylene(PTFE)-covered stents, and to
investigate clinical outcome using four prognostic indices (Child-Pugh score, Rotterdam BCS
index, modified Clichy score, and Model for End-Stage Liver Disease).

Methods
Consecutive patients with BCS who had undergone TIPS between January 1994 and March
2006 were evaluated in a retrospective review in a single center.

Results

Twenty-three TIPS procedures were performed on sixteen patients. Primary patency rate at 2-
years was 12% using bare and 56% using covered stents (P=0.09). We found marked clinical
improvement at three months post-TIPS as determined by a drop in median Child-Pugh score
(10 to 7, P=0.04), Rotterdam BCS index (1.90 to 0.83, P=0.02), and modified Clichy score (7.77
to 2.94, P=0.003), but not in MELD (18.91 to 17.42, P=0.9). Survival at 1 and 3 years post-TIPS
was 80% (95% CI 59%-100%) and 72% (95% Cl 48%-96%). Four patients (25%) died and one
required liver transplantation.

Conclusions
TIPS using PTFE-covered stents show better patency rates than bare stents in BCS. Moreover,
TIPS leads to improvement in important prognostic indicators for survival of patients with BCS.



Introduction

Budd-Chiari Syndrome (BCS) is caused by the obstruction of hepatic venous outflow at any level
from the small hepatic veins to the junction of the inferior vena cava (IVC) and the right atrium
[1]. Itis an uncommon disorder occurring in 1/100,000 of the general population worldwide [2].
Nonetheless, if left untreated, BCS may lead to liver dysfunction and liver failure requiring liver
transplantation in advanced cases [3]. Prognosis of patients with BCS is difficult to predict.
Besides the established classifications to assess the extent of liver dysfunction, such as the
Child-Pugh score [4] and the MELD score [5], attempts have been made to develop more BCS-
specific prognostic models. The Clichy score, developed by Zeitoun et al. [6] and later modified
by Langlet et al. [7]indicated that patients with high age, Child-Pugh score and creatinine levels
and an acute-on-chronic type of lesion have the worst predicted outcome. The Rotterdam BCS
index, previously developed by our group, included high baseline bilirubin and prothrombin
levels, as well as the presence of ascites and encephalopathy as predictors of poor survival [8].

Therapeutic options for patients with BCS include anticoagulation, portosystemic shunting
(placement of transjugular intraheptic portosystemic shunt [TIPS] or surgical shunt) and
orthotopic liver transplantation (OLT) [1]. Because there are no randomized controlled trials to
guide therapy for BCS, recommendations are derived from uncontrolled studies and clinical
experience. The choice of treatment depends upon the cause, the anatomic location and extent
of the thrombosis, and the condition of the liver [9]. In practice, experience at individual centers
may also influence the choice of therapy [10].

TIPS can be a useful treatment option for patients with BCS uncontrolled by medical therapy.
Perell6 et al. have shown that TIPS was effective in decreasing portal hypertension, improving
liver function, reducing transaminase levels and controlling ascites [11]. However, one of the
limitations of TIPS is the development of TIPS stenosis over time. As a consequence,
polytetrafluoroethylene (PTFE)-covered stents were introduced in attempt to address this
problem. One recent study has demonstrated that PTFE-covered stents have a lower
dysfunction rate, a lower number of re-interventions and fewer prosthesis requirements as
compared to bare stents for the TIPS treatment of BCS patients [12].

Studies reporting on the long-term treatment response to TIPS using PTFE-covered stents
versus bare stents in BCS have been relatively few. Therefore, the goal of the present study was
to describe the experience at our hospital - the institution that serves as a referral center for BCS
in the Netherlands. We investigated the long-term treatment response from patients receiving
TIPS placement for the management of BCS. Specifically, our study focused on: (1)
investigating the difference in primary patency rates between bare stents and PTFE-covered
stents, and (2) evaluating the long-term clinical outcome of patients, as determined by the four
existing prognostic indices (Child-Pugh score, Rotterdam BCS index, modified Clichy score and
the Model for End-Stage Liver Disease [MELD score]).



Patients and Methods

Patients

Between January 1994 and March 2006, all consecutive patients who were diagnosed with BCS
and had undergone TIPS placement at our center were identified by means of a search in the
computerized hospital registration system. The following inclusion criteria were used:
radiological proof of BCS (by Doppler ultrasound/computerized tomography/magnetic resonance
imaging or venography) and age older than 16 years. Excluded from the study were patients
who exhibited hepatic outflow obstruction due to congestive heart failure, patients with
sinusoidal obstruction syndrome [13], patients with underlying malignancy or patients who
developed BCS after OLT.

Methods

We obtained a complete set of demographic, clinical, radiological and laboratory data for each
patient by a systemic review of the medical records and the hospital computer database. The
starting time of analysis was the day of the TIPS procedure. Patients were followed up until the
study closure date (31 March 2006) or until liver transplantation or death. Patients lost to follow-
up before the study closure date were included until the day they were last known to be alive.

Primary TIPS patency period was determined by the interval between the date of first TIPS
placement and the date of first TIPS dysfunction to allow time-dependent analysis of the effect
on primary TIPS patency. Similarly, primary assisted TIPS patency period was determined by
the interval between the day of the respective TIPS revision and the date of subsequent TIPS
occlusion. In both cases, TIPS dysfunctions were confirmed by radiological investigation and
TIPS patency times were censored at death, surgical shunt procedure, OLT or at study closure
date.

PTFE-covered stent (Viatorr Endoprothesis, WL Gore & Associates, Arizona, USA) was first
used in BCS patients in October 2002 at our hospital. Prior to this date, BCS patients who
underwent TIPS received various types of self-expandable bare stents (Wallstent, Boston
Scientific, Massachusetts, USA; Memotherm stent, Angiomed, Karlsruhe, Germany; SMART
stent, Cordis — Johnson & Johnson, Florida, USA). The covered-stent group included patients
who had received only the PTFE-covered stent type and thus in whom the total portosystemic
tract was fully covered by PTFE. In contrast, the bare-stent group consisted of patients who had
received either bare stents alone or both bare and covered stents placed in one procedure.

Four prognostics indices - Child-Pugh score, the Rotterdam BCS index, the modified Clichy
score and the MELD score [4, 7, 8, 14] - were calculated using the previously published
formulae for each patient at three separate time-points. For the MELD model, the scientific
version was used, which allowed a range above or below the usual range of 6-40 when MELD is
used in the setting of liver transplantation. The 3 time-points included pre-TIPS, 3 months post-
TIPS, and at last follow-up. In order to avoid potential effects of other treatments on the scoring
parameters of the prognostic indices, the clinical and laboratory values used to calculate the
scores for the pre-TIPS time-point were those recorded before the patients were stabilized with
treatments such as albumin or systemic anticoagulants. All pre-TIPS assessments were
performed within 2 weeks prior to TIPS. The 3 months post-TIPS time-point was defined as the



3-month follow-up radiological assessment of TIPS, or death or OLT, whichever came first. The
last evaluation performed on each patient beyond 3 months post-TIPS and up until the study
closure date was considered as the last follow-up.

Statistical Analysis

All continuous variables were summarized by medians and ranges. Non-parametric Wilcoxon
signed-rank tests were used for comparisons of pre-TIPS to post-TIPS data in case of
continuous variables and McNemar tests in case of categorical variables. For comparing data
between the two stent-type groups (bare and covered), we used non-parametric Mann-Whitney
U-tests for continuous variables and Fisher's Exact test for categorical variables. Survival as well
as TIPS patency were estimated by the Kaplan-Meier method. The SPSS 12.0 statistical
package (SPSS Inc., Chicago, IL) was used for data analysis.




Results

Clinical Data

Seventeen consecutive patients with BCS treated with TIPS between January 1994 and March
2006 at our center were included in the current study initially. However, in one patient shunt
insertion was not successful because her liver appeared to be too firm for the needle and
therefore no puncture of the liver parenchyma could be performed. Thus, this left a total of 16
patients that were eligible for analyses.

Patient characteristics at the time of TIPS are summarized in Table 1. Median age of patients at
time of TIPS was 31 years (range 19-50). The 15 patients who survived at least a week
following TIPS had a median follow-up of 29 months (range 1-110 months). The etiological
factors for BCS identified in our patients included: myeloproliferative disorders (n=4),
antiphospholipid syndrome (n=5), thrombogenic disorders (n=3), oral contraceptives (n=6),
Behget's Disease (n=1), and idiopathic (n=1). Three patients had more than one of these risk
factors.

In the bare-stent group, 6 patients received bare stents alone and 2 received a combination of
bare and covered stents. The covered-stent group consisted of 8 patients and all received only
covered stents. Characteristics between the bare-stent and covered-stent group showed a
similar distribution and no statistically significant difference was found for the variables
presented in Table 1. Of all the clinical risk scores, the largest absolute discrepancy was found
for the MELD score. This was due to one outlier to the lower extreme in the bare and one outlier
to the upper extreme in the covered stent group. Again, the difference was not statistically
significant.

Technical Details on TIPS

In three patients (19%), the shunt was created via the normal hepatic vein to portal vein route
whereas in the other 13 patients (81%), TIPS was placed via the transcaval route. In 10 of the
16 patients, the stent was placed accurately with no evidence of immediate complications.
However, six patients experienced technical complications from the procedures: 3 with
perforation of the liver capsule, 1 with biliary duct puncture, 1 with bleeding complication at the
site of TIPS requiring fresh frozen plasma transfusions and 1 with migration of the stent from its
original tract. The median number of stents inserted per procedure in a patient was 2 (range 1-
3), and was similar between the bare- and the covered-stent groups (P>0.05). The clinical
course of the bare-stent group and the covered-stent group is depicted in Figure 1. In total, 23
TIPS procedures were performed on the 16 patients. Anticoagulation was given to all patients
pre- and post-TIPS.




Table 1

Patient Characteristics pre-TIPS for 16 patients with BCS who underwent TIPS placement.

Characteristics

Observed Data (N (%))

Demographics

Age at BCS Diagnosis (yrs)*
Age at time of TIPS (yrs)*
Female

Etiology
Myeloproliferative disorder

Antiphospholipid syndrome
Thrombogenic disorders

Clinical Manifestations
Ascites

Hepatomegaly
Encephalopathy
Edema

Splenomegaly
Variceal bleeding

Site of outflow obstruction
Right hepatic vein

Middle hepatic vein

Left hepatic vein

Inferior vena cava

Portal vein obstruction

Serum levels™

Total bilirubin (umol/L)*
Albumin (g/L)*

Alkaline phosphatase (U/L)*
ALT (UIL)*

Platelet count (10E9/L)*
Hemoglobin (mmol/L)*
Creatinine (umol/L)*

INR*

Prognostic Indices
Child Pugh Score*

Rotterdam BCS Index*
Modified Clichy Score*
MELD Score*

Total Patients (N=16)

31 (18 - 50)
31 (19 - 50)
10 (62)

(25)

(31)

(19)
16 (100)
15 (94)
2(12)
8 (50)
7 (44)
2(12)
15 (94)
16 (100)
15 (94)
11 (69)
3(19)
45 (17 - 297)
30 (21 - 44)
158 (48 - 499)
66 (12 - 1793)
213 (24 - 373)
8.7 (56— 11.9)
78 (44 - 172)
22(1.0-94)
10 (6 - 14)

1.90 (1.11-4.22)
7.77 (2.87 - 9.01)
18.91 (0.83 - 41.93)

Bare Stent# (N=8)

29 (24 - 38)
29 (24 - 38)
5(62)

30 (17 - 297)
28 (23 - 44)
164 (75 - 393)
32(12-1793)
233 (24 - 369)
8.6 (5.6-9.9)
70 (44 - 172)
16 (1.0-52)

9.5 (6-14)
1.87 (1.1 -4.22)
7.32 (2.87 - 9.01)
14.83 (0.83 - 32.76)

Covered Stent (N=8)

32 (18 - 50)
32 (19 - 50)
5(62)

56 (25 - 155)
32 (21 -39)
158 (48 - 499)
111 (30 - 408)
150 (101 - 373)
9.0 (6.8-11.9)
82 (49 - 152)
45(1.3-9.4)

11(9-13)
1.93 (1.19 - 2.38)
8.04 (5.95 - 8.68)
26.98 (12.00 - 41.93)

* median (range)

# No statistically significant differences were found between the bare and covered stent group (i.e. P-value was >0.05 for all

variables)

** Normal lab values: albumin 35 - 50 g/L, total bilirubin < 17 pmol/L, Alkaline phosphatase <120 U/L, ALT < 41U/L, platelets 150-
370 10E9/L, hemoglobin 8.6 — 10.5 mmol/L, creatinine 65 — 115 pymol/L



Figure 1
Clinical course of the bare-stent and PTFE-covered stent groups. Definitions of abbreviations

and symbols: Bare=bare stent, Covered=covered stent, Balloon=balloon dilatation and T =
death.
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Survival

Overall cumulative survival rates at 1 year and 3 years post-TIPS were 80% (95% CI, 59-100%)
and 72% (95% CI, 48-96%), respectively. Mean survival time was 81 months (95% Cl, 57-105
months). The overall mortality rate was 25% (n=4). Three patients died due to variceal bleeding,
multi-organ failure and liver failure secondary to sepsis, and these occurred 2 days, 2 months
and 26 months post-TIPS, respectively. In the fourth patient, TIPS malfunction occurred at 1.5
months after the procedure and subsequently liver transplantation was required. At 6.5 months
after OLT, she died of epithelioid ovarian sarcoma which was diagnosed at a post-mortem
examination. No other patient was transplanted.

TIPS Patency
Shunt dysfunction was observed more frequently in the bare-stent group than in the covered-

stent group (2-year primary patency rate was 12% versus 56%, respectively. Mean TIPS
patency period was 11 months (95% CI, 0-25 months) for the bare-stent group and 27 months
(95% Cl, 14-39 months) for the covered-stent group.

On the analysis comparing primary TIPS patency with primary assisted TIPS patency, we found
in general that the primary assisted TIPS patency rates were higher than the primary patency
rates for any given time interval post-TIPS. The cumulative proportion of patients with primary
TIPS patency at 6 and 12 months post-TIPS were 47% (95% Cl, 21-73%) and 39% (95% ClI, 14-
65%) respectively whereas the cumulative proportion of patients with assisted TIPS patency at 6
months and 12 months post TIPS revisions were 89% (95% Cl, 68-100%), and 76% (95% ClI,
47-100%) respectively.

Clinical Improvement

The results of the biochemical parameters (i.e. hemoglobin, platelets, INR, total bilirubin,
albumin, creatinine, and ALT), and clinical manifestations (i.e. presence or absence of ascites
and encephalopathy) assessed pre- and post-TIPS are summarized in Table 2. Most changes
pointed in the direction of clinical and biochemical improvement post-TIPS.

When comparing data for the prognostic indices obtained pre-TIPS with the follow-up results at
3 months post-TIPS and at last follow-up, we found marked statistically significant improvement
in the Child-Pugh scores (P=0.04 and P=0.02, respectively), and in the modified Clichy scores
(P=0.003 and P=0.007, respectively). For the Rotterdam BCS index, there was also a significant
difference between pre-TIPS and at post-TIPS follow-ups (P=0.02 at 3-month follow-up and
P=0.05 at last follow-up). However, no statistically significant difference in the MELD scores
between pre-TIPS and post-TIPS scores at both follow-up time-points were found. This is
presented in more detail in Figure 2.




Table 2
Biochemical parameters (median, range) and clinical manifestations (N, %) assessed pre-TIPS,
at 3-month follow-up and at final follow-up. Patients without complete follow-up (n=6) are

excluded from the analysis.

Pre-TIPS 3 Months Post-TIPS Final Follow-up
(N=10) (N=10) (N=10)
P P
Serum levels
Hemoglobin (mmollL) | 7.7(56-9.0) 7.4(6.1-84) 0.54 86(49-101) 031
Platelets (109/L) 223 (62-369) 283(88-372)* 0.37 231(96-381)"  0.59
INR 1.7(10-71) 285(1.9-54) 0.06 27(14-42) 0.15
Total bilirubin (umol/L) | 32 (17 -155)  22(11-58) 0.14 22 (10 - 559) 0.39
Albumin (g/L) 30 (23 - 40) 40 (38 - 45) 0.01 42 (21 - 46) 0.04
ALT (UIL) 64 (12-1793) 50 (25-80) 048 39 (21 - 54) 0.33
Creatinine (umol/L) 64 (44-172) 63 (48-100) 0.39 68 (45-175) 0.52
Clinical manifestations
Ascites 10 (100%) 2 (20%) 0.01 1(10%) 0.01
Encephalopathy 1(10%) 0 (0%) 0.01 0 (0%) 0.01

*N=9 tested



Figure 2

Comparisons of pre-TIPS to post-TIPS scores for prognostic indices (Child-Pugh scores,
Rotterdam BCS index, modified Clichy score and MELD score) obtained pre-TIPS, within 3
months post-TIPS and at last follow-up. The numbers appeared beside the extreme values
(marked with an open circle) refer to the patient identification numbers.
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Discussion

The use of TIPS as a treatment option for BCS has steadily increased in the recent years as the
quality of the stent-grafts is improved and the imaging techniques associated with this procedure
become more sophisticated.

It has been shown from previous studies that the outcome of TIPS in terms of survival and TIPS
patency can be markedly variable. The series from Perell6 et al. (n=21, mean follow-up 4 years),
Mancuso et al. (n=14, mean follow-up 20 months) and Réssle et al. (n=33, mean follow-up 37
months) showed a mortality rate of 5%, 28% and 9% respectively [11, 15, 16]. Our series of 16
patients with a median follow-up of 29 months (range 1-110 months) has an overall mortality of
25% which is comparable to the Mancuso’s series but higher than the other two series. With
respect to TIPS patency, we found 39% of patients with primary TIPS patency at 12 months
which is just lower than the 1-year probability of 47% for shunt revision-free reported in Rdssle’s
series.

Our data show a trend towards better primary TIPS patency in the covered-stent group than the
bare stent group (1-year patency rate was 12% versus 75% for bare and covered stent group
respectively). This is in line with findings from the study by Hernandez-Guerra et al., who
showed a primary patency rate at 1 year of 19% in the bare-stent group compared with 67% in
the covered stent group [12]. However, the comparison made between the two stent types may
not be totally equitable in our series. This is because most of the patients in the bare-stent group
received their TIPS at the earlier period of the study and management of patients with BCS
might have changed over time due to our increasing understanding of the underlying
pathogenesis of BCS. Also, although we found none of the baseline characteristics to be
significantly different between both groups, there were still absolute differences between some
characteristics, of which MELD was the most pronounced. Indeed, the difference in initial MELD
scores between the covered and bare stent group was largely due to one outlier to the upper
extreme in the covered and one to the lower extreme in the bare stent group, which in small
sample sizes can have a detrimental effect on the estimate. However, the difference was in
favour of the bare stent group, which only underlines the beneficial outcome we found in the
covered stent group.

Most studies to date have focused on survival and dysfunction rates. However, we were able to
demonstrate a marked clinical improvement in patients receiving a TIPS. The median pre-TIPS
Child-Pugh score of our patients was 10, which dropped to a score of 7 at 3 months post-TIPS
and at the last follow-up. These data translated to an average improvement of Child-Pugh class
C to B. Nevertheless, one has to take into account that the Child-Pugh score has been used
mainly for assessing the risk of mortality in patients with cirrhosis and not for BCS specifically. A
better prognostic tool for BCS may be the Rotterdam BCS index which was developed using
data from a population of 237 patients with BCS [8]. We observed a median improvement of
1.06 points in the Rotterdam BCS index at 3-month follow-up (i.e., an improvement from Class
Il to 1l) in our series. This has important clinical relevance as we learned from the study by
Murad et al. [8], who reported on five-year survival rates of 89% (95% ClI, 79%-99%) for class |,
74% (95% Cl, 65%-83%) for class Il and 42% (95% Cl, 28%-56%) for class Ill. With regard to
the modified Clichy score, it has been reported that patients with a score of >5.1 (high risk



group) have a worse prognosis than those with a score of <5.1 (low risk group), represented by
a five-year survival rate of 65% as compared to a rate of close to 100% for the low risk group [7].
We found our patients to have a median pre-TIPS score of 7.77 and a drop in post-TIPS scores
t0 2.94 and 2.62 at 3 months post-TIPS and at last follow-up respectively.

In contrast to the positive findings described above, we did not find any improvement in the
MELD score post-TIPS at neither of the follow-up periods. This may be due to the fact that
MELD consists only of biochemical parameters (serum bilirubin, INR, and serum creatinine),
which usually are only mildly altered in BCS.

We are aware that there are several limitations in our study. Firstly, there is a potential
underestimation of the prognostic scores determined at the last follow-up time-point as they did
not take into account those 6 cases which had either died or did not have a follow-up beyond 3
months. Therefore, the results at the last follow-up can only be interpreted as an improvement in
the prognosis of only those who have had survived at least 3 months after TIPS. Secondly, as in
most other retrospective series with large follow-up time span, our study may have been
affected by bias created by a difference in practice over time. However, only 3 out of our 16
patients received TIPS prior to 2000, while TIPS became standard practice in the mid-nineties.
So although the possibility of bias is present, the magnitude of it is estimated to be very low.
Lastly, an inherent limitation of this study is that the number of patients and events were low.
Consequently, a type Il error could well be present due to low statistical power. Nevertheless,
despite the low sample size, the present study provides, for the first time, evidence that TIPS
does improve the clinical and biochemical parameters that are critical prognostic factors for
survival as determined by the three prognostic indices (Child-Pugh score, Rotterdam BCS index;,
and modified Clichy score). Obviously, larger prospective controlled studies are necessary in
order to draw definitive conclusion about whether TIPS has true survival benefit and to address
the fundamental question regarding the role of TIPS in replacing or at least delaying patients’
need for liver transplantation.

In conclusion, TIPS is a safe and technically feasible treatment option for patients with BCS. The
procedure leads to improvement in those clinical and biochemical parameters that have
important prognostic relevance. This clinical improvement is observed at short term follow-up
and its effect is sustained over time. Covered stents appear to provide better results than bare
stents but large prospective studies with longer period of follow-up are needed to confirm our
findings.
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Abstract

Background and rationale

Budd-Chiari syndrome is a rare disorder, characterized by hepatic venous outflow obstruction.
The aim of this study was to assess determinants of survival and to evaluate the effect of
portosystemic shunting.

Methods

In this international multicenter study, 237 patients with Budd-Chiari syndrome, diagnosed
between 1984 and 2001, were investigated. Univariate, multivariate and time-dependent Cox
regression analyses were performed.

Results

Overall survival at 1, 5 and 10-years was 82% (95% Cl 77-87), 69% (95% Cl 62-76) and 62%
(95% CI 54-70), respectively. Encephalopathy, ascites, prothrombin time and bilirubin were
independent determinants of survival. A prognostic classification combining these factors could
identify three classes of patients (class I-Ill). The 5-year survival rate was 89% (95% CI 79-99)
for class |, 74 % (95% CI 65-83) for class Il and 42% (95% CI 28-56) for class Ill. Anticoagulants
were administered to 72%; only for patients in class | this was associated with a trend towards
improved survival (RR=0.14, 95% CI 0.02- 1.21). Portosystemic shunting was performed in 49%
of the patients (n=117); only for patients in class Il, time-dependent analyses suggested an
improved survival (RR=0.63, 95% Cl 0.26-1.49).

Conclusion

In conclusion, at the time of diagnosis, patients with BCS can be classified into good (),
intermediate (Il) and poor (lll) prognostic classes, according to simple baseline clinical and
laboratory parameters. Our results suggest an improved survival after PSS for patients with an
intermediate prognosis (class II).



Introduction

Budd-Chiari syndrome (BCS) comprises a group of disorders characterized by hepatic venous
outflow obstruction. The site of obstruction is either in the hepatic veins or the supra-hepatic
inferior vena cava '. BCS is a rare disorder, which occurs predominantly in young adults and
affects more women than men. Overall, five-year survival varies from 50 to 80 % in different
series 24,

Clinically, a classical triad of hepatomegaly, ascites and abdominal pain is found in many
patients 2 5. However, the clinical course may differ markedly between patients. Some patients
exhibit clinical signs of portal hypertension, such as variceal bleeding and refractory ascites with
relatively intact hepatic function 4 - 6. Others present with liver failure, including hepatic
encephalopathy, jaundice and biochemical signs of severe hepatocellular dysfunction. The most
important cause of BCS in Western countries is thrombotic obstruction of the hepatic veins 7. It
is now believed that an inherited predisposition and an acquired thrombogenic stimulus may
converge in the pathogenesis of BCS % 8. Main treatment options include the long-term use of
anticoagulants, surgical portosystemic shunting (PSS) %', transjugular intrahepatic
portosystemic shunting (TIPS) 2 and orthotopic liver transplantation (OLT) 3. Other treatment
modalities are thrombolysis ™ and percutanous hepatic vein balloon angioplasty '®.

Several studies have been published on etiology, clinical manifestations, prognosis and
interventions in BCS 46 9 10. 14 1620 However, the results vary widely and unequivocal
conclusions cannot be drawn. Little is known about factors, which may be of relevant predictive
value for the survival of BCS patients. Due to its rarity, most studies on BCS are case-reports or
contain limited numbers of patients. Small series are hampered by the lack of sufficient
statistical power to control for baseline characteristics when survival or the effect of therapy is
evaluated. Institutional experience and preferences as well as patient selection play a major role
in the choice of treatment 2'. This creates a large degree of heterogeneity between study
populations. Most studies on the effect of therapeutic interventions, in particular portosystemic
shunting do not report selection criteria nor do they control for differences in baseline
characteristics between patients who do or do not undergo PSS. Furthermore, many studies do
not adjust for the time-interval between diagnosis and the procedure, which could easily lead to
a response-time bias.

The aim of the present study was to identify independent prognostic markers for survival of BCS
patients and to evaluate the effect of PSS on survival, controlled for these prognostic markers as
well as for the time-interval between diagnosis and procedure. We conducted a large
collaborative multicenter study in which baseline characteristics of BCS patients were evaluated
in multivariate models.



Materials and methods

Patients

Patients were derived from the computerized diagnosis registration systems of all Dutch
academic hospitals, the Mayo Clinic (Rochester, MN., U.S.A.), Hopital Beaujon (Clichy, France)
and Hopital Louis Mourier (AP-HP, Colombes, France). All participating hospitals serve as
tertiary referral centers. Part of the study population from France was described previously by
Zeitoun et al '8 and from the Mayo Clinic by Tsiostos et al. 2. By means of a standardized
review of the medical charts, all patients consecutively diagnosed with Budd-Chiari syndrome
(BCS) between January 1984 and January 2001 were identified using the following key words:
Budd-Chiari syndrome, hepatic outflow obstruction, hepatic vein thrombosis, vascular liver
disease, hepatic vein, inferior vena cava, portal vein and thrombosis. BCS was defined as
hepatic venous outflow obstruction and its manifestations, regardless of the cause and
regardless of the level of the obstruction from the small hepatic veins to the entrance of the
inferior vena cava into the right atrium '. Hepatic outflow obstruction caused by congestive heart
disease and sinusoidal obstruction syndrome (veno-occlusive disease) were considered
separate disease entities. These patients were not included in our study. The diagnosis of BCS
was established by Doppler ultrasound, Computerized Tomography, Magnetic Resonance
Imaging or venography . Histological or non-specific radiological features, suggestive of BCS,
were not considered diagnostic. Date of diagnosis was defined as the date of first evidence of
BCS on radiological imaging modalities. Diagnosis could be made either at the participating
center or at a smaller regional hospital before referral to the participating center. In both cases,
the first available data were used as baseline data. Data on patient characteristics at the time of
diagnosis, type of treatment during follow-up and clinical outcome were collected from patient
records in structured, uniform data forms. If necessary, patients or general physicians were
approached to complete follow-up data. All patients were followed from the date of diagnosis
until death, orthotopic liver transplantation, study closure (January 1st, 2001) or, in case of loss
to follow-up, the date of last visit.

Clinical assessment

The choice of variables to be used in the analyses were based on known prognostic factors in
hepatological disorders in general and BCS in particular, as well as on clinical experience with
relevant factors.

The following characteristics, present at the time of diagnosis, were evaluated for their
prognostic significance: age, sex, ascites, hepatomegaly, splenomegaly, variceal hemorrhage,
hepatic encephalopathy, myeloproliferative disorders, paroxysmal nocturnal hemoglobinuria, site
of outflow obstruction (hepatic veins, vena cava inferior or combination), portal vein thrombosis,
liver cirrhosis, Child-Pugh score, prothrombin time, platelet count and serum levels of bilirubin,
albumin, alanine aminotransferase (ALT), alkaline phosphatase, sodium, creatinine, and
hemoglobin. Ascites, hepatomegaly and splenomegaly were assessed by abdominal
ultrasonography or other radiographic methods. Presence of esophageal varices and variceal
hemorrhage was confirmed by radiological or endoscopic examination. Underlying
myeloproliferative disorders were confirmed by bone marrow examination to include only overt
forms 2%, Hepatic encephalopathy was evaluated by the Glasgow Coma Scale. The Child-Pugh



score was calculated for those with complete data on degree of ascites and encephalopathy, the
prothrombin time and serum levels of bilirubin and albumin at the time of diagnosis (n=190).

Therapeutic interventions during follow-up were assessed. For portosystemic shunting (including
TIPS), the time-interval between the date of diagnosis and date of shunting was determined to
allow time-dependent analysis of the effect on survival.

Statistical analysis

Transplantation-free survival rates were calculated by means of the Kaplan Meier method.
Univariate survival analyses of the effect of patient characteristics were based upon comparison
of survival curves by the logrank test, including trend analysis for ordered variables. Statistically
significant variables, as well as other clinically relevant variables (age, site of obstruction, ALT
levels) were introduced into a multivariate Cox’s proportional hazards analysis, with stratification
for country. By means of step-wise backward elimination, a final model was constructed
comprising variables which were significantly and independently (i.e. controlled for other
variables) related to survival. Next, these prognostic markers were included as variables in a
linear equation to create a BCS prognostic formula, in which the logarithm of the corresponding
rate ratios (i.e. the regression coefficients of the proportional hazards model) were used as
coefficients. Accordingly, all patients were classified into groups based on their prognostic
scores and survival curves were compared.

As PSS was performed during the follow-up, the effect of portosystemic shunting on survival
was analyzed in an extended Cox’s proportional hazard model, in which shunting was included
as time-dependent covariate. This means that at t=0, no patient has received a PSS (all “not
performed”). At the time a patient receives a PSS (t=x), this variable is scored as “performed”. In
this way, the period that patients have lived up to the moment of PSS was calculated as “non-
shunted survival period” in the Cox analysis.

For all Cox models, the assumption of proportional hazards was investigated for each variable
by studying the In(-In)plot and by entering portosystemic shunting as a time-dependent variable
multiplied by the logarithm of time. All analyses were carried out in SPSS for Windows, version
10.1.1 (SPSS, Chicago, IL). The level of statistical significance was set at p<0.05.



Results

Two hundred eighty-two patients with the diagnosis of BCS were identified in our institutions.
Patients with hepatic outflow obstruction due to a malignancy (n=35), patients with BCS after
liver transplantation (n=3) and patients diagnosed at autopsy (n=7) were excluded. This left a
total of 237 patients who were eligible for analysis.

Patient characteristics at the time of diagnosis are shown in table 1. Patient inclusion per year
from 1984 till 2001 showed a homogeneous distribution (mean 14, range 7-23). The sample
included 73 Dutch, 76 American and 88 French patients with no statistically significant difference
in survival (5-year survival 73% (95% Cl 62-84), 61% (95% CI 50-72) and 72% (95% CI 61-83),
respectively). Between countries, the number of idiopathic cases, surgical intervention rate and
reasons for exclusion were comparable. Median age was 35 years (range 13-76 years) and 67%
of the patients were female. In 54 patients (23%), an overt myeloproliferative disorder was
present, including polycythemia rubra vera (n=45) and essential thrombocytosis (n=9).
Paroxysmal nocturnal hemoglobinurea was present in 12 cases. Ascites (84%) and
hepatomegaly (76%) were the most prevalent clinical symptoms. Eleven patients were
asymptomatic. Median Child-Pugh score was 8 (range 5-14). At liver biopsy (n=138), evidence
for cirrhosis was found for 11 patients. The hepatic outflow obstruction was located in the
hepatic veins in 62%, the inferior vena cava in 7% and both in 31% of the cases. Thirty-four
patients (14%) had combined BCS and extra-hepatic portal vein thrombosis.

Survival

Follow-up ranged from 2 days to 203 months (median: 44 months). During follow-up, 52 patients
(22%) died and 29 (12%) underwent an orthotopic liver transplantation. Twenty patients were
lost to follow-up. Causes of death were liver failure (n=17), postoperative multi-organ failure
(n=12), sepsis (n=4), newly developed malignancy (n=2), cardiovascular disease (n=3),
cerebrovascular accident (n=2), variceal bleeding (n=1) and combinations (n=3). For 8 patients,
information on cause of death could not be retrieved. Survival rates were 82% (95% CI 77-87),
69% (95% CI 62-76) and 62% (95% CI 54-70) at 1, 5 and 10 years, respectively (figure 1).



Table 1

Patient characteristics at the time of diagnosis in 237 patients with Budd-Chiari Syndrome

Obtained data
Age (years)* 35 (13-76)
Male/female (%) 78/159 (33/67)
Myeloproliferative disorders (%) 54 (23)
polycythemia rubra vera 45
essential thrombocythemia 9
Paroxysmal nocturnal hemoglobinurea (%) 12 (5)
Clinical manifestations (%)
ascites 199 (84)
hepatomegaly 181 (76)
splenomegaly 120 (51)
encephalopathy 24 (10)
variceal bleeding 19 (8)
Site of outflow obstruction (%)
hepatic veins 147 (62)
inferior vena cava 17 (7)
combined hepatic veins and inferior vena cava 73 (31)
Membranous obstruction of inferior vena cava (%) 94)
Portal vein obstruction 34 (14)
Serum levels
albumin (g/l)* 34 (13-57)
bilirubin (umol/l)* 28 (3-301)
platelet count (x10E6/1)* 265 (10-896)
ALT (XULNT* 1.0 (0.1-86.7)
alkaline phosphatase (XULNT)* 1 1(0.3-16.3)
hemoglobin (mmol/l)* 1(3.5-13.0)
sodium (mmol/l)* 137 (121-145)
creatinine (umol/l)* 80 (35-469)
prothrombin time: INR >2.3 (%)* 43 (26)
Cirrhosis at liver biopsy (%)1 11(8)
Child Pugh classification
Child A 45 (24)
Child B 103 (54)
Child C 42 (22)

* Median (range)

T ULN= Upper limits of normal value; corrected for inter-center variation in normal values.
# In the French sample, the Quick-time was used as a measure for the prothrombin time. A Quick time value between
100 and 44 % was assumed to be equal to an INR<2.3. A Quick time lower than 44 % was equal to an INR>2.3.

138 patients underwent a liver biopsy



Figure 1

Overall survival in 237 patients with Budd-Chiari syndrome. Survival rates at 1, 5, 10 and 15
years were 82% (95 % CI 77-87), 69% (95 % Cl 62-76), 62% (95 % Cl 54-70) and 59% (51-
68%) respectively.

* Numbers represent patients at risk at 1, 5, 10 and 15 years, respectively.
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Univariate analyses showed that ascites (p=.03), encephalopathy (p<.001), Child-Pugh score
(p<.001), prothrombin time (p<.001), and serum levels of sodium (p=.03), creatinine (p=.01),
albumin (p=.02) and bilirubin (p<.001) were significantly related to survival (table 2).

These variables, as well as age, serum levels of ALT and site of outflow obstruction, were
introduced into a multivariate Cox regression analysis, stratified by country. Variables were
selected by using a stepwise backward elimination technique. The final Cox model showed that
encephalopathy (p<.001), ascites (p=.08), prothrombin time (p=.02) and serum levels of bilirubin
(p=.07) were independent prognostic markers for survival for 205 patients with complete data on
these variables (table 3).

Several tests for interaction between these markers did not alter the results (data not shown). In
addition, adding quadratic effects of continuous variables did not modify the results (data not

shown).



Table 2
Univariate survival analyses of characteristics at the time of diagnosis in 237 patients with Budd-
Chiari syndrome.

Categories N 5-ysurv% 95% Cl P

Age (years)T >35 121 69 60-78 43
<35 116 68 59-77

Sex Male 78 66 55-77 .56
Female 159 70 62-78

Ascites Present 199 66 59-73 .03
Absent 38 84 69-99

Hepatomegaly Present 181 70 63-77 .76
Absent 47 65 51-79
missing 9 * *

Splenomegaly Present 120 63 54-72 A7
Absent 104 74 65-83
missing 13 * *

Encephalopathy Present 24 27 6-48 <.001
Absent 213 73 66-80

Variceal bleeding Present 19 71 49-93 93
Absent 218 69 62-76

Site of outflow obstruction Hepatic veins (HV) 147 63 54-72 .09
Inferior vena cava (IVC) 17 56 28-84
Combined HV and IVC 73 82 73-91

Portal vein thrombosis Present 34 56 36-76 42
Absent 203 71 40-78

Myeloproliferative disorder Present 54 71 58-84 92
Absent 183 68 61-75

Paroxysmal nocturnal haemoglobinurea | Present 12 44 13-75 18
Absent 225 70 63-77

Cirrhosis at liver biopsy Present 11 37 5-69 22
Absent 127 65 56-74
missing 99 78 68-87

Albumin (g/)f <34 17 60 50-70 .02
>34 99 79 70-88
missing 21 70 47-93

Bilirubin (umol/)f >28 119 54 44-64 <.001
<28 109 82 74-90
missing 9 * *

ALT (XULN™)T >1.0 85 66 55-77 .08
<10 108 75 66-84
missing 44 61 45-76

Sodium (mmol/) <137 113 64 55-73 .03
> 137 105 75 66-84
missing 19 57 28-87

Creatinine (umol/)T >80 119 60 50-70 01
<80 103 74 66-82
missing 15 * *

Prothrombin time INR>2.3 167 42 25-59 <.001
INR 2.3 43 75 68-82
missing 27 75 58-93

Child Pugh classification Class A 45 89 79-99 <.001
Class B 103 67 57-77
Class C 42 45 29-61
missing 47 74 60-88




1 Cut-off points were based on the median.

T ULN= Upper limits of normal value; corrected for inter-center variation in normal values.

# In the French sample, the Quick-time was used as a measure for the prothrombin time. A Quick time value between 100 and 44 %
was assumed to be equal to an INR<2.3. A Quick time lower than 44 % was equal to an INR>2.3.

* Due to small numbers in the missing category, no survival rates could be calculated.

Table 3
Results of multivariate Cox regression analysis for 205 Budd-Chiari patients with complete data.
Variable P-value  RiskRatio  95% Cl Prognostic classification item-scoref
Encephalopathy <.001
Present 3.58 1.87-6.86 1.27
Absent
Ascites .08
Present 283 0.87-9.22 1.04
Absent
Prothrombin time .02
INR>2.3 2.05 1.13-3.70 0.72
INR <2.3
Bilirubin (Imol/l)t .07 1.004 1.00-1.01 0.004

1 The prognostic classification is based on these four variables. The equation is as follows:
1.27*encephalopathy + 1.04*ascites + 0.72*prothrombin time + 0.004*bilirubin.

The item-scores are equal to the natural logarithm of the corresponding risk ratios.

T Bilirubin was included as a continuous variable.

The predictors obtained from the multivariate Cox’s analysis were included in a linear prognostic
formula, in which the coefficients were equal to the regression coefficients of the proportional
hazard model (Table 3). The equation was as follows:

1.27*encephalopathy + 1.04*ascites + 0.72*prothrombin time + 0.004*bilirubin.

Ascites and hepatic encephalopathy were scored as present (1) or absent (0) and prothrombin
time as higher (1) or lower (0) than 2.3 INR. Bilirubin was included as a continuous variable for
which the risk increased with 0.004 per Imol/l. The total score (i.e. sum of item-scores) ranged
from 0.02 to 4.03. Since the frequency distribution of total scores was not homogeneous, we
decided to transform the linear equation into an index, in which the upper and lower quarter of
the frequency distribution were takes as the extremes. Consequently, 3 classes of patients could
be distinguished: class | represented a total score between 0 and 1.1 (n=55), class Il between
1.1 and 1.5 (n=95) and class Ill a total score of 1.5 and higher (n=55). Five-year survival rates
for the 205 patients with complete data were 89% (95% Cl 79-99) for class |, 74% (95% CI 65-
83) for class Il and 42% (95% CI 28-56) for class IIl (figure 2).



Figure 2
Survival for class | (n=55), Il (n=95) and Ill (n=55), according to the prognostic classification.

Prrend <.0001, Pejass 1vs 11=.013, Petass 11 vs m=.0001.
*5-year survival rates.
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Interventions

Overall, 171 patients of 237 (72%) were treated with anticoagulants. Thirty-nine patients (16%)
were managed medically with diuretics and/ or paracenthesis only, for control of their ascites.
Peritoneovenous shunting (Denver/ Leveen) was performed in 8 (3%), percutaneous
transluminal angioplasty or stenting in 7 (3%) and surgical thrombectomy or angioplasty in 3
patients (1%). One hundred and seventeen patients (49 %) underwent portosystemic shunting
(PSS) during follow-up. In all participating centers, indications for PSS were refractory ascites
and/or deterioration of liver function. The distribution of PSS in the different classes of the
prognostic model was as follows: 16 patients in class | (29%), 52 in class Il (55%) and 33 in
class lll (60%). The type of PSS was meso-caval in 42 cases (36%), porto-caval in 35 (30%),
meso-atrial in 10 (9%), meso-innominate in 6 (5%), spleno-renal in 4 (3%), cavo-atrial in 2 (1%)
and porto-atrial in one (1%). In 17 patients (15%), a TIPS procedure was performed. In 16 cases
(14%), shunt failure occurred; this was followed by revision in 7 (all following TIPS procedure), a
second surgical PSS in 5 and other forms of therapy in 4 patients. One patient required a third
revision of the TIPS. Of all shunted patients, 26 died (22%) and 10 (9%) underwent orthotopic
liver transplantation, 5 of whom died. Of the non-shunted patients, 19 (16%) died and 19 (16%)
were transplanted, 2 of whom died.

Benefit of anti-coagulation and portosystemic shunting

The use of anticoagulants in order to prevent further development of thrombosis did not yield a
significant beneficial effect on survival in our total population (RR=1.05, 95% CI 0.62-1.76).
Results did not alter when the group on anticoagulants in combination with PSS was taken as a
separate category (RR=0.80, 95% Cl 0.61-1.05). Sub-analysis of the effect of anticoagulants on
survival for the three classes suggested improved survival for patients in class | (RR=0.14, 95%
Cl 0.02-1.21) but not for those in class Il (RR=0.88, 95%Cl 0.39-2.01) and class Il (RR=1.3,
95% Cl 0.50-3.04).

For the analyses on the efficacy of PSS, only the first shunting procedure was taken into
account. One-hundred-six of the 117 shunted patients (91%) underwent a PSS procedure within
the first year of diagnosis (median 1 month; range 0-132). We performed a time-dependent Cox
regression analysis, in which during the follow-up, patients were switched to the shunted group
at the time of PSS. In the total population, the Cox assumption for proportional hazards was
evaluated by investigating the consecutive effects of shunting within one month after diagnosis
(n=63), shunting between 1 to 6 months (n=39), and shunting after 6 months (n=15). As is
shown in table 4, mortality risk increases as PSS is performed later during follow-up. Therefore,
analysis of the effect of PSS in the overall population was not feasible. When re-evaluating the
proportionality assumption for the three different prognostic classes, only class Il patients
exhibited an equal mortality risk of PSS after prolonged follow-up. In this class, time-dependent
Cox analysis showed a tendency towards improved survival (RR=0.63, 95% CI 0.26-1.49),
which is shown in figure 3.

A separate analysis assessing survival in relation to the type of shunt showed similar results for
surgical shunting as for TIPS procedures (data not shown).



Table 4

Survival in relation to PSS (n=117), according to the interval between diagnosis and shunting.

Cox analysis testing for proportionality.

Interval diagnosis-PSS p-value Relative Risk 95 % ClI

<1 month (n=63) 83 1.07 0.57-2.00

1-6 months (n=39) .002 3.05 1.53-6.09

> 6 months (n=15) .009 415 1.42-12.12
Figure 3

Survival in class Il (n=95), according to PSS. At the time of shunting, patients were censored
from the non-PSS-group and included in the PSS-group (t=0 is time of shunting). During the
follow-up, 52 patients (55%) underwent a PSS. P-values are derived from the Cox’s time-

dependent regression analysis.
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Discussion

There is a large variation in results of studies on Budd-Chiari Syndrome in terms of clinical
presentation, effects of therapy and survival. Since the prevalence of BCS is only about
1:100,000, controlled prospective studies are extremely difficult to perform. We carried out a
multicenter cohort study, in which data were obtained using standardized and predefined
criteria. The present study reports on 237 patients newly diagnosed with non-malignant BCS.
This is therefore the largest cohort described until now. The large sample size enabled us to
perform extensive survival analyses with control for possible confounding factors. Data were
collected by using structured data forms and attempts were made to retrieve missing data on
clinical outcome by contacting patients or their physicians. An international multicenter study like
the present study could be hampered by cross-national variation in patient characteristics and
institutional differences in therapeutic interventions. However, by introducing stratification for
country in multivariate analyses, the effects of this variation as well as that of other possible
confounding factors were minimized.

In the present study, 5-year survival was 69%, which is slightly higher than results from other
series with long-term follow-up 7 '6. This could be due to the fact that in recent years,
improvement in availability and techniques of diagnostic tools has contributed to earlier
recognition of BCS patients '® 2. Furthermore, the majority of our patients were treated with
anticoagulants, which, in addition to better identification of underlying prothrombotic factors 2,
has been reported to contribute to the improvement in prognosis of BCS since 1985 6.

The aim of the present study was to assess prognostic determinants of survival in BCS patients.
We identified four important factors, which are independently associated with survival:
encephalopathy, ascites, prothrombin time and serum level of bilirubin. A prognostic
classification, based on these factors, identified 3 classes of patients with good (class |, 5-year
survival rate 89%), intermediate (class Il, 5-year survival rate 74%) and poor prognosis (class IIl,
5-year survival rate 42%).

There are only two other studies using multivariate analysis for prognostic factors in BCS. The
first was conducted in France among 120 BCS patients, diagnosed between 1970 and 1992 6.
In that study, response of ascites to diuretics, the Child-Pugh score, age and serum creatinine
appeared of significant value for the prognosis of BCS. A prognostic index based on these
factors dichotomized 85 patients into a good (5-year survival 95%) and a poor prognostic group
(5-year survival 62%), while overall 5-year survival was only 65%. In the second study, these
results were evaluated in an independent sample of 69 patients 2. The original index was
extended with an additional factor, representing acute, chronic or acute-on-chronic BCS.
However, a recent review of an expert panel on BCS has stated that at the present time, no
consensus has been reached on the classification into acute and chronic disease, as scientific
arguments for this classification are still lacking . Both prognostic studies also assessed the
effect of PSS, and did not show a beneficial effect on survival, even after control for prognostic
class.

In comparison to these previous prognostic studies, the current study further optimizes
prognostic modeling for BCS in several ways. First, our study includes a larger population of 237



patients, enabling analyses with more statistical power. In addition, it allowed the identification of
three distinct prognostic groups, including a group with a considerably poor prognosis (Class I,
5-year survival 42%), for which liver transplantation may be the only life saving procedure.
Second, our study involves recently diagnosed patients (between 1984 and 2001) who were
treated according to current therapeutic standards. Both previous studies did not evaluate the
effect of TIPS, as only surgical shunting procedures were investigated. In our study, 17 patients
underwent a TIPS. Results of comparative analyses revealed no effect of type of shunting on
survival. Other recent studies have demonstrated positive results of this new approach in terms
of short-term survival 2 13. 26 TIPS is less invasive and therefore probably associated with a
lower procedural mortality than PSS 2. Long-term follow-up studies are needed to assess the
place of TIPS in the treatment of BCS. Third, our prognostic classification includes simple
clinical parameters, which are easily available at diagnosis. In contrast, both previous
classifications include response of ascites to treatment, thereby precluding its use at the time of
diagnosis. Comparison of our index, using baseline variables only, with the previous index
including a time- and treatment-dependent ascites score, was therefore not feasible. Fourth, the
previous studies did not evaluate the effect of PSS in a time-dependent analysis. As is indicated
by our results, the effect of shunting may not be equal over time and appropriate control for this
factor is needed to avoid response-time bias. In our time-dependent analysis, we found for class
Il 'a trend towards improved survival in patients with a PSS as compared to patients who were
treated otherwise (RR= 0.63, 95% CI 0.26-1.49). In fact, this class represented the largest
subgroup (n=95). These results suggest that for a reasonable group of patients, PSS may be an
effective treatment. Other studies, mostly case series from surgical units, report on high survival
rates following PSS with 5-year survival of 57% ' to 94% ° . However, most of these studies
do not provide data on patient selection criteria, which play a major role in the long-term results
of treatment 2!, nor do they take account of differences in time-point of shunting within the
clinical course of patients.

Another well-known and widely used classification in liver diseases is the Child-Pugh score. Our
prognostic classification, including encephalopathy, ascites, prothrombin time and bilirubin, but
not albumin, closely resembles this score. However, addition of albumin to this model showed
that albumin did not have a significant impact on survival (data not shown). In addition,
discriminative analyses (using the Akaike Information Criteria) demonstrated that our prognostic
model was superior to the Child-Pugh in predicting the outcome in patients with BCS (data not
shown).

It is known that in BCS, a variety of histopathological features can be found, ranging from
centrilobular congestion and necrosis to veno-portal or veno-centric cirrhosis 28. However, the
prognostic role of histology is probably limited. Previously, no significant association was found
between findings at histological examination and survival in 45 BCS patients 3. This can be
partly explained by the expected inhomogeneous distribution of liver cell lesions, which may lead
to sampling errors of biopsy specimens. Histopathological findings were also not predictive for
early or late shunt patency and survival among patients undergoing PSS 2. In this study,
hepatocellular function and the time between onset of clinical symptoms and diagnosis, rather
than histology, were suggested to be the crucial factors in choice of therapy. Given its relatively
low predictive value and the fact that only limited numbers of liver biopsies have been performed
at the time of diagnosis, the prognostic value of histology was not assessed in the present study.



Although a large randomized study has never been performed, nearly all studies suggest that
the administration of anticoagulants will prevent extension of thrombosis and possibly induce
recanalisation 4 2 2%, In our study, the majority of patients (71%) received anticoagulants.
Overall, we could not detect a significant effect on survival when we compared patients treated
with or without anticoagulants. Only for patients in class I, there was a trend towards improved
survival (RR=0.14, 95% CI 0.02-1.21). Since the reason to withhold anticoagulants was often
unknown, this result should be interpreted with caution.

As others have stressed, orthotopic liver transplantation is an effective salvage procedure, in the
case of acute fulminant or end-stage liver failure 3032, Without transplantation these patients
would most probably have had a poor outcome. For this reason, we have used transplantation-
free survival as the outcome measure. Since the decision to perform liver transplantation might
have been based on variables from our prognostic classification, we assessed whether our
results would alter if only death was considered as endpoint. For this analysis, patients who
received a liver transplantation (n=29) were censored at time of intervention. We found that our
prognostic classification remained a valuable tool to predict real survival (p<.001).

In conclusion, major prognostic factors for the BCS are the prothrombin time, serum bilirubin
levels, and the presence of hepatic encephalopathy and ascites. A prognostic classification
combining these factors divides patients into three groups with a good (class 1), intermediate
(class Il) or poor (class Ill) prognosis. This classification, based on simple clinical and laboratory
parameters, is a useful tool for assessment of disease severity at the time the diagnosis of BCS
is established, and before any form of therapy has been instituted. After adjustment for the time-
interval between diagnosis and PSS, a trend towards improved survival was found for class |I
patients undergoing PSS. These results suggest that, in contrast to findings from other studies,
shunting may well be valuable for a large subgroup of patients. Prospective studies are needed
to confirm these results and to further evaluate the effect of derivative therapy in patients with
BCS.
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Abstract

Background

MELD is a widely accepted and objective scoring system for end-stage liver disease (ESLD), but
has never been evaluated in Budd-Chiari Syndrome (BCS). Our aim was to investigate whether
MELD can be used to predict survival in patients with BCS.

Methods

Patients with BCS (n=237) were obtained from a large international study. Patients with ESLD
(n=281) were used to compare the discriminative ability of MELD in BCS versus other chronic
liver diseases. MELD and Rotterdam BCS index, a recently developed prognostic index for BCS,
were calculated using standard equations. Receiver Operating Characteristic curves and c-
statistics were used to assess models’ ability to predict 1-year survival.

Results

Median MELD was 12.5 (range —7.4 to 43.4) for BCS and 11.3 (-3.0-49.5) for ESLD (P=0.12). C-
statistic of MELD in BCS was 0.695 (95% CI 0.59-0.80), in contrast to 0.848 (95% 0.80-0.90) in
ESLD. Survival was significantly poorer in ESLD than in BCS (P<0.001). C-statistic of the
Rotterdam BCS index was 0.760 (95% 0.67-0.85). Correlation between MELD and Rotterdam
BCS index was 0.61 and most of the discrepancy existed in BCS patients with high prevalence
of ascites and encephalopathy, and preserved liver function. Addition of ascites and
encephalopathy to MELD improved the c-statistic to 0.751 (95% CI 0.65-0.85).

Conclusion

In conclusion, MELD showed a sub-optimal discriminative ability to predict survival in BCS. This
was explained by the highly variable degree of liver dysfunction and hence clinical outcome in
BCS in contrast to ESLD.



Introduction

Budd-Chiari syndrome (BCS) is a complex disease entity, which is characterised by hepatic
venous outflow obstruction. The obstruction, in the western world usually caused by thrombosis,
can be located anywhere from the small hepatic veins to the entrance of the inferior vena cava
into the right atrium [1-3]. Although a large spectrum of etiological factors exists, most patients
share an underlying tendency to develop thrombosis, either hereditary or acquired.

Even though prognosis of BCS remains moderate to poor, survival has improved since 1985
with the increased use of anticoagulation as maintenance therapy [4]. Due to the rarity of the
disease, large studies using multivariate analyses for evaluating potential prognostic indicators
are exceptional. Recently, our group evaluated the prognostic value of several clinical and
laboratory parameters in a follow-up study on 237 patients with BCS; to date the largest series
described [5]. Based on multivariate modelling, a prognostic index was developed, which was
composed of the following variables: ascites, encephalopathy, prothrombin time and bilirubin.
According to this index, patients with good, intermediate and poor prognosis can clearly be
distinguished. This index is referred to as the Rotterdam BCS index. It has been designed
specifically for patients with BCS and is strengthened by the combination of both clinical as well
as laboratory parameters, with a potential use in therapeutic decision making. The rarity of the
disease and the novelty of the model, however, have so far precluded testing of its external
validity in an independent, large-sized patient population.

The Model for End-Stage Liver Disease (MELD) is a widely accepted objective scoring system
for patients with chronic liver disease. It was initially developed to predict survival in patients
undergoing TIPS [6], but is now widely used as a prognostic model for patients with end-stage
liver disease of various origins [7]. It is a continuous score, composed of 3 laboratory
parameters; serum creatinine, bilirubin and INR. MELD has been validated frequently and
appears to accurately predict short-term survival in most decompensated liver diseases [8-10].
Therefore, it has become the primary tool for organ allocation on the liver transplantation waiting
list in the United States for all types of liver diseases, regardless of the etiology [11]. Unlike most
other hepatic diseases, BCS is a condition marked by a considerable variability in disease
severity as well as prognosis. The use of MELD as a prognosticator of BCS has as yet never
been investigated.

Therefore, the aim of the current study was to investigate whether the MELD score can be used
to predict prognosis in patients with BCS.



Methods

Budd-Chiari Syndrome patient population

Consecutive patients, diagnosed with non-malignant BCS, in the period between January 1984
and January 2001, were identified by means of a systematic search through computerised
hospital registration systems in all academic hospitals in the Netherlands (8 in total), the Mayo
Clinic College of Medicine (Rochester, MN) in the USA, and Hépital Beaujon (Clichy) and
Hopital Louis Mourier (AP-HP, Colombes) in France, all of which serve as tertiary referral
centers. Diagnosis of BCS was made by radiological imaging alone, and based on the currently
used definition [1, 2], thereby excluding hepatic outflow obstruction due to congestive heart
failure or sinusoidal obstruction syndrome (previously Veno-Occlusive Disease). The present
study population has been described in more detail previously [5]. The total study population
consisted of 237 patients, (Netherlands n=73 (31%); United States n=76 (32%), France n=88
(37%)). Patient information was retrieved from the date of diagnosis until death, Orthotopic Liver
Transplantation (OLT), study closure (i.e. January 15t2001) or date of last visit.

Hospitalized end-stage liver disease (ESLD) patient population

In order to assess the discriminative ability of MELD in BCS in comparison to that in ESLD of
various origin, we used the study population previously described by Kamath et al. [7]. This
study population consisted of patients, hospitalized for decompensated liver disease at the
Mayo Clinic between January 1994 and January 1999. Patients were identified by a
computerized diagnostic index and included in the study if they were over 18 years of age and
there was an unambiguous diagnosis of cirrhosis. Patients were excluded if they had
hepatocellular carcinoma, recent alcohol use (i.e. less than 1 month before hospitalization),
severe cardiopulmonary disease, sepsis or renal disease. The total number of eligible patients in
this cohort was 281. The underlying cause of cirrhosis was alcoholic liver disease in 84 (30%),
viral hepatitis in 59 (21%), primary biliary cirrhosis in 37 (13%) and primary sclerosing
cholangitis in 6 (2%) patients. In the remaining 95 patients (34%), a variety of other causes
existed including Non Alcoholic Fatty Liver Disease, hemochromatosis, and autoimmune
hepatitis. Patients were followed up from the first day of hospitalization until death or date of last
follow-up. None of the patients underwent liver transplantation.

MELD and Rotterdam BCS index

All clinical data were collected at time of diagnosis. Since MELD became the primary tool for
liver transplant allocation in the USA in February 2002 - thus after the inclusion period of our
patients (1984-2001)- MELD scores had never been assessed in any of the patients with BCS,
and hence had never affected therapeutic decision making, including OLT. Therefore, baseline
data were used to calculate the MELD score in retrospect only for the purpose of this study. The
MELD score was calculated according to the original description, namely: 9.57 * In (creatinine) +
3.78 * In (bilirubin) + 11.2 * In (INR) + 6.43 [11]. To take advantage of the full range of the score,
we did not impose upper and lower limits of laboratory values (allowing MELD scores below 6
and over 40). Data on creatinine (in mg/dl) and bilirubin levels (in mg/dl) were available in 222
(94%) and 228 (96%) of the BCS patients, respectively. INR, on the other hand, was not readily
available for all patients for two reasons: 1) INR was introduced in 1999, and thus in the years
before, prothrombin time (PT) was only measured in seconds, and 2) international differences
exist in ways to measure PT. In total, INR was measured in 95 (40%), the Quick time (expressed




in %) in 87 (37%) and the PT (in seconds) in 48 (20%) patients. The Quick time was
subsequently converted to INR by dividing 100% by the Quick time value, assuming a normal
value of PT of 10 seconds (i.e. 100/Quick time * 1.0). For 14 patients (6%) with PT in seconds,
the ISI (International Sensitivity Index) of the used thromboplastin reagent was known and the
INR could be calculated using the formula previously described: INR = (PT/PT,)*S!, assuming a
normal value of PT of 10 seconds [12]. Because of variation in timing of blood sampling, 34
patients did not have a prothrombin time recorded within 24 hours after diagnosis. The missing
values for these patients were subsequently imputed by survival modeling by using two
independent predictors of INR, being white blood cell count (regression coefficient=0.22;
P=0.002) and bilirubin (regression coefficient=0.13; P=0.005). For 7 patients, the imputation
could not be done as these parameters were also missing. Hence, INR was available in a total
of 230 (97%) patients and MELD could finally be calculated for 213 BCS patients (90%) with
complete data on all its components. In ESLD patients, MELD could be calculated for the
complete dataset.

The Rotterdam BCS index was assessed according to the previously described equation: 1.27 *
encephalopathy + 1.04 * ascites + 0.72 * prothrombin time + 0.004 * bilirubin [5].
Encephalopathy and ascites are scored as present (1) or absent (0), prothrombin time as lower
(0) or higher (1) than an INR of 2.3 and bilirubin is included on a continuous scale, expressed in
Imol/l. The Rotterdam BCS index could be calculated for 205 BCS patients (87%) with available
data on these components. As previously described, patients were categorized according to
their scores into low (< 1.1; n=55), intermediate (1.1-1.5; n=95) and high (> 1.5; n=55) classes
[5].

Statistical analyses

Considering the severe condition of patients with BCS in the pre-transplant phase (OLT is
mostly used as rescue treatment in case of fulminant or progressive liver failure), we assumed
OLT to be equal to death in all our analyses (i.e. both are endpoints). Hence, transplantation-
free survival was calculated from date of diagnosis (BCS) or hospitalization (ESLD) until OLT,
death, study closure or date of last visit. The Kaplan Meier method was employed to calculate
cumulative survival rates and log rank testing was used for between-groups comparison. Cox’s
proportional hazards model was utilized to calculate the independent effect of each variable on
the outcome. Before applying Cox models, the assumption of proportional hazards was
evaluated and shown to be valid.

Patients were stratified into high, intermediate and low MELD classes according to the 33 and
67t percentile of MELD scores among the events. To assess the ability of MELD to predict
survival in patients with BCS or ESLD, our analyses were performed by measuring the
concordance (c) statistic, which is equal to the area under the Receiver Operating Characteristic
(ROC) curve [13]. The outcome of interest was 1-year survival. A c-statistic between 0.8 and 0.9
was interpreted as excellent discriminative ability and a test with c-statistics of 0.7 and higher as
a clinical useful tool. Correlation analyses included measurement of the Pearson correlation
coefficient (for the continuous scores) and the Kappa statistic (for the between-classes
agreement). In all analyses, a P-value of 0.05 or less was considered statistically significant.



Results

Median follow-up for 237 patients with BCS was 44 months (range 2 days-203 months), and in
this period, 29 underwent OLT (12%) and 52 patients died (22%), of whom 7 post-OLT. For the
281 patients who were hospitalized for ESLD, median follow-up was 17.2 months (range 0.03-
67.3) and 129 patients died (45%). Table 1 presents baseline data for both patient groups.
Patients with ESLD were significantly older than patients with BCS (median age 60.6 versus
34.5 years; P<0.001); the gender of patients with BCS was mostly female (67%) whereas
patients with ESLD were more likely to be male (54%, P<0.001).

Table 1

Comparison of baseline data for 237 patients with Budd-Chiari syndrome versus 281 patients
with End-Stage Liver Disease (ESLD). P-values are based on Chi-square testing (for categorical
variables) or Mann-Whitney-U testing (for continuous variables).

Budd-Chiari Syndrome  End-Stage Liver Disease  P-value

(n=237) (n=281)
Age' 34.5(13-76) 60.6 (20-93) <0.001
Gender (M/F) 78/159 153/128 <0.001
Creatinine’ (mg/dl) 0.91(0.40-5.30) 1.00 (0.30-14.0) <0.001
Bilirubin' (mg/dl) 1.61(0.15-17.60) 1.50 (0.20-62.10) 0.99
INR? 1.54 (0.76-7.69) 1.30 (0.90-5.56) <0.001
Albumin' (g/dI) 34 (1.3-5.6) 3.0 (1.6-4.9) <0.001
Ascites (%) 199 (84) 115 (43) <0.001
Encephalopathy (%) 24 (10) 51 (19) 0.006
Cirrhosis at biopsy (%) | 11 (8%) 281(100) <0.001
MELD score' 12.5(-7.4-43.4) 11.3 (-3.0-49.5) 0.12
Child-pugh score! 8 (5-14) 7 (5-14) 0.12
Deaths (%)? 52 (22%) 129 (45%) 0.001

" all continuous variables are expressed as median (range)
* total number of biopsies performed in patients with BCS was 138.
2deaths include only real deaths, not OLT



MELD in BCS

To evaluate whether we could use the original equation of the MELD score in patients with BCS
we calculated the regression coefficients for each of the individual components in a multivariate
Cox model and compared that to the original model. All of the components appeared
significantly associated with survival and the corresponding regression coefficients were 0.69 for
loge creatinine (95% CI 0.01-1.38; P=0.047), 0.44 for loge bilirubin (95% CI 0.12-0.75; P=0.006)
and 0.65 for loge INR (95% CI 0-1.3; P=0.054). With the multiplication by 10, later introduced by
Kamath et al. [7] for ease of use, these coefficients fall within the confidence interval of those in
the original MELD model.

Median MELD score was 12.45 (range -7.36 to 43.4). Univariate Cox regression analysis
showed a significant association between the MELD score and survival (Odds Ratio [OR] 1.08;
95% Cl 1.05-1.11; P<0.001). Low MELD was defined as MELD <12 (n=100), intermediate
MELD as MELD 12-20 (n=77) and high MELD as MELD >20 (n=36). Mortality rates for these
MELD classes were 22%, 27% and 64% (P<0.001); and five-year survival rates were 80% (95%
Cl 72%-88%), 76% (95% Cl 66%-86%) and 38% (95% Cl 32%-54%) respectively. There was a
significant difference in survival between high and low MELD (P<0.001) and between high and
intermediate MELD (P<0.001), but not between low and intermediate MELD (P=0.53; figure 1a).
For 1-year mortality, the c-statistic of MELD in BCS was 0.695 (95% Cl 0.589-0.802).

Figure 1a

Transplantation-free survival in which patients were stratified according to the MELD score into
low (<12), intermediate (12-20) and high (>20) MELD. Survival for patients with BCS with
complete data on MELD (n=213). Two-way comparison between low (n=100) versus
intermediate (n=77) MELD, low versus high (n=36) and intermediate versus high showed a P-
value of 0.53, <0.001 and <0.001, respectively. Pyeng was <0.001.
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Results did not alter when we performed separate analyses with only patients with a directly
measured INR (n=95; C-statistic MELD = 0.726; 95% CI 0.55-0.90), thereby confirming that our
indirect method of obtaining an INR (by conversion or imputation) had not significantly affected
our results. Furthermore, 171 patients (72%) used anticoagulation during their clinical course.
Although INR measurement was performed at time of diagnosis, so inherently prior to initiation
of therapy, we performed analyses to rule out the possibility that for some, INR sampling was
affected by vitamine K antagonists administered prior to diagnosis. We compared the INR levels
between all patients once treated with anticoagulation and patients who never received
anticoagulation and found no statistical difference between both groups (mean INR 1.81 versus
1.66, respectively; P=0.18).

MELD in BCS versus ESLD

Median MELD in ESLD was 11.3 (range -3.0 to 49.5) and the 1-year mortality c-statistic was
0.848 (95% CI 0.799-0.897). Thus, MELD showed a better discriminative ability in the prediction
of mortality for ESLD than for BCS (figure 2).

Figure 2

Receiver Operating Characteristic (ROC) curves showing the accuracy of MELD to predict 1-
year mortality in BCS (black line) versus ESLD (gray line). C-statistics was 0.695 for MELD in
BCS and 0.848 for MELD in ESLD.
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This difference in c-statistic could not be explained by a difference in the actual MELD scores in
both disease entities (P=0.12). However, when we compared survival, patients with ESLD were
found to have a significant poorer prognosis than patients with BCS; 5-year survival rate was
44% (95% CI 35%-52%) in ESLD versus 69% (95% Cl 62%-76%) in BCS (P<0.001). Patients
with ESLD had a 2.3 fold increased risk of death as compared to BCS. This difference remained
significant even after adjusting for the MELD score and age in a multivariate Cox model (table
2). In other words, given the same MELD score and age, patients with BCS showed
considerably higher survival rates. This is further illustrated by figure 1b presenting the
association of the three MELD classes in ESLD. As opposed to the association of MELD classes
and survival in BCS (figure 1a), BCS patients showed significantly better survival rates than
patients with ESLD for each MELD class (all P<0.01). Results were unaltered when we looked
at survival irrespective of liver transplantation (data not shown).

Table 2

Multivariate Cox model for 213 patients with BCS and 281 with ESLD. The difference in survival
between patients with ESLD and BCS was independent of differences in MELD score or age.
Total number of events (i.e. death/OLT) was 196 (129 in ESLD versus 67 in BCS).

Variable | Regression Regression coefficient  Risk ratio  P-value
coefficient standard error

ESLD* | 0.838 0.197 2.312 <0.001

MELD | 0.106 0.008 1.112 <0.001

Age 0.014 0.005 1.014 0.009

* reference is BCS.



Figure 1b
Transplantation-free survival in which patients were stratified according to the MELD score into
low (<12), intermediate (12-20) and high (>20) MELD for patients with BCS.
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MELD and Rotterdam BCS index

Median score of the Rotterdam BCS index was 1.16 (range 0.02-4.03). The c-statistic of the
Rotterdam BCS index for prediction of 1-year mortality was found to be 0.760 (95% CI 0.670-
0.850). In order to explain the difference with MELD, we evaluated the correlation between both
scoring systems (figure 3). Absolute agreement between the corresponding classes of MELD
and Rotterdam BCS index was found in 102 patients (53%). However, large discrepancies
existed in 23 patients (11%) who had low (section a; n=7) or intermediate MELD (b; n=16) but
high Rotterdam score. All these patients suffered from ascites (100%) and 8 (35%) had
encephalopathy, explaining the high Rotterdam score. Also, in the 48 patients (25%) with low
MELD and intermediate Rotterdam score (c), ascites was present in 45 (94%) and
encephalopathy in 3 (6%). The six patients with high MELD but intermediate Rotterdam score
(d) all had ascites (100%) and none had encephalopathy. Finally, of the 15 patients (4%) with
intermediate MELD but low Rotterdam score (e), only 5 (33%) had ascites and none of them had
encephalopathy. There were no patients with high MELD and low Rotterdam score. Pearson’s
correlation coefficient (r) for the continuous scores was 0.61 (P<0.001) and Kappa for between-
classes agreement was 0.29.



These results suggested that the discrepancy between the two scores was largely due to the
use of clinically important variables (ascites and encephalopathy) in the computation of the
Rotterdam BCS index but not in the MELD score MELD. Table 3 shows the results of the
univariate and multivariate regression models incorporating MELD, ascites, encephalopathy and
albumin. The multivariate analysis suggest that the effect of ascites on survival iuivalent to that
of a 17 point rise in MELD. Similarly, the effect of encephalopathy was that of a 16 MELD points
rise. When implementing this in a modified MELD model, the c-statistic improved to a value of
0.751 (95% CI 0.654-0.847), thereby closely approaching that of the Rotterdam BCS index. The
ROC curve of this model, as well as that of MELD and the Rotterdam BCS index are shown in
figure 4.

Figure 3

Correlation between the MELD score and the Rotterdam BCS index (n=194). Pearson
correlation coefficient=0.61, Kappa=0.29.

Lines represent the separate cut-off scores (i.e. 1.1 and 1.5 for the Rotterdam BCS index; and
12 and 20 for the MELD score). The inserted letters represent the following sections in which
discrepancy exists: a= low MELD, high Rotterdam BCS index; b= intermediate MELD, high
Rotterdam BCS index; c= low MELD, intermediate Rotterdam BCS index; d= high MELD,
intermediate Rotterdam BCS index; e= intermediate MELD, low Rotterdam BCS index. Solid
dots represent death or OLT.
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Table 3

Univariate and multivariate Cox regression models with MELD, clinical parameters of the
Rotterdam BCS index (i.e. ascites and encephalopathy) and albumin, fitted for 202 BCS patients
with complete data. In total, 67 events (i.e. death or OLT) occurred.

Univariate Cox model Multivariate Cox model
Variable Regression  Standard  P-value Regression  Standard P-
coefficient error of B coefficient errorof B value
(B) (B)
MELD 0.078 0.015 <0.001 0.059 0.016 <0.001
Ascites 1.164 0.464 0.012 1.019 0.525 0.052
Encephalopathy | 1.312 0.277 <0.001 0.946 0.321 0.003
Albumin -0.29 0.016 0.070 - - -

Figure 4

Receiver Operating Characteristic (ROC) curves showing the accuracy of MELD (black line), the
Rotterdam BCS index (dark gray line) and the modified MELD (light gray line) to predict
transplantation-free survival after 1 year. C-statistics was 0.695 for MELD, 0.760 for the
Rotterdam BCS index and 0.751 for modified MELD.
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Discussion

In this study we evaluated the prognostic accuracy of the MELD score in patients with Budd-
Chiari syndrome. MELD appears to have lower prognostic value in patients with BCS, than in
patients with ESLD. In addition, the MELD score exhibited poorer discriminative ability than the
previously developed Rotterdam BCS index in patients with BCS. Improvement of MELD by
adding ascites and encephalopathy increased the prognostic ability of MELD, but did not
surpass the Rotterdam BCS index.

Prognosis for patients with BCS has generally been difficult to predict due to the large variability
in clinical presentation and disease course, as opposed to end stage liver disease, which usually
has a more predictable course. In addition, the diverse therapeutic modalities such as
anticoagulation, angioplasty, and TIPS may in part reverse the vascular pathophysiology of BCS
and prevent further damage, resulting in excellent long-term survival. TIPS, in particular, has
been used with increased frequency and has shown excellent results in terms of control of portal
hypertension [14, 15]. However, at the time of data collection for the current study, TIPS was
scarcely used since experience was not as widespread as it is the case to date (only 17 patients
underwent TIPS [5]) and therefore, our data did not allow us to examine its effect in detail. All
these therapeutic measures for BCS, however, are frequently used on empirical grounds rather
than based on the individual patient’s clinical condition and therapeutic needs. Therefore, we
believe that a simple, yet powerful prognostic model is of the utmost importance to aid both in
determining the need for intervention and in the accurate prognostication of patients with BCS.

MELD has been validated in various forms of end-stage liver diseases, demonstrating good- to-
excellent prognostic value in this patient group [7]. Unlike the Child-Pugh score, MELD is a
continuous measure which allows quantification of mortality risks. In addition, it contains
objective laboratory parameters and is not limited by a ceiling effect. It instead uses statistically
derived coefficients to give appropriate weights to variables according to their relative
importance.

However, in our patient population with BCS, the prognostic value of MELD appeared to fall in
the lower range (c-statistic was just below 0.7). Indeed, MELD was associated with lower
discriminative ability to predict 1-year mortality in BCS than in ESLD. Also, within the BCS
patient population, MELD showed lower ability to prognosticate patients than the Rotterdam
BCS index did. There are two possible explanations for this observation. The first lies in the fact
that MELD has been designed and validated for the prediction of short-term outcome of patients
with end-stage cirrhosis being enlisted for liver transplantation. Indeed, the patient cohort upon
which the MELD score was developed included predominantly patients with advanced
hepatocellular synthetic dysfunction owing to cirrhosis following viral hepatitis or cholestatic liver
disease [7]. BCS, on the other hand, can exhibit a large variability in liver function, related to a
variable degree of vascular pathology, hepatocellular necrosis and atrophy. This was reflected
by the significantly higher survival rates in patients with BCS, as compared to ESLD in our study.
In line with our findings, others have also demonstrated that MELD may indeed perform less well
in patients with relatively well-compensated liver disease, such as patients undergoing elective
TIPS [16, 17] and non-transplant cirrhotic patients [18, 19].



The second explanation is that the presence or absence of ascites and encephalopathy did not
provide additional prognostic information to MELD, and therefore is not incorporated in the
MELD model. This is likely explained by the fact that in ESLD, ascites and encephalopathy are
merely a reflection of the advanced degree of hepatocellular dysfunction and presence of
fibrosis, the former which is already assessed in the MELD score. In BCS, liver function is
generally less impaired and hence less predictive. Indeed, ascites and encephalopathy can
present early in the course of BCS in the absence of advanced fibrosis and liver dysfunction, as
was shown in our correlation analysis. Ascites and encephalopathy therefore reflect the effect of
vascular pathology, and the subsequent development of focal hepatocellular necrosis, rather
than that of fibrosis and cirrhosis. In BCS, these parameters indicate severe disease and predict
higher mortality risks. Although Transjugular Intrahepatic Portosystemic shunting is nowadays
regarded as initial derivative treatment of choice, and many successes have been booked since
its introduction [14, 15], a proportion of patients develop TIPS dysfunction, fail to respond or
eventually go on to develop liver failure which can only be reversed by liver transplantation.
Therefore, the abovementioned discrepancy between both scores is of major clinical importance
since using only the MELD score as scoring system will exclude otherwise severely ill patients
(i.e. classified as high Rotterdam BCS index with a predicted 5-year survival of 42% [5]) from the
liver transplantation list. This is further supported by our finding that the MELD score did perform
better when these clinical parameters were added to the model, approaching the accuracy of the
Rotterdam BCS index. Our findings are consistent with previous studies, which have suggested
that clinical parameters could have important additive prognostic information in certain hepatic
disorders [19].

The limitations of our study include those common to other retrospective studies. More particular
for our study, we were challenged in first, the availability of INR, and second, the possible
influence on INR of anticoagulation use. Regarding the former, INR availability was initially
hampered by variability in exact timing or method of the measurement of prothrombin time.
However, we implemented multiple methods to recalculate the INR from other indicators of
prothrombin time and we showed that by doing so, our conclusion regarding the accuracy of
MELD was unaltered. With regard to the latter, we investigated and confirmed our suspicion that
anticoagulation had not affected baseline INR measurements by performing comparative
analyses between INR levels in the total group with anticoagulant management, and the group
of patients never treated by anticoagulation. Indeed, there was no significant difference in INR
between the two. Thus, if INR had been measured in some patients who possibly received
vitamin K antagonists prior to establishment of the diagnosis, it is highly unlikely that it had an
immediate effect on the INR obtained shortly after diagnosis. The last limitation relates to the
fact that the Rotterdam BSC index has previously been developed using the same patient
population as the current one. This could have resulted in statistical over-fitting of the Rotterdam
model, as compared to MELD, and therefore inherently higher model performance in the former.
Statistical techniques assessing the internal validation of the Rotterdam BCS index could have
provided us with more information regarding the accuracy of the model’s performance and the
extent of over-fitting, but this was precluded by our relatively small study sample. However, the
finding that the MELD model improved considerably when we added clinical parameters was
based on independent multivariate analysis. Even if the accuracy of the Rotterdam BCS index
suffered from overestimation, this cannot explain the improvement achieved in the modified
MELD model.



In conclusion, the prognostic accuracy of MELD appeared lower in BCS than in ESLD.
Furthermore, MELD showed a sub-optimal discriminative ability to predict mortality in BCS, as
compared to the recently developed Rotterdam BCS index. MELD, although excellent in
predicting mortality in chronic liver diseases, appears less useful as a prognostic model for
patients with BCS. To date, prognostication of patients with BCS remains thus an unresolved
issue. Future large independent studies with external validation of the several existing models
should reveal the most accurate prognostic model for this disease. However, in the absence of
better models as of yet, the Rotterdam BCS index appears the most appropriate prognostic
index for patients with BCS.
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Abstract

Background
We prospectively studied mortality n incidents cases of Budd-Chiari Syndrome (BCS) with a

focus on the first 2 years after diagnosis during which time the vast majority of patient deaths
occur. In addition, we examined the validity of a previously established prognostic model, the
Rotterdam BCS index (RBI), in the identification of high-risk patients.

Methods

We designed the first prospective international observational study of 163 incident cases of BCS
between 2003-2006. We analysed mortality patterns and compared patients who died early with
survivors. The validity of the RBI, consisting of encephalopathy, ascites, bilirubin and
prothrombin time, was measured by the area under the Receiver Operating Curve (C-statistic).

Results

Mortality was highest in the first 2 months (n=12; 41% of all deaths). Patients who died early
were of older age (p<0.001), had higher RBI scores (p<0.001) and elevated creatinine levels
(p=0.03). The c-statistic of the RBI for early mortality was 0.84. Adding age and creatinine to the
RBI improved the model's c-statistic to 0.92. There was a stepwise decline in 2-month survival
rates as RBI scores increased from 0-5 (100%), 5-7 (88%), 7-9 (73%) and 9 and above (25%;
Pend<0.001). Patients who died later in the follow-up resembled patients with early mortality in
age and renal function, but had better liver function and lower RBI scores. RBI score obtained at
2 months was still able to predict late mortality (c-statistic 0.78).

Conclusion

The first 2 months compose the most crucial time in the disease course of BCS. Early mortality
is accurately predicted by the RBI. Obtaining the RBI score at diagnosis as well as during follow-
up is a useful tool for the identification of patients at risk of death.



Introduction

Budd-Chiari Syndrome (BCS) is a challenging disease entity resulting from an outflow
obstruction at the level of the hepatic veins or the inferior vena cava *. It occurs in the context of
a variety of disorders, the majority thrombogenic in origin, of which the most important ones
include myeloproliferative diseases and genetic prothrombotic mutations, such as Factor V
Leiden, prothrombine gene mutation and, more recently, the JAK2 mutation 4. The classical
presentation includes ascites, hepatomegaly and abdominal pain, but many variations in
symptoms and the severity exist.

The clinical course of BCS is profoundly heterogeneous and to a large extent unpredictable. A
handful of retrospective follow-up studies have reported that mortality is highest in the first 2
years after diagnosis %9, but none have evaluated specifically what determines early mortality.
Considering the rarity of BCS (in one study, incidence is was found to be 1 per 2.5 million 0),
these retrospective reviews spanned many years and therefore did not assess survival within
shorter time intervals (such as the first few months after diagnosis). Therefore, it is unknown
whether there are differences between early and late mortality.

In a previous attempt to classify the prognosis of patients with BCS in a meaningful way, a large
multicenter retrospective study was performed with 237 patients in 2004 6. This resulted in a
prognostic index, composed of ascites, encephalopathy, bilirubin and prothrombin time, later
referred to as the Rotterdam BCS index ''. In the disease-specific prediction of mortality, it
appeared superior to the MELD score ''. However, the index has never been externally
validated in an independent patient population.

Therefore, we aimed to determine the most crucial time in the natural history of BCS and to
investigate the external validity of the Rotterdam BCS index to identify high-risk patients. This
study was conducted as part of the first prospective observational follow-up study of 163 incident
patients with BSC in nine European countries, entitled EN-Vie (European Network for Vascular
Disorders of the liver).



Methods

Study design, patient population, data collection

The present study was a prospective, international follow-up study of incident patients with
Budd-Chiari Syndrome (BCS). Diagnosis was restricted to the currently used definition of BCS 1,
which was confirmed radiographically, and in patients older than 16 years of age. Enrolment
occurred between October 2003 and October 2005 and follow-up was from date of diagnosis
until May 2006 (study closure) or death. Details on study design and hospital participation are
extensively described elsewhere 2. In summary, a total of 210 patients were identified
nationwide in 30 academic and 9 regional hospitals in France, Spain, the Netherlands, Great
Britain, Germany, ltaly, Belgium, Portugal and Switzerland. After exclusion of 47 patients
(reasons: date of diagnosis fell outside the study period (n=16); incorrect diagnosis of BCS
(n=14); underlying hepatobiliary malignancy (n=7); and others (n=10)), a total number of 163
eligible patients were used for analysis.

Data collection occurred at date of diagnosis (i.e. baseline) and during follow-up at regular time
intervals (including week 1, 2, 3, 4, and month 2, 3, 6, 9, 12, 18 and 24), at death, end of follow-
up, and at significant intermediate clinical events (i.e. clinical deterioration, new radiological
imaging, or initiation of a new intervention).

All data were obtained by a systematic review of the medical charts and reported on a uniform,
standardized clinical record form (CRF) by one single investigator per country. All CRF’s
underwent multiple cycles of data verification, review, correction and re-review, to ensure validity
of the data inserted in the database. Data collected at each visit included patient symptoms,
physical findings, laboratory and radiographic data, type and outcome of interventions, and
mortality.

The Rotterdam BCS index

Prior to the current study, a collaborative project was executed between Erasmus Medical
Center (Rotterdam, the Netherlands), Hopital Beaujon (Clichy, France) and the Mayo Clinic
(Rochester, MN, USA) in which 237 patients were analysed in a retrospective fashion to identify
predictors of long-term (median 44 months) survival. Eventually, the following prognostic index
was created: RBI = 1.27 x encephalopathy + 1.04 x ascites + 0.72 x Prothrombin time + 0.004 x
bilirubin level 8. Encephalopathy and ascites were scored as 1 (present) or 0 (absent), and
prothrombin time measured in INR as equal to or lower than 2.3 (0) or higher than 2.3 (1). The
score calculated for a relatively healthy patient, with no ascites or encephalopathy, INR < 2.3
and bilirubin levels within normal limits (i.e. 17 umol/l), would be 0.07. This index was later
referred to as the Rotterdam BCS index ' (RBI).

In the current study, we assessed the RBI score for each patient at diagnosis and at study
intervals, if clinical data were present. Also, we recalculated the index score by combining the
individual results of the index variables, to ensure that the manually inserted scores were
correct. If data on variables were missing at diagnosis, imputation was done by taking the first
available results (i.e. first observation carried forward; usually that of the next CRF at week 1).



Statistical analyses

The primary outcome of interest was mortality. Patients, who were lost to follow-up before study
closure or death, were censored at date of last visit. Temporal patterns in mortality were
assessed to determine what the most crucial time in the natural history of patients with BCS is,
subsequently defined as ‘early mortality’. Comparison between patients who died during that
early period, and patients who survived, were based on Chi-square testing (for categorical
variables) and Mann-Whitney-U testing (for non-parametric continuous variables). Patients who
were lost to follow-up prior to completion of that period were excluded from analysis. The validity
of the RBI in predicting early mortality was measured by the area under the Receiver Operating
Characteristic (ROC) Curve, as expressed in the concordance (c-) statistic 3. The c-statistic
ranges from 0 to 1, in which a value of 0.5 equals chance, a value above 0.7 represents a
reliable model, and a value above 0.8 equals an excellent model. Variables, not represented by
the RBI and found to be significantly different among survivors and non-survivors, were added
one by one to the RBI in a multivariate Cox proportional hazards regression analysis. Beta-
coefficients of the significant variables were used to calculate the relative weights of these
variables and added to the RBI. Survival rates were calculated with the Kaplan Meier method
and compared through log rank testing.

The level of statistical significance was set at P<0.05. All statistical analyses were conducted in
SPSS (version 14.0.0, Chicago, IL, USA).



Results

What is the most important period in the natural history of BCS?

Of the total 163 patients with a median follow-up of 17.1 months (range 0.1-31), 29 patients
(18%) died within a median of 5.5 months after diagnosis (range 0.1-26.3). Overall survival rates
were 90% (95%CI 85-94) at 6 months, 87% (95% CI 82-93) at 12 months and 82% (95% CI 75-
88) at 24 months.

During follow-up, 20 patients (12%) underwent OLT with a median of 1.7 months (range 0.1-
23.5) and 56 patients (34%) underwent TIPS placement with a median of 0.8 months (range 0-
21.1) after diagnosis. Plotting the frequency of these significant events (i.e. TIPS, OLT and
death) against time revealed that the majority of these events took place within the first 2 months
(69%, 55% and 41%, respectively; figure 1). Thus, the first 2 months was the most crucial period
in the disease course of BCS.

Figure 1
Temporal patterns of mortality (total n=29), liver transplantation (total n=20) and TIPS
procedures (total n=56). Results are expressed per percentage of totals.
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Table 1

Comparison of baseline characteristics and interventions between patients who died within the
first 2 months (n=12) and patients who survived the first 2 months (n=147). Patients who were
lost to follow-up (n=4) are not included in the analysis. P-values are based on Chi-square testing
for categorical variables and Mann-Whitney U testing for continuous variables. Numbers
represent actual numbers (%) for categorical variables and median values (range) for
continuous variables®.

Characteristic Early death (n=12) Survivors (147) P-value
Demographics

Sex (female) 5(42) 87 (59) 0.24
Age at diagnosis* 53 (33-71) 36 (16-84) <0.001
Clinical data

Onset of symptoms #

- < 6 months 12 (100) 23 (16)

- = 6 months 0(0) 122 (83)

Ascites 12 (100) 119 (81) #
Hepatic encephalopathy 5(42) 9(6) <0.001
Gastro-intestinal bleed 0(0) 8 (5) #
Hepatorenal syndrome 4(33) 6 (4) <0.001
Asymptomatic at diagnosis 0(0) 5(3) #
Radiographic data

Type of BCS: 0.39

- isolated HV occlusion 5(42) 73 (50)

-isolated IVC occlusion 1(8) 3(2)

- combined HV and IVC 6 (50) 71 (48)

Splanchic vein (i.e. PV/SMV/SV) 4(33) 26 (18) 0.18
involvement

Collaterals formation 5(42) 67 (46) 0.79
Laboratory data

Bilirubin (umol/l)* 82 (5-286) 30 (6-325) 0.001
INR* 2.0(1.2-34) 1.4 (1.0-10.9) 0.003
ALT (ULN)* 13.6 (0.4-128.3) 1.2(0.3-294 4) 0.02
Albumin (g/l)* 32 (17-36) 34 (16-53) 0.03
Creatinine (umol/l)* 124 (44-535) 79 (36-589) 0.03
Prognostic data

Rotterdam BCS index score* 2.00 (1.06-3.45) 1.15(0.02-3.57) <0.001
Treatment data

Anticoagulation 7(58) 119 (81) 0.06
Percutaneous Transluminal 0(0) 12 (8) #
angioplasty (PTA)

Thrombolysis (0) 12 (8) #
Surgical shunting (8) 2(1) 0.09
Transjugular Intrahepatic 2(17) 35 (24) 0.57
Portosystemic Shunting (TIPS)

Liver transplantation 1(8) 9(6) 0.76

Abbreviations: ‘HV' Hepatic Veins; ‘IVC’ Inferior Vena Cava; ‘PV’ Portal Vein; ‘SMV' Superior Mesenteric Vein; 'SV’

Splenic Vein; ‘INR” International Normalized Ratio (unit for Prothrombin time).
# Statistical comparison is not valid because of null cells.



What are the differences between patients who died in the first 2 months and those who
survived?

We compared baseline characteristics, clinical and biochemical parameters, as well as
treatment modalities between patients who died within the first 2 months (n=12; 7%) and
patients who survived the first 2 months (n=147; 90%). We excluded 4 patients who were lost to
follow-up before 2 months. This is presented in table 1. Statistical comparison of both groups
showed that patients who died early were significantly older (p<0.001), had significantly more
often encephalopathy (p<0.001) and hepatorenal syndrome (p<0.001) at diagnosis and
laboratory testing showed higher levels of bilirubin (p=0.001), INR (p=0.003), ALT (p=0.02) and
creatinine (p=0.03) and significantly lower levels of albumin (p=0.03). Also, all patients who died
early had ascites at presentation and were diagnosed within 6 months of onset of symptoms.
None were asymptomatic at presentation or had a Gl bleed. Interestingly, there were no
significant differences in treatment modalities, although none of the patients with early mortality
received thrombolysis or a percutaneous transluminal angioplasty. Finally, the baseline RBI
score, obtained for 158 (99%) eligible patients, was significantly higher in the group with early
mortality (p<0.001). We also assessed the RBI score at time of death (n=12) and compared this
to the RBI obtained at 2-month follow-up for the patients who survived. The latter was available
for 125 patients (85%) within a median follow-up time of 46 days (range 4-65). The median RBI
score was 3.48 (range 1.05-5.65) at time of death. In contrast, the median RBI score in patients
who survived the first 2 months was 1.13 (range 0.02-3.10; p <0.001).

Causes of death were liver failure (n=7), Gl bleed (n=1), sepsis (n=1), post-operative multiorgan
failure (n=1; after OLT) and cardiopulmonary failure (n=1). One patient, only started on
anticoagulation, died after 6 days of unknown reasons and no autopsy was available.

How well is the RBI at diagnosis able to discriminate between patients who are at high risk and
those who are at lower risk for early mortality and can its validity be further improved by addition
of other variables?

The ROC curve for the RBI to predict 2-month mortality in 158 patients is shown in figure 2a.
The C-statistic of the model was 0.84 (95% CI 0.71-0.97), thereby indicating that the RBI is a
very reliable indicator for early mortality.

Of all those parameters found to be significantly different between patients who died and those
who survived the first 2 months, only age, creatinine, ALT, albumin and hepatorenal syndrome
were not represented by the RBI. Therefore, we added these variables one by one to the RBI in
a multivariate Cox analysis of 2-month mortality. Addition of albumin (p=0.26), ALT (p=0.33) and
hepatorenal syndrome (p=0.95) did not make an independent contribution to the RBI in the
prediction of early mortality. However, both age (p=0.003) and creatinine (p=0.03) remained
significantly associated with early mortality and this effect was independent of the RBI
(p<0.001). Therefore, we added both variables to the RBI in the multivariate model presented in
table 2.



Figure 2 a

Receiver Operating Characteristic (ROC) curve for) original Rotterdam BCS index to predict
early mortality (n=12). This was calculated for 158 patients with BCS. C-statistic respresents
area under the ROC curve.
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Results from the multivariate Cox analysis with Rotterdam BCS index, age at diagnosis and
creatinine levels at diagnosis for 158 patients with complete data. Results are per increments of
1 point (Rotterdam BCS index), 1 year (age) or 1 umol/l (creatinine).

Variable B coefficient P-value Hazard ratio 95% Cl

Rotterdam BCS index 1.036 0.004 2.82 1.39-5.73
Age at diagnosis 0.068 0.001 1.07 1.03-1.12
Creatinine 0.007 0.006 1.002 1.00 - 1.01

Modified Rotterdam BCS index = RBI + 0.07 x age + 0.01 x creatinine




Based on the ratio of the beta-coefficients in this model, we calculated that for each year
increase in age, the RBI score would be increased with 0.07 and for each umol/l increase in
creatinine levels, the score would increase by 0.007 points.

Therefore, the modified RBI equation is as follows:

1.27 x encephalopathy + 1.04 x ascites + 0.72 x Prothrombin time + 0.004 x bilirubin + 0.07 x
age + 0.007 x creatinine.

The modified RBI had a median value of 4.6 (range 2.1-10.9). The ROC of this modified RBI is
shown in figure 2b. The C-statistic of this model was found to be 0.92 (95% CI 0.88-0.98) and
therefore this model dramatically improved the predictive value of the original RBI.

Figure 2b

Receiver Operating Characteristic (ROC) curve Rotterdam BCS index, including age and
creatinine, to predict early mortality (n=12). This was calculated for 158 patients with BCS. C-
statistic respresents area under the ROC curve.
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Is the validity of the modified RBI to predict 2-month mortality biased by the type of treatment
patients received early in their disease course?

We performed ROC analyses of the modified RBI, stratified for the type of treatment given. The
results of all c-statistics in the strata are presented in figure 3. This showed that the c-statistic of
the modified RBI was not dependent on the type of treatment patients received as all confidence
intervals overlapped. As it can be seen in the figure, there were no deaths amongst patients
receiving thrombolysis or PTA and there was only 1 death each in patients who underwent
shunting or OLT, and therefore, ROC analysis could not be performed in these strata.




Figure 3

Area under the Receiver Operating Characteristic Curve (C-statistics with 95% Cl) for prediction
of 2 months mortality by the Modified Rotterdam BCS index, stratified by intervention. Asterisks
(*) indlicate that there were 1 or less events in the strata and therefore the C-statistic cannot be
computed.
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What is the relationship between the modified RBI score and mortality risks?

The median value for the modified RBI at diagnosis among patients who died in the first 2
months was 7.43 (range 5.74-10.89) in contrast to 4.46 in those who survived (range 2.14-9.10;
p<0.001). The relationship between early mortality and the modified RBI score is represented by
the Kaplan Meier curve in figure 4. Here, we found that a score of 5 or lower (n=97) indicated
100% 2-month survival; a score between 5 and 7 (n=42; n=5 deaths) was associated with a 2-
month survival of 88% (95% Cl 78%-98%); a score between 7 and 9 (n=15; n= 4 deaths) with
73% (95% Cl 51%-96%); and a score above 9 (n=4; n=3 deaths) suggested very poor survival
rate of 25% (95% Cl 0%-66%; Pteng<0.001). Obviously, number of events per group is low.

Are there differences between patients who died in the first 2 months (i.e. early mortality) and
those who died thereafter (i.e. late mortality)?

We compared the 12 patients who died early with the 17 patients who died later in the disease
course of BCS (after a median of 12.4 months; range 2.5-26.3). Those who died later were of
similar age (P=0.72) and sex distribution (P=0.98) as patients who died early. Also, there were
no differences in radiographic characteristics (all P>>0.05). Alike early mortality, patients with
late mortality all had ascites at diagnosis and none were asymptomatic. However, patients with
late mortality had significant lower bilirubin (median 39.5; p=0.04), lower INR (median 1.6;
p=0.07) and lower ALT levels (median 1.46; p=0.03). Interestingly, the RBI score was
significantly lower in the late mortality group (median 1.2, range 1.11-2.26; p = 0.01). Causes of
death in the late mortality group were liver failure (n=1), Gl bleeding (n=1), post-operative multi-
organ failure (n=1), cardiopulmonary failure (n=1), previous extra-hepatic malignancy (n=1) and
new hepatobiliary malignancy (n=1). Four death causes did not fall in any of these categories,
and for 7 patients the cause of death was unclear.




Figure 4

Kaplan Meier Survival Curve for the new Rotterdam BCS index, classified into score < 5 (total
n=97; n=0 deaths), score > 5 and < 7 (total n=42; n= 5 deaths), score > 7 and < 9 (total n=15;
n= 4 deaths), and score >9 (total n=4; n=3 deaths). Excluded are patients who were lost to
follow-up prior to 2 months (n=4). Comparison revealed Pyenqg <0.001; score < 5 versus all other
scores (P<0.001); 5-7 versus > 9 (P<0.001); 7-9 versus > 9 (P=0.08); 5-7 versus 7-9 (P=0.13).
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Can the modified RBI also predict late mortality?

We selected all patients who survived the first 2 months (n=147). Of these, 122 patients (83%)
had data on the RBI score between 40 and 100 days after diagnosis. We subsequently
recalculated age at time of collection of the RBI and obtained creatinine values (available for
n=124) to calculate the modified RBI score. This was available for 121 patients. In these, 15
patients died after 2 months (thus 2 deaths were excluded from the analyses because of missing
RBI data). The ROC analysis of this modified RBI to predict late mortality showed a c-statistic of
0.78 (95% CI 0.66-0.89). This suggests that although the modified RBI was much stronger in the
prediction of early mortality, scores obtained after the initial crucial time can still be used to
reliably predict late mortality.




Discussion

This first prospective international observational study shows that the most crucial time in the
disease course of patients with Budd-Chiari Syndrome is the first 2 months after diagnosis.
During these months, patients have the highest risk of mortality, and receive most of their
treatments. Early mortality was associated with a higher RBI score. The validity of the RBI in
predicting early mortality was excellent, but improved further with the addition of age and
creatinine to the model. This modified RBI not only predicted early mortality with high accuracy,
but the effect was also found to be independent on treatment. Finally, the modified RBI
appeared also a valid tool to predict late mortality when obtained later during the follow-up.

Mortality in BCS was generally described in previous retrospective series to be highest within
the first two years after diagnosis 5°. Indeed, most of these studies have analysed long-term
survival and presented mortality data with 2-, 3- or 5-year increments. The current prospective
study therefore was founded on these observations and was designed to follow patients over a
2,5 years period after diagnosis. However, as our results show, it is actually the first 2 months
that are of crucial importance. This is a new finding that has not been adequately described
previously. Interestingly, we found significant differences in clinical and biological parameters
between patients who survived and those who died during the first 2 months. It appears that
ascites, encephalopathy, hepatorenal syndrome, elevated bilirubin, creatinine, ALT and INR and
lowered albumin levels were more prevalent in the patients who died early. This is largely
consistent with the prognostic predictors found in the aforementioned studies 2.

The original RBI, derived from our previous retrospective study , appeared an excellent tool to
predict early mortality in this independent prospective study (c-statistic 0.84). Not only was the
RBI score significantly higher in the group with early mortality, also the RBI continued to climb in
this group, whereas it remained stable during the 2-month follow-up for the survivors. We were
able to improve the performance of the RBI further by the addition of new independent
predictors of mortality: age and creatinine. Both are known survival determinants 8. Since we
found that increase in c-statistic from 0.84 to 0.92 clinically relevant, we decided to continue
further analysis with this modified RBI. Although number of deaths in each score group was low,
and statistical significance could not always be obtained, it appeared that patients with a score
lower than 5 were all alive at 2 months, whereas 2-month survival rates declined as scores
became higher (i.e. 88% for score 5-7 versus 73% for 7-9 versus 25% for score higher than 9).

The clinical applicability of this modified RBI becomes evident as one considers that in this
study, only 1 patient of those twelve who died had received a liver transplant. Obviously,
treatment decisions in the current observational study were not randomized nor dictated by the
investigators and were therefore dependent on the local expertise, preference, and availability of
the several modalities. The median modified RBI score at diagnosis of those who died within the
first 2 months, was 7.53 (range 5.7-10.9). One can therefore argue that if at the time of
diagnosis it was known that these patients were at high risks of early mortality, liver
transplantation might have been considered earlier, leading potentially to a better outcome (10-
year post transplantation is 68%-83% '+ 15).



Comparison between early and late mortality taught us that there are certain characteristics
which are shared by all patients who died, early or late. All had ascites, none was asymptomatic
and all were of high age (above 50) and had poor renal function. However, the patients who died
late differ from those who died early by lower laboratory levels (e.g. bilirubin, INR, and ALT) as
well as RBI scores, which were actually within the same range as the 2-month survivors.
Another observation was that although some data was missing on death causes, the majority of
early mortality was liver-disease related while the late mortality had a more heterogeneous mix
of causes. Obviously, these abovementioned variables were collected at diagnosis, and thus are
subject to change during follow-up. However, a score such as the RBI can be obtained at any
time and we have shown that the RBI at 2 months is still of predictive value for late mortality (c-
statistic = 0.78).

One can question why use this RBI and why not use other models in the prediction of BCS?
Traditionally, the Child-Pugh score 6, reflecting a stepwise severity scale of ascites, hepatic
encephalopathy, prothrombin time, bilirubin and albumin levels, has been used as a general
indicator of liver disease severity. Although designed for cirrhosis, in earlier days it was also
used in the prognostication of BCS. Major limitations however include the ceiling effect of using
categorized laboratory values, its design for cirrhosis patients, and the fact that the respective
variable weights were not statistically driven, but rather arbitrary chosen. The currently most
used general measure of liver dysfunction is the MELD score, which reflects bilirubin, creatinine
and INR levels '7- 18, It has been validated in a variety of cirrhotic liver diseases and is nowadays
the primary tool for liver transplant allocation in the USA '°. However, in our previous study, we
have compared the RBI scoring system with that of MELD and shown that MELD performs
suboptimal in patients with BCS . Finally, Zeitoun et al. had identified four prognostic
parameters in a population of 85 patients and created a prognostic model, nowadays known as
the Clichy risk score 8. This score includes information on age, serum creatinine, response of
ascites to treatment, and the Child-Pugh score. By summing individual scores, patients were
classified into an excellent prognostic class (i.e. Pl < 5.4) or a poor prognostic class (i.e. Pl
>5.4), with 5-year survival rates of 95% and 62%, respectively. Later, another component was
added to this risk score; the so-called clinicopathological form, which reflected a worse outcome
for those patients with an ‘acute-on-chronic’ presentation 2. The major drawbacks of this model
include the fact that it cannot be assessed at diagnosis, since the ascites variable is treatment-
dependent, and the use of histological parameters (sampling errors are common in BCS 7). In
contrast, the RBI is a simple tool, readily available at diagnosis and thereafter, specifically
designed, and now externally validated, in patients with BCS, and able to predict early as well as
late mortality, depending on when it is measured. We therefore believe that the RBI has a place
in daily clinical practice, not only to aid in the identification of high-risk patients, but also in the
triage of therapies.

Our study has several limitations. First, although it was prospectively performed, it still is an
observational study. As a result there were limitations to how much data we could collect. We
were dependent on local physicians to comply with our general recommendations for follow-up
intervals, as well as the quality of the hospital data systems to record data. Also, we could not
interfere in therapeutic decision-making. However, often regarded as a limitation, well-executed
prospective studies are not always suboptimal compared to randomized clinical trials 2!. Another
advantage of observational studies is that it is able to describe the clinical course of a disease



within the complexity of daily practice, rather than within an artificially sub-selection of patients
and conditions. Furthermore, considering the rarity of BCS, randomization of any sort is
practically not feasible. The second limitation is related to the fact that overall the mortality rate
of BCS in our study is low; only 29 of 163 patients died (18%). This led to statistical limitations in
comparative analyses, but did not interfere with the c-statistic, since that is independent on the
frequency of outcomes. The fact that overall survival in patients with BCS has increased over
the last few decades has ben described previously and this has been attributed to the
generalized use of anticoagulation 8. To obtain more events, longer follow-up would be needed,
although the yield is doubtful, since we showed that after the initial 2 months the mortality rate
per year significantly declined with time. The third limitation is the amount of missing clinical
data, including causes of death. Despite our extensive data quality validation system in which
data were only inserted in the database after multiple queries, this however remains an inherent
problem of observational studies.

In conclusion, in this first prospective multinational observational study, we found the first 2
months to be the most crucial time in the disease course of patients with BCS. Early mortality
was associated with a higher RBI score. The modified RBI, including ascites, encephalopathy,
bilirubin, prothrombin time, age and creatinine, appeared an excellent tool to predict early
mortality. Even if obtained later during follow-up, the model was able to adequately predict late
mortality. This could be of major clinical importance in both the identification of high-risk patients
as well as triaging of treatments in patients with BCS.
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Abstract

Objectives
Combined Budd-Chiari Syndrome and Portal Vein Thrombosis (BCS-PVT) is a challenging

clinical condition with as yet unknown outcome. The aim of the present study was to investigate
aetiology, treatment options and prognosis of patients with BCS-PVT.

Methods

Patients, diagnosed with non-malignant BCS between 1984 and 2001, were identified in a large
international study, and classified into isolated BCS (n=204), BCS-PVT without spleno-
mesenteric vein thrombosis (SMVT; n=15) and BCS-PVT with SMVT (n=18).

Results

Multifactorial aetiology was present in 58% of patients with combined BCS-PVT. Number of
etiological factors increased significantly with the extent of thrombosis (p=0.002). Main treatment
options included anticoagulation and portosystemic shunting, of which extended TIPS showed
the most beneficial results. Five-year survival was 59% (95% CI 39-80%) in BCS-PVT versus
85% (95% CI 76-88%) in isolated BCS (p=0.11). Survival tended to be worse in BCS-PVT
patients with SMVT as compared to patients without SMVT (RR=3.47, p=0.11).

Conclusions

In BCS, extension of thrombosis into the splanchnic venous bed was significantly related to the
number of etiological factors, and was associated with poor outcome. These results strongly
support a liberal use of anticoagulants, which so far had been widely debated. Alternatively,
derivative shunt procedures appear difficult, yet not impossible.



Introduction

Budd-Chiari syndrome (BCS) is characterised by hepatic venous outflow obstruction located at
the level of the small hepatic veins up to the junction of the inferior vena cava with the right
atrium (1, 2). The occlusion of the veins, mostly caused by a thrombosis, leads to increased
sinusoidal pressure and ischemic necrosis. When symptomatic, BCS is characterised by
abdominal pain, ascites, hepatomegaly and, in case of massive necrosis, acute liver failure (3).
Hereditary, as well as acquired thrombophilia, have been identified as etiological factors in a
majority of patients and combinations of risk factors are common (4-6).

Extrahepatic portal vein thrombosis (PVT) is characterised by thrombotic occlusion in the main,
left or right portal vein. Portal hypertension with bleeding from esophageal varices is the
predominant clinical manifestation. Similar to BCS, underlying thrombophilia is usually present.
However, unlike BCS, local risk factors and decreased flow also play an important role (7, 8).
The management of PVT is usually confined to prevention and treatment of variceal bleeding by
beta blocking agents and endoscopic therapy.

In at least 50% of explant livers after transplantation for severe BCS, histological signs of
intrahepatic obstructive portal venopathy have been found (9). The presence of acute thrombi in
the intrahepatic portal branches was associated with parenchymal infarcts and a short pre-
transplant course, thereby indicating subfulminant liver disease. The development of PVT in
patients with hepatic outflow obstruction was suggested to be caused by a combination of
underlying thrombophilia and reduced portal flow (9, 10).

As yet, little is known about the aetiology, clinical course and management of these patients with
combined pathology. It is hypothesized that in BCS, extension of thrombosis in other splanchnic
veins is more frequently associated with severe and complex thrombophilic aetiology, and that
the prognosis of patients with combined BCS-PVT is worse than patients with isolated BCS.
Therefore, the aim of the present study was to investigate aetiology, treatment options and
prognosis of patients with BCS-PVT and to compare them with patients with isolated BCS.



Methods

Patients

Consecutive patients diagnosed with BCS between January 1984 and January 2001 were
identified by means of a search in computerised diagnosis registration systems of all eight
academic hospitals in the Netherlands, the Mayo Clinic (Rochester, MN) in the USA and Hépital
Beaujon (Clichy) and Hépital Louis Mourier (AP-HP, Colombes) in France. The participating
hospitals all serve as tertiary referral centers and part of the study population from France (11)
and the USA (12) has been described previously. Key words, used to identify patients included:
Budd-Chiari syndrome, hepatic outflow obstruction, hepatic vein thrombosis, vascular liver
disease, hepatic vein and inferior vena cava. The current definition of BCS was used (1).
Diagnosis was based on characteristic features at Doppler Ultrasound, computerised
tomography (CT), magnetic resonance imaging (MRI) or venography. The total study population
has been described in more detail previously (13). Additional data has been collected for the
purpose of the current study.

All medical records and radiology reports present at time of diagnosis of BCS were examined to
find patients with concurrent PVT. PVT was defined as partial or complete occlusion of the extra-
hepatic portal vein, and the diagnosis was established by radiological imaging modalities.

Clinical data

Predefined clinical data at the time of diagnosis were collected by a standardised review of
medical charts by two of the authors (HJ and SDM) and uniform structured data forms were
completed. These clinical data included data on patient demographics, clinical symptoms and
signs, laboratory values and location of thrombosis. The Child-Pugh score, as well the
Rotterdam prognostic score were assessed for all patients with complete data on the
corresponding variables. The Rotterdam score was recently developed by our group to classify
patients at baseline into good (class I), intermediate (Il) and poor (lll) prognostic classes
according the following formula: 1.27*encephalopathy + 1.04*ascites + 0.72prothrombin time +
0.004bilirubin (13).

Search for etiological factors included: hereditary thrombophilia (i.e. Factor V Leiden mutation,
prothrombin gene mutation, and inherited deficiency for protein C, protein S or antithrombin),
acquired hypercoagulability (i.e. myeloproliferative disorders, anticardiolipin antibodies, lupus
anticoagulant antibodies, paroxysmal nocturnal haemoglobinurea, Behcet disease, use of oral
contraceptives and pregnancy), local risk factors (abdominal infections, systemic inflammatory
diseases, and abdominal or extra-abdominal surgery), case history of thrombosis and family
history of thrombotic events or hereditary thrombophilia. Deficiencies of protein C, protein S and
antithrombin were only considered primary when isolated, i.e. when the levels of other liver-
dependent coagulation factors were normal; hence, liver dysfunction was ruled out as a cause
for secondary deficiency. Myeloproliferative disorders were confirmed by bone marrow
examination, and consequently only overt forms were included (14). Since all patients had BCS,
we did not consider BCS or BCS-related cirrhosis as a local risk factor for PVT in our analyses.
According to the location of the obstruction, patients with combined BCS-PVT were classified
into two groups: patients with additional splenic and/or superior mesenteric vein thrombosis



(referred to as BCS-PVT with SMVT) and patients without SMVT (referred to as BCS-PVT
without SMVT).

Statistics

In this cohort study, all patients were followed from date of diagnosis until death, study closure
(January 1st,2001) or, in case of loss to follow-up, the date of last visit. Survival was calculated
by means of the Kaplan Meier method and the log rank test was used for comparison between
groups. Comparison of baseline characteristics was based on [? tests (for categorical variables),
and Mann-Whitney U tests or Kruskal-Wallis tests (for continuous variables). Cox regression
analyses were employed to calculate relative hazard risks. Statistical significance was set at a p-
value of 0.05 or less. All analyses were performed in SPSS for Windows, version 10.1.1 (SPSS,
Chicago, IL, USA).



Results

In a total sample of 282 patients diagnosed with BCS between 1984 and 2001 (13), 42 patients
(15%) with combined BCS-PVT were identified. Exclusion criteria were underlying malignancy
(n=7), and also diagnosis at post-mortem examination since etiological investigations as well as
follow-up data were not available (n=2). This left a total of 33 eligible patients, among which
were 11 Dutch (33%), 15 American (46%) and 7 French (21%). There was no significant
difference in survival between countries (p=.85).

Using the same in- and exclusion criteria, 204 patients with isolated BCS could be identified in
the total sample. There were no significant differences in demographic characteristics, clinical
manifestations, laboratory findings or prognostic indicators between patients with combined
BCS-PVT (n=33) and patients with isolated BCS (n=204) at the time of diagnosis (table 1).

Clinical manifestations

Median age at diagnosis was 37 years (range 18-76) and 70% was female. The main clinical
symptoms and laboratory results for combined BCS-PVT are presented in table 1. There were 4
asymptomatic patients. Only 3 patients (9%) presented with variceal haemorrhage as a result of
portal hypertension. Sequelae of hypersplenism (thrombocytopenia and/ or leucopenia) were
present in 9 patients (27%). Median Child-Pugh score was 8 (range 5-12) in 28 and median
Rotterdam prognostic score was 1.16 (range 0.02-3.37) in 30 patients with complete data.

Characteristics of the obstruction

All patients with BCS-PVT had occlusion of the hepatic veins and the portal vein. The portal vein
was occluded completely in 28 patients (82%) and partially in 5 (18%). Eleven patients (33%)
also exhibited thrombosis of the inferior vena cava. Eighteen patients (55%) showed additional
thrombosis in the splenic vein (n=8), superior mesenteric vein (n=2) or both (n=8), and were
subsequently classified as BCS-PVT with SMVT. There were 15 patients without SMVT (45%).




Table 1
Baseline factors, present at time of diagnosis in patients with combined BCS-PVT (n=33) and
isolated BCS (n=204). P-values are derived from the [? test (for categorical variables) or the

Mann-Whitney U test (for continuous variables).

Baseline characteristics BCS-PVT Isolated BCS p-value
Demographics (%)

Age? 37 (18-76) 34 (13-76) 62
Male/female 10/23 (30/70) 68/136 (33/67) 73
Country: .09
The Netherlands (33) 2 (30)

United States 5 (46) 1(30)

France (21) (40)

Clinical manifestations (%)

Ascites 28 (85) 171 (84) .88
Hepatomegaly 26 (79) 155 (79) 97
Splenomegaly 18 (55) 102 (53) .86
Variceal bleeding 3(9) 16 (8) 81
Encephalopathy 3(9) 21 (10) 83
Laboratory findings?

Albumin (g/l) 33 (19-57) 34 (13-54) 95
ALT (XULN)o 1.0 (0.1-21.0) 1.0 (0.1-86,7) 95
Bilirubin (umol/l) 29 (5-149) 27 (3-301) 82
Alkaline phosphatase (XULN)® 1.1(0.4-3.1) 1.2 (0.3-16.3) 18
Platelet count (x10E9/) 291 (42-652) 224 (10-896) 22
Haemoglobin (mmol/l) 79 (4.1-11.2) 8.2 (3.5-13.0) 34
Sodium (mmol/l) 137 (124-145) 137 (121-145) 95
Creatinin (umol/l) 71 (44-469) 80 (35-393) A3
Prothrombin time (%)° .64
INR<1.7 21 (68) 108 (60)

INR 1.8-2.3 4(13) 35(19)

INR>2.3 6(19) 37(21)

Prognostic indicators (%)d

Child Pugh Score .38
Class A 7(27) 38 (23)

Class B 16 (62) 88 (53)

Class C 3(11) 39 (24)

Rotterdam prognostic classification 32
Class | 10 (33) 45 (26)

Class Il 10 (33) 85 (48)

Class Il 10 (33) 45 (26)

a Median (range)

b ULN= Upper limits of normal value; corrected for inter-center variation in normal values.

¢ In the French sample, the Quick-time was used as a measure for the prothrombin time. A Quick time value between
100 and 54 was assumed to be equal to an INR < 1.7, 54-44 % to an INR 1.8-2.3, and 44% and lower to an INR >
23.

d The Child-Pugh score and the Rotterdam prognostic classification could only be calculated for patients with
complete data on the corresponding factors (n=26, and n=30, respectively).



Survival

Median follow-up was 32 months (range 2 days- 184 months) and 10 patients died (30%), of
whom 6 in the first 2 years. Median survival was 19 months and median age at death was 47
years (range 25-76). Overall, 1-, 3- and 5-year survival rates were 87% (95% CI 75-99%), 75%
(95% CI 59-91%) and 59% (95% Cl 39-80%), respectively. According to the Rotterdam
prognostic score, 3-year survival rates were 100% (all alive) for class I, 78% (95% CI 51-100%)
for class Il and 48% (95% CI 33-63%) for class Ill (p=0.11; figure 1). The hazard of death
increased nearly twofold per each class (RR=1.96, 95% CI 0.83-4.67).

Patients with combined BCS-PVT tended to have worse prognosis than patients with isolated
BCS (RR=1.73; 95% Cl 0.87-3.46), but this trend was not statistically significant (p=0.11). Five-
year survival was 59% (95% Cl 39-80%) and 85% (95% Cl 76-88%), respectively (p=0.11, figure
2a). Patients with additional SMVT showed a trend towards lowered survival, as compared to
patients without SMVT (RR=3.47, p=0.11). Number of deaths was 8 (44%) and 2 (13%), and 5-
year survival was 48% (95% CI 22-74%) and 76% (95% CI 45-100%), respectively (p=0.09;
figure 2b).

Figure 1
Survival for class | (n=10), class Il (n=10) and class Il (n=10) of the Rotterdam prognostic
classification. Numbers represent 3-year survival rates.
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Figure 2a
Overall survival in patients with isolated BCS (n=204) and patients with combined BCS-PVT
(n=33). Numbers represent survival rates at 3-year (*), 5-year (**) and 10-years (***).
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Figure 2b

Survival analysis for patients with combined BCS-PVT without spleno-mesenteric vein
thrombosis (SMVT; n=15) and patients with BCS-PVT with SMVT (n=18). Numbers represent 5-
year survival rates.
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Aetiology

In combined BCS-PVT, aetiology was unknown in 8 (24%), unifactorial in 6 (18%) and
multifactorial in 19 patients (58%). Systemic hypercoagulability was present in 64% (hereditary:
n=4, acquired: n=14; combined n=3). In 3 patients, only local precipitating factors were present
(9%). A combination of an underlying systemic etiological factor superimposed by a local factor
was present in 9 patients (27%). The prevalence of etiological factors is presented in table 2.

The number of etiological factors differed significantly between patients with isolated BCS, BCS-
PVT without SMVT and BCS-PVT with SMVT and increased stepwise as thrombosis was more
extended (p=0.002). Median number of etiological factors was 1.0 (0-95% percentile 0-4), 2.0 (0-
95t percentile 0-3) and 3.0 (0-95™ percentile 0-7), respectively (p=0.05). Multifactorial aetiology,
defined as presence of two or more risk factors, was present in 38% of patients with isolated
BCS, 53% in patients with BCS-PVT without SMVT and 61% in patients with BCS-PVT with
SMVT (p=0.08, figure 3).

Table 2
Prevalence of etiological factors in 33 patients with combined BCS-PVT. Patients can have more
than one risk factor.

Etiological factor N Specifications

Acquired thrombophilia 21 Polycythemia rubra vera (n=7), essential thrombocythosis (n=2), not-
classified myeloproliferative disorder (n=1), anticardiolipin antibodies
(n=1)a, paroxysmal nocturnal hemoglobinurea (n=3), Behget's disease
(n=1), oral contraceptive use (n=>5), pregnancy (n=1)

Hereditary Thrombophilia | 15 Protein C deficiency (n=5), Protein S deficiency (n=1), Anti-thrombin
deficiency (n=3), Factor V Leiden mutation (n=2)2, Prothrombin gene
mutation (n=4)>

Local risk factorse 15 Abdominal surgery (n= 7), abdominal infection (n=3), extra-abdominal
surgery (n=2), Inflammatory Bowel Disease (n=2), polycystic liver disease
(n=1)

Other risk factors 15 History of other thrombotic events (n=8), family history of thrombosis

(n=4), family history of inherited thrombophilia (n=2), vasculitis (n=1)

aNumber of patients tested: n=18
® Number of patients tested: n=9
¢Excluding BCS or BCS-related cirrhosis as local risk factor



Figure 3

Multifactorial aetiology (i.e. 2 or more risk factors) in patients with isolated Budd-Chiari
Syndrome (BCS; n=204), patients with combined BCS-PVT without SMVT (n=15) and patients
with BCS-PVT with SMVT (n=18).
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Therapy and Clinical Qutcome
Treatment options and clinical outcome for BCS-PVT are summarised in figure 4.

Medical management

All patients received diuretics and/ or paracenthesis for control of their ascites. Anticoagulants
were administered to 20 patients (61%). Reasons to refrain the other 13 patients from
anticoagulation were: history of or presentation with upper variceal bleeding (n=3), spontaneous
elevated INR (n=2), absence of underlying thrombophilia (n=4) and immediate start with invasive
therapy (n=2). In 2 patients, only aspirin was given. Of 8 patients, treated solely with
anticoagulants, 2 died of acute (1 day) and chronic (15 months) liver failure. In the medical
treated group without anticoagulation, 1 patient died due to chronic liver failure after 4 years. In
12 patients (60%), anticoagulant therapy was combined with radiological or surgical procedures.



Figure 4

Treatment options and clinical outcome in 33 patients with BCS-PVT. Early deaths represent
deaths within 30 days after the procedure.

This includes Leveen shunting (n=4, mortality 2/4) and partial hepatectomy (n=1, alive).
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Transjugular intrahepatic portosystemic shunt (TIPS)

TIPS was performed in 4 patients (12%) with refractory ascites. To overcome the problem of
inserting a TIPS in an occluded portal vein, the standard technique was extended by
thrombolysis one day prior to TIPS (n=1) or balloon pull-through thrombectomy (n=2). These
patients were alive and well at 4-43 months. In the fourth patient, the emergency TIPS was
unsuccessful and a rescue surgical portocaval shunt procedure was attempted. Nevertheless,
this patient died immediately after surgery of recurrent massive bleeding.



Surgical portosystemic shunting (PSS)

In all participating centers, the indication for PSS was intractable ascites and/or deteriorating
liver function. PSS was performed in 7 patients as primary treatment. Of these, 3 received a
mesocaval shunt; in 1 patient, the shunt occluded after a week and the patient died 2 months
thereafter; a second patient died of liver failure after 28 months and the third patient survived up
to 15 years. A side-to-side portocaval shunt could be attempted in 3 patients because of partial
PVT and in 1 patient by performing peri-operative thrombectomy of the portal vein. Post-surgery,
shunt occlusion occurred in 1 patient who subsequently underwent liver transplantation and died
1 week post-transplantation. Inferior vena cava thrombosis occurred in another patient, which
was treated by percutaneous balloon angioplasty and stenting, followed by liver transplantation
(alive and well at 132 months). The shunt remained patent in the other 2 patients, who were
alive at 14 and 25 months of follow-up, respectively.

Orthotopic Liver Transplantation (OLT)

Two patients (6%) who presented with acute liver failure (Child Pugh score 12 and 8, and
Rotterdam prognostic class Ill and Il, respectively) went for primary OLT. Patency of the portal
vein was restored by peri-operative thrombectomy in 1 patient and she was alive at 21 months
after diagnosis. The other patient died due to graft failure after 40 months. As mentioned, OLT
was performed as rescue treatment in 2 patients, of whom 1 died.

Other

A peritoneovenous shunt was carried out in 4 patients, of which 2 died. A partial hepatectomy
was performed in 1 patient with BCS-PVT due to polycystic liver disease and this patient was
alive at 32 months of follow-up.



Discussion

BCS and PVT both preclude the normal hepatopetal blood flow and result in an increase in
vascular resistance and eventually portal hypertension. In BCS, this is usually manifested by
hepatomegaly and ascites, while in PVT, most patients develop oesophageal and/or gastric
varices, which may lead to massive gastrointestinal bleedings. Although BCS and PVT are
considered separate disease entities, there is a considerable overlap in aetiology. In both
disorders, hypercoagulability is a major predisposing factor. Yet, systemic risk factors
predominate in BCS whereas local risk factors, e.g. cirrhosis, abdominal tumours, inflammatory
diseases and surgery, predominate in the pathogenesis of PVT. Applying Virchow’s triad for the
development of thrombosis, a reduced portal flow in BCS, the presence of systemic
hypercoagulability and injury of the vessel wall by adjacent structures may converge in the
pathophysiology of combined BCS-PVT. To date, no longitudinal study has been able to
unravel the complete pathogenic mechanism.

The present study describes the largest cohort of patients with combined BCS-PVT described so
far. Ascites, abdominal distension and hepatosplenomegaly were mostly present, while liver
tests were only mildly altered. In contrast to isolated PVT, in which variceal bleeding is the most
common presenting symptom (15, 16), only 3 patients with BCS-PVT presented initially with
upper Gl bleeding. This can be explained by the fact that medical attention is driven by the more
severe presentation of BCS, which is usually prominent before significant varices are formed.

Coexistence of multiple etiological factors was present in 58%. Previously, 26-28% of patients
with BCS and 14-37% of patients with PVT were reported as having multiple risk factors (5, 6).
Our finding may indicate that in combined BCS-PVT, the complex interaction between inherited,
acquired and local predisposition is even more pronounced. Moreover, a striking finding in our
study was that the number of etiological factors was significantly associated with the extension
of thrombosis in the splanchnic bed (p=0.002).

Prognosis in patients with BCS-PVT was poor as compared to patients with isolated BCS (5-
year survival 59% versus 85%). Likewise, prognosis in BCS-PVT with SMVT was worse than in
BCS-PVT without SMVT (48% versus 76%). These results, although not statistically significant,
suggest that survival is related to the extent of thrombosis. This trend is in line with findings from
the only other clinical study on combined BCS-PVT, in which 5-year survival rates were 23% for
13 patients with BCS-PVT and 64% for 38 patients with isolated BCS (17). The even poorer
outcome of those patients could partly be ascribed to selection of severe cases with signs of
liver failure (encephalopathy was present in 46%), but also to the higher prevalence of
thrombosis in the superior mesenteric or splenic vein (46%). The multicenter approach of our
study and the longer follow-up period allowed a larger sample size, and a reflection of the
current therapeutic standards.

Anticoagulation was administered to the majority of our patients. We could not assess the
independent effect of anticoagulation on survival. However, the fact that extended thrombosis
(i.e. BCS-PVT with SMVT) was associated with 1) a higher prevalence of thrombophilia and 2) a
worse prognosis, suggests that anticoagulant therapy may be important not only to potentially
recanalize the occluded vein, but also to prevent extension of thrombosis and hence, to reduce



mortality. This hypothesis is supported by data from several small retrospective series in BCS
and PVT (18, 19). Condat et al. (18) showed that anticoagulation significantly reduced the risk of
recurrent thrombosis, but did not increase the risk of upper variceal haemorrhage, thereby
refuting the main argument to withhold anticoagulants. Furthermore, anticoagulation appeared to
result in (partial) recanalisation in 93% (20). Although based on circumstantial evidence, we
believe that anticoagulants should be administered to all patients with combined BCS-PVT, and
in particular to patients with underlying thrombophilia.

TIPS was performed in 4 of our patients of whom only one died, after surgical shunting. Several
modifications have been employed to overcome the technical difficulties associated with the
presence of both hepatic and portal vein thrombosis. Patency was temporarily restored by local
infusion of thrombolytic agents and balloon pull-through thrombectomy, recently also described
in a few case-reports and small series (21-24). Although the numbers are limited, these findings
suggest that portal vein thrombosis is not an absolute contraindication for TIPS and an extended
TIPS procedure should be attempted as first line derivative treatment for patients who do not
respond to medical therapy.

Surgical shunts, such as mesocaval and portocaval shunts, were attempted as initial treatment
in 7 patients, of whom 3 died. In BCS, the role of PSS remains inconclusive. Two multivariate
studies failed to show a beneficial effect on survival (11, 25) and in our own series, PSS only
appeared beneficial for a subgroup of patients with intermediate prognosis (13). Therefore, we
believe that surgical shunting should be used with caution.

In conclusion, prognosis in patients with combined BCS-PVT is poor, in particular if there is
extension of thrombosis in the splenic and/or superior mesenteric vein. There was a significant
association between the number of etiological factors and degree of extension of thrombosis,
indicating a higher prevalence of multifactorial aetiology in patients with multiple sites of
thrombosis. Therefore, anticoagulation seems warranted in patients with combined BCS-PVT,
not only to treat underlying thrombophilia but also to potentially prevent further extension of
thrombosis in the splanchnic venous bed. Derivative procedures appear difficult, yet not
impossible, and require modifications to the standard technique. An extended TIPS by additional
thrombolysis or balloon pull-through angioplasty appeared to have the best outcome, but these
results have to be confirmed in larger series.
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Abstract

Background & Aims

Current recommendations for early anticoagulation in acute portal vein thrombosis unrelated to
cirrhosis or malignancy are based on limited evidence. The aim of this study was to
prospectively assess the risk factors, outcome and prognosis in patients managed according to
these recommendations.

Methods

We enrolled 105 patients with acute thrombosis of the portal vein, or its left or right branch.
Laboratory investigations for prothrombotic factors were centralized. Thrombus extension and
recanalization were assessed by expert radiologists.

Results

A local risk factor was identified in 22% of patients, and one or several general prothrombotic
conditions in 53%. Anticoagulation was given to 101 patients. After a median of 245 days, the
portal vein and its left or right branch were patent in 41% of anticoagulated patients (versus 14%
initially), the splenic vein in 75% (versus 58% initially), and the superior mesenteric vein in 69%
(versus 40% initially). No recanalization occurred after 6 months. Failure to recanalize the portal
vein was independently related to the presence of ascites (hazard ratio 3.2, 95% confidence
interval 1.3-8) and an occluded splenic vein (hazard ratio 3.2, 95% confidence interval 1.3-7.6).
Gastrointestinal bleeding and intestinal infarction occurred in 9 and 2 patients, respectively. Two
patients died from causes unrelated to thrombosis or anticoagulation therapy.

Conclusion

Recanalization occurs in one third of patients receiving early anticoagulation for acute portal vein
thrombosis, while thrombus extension, intestinal infarction, severe bleeding and death are rare.
Alternative therapy should be considered when ascites and splenic vein obstruction are present.



Introduction

Acute portal vein thrombosis (PVT) is characterized by the recent development of a thrombus in
the portal vein or its left or right branches.! 2 Extension to mesenteric venous arches causes
intestinal infarction, with a reported mortality of up to 50%.% 4 Without recanalization, a
cavernoma develops, associated with a permanent risk of potentially fatal gastrointestinal
bleeding, recurrent thrombosis, or biliary obstruction.” 5 ¢ Therefore recanalization is a major
goal for the treatment of acute PVT and often a pressing challenge because most PVT cases
are recognized at the acute stage.” Expert panels have recommended early anticoagulation
therapy for acute PVT.2 However, these recommendations are based on small retrospective
cohort studies performed over several decades 310

The aim of this study was to prospectively assess (a) patient characteristics of those presenting
with acute non-cirrhotic, non-malignant PVT; (b) the incidence and predictive factors of
recanalization in patients managed according to recent recommendations; and (c) the incidence
of disease- and treatment-related complications.



Methods

Patients and management

Between October 2003 and October 2005, incident cases of acute PVT were enrolled in 7
European countries (Belgium, France, Germany, Italy, Netherlands, Spain, and Switzerland).
Diagnostic criteria were imaging evidence of solid material in the portal vein lumen or in its left or
right branch, and the absence of porto-portal collaterals. In case of disagreement, diagnostic
procedures were ranked in the following order of decreasing accuracy: computerized
tomography, magnetic resonance imaging, and Doppler-ultrasound. Patients with cirrhosis or
abdominal malignancies were excluded on the basis of history, clinical and laboratory findings,
and imaging of the liver, bile ducts, pancreas and other abdominal organs based on a central
review of imaging studies.

Patients were managed by their referring specialists in contact with national coordinating
centers. Protocol recommendations included (a) a comprehensive evaluation of local and
general risk factors for thrombosis; (b) blood sampling for centralized plasma and DNA storage;
(c) early initiation of heparin therapy followed by oral anticoagulation targeting an INR of 2 to 3;
(d) 6-months of anticoagulation therapy, prolonged to long-term if a permanent prothrombotic
disorder was found and/or the mesenteric vein was obstructed; (e) clinical, laboratory and
radiological follow-up examinations. However, the final choice of the type and duration of
anticoagulation treatment was left to the judgment of the referring specialist.

Definitions

Date of diagnosis corresponded to the date of the imaging study where diagnostic criteria were
met after centralized review. Radiological images were collected and reviewed by expert
radiologists during a centralized national review. The following segments were examined: portal
vein, right and left portal vein branches and terminal segment of the superior mesenteric and
splenic veins. Patency was defined as visualization of a completely normal venous segment;
obstruction as the presence of solid material in the vascular lumen or obliteration of the normal
lumen; and recanalization as the normal appearance of a previously obstructed segment.
Cavernoma was defined as the presence of clear porto-portal collaterals. A diagnosis of
mesenteric infarction was based on evidence in a pathology specimen.

Follow-up and data collection

Patients were followed from the date of diagnosis until death, study closure (May 15t 2006), or
the date of the last visit. Clinical, laboratory and radiological data were collected at diagnosis, at
predefined intervals (1, 3, 6, 12, 18, 24 months), and during significant clinical events. Blood
samples were obtained for centralized etiological work-up. Risk factors for thrombosis were
investigated as previously reported.' 12 All collected data were confirmed by national and
international experts before freezing for analyses.




Endpoints
Endpoints included: (i) patency of the portal vein trunk and at least one of its main right or left

branches as a result of recanalization or lack of extension; (i) patency of the superior
mesenteric and splenic veins; and (jii) bleeding, intestinal infarction or death.

Statistical analyses

Quantitative variables are expressed as mean (+ standard error), or median and range, and
qualitative variables as absolute and relative frequencies. Comparisons between groups of
quantitative and qualitative variables were made by the Wilcoxon and 2 test, respectively.
Recanalization rates were assessed using Cox models. Independent predictive factors for lack
of recanalization were assessed with Cox model regression. Overall survival rates were
assessed by the Kaplan-Meier method. Comparisons of recanalization rates with risk factors
were made by the log rank test. All tests were two-sided and p values < 0.05 was considered
significant. Data handling and analysis were performed with SPSS 12.0 (SPSS Inc., Chicago,
llinois, USA).

The study was approved by all national and, if necessary, local ethics committees. All enrolled
patients agreed to participate by completing a written informed consent form after receiving
complete oral and written information.



Results

Patient characteristics at diagnosis

One hundred and five patients were enrolled and followed-up for a median of 245 days (range 0-
904 days): 8 in Belgium, 4 in Germany, 17 in ltaly, 43 in France, 20 in the Netherlands, 8 in
Spain, and 5 in Switzerland. The main features at diagnosis are presented in Table 1. Most
patients had a fever or elevated C reactive protein levels, with or without an inflammatory focus.
Three patients presented with variceal bleeding but with no cavernoma or evidence of cirrhosis,
alcoholic or nonalcoholic fatty liver disease, viral hepatitis, metabolic syndrome, excess iron,
autoimmune liver disease, Wilson’s disease or alpha-1 antitrypsin deficiency. Intrahepatic
obliterative portal venopathy was identified in one of these 3 patients.

Table 1

Clinical and radiological characteristics of 105 patients with APVT at diagnosis

Gender — Female/Male

52/53

Age — Median (range)

Abdominal pain - N (%)

Fever

Ascites — N (%)

Small volume ascites™ — N (%)

Clinical ascites — N (%)

Splenomegaly at imaging — N (%)
Hepatomegaly at imaging — N (%)
Variceal bleeding — N (%)

Prothrombin ratio - % — Median (range)
Serum bilirubin - umol/L- Median (range)
ALT - Median (range)

Serum creatinine - ymol/l - Median (range)
Haemoglobin - mmol/l Median (range)
Leucocytes - 109/ Median (range)
Platelets - 109/ Median (range)

CRP - Ul Median (range)

Elevated CRP or fever — N (%)

49 (16-84)
96 (91)

55 (52)

42 (40)
36(34)

6(6)

40 (38%)
26 (25%)
3(3)

83 (27-114)
15 (2-207)
46(13-1484)
76 (28-163)
8(3-12.5)
9.3 (1-34)
274(55-949)
53 (1-529)
89(85)

*Only visible at imaging



Table 2
Causal factors identified at diagnosis in 105 patients with acute PVT. *patients may have 2 local
factors

N tested N positive N positive/ N tested (%)
Myeloproliferative disease 105 24 23
JAK 2 positive 85 17 16
Antiphospholipid syndrome 93 9 10
Protein C deficiency 88 1 1
Protein S deficiency 86 6 7
Antithrombin deficiency 92 2 2
Prothrombine gene mutation 102 15 15
Factor V Leiden 102 4 4
Homozygous MTHFR mutation 82 9 11
Hyperhomocysteinemia 72 8 11
0/1/2/3 prothrombotic disorders 49/44/10/2 471421912
Connective tissue disease 105 5 4
Hormonal contraception or replacement 53 23 44
Personal history of deep vein thrombosis 105 14 13
Family history of deep vein thrombosis 105 23 22
Local factor* 105 23 22
Pancreatitis 8 8
Cholecystis or cholangitis 6 6
Liver abscess 5 5
Gastritis 3 3
Inflammatory bowel disease 1 1
Diverticulitis 1 1
CMV hepatitis 1 1
Abdominal trauma 1 1
General prothrombotic disorder among 9 39
patients with a local factor
No causal factor 25 24

* Patients may have 2 local factors



As shown in Table 2, at least one general risk factor for venous thrombosis (excluding
exogenous oestrogens or progestatives and systemic inflammation) and local factors were found
in 42% and 22% of patients, respectively. Obliterative portal venopathy '3 was found in four of
the 17 patients who underwent liver biopsy; and pure nodular regenerative hyperplasia, small
duct sclerosing cholangitis without fibrosis, and bacterial cholangitis was found 1 each. The
remaining 10 patients had histologically normal liver and bile ducts.

Portal venous obstruction at diagnosis

Obstruction of the portal vein or of its two branches was found in 90 patients (86%). The 15
remaining patients had only a single obstructed portal vein branch (with or without splenic or
superior mesenteric vein obstruction). The splenic vein or the superior mesenteric vein were
obstructed in 44 (41%) and 61 (58%) patients, respectively. Complete obstruction of the portal
vein, superior mesenteric vein and splenic vein was found in 29 patients (28%).

Treatment

Anticoagulation was administered to 101 patients (95%) for a median duration of 235 days
(range 7 to 937 days). Median interval from first symptoms to start of treatment was 13 days
(range 0 to 140 days), and from diagnosis to treatment 1 day (range -7 to 76 days). Initial
treatment was heparin in 88 patients (unfractionated heparin in 25 patients, low molecular
weight heparin in 63), and vitamin K antagonists in 13. A transjugular intrahepatic portosystemic
shunt was inserted in 1 patient who also received anticoagulation treatment and thrombolysis.

Outcome in the 101 patients receiving anticoagulation

Patency of portal venous segments at the end of follow-up.

Figure 1 shows the outcome of venous obstruction compared to initial findings. Compared to
baseline, the prevalence of obstruction decreased by 32 % for the portal vein or its 2 main
branches; 48% for the splenic vein; 50% for the superior mesenteric vein; and 43% for
simultaneous obstruction of the portal vein, right and left portal vein branches, superior
mesenteric and splenic veins. The portal venous system was completely patent in 18 patients. A
portal cavernoma developed in 40 patients.

None of the 14 patients with obstruction of a single portal vein branch developed obstruction of
the portal vein or both branches. Extension to the superior mesenteric vein or splenic vein
developed in 3 and 4 patients, respectively. Progression occurred after diagnosis, but before
anticoagulation was begun in all 3 patients with extension to the splenic vein, and in 1 of the 4
with extension to the superior mesenteric vein.



Figure 1
Distribution of obstructed venous segments at diagnosis and at the end-of follow-up in 101
patients receiving anticoagulation therapy. 1A - Portal vein or both its branches. 1B - Superior

mesenteric vein. 1C - Splenic vein

A. Obstruction of the Portal Vein or both of its two branches

INCLUSION END-OF-FOLLOW-UP END-OF-FOLLOW-UP

Present 60

Present 87

Absent 27 Present 60

Present 0

Absent 41

Absent 14

Absent 14

B. Obstruction of the Superior Mesenteric Vein

INCLUSION END-OF-FOLLOW-UP END-OF-FOLLOW-UP

Present 28

Present 61

Present 31

Absent 33

Present 3

Absent 70

Absent 40

Absent 37




C. Obstruction of the Splenic Vein
INCLUSION END-OF-FOLLOW-UP END-OF-FOLLOW-UP

Absent 21

Absent 55

Absent 76

Absent 59

Recanalization of the portal vein trunk and/or main branches.

Figure 2 shows that the 1-year recanalization rate was 34% in the 87 patients with initial
obstruction of the portal vein or both branches. Recanalization did not occur in any of the
patients 6 months after anticoagulation treatment was initiated. Univariate analysis showed that
factors predicting failure of recanalization were ascites detected clinically or at imaging [hazard
ratio (HR) 3.7, 95% confidence interval (Cl) 1.5-9.1]; the presence of the V617F-JAK2 mutation
(HR 2.1, 95% CI 1.2-3.8), elevated alkaline phosphatase (HR 1.2, 95% CI 1.1-3), elevated
serum gamma-glutamyl transferase (HR 1.1, 95% CI 1.1-1.2), duration of anticoagulation
therapy (HR 1.1, 95% CI 1.001-1.006), splenic vein obstruction (HR 3.6, 95% CI 1.1-8.7),
superior mesenteric vein obstruction (HR 2,.4,95% CI 1.1-5). The outcome did not differ
according to the type or number of thrombotic risk factors or the type of anticoagulation
treatment (heparin-based and initiated within 7 days of first symptoms in 27 patients, or
otherwise in 61 patients). The only independent factors found at multivariate analysis were
ascites (assessed clinically or at imaging) (HR 3.2, 95% CI 1.3-8) and splenic vein obstruction
(HR 3.2, 95% CI 1.3-7.6). Figure 3 shows that recanalization did not occur in any of the 20
patients with both splenic vein obstruction and ascites.

Recanalization of splenic vein or mesenteric veins.
Figure 2 shows that the 1-year recanalization rate was 58% for the superior mesenteric vein,
and 50% for the splenic vein. There was no apparent plateau in recanalization over time for
these two veins. Patient characteristics were not significantly different in those with
recanalization and those without (data not shown).



Figure 2.
Recanalization rate in anticoagulated patients with initial obstruction of the extrahepatic portal

vein or both its main branches (N = 87), superior mesenteric vein (N = 61), or splenic vein (N =
42)
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Figure 3

Cumulative rate of recanalization of complete extrahepatic portal vein obstruction according to
whether splenic vein was obstructed (SV obstr) or permeable (SV perm), and whether ascites
was present (ascites pres) or absent (ascites abs) at imaging. (Analysis on 89 patients because
2 patients had missing data)
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Outcome in the 4 patients not receiving anticoagulation therapy

Two patients who did not receive antithrombotic therapy had no recanalization. The V617F-
JAK2 mutation was retrospectively detected in 1 while the lupus anticoagulant was found in the
other; obstructed segments were the right portal vein and the splenic vein in one patient, and
both portal vein branches in the other. The 2 remaining patients had acute pancreatitis as the
only cause of portal vein obstruction. One received aspirin without recanalization; the other did
not receive any antithrombotic therapy and fully recovered with a patent portal venous system.

Bleeding, intestinal infarction and death in patients receiving anticoagulation therapy

Bleeding occurred in 9 out of 101 patients (gastrointestinal in 5, nasal in 2, intra-abdominal in 1,
bone marrow biopsy-related hematoma in 1). Although bleeding required transfusion or a
prolonged hospital stay in 5 patients, there were no mortalities. Two patients who developed
mesenteric infarction 6 and 12 days after beginning anticoagulation underwent 140cm- and
40cm-long intestinal resection, respectively. Both patients survived with good clinical outcome.
Two patients died, 1 from sepsis 14 months after diagnosis; and 1 from cholangiocarcinoma,
undetectable upon review of initial CT scan, and diagnosed 6 months after PVT.




Discussion

This study in one-hundred prospectively enrolled patients with acute PVT clarifies the etiology
and outcome of anticoagulation therapy in this disease. The extrahepatic portal vein was
completely blocked in approximately 90% of patients who were at risk of permanent portal
hypertension. Furthermore, two thirds of the patients had superior mesenteric vein involvement
and were thus at of risk intestinal infarction.

Previous retrospective studies have identified local factors in 25% of acute PVT patients. The
results in this prospective study were similar (22%) thus the reason that thrombosis develops in
this particular vein remains unanswered in most patients. However, this study suggests that
intrahepatic vascular disease is an underestimated risk factor for acute PVT. '* Obliterative
portal venopathy or nodular regenerative hyperplasia was found in 4% of all patients and 30% of
those who underwent liver biopsy. In these patients, acute PVT presented with ruptured
esophageal varices or other well known abdominal symptoms.

A general risk factor for venous thrombosis was identified in 42% of patients. These results
confirm those of retrospective studies'®-'2 15. 16 and the predominance of myeloproliferative
diseases (23% of patients), G20210A prothrombin gene mutation (15%), and antiphospholipid
syndrome (10%) were also similar to previous results. Only 13% of patients had a local factor
without a general risk factor, and 24 % had no identified factor. These results support the
recommendation that all acute PVT patients - with or without local factors - should be
investigated for prothrombotic disorders and considered for early anticoagulation without waiting
for test results.

A randomized controlled trial of anticoagulation for acute PVT is not realistic due to the rarity and
heterogeneity of this disorder. This study has clarified the overall outcome of early
anticoagulation therapy using homogeneous inclusion criteria and endpoints. Protocol
recommendations were closely followed, so only 4 patients did not receive anticoagulation
treatment. The main findings were a very low rate of extension, and a marked rate of
recanalization. None of the 14 patients with initial thrombus of one main portal vein branch had
extension to the trunk or other branches. Extension into the superior mesenteric or splenic vein
was only observed in 3 patients, most of whom began anticoagulation later. Furthermore, the
incidence of intestinal infarction was only 3% in patients with superior mesenteric vein
obstruction. This is similar to results in a medical series of 33 patients treated with early
anticoagulation '°, but much lower than in unselected or surgical patients (20-50%) who did not
all receive anticoagulation.*

Although a recovered patency of the portal vein and at least one main branch was reached in
one third of patients receiving anticoagulation therapy, obstruction of the portal vein or both of its
2 main branches persisted until the end of follow-up in the rest. The latter patients will probably
develop permanent portal hypertension because no recanalization occurred between 6 and 12
months after anticoagulation began. Indeed, a portal cavernoma had already developed in 40%
of patients by the end of follow-up. Thus, early anticoagulation is less effective in inducing
recanalization of complete extrahepatic portal vein obstruction than in preventing extension to or
from the portal vein.



Nevertheless, recanalization rates approached 60% in superior mesenteric and splenic veins.
This outcome is clinically significant because a preserved mesenteric vein is a major predictor of
long term survival."” Moreover, recanalization of these veins steadily increased during follow-up.
Further studies are needed to assess whether anticoagulation should be maintained until
recanalization of these veins. Finally, the absence of PVT related deaths in this cohort is
remarkable, especially because most of these patients had extensive portal venous thrombosis
atinclusion."”

In patients with acute PVT, the baseline risk of bleeding can be increased by portal hypertension
and intestinal ischemia. Although five percent of our patients had major bleeding there were no
bleeding-related deaths. It should be noted that this rate of severe bleeding is similar to that
from deep-vein thrombosis at other sites.!8

Additional or alternative therapeutic options should be considered to increase the recanalization
rate, but current options include high risk procedures. Pharmacological or instrumental
thrombolysis have recently been proposed by a direct, percutaneous transhepatic approach to
the portal vein, or by superior mesenteric artery catherization. 192! These invasive, poorly
evaluated procedures should only be considered for patients with the least chance of
recanalization during anticoagulation therapy. Hence, the simple and powerful independent
predictors of recanalization identified in this study are an important clinical tool. Patients with a
combination of splenic vein obstruction and ascites have very little chance of recanalization
during anticoagulation therapy and could be candidates for alternative treatment. However, the
low mortality rate of chronic PVT should also be considered when deciding on invasive therapy
during acute stage PVT.!

In conclusion, this study supports early anticoagulation of patients with acute PVT because of
the high prevalence of permanet risk factors for venous thrombosis; the limited number of cases
with thrombus extension or intestinal infarction; the high rate of splanchnic vein recanalization;
and the low rate of severe bleeding.



Acknowledgements

This study was funded by the European Union 6t Frame Work Program (QLG1-CT-2002-
01686), and by GIS-Maladie Rare.

We would like to express your deep gratitude for all these investigators, without whom this study
would have not been possible.

From the Dutch Network for Vascular Liver Diseases: F.W.G. Leebeek (Erasmus Medical
Center, Rotterdam), W.C.M Tielemans (Erasmus Medical Center, Rotterdam), D.C. Rijken
(Erasmus Medical Center, Rotterdam), H.R. van Buuren (Erasmus Medical Center, Rotterdam)
P.B.F Mensink (Erasmus Medical Center, Rotterdam), R.A. de Man (Erasmus Medical Center,
Rotterdam), J.J.M.C. Malfliet (Erasmus Medical Center, Rotterdam), A.Keizerwaard (Erasmus
Medical Center, Rotterdam), L.A. van Santen (Erasmus Medical Center, Rotterdam), B. Hansen
(Erasmus Medical Center, Rotterdam), W.R. ten Hove (Groene Hart Ziekenhuis, Gouda), P.C.
van de Meeberg (Slingeland Ziekenhuis, Doetinchem), S.D.J. van der Werf (MC Haaglanden,
Den Haag), D.J. Bac (lkazia Ziekenhuis, Rotterdam), R.P.R. Adang (Viecuri MC, Venlo), J.D.
van Bergeijk (Ziekenhuis Gelderse Vallei, Ede), R. Beukers, W. van de Vrie (both Albert
Schweitzer Ziekenhuis, Dordrecht), L. Berk, A.J.P. van Tilburg (both St. Fransiscus Gasthuis,
Rotterdam), P.L.M. Jansen (AMC, Amsterdam), A.C. Poen (Isala klinieken, Zwolle), J.P.H.
Drenth (UMC St Radboud, Nijmegen), J.T. Brouwer (Reinier de Graaf ziekenhuis, Delft), E.B.
Haagsma (UMC Groningen, Groningen), M.H.M.G. Houben (Hagaziekenhuis, Den Haag),
E.T.T.L Tjwa (VUMC, Amsterdam), J.W.J. van Esser (Bronovo ziekenhuis, Den Haag).

From the French Network for Vascular Liver Diseases: M. Achahboun (CHU Hépital Beaujon,
Clichy), A. Marot (CHU Hépital Beaujon, Clichy), F. Durand (CHU Hbpital Beaujon, Clichy), V.
Vilgrain (CHU Hépital Beaujon, Clichy), D. Cazals-Hatem (CHU Hépital Beaujon, Clichy), D.
Videau (CHU Hbpital Beaujon, Clichy), M.H. Deninger (CHU Hépital Beaujon, Clichy), J.
Belghitti (CHU Hépital Beaujon, Clichy), B. Condat (Hopital Saint-Camille, Bry sur Marne), C.
Bureau (CHU Purpan, Toulouse), C. Chagneau-Derrode (CHU La Millétrie, Poitiers), O. Goria
(CHU Charles Nicole, Rouen), S. Hillaire (CH Foch, Suresnes), J.B. Nousbaum (CHU La Cavale
Blanche, Brest), M.T. Dao (CHU Cote de Nacre, Caen), L. D'alterroche (CHU Hépital
Trousseau, Tours) ; Dr P. Lebray (CHU La Pitié, Paris), Dr Sondag (CH, Mulhouse), C. De
Kerguenec (Ch, Saint Denis), A. Rosenbaum, (Hopital Privé d’Antony, Antony), E. Bartoli (CHU
Hopital Nord, Amiens), F. Habersetszer (Hopital Civil, Strasbourg), P. Mathurin (Hopital Huriez,
Lille), J.Y. Scoazec (CHU Hotel Dieu, Lyon), P. Marteau (CHU Lariboisiére, Paris), C. Buffet
(CHU de Bicétre, Paris).

From the Spanish Network for Vascular Liver Disorders: R. Lozano (Hospital Clinic, Barcelona),
F. Geva (Hospital Clinic, Barcelona), J.G. Abraldes (Hospital Clinic, Barcelona), J. Bosch
(Hospital Clinic, Barcelona), F. Cervantes (Hospital Clinic, Barcelona), J.C. Reverter (Hospital
Clinic, Barcelona), J.R. Ayuso (Hospital Clinic, Barcelona), R. Gilabert (Hospital Clinic,
Barcelona), A. Garcia-Criado (Hospital Clinic, Barcelona), J. Fuster (Hospital Clinic, Barcelona),
R. Saez (Hospital Clinic, Barcelona), A. Baringo (Hospital Clinic, Barcelona), L. Rocabert
(Hospital Clinic, Barcelona), D. Suarez Sambade (Centro Hospitalario Arquitecto Marcide,
Ferrol), M. Fernandez-Bermejo (Hospital San Pedro de Alcantara, San Pedro de Alcantara), M.
Berenguer (Hospital Universitario La Fe, Valencia), V. Aguillera (Hospital Universitario La Fe,
Valencia), M. de la Mata (Hospital Reina Sofia, Cérdoba), J. Bustamante (Hospital de Cruces,
Cruces/Barakaldo), R. Bafares Cafizares (Hospital General Universitario Gregorio Marafion,
Madrid), O. Nufiez (Hospital General Universitario Gregorio Marafion, Madrid), A. Monescillo




(Hospital Universitario Insular, Gran Canaria), P Sanchez-Pobre (Hospital Universitario "12 de
Octubre", Madrid), J. Femandez Castroagudin (Hospital Clinico, Universitario, Santiago), M.
Vergara Gomez (Corporacio Sanitaria Parc Tauli, Sabadell), P. Femnandez-Gil (Hospital
Comarcal, Sierrallana), J. L Lledo Navarro (Hospital Universitario Fundacion Alcorcon, Madrid),
F. Pons (Hospital Rio Hortega, Valladolid), M. Romero (Hospital Universitario Valme, Sevilla), L.
Viladomiu (Hospital Vall Hebron, Barcelona).

From the British Network for Vascular Liver Disorders: J. O'Grady (King’s College Hospital,
London), D. Patch (Royal Free Hopital, London), A. McGilchrist (Royal Infirmary, Edinburgh), G.
Thomas (University Hospital of Wales, Cardiff), J. Swift (Llandough Hospital, Penarth), T.
Higginson (Portsmouth hospital, Portsmouth), M.H. Davies (St James University hospital,
Leeds), S. Kapaida (New Cross Hospital, Wolverhampton), S. Catnach (St Alban's City hospital,
West Hertfordshire).

From the Italian Network for Vascular Liver Disorders: G. Minoli (Ospedale Valduce, Como), C.
Boschetti (IRCCS Ospedale Maggiore Milano, Milan), F. Marra (A.O. Careggi, Firenze), A. De
Santis (Policlinico Umberto | Roma, Rome), M. Zoli (A.O. Sant'Orsola-Malpighi Bologna,
Bolonga).

From the Belgian Network for Vascular Liver Disorders: N. Bourgeois (Hopital ERASME,
Bruxelles), Dewaide (CHU Sart Tilman, Liege), P. Gruselle (CHU Vésale, Charleroi). Finally, we
would like to thank all patients with BCS for their participation in this study.

S. Darwish Murad is a Mosaic laureate of the Netherlands Organization for Scientific Research
(NWO). H.LAA. Janssen, M.D., Ph.D. is a Clinical Fellow of the Netherlands Organization for
Scientific Research (NWO).




References

10.

1.

12.

13.

14.

15.

16.

17.

18.

Condat B, Valla D. Nonmalignant portal vein thrombosis in adults. Nat Clin Pract
Gastroenterol Hepatol 2006;3(9):505-15.

de Franchis R. Evolving consensus in portal hypertension. Report of the Baveno IV
consensus workshop on methodology of diagnosis and therapy in portal hypertension. J
Hepatol 2005;43(1):167-76.

Kumar S, Sarr MG, Kamath PS. Mesenteric venous thrombosis. N Engl J Med
2001;345(23):1683-8.

Kumar S, Kamath PS. Acute superior mesenteric venous thrombosis: one disease or two?
Am J Gastroenterol 2003;98(6):1299-304.

Hajdu CH, Murakami T, Diflo T, et al. Intrahepatic portal cavernoma as an indication for
liver transplantation. Liver Transpl 2007;13(9):1312-6.

Condat B, Vilgrain V, Asselah T, et al. Portal cavernoma-associated cholangiopathy: a
clinical and MR cholangiography coupled with MR portography imaging study. Hepatology
2003;37(6):1302-8.

Condat B, Pessione F, Hillaire S, et al. Current outcome of portal vein thrombosis in adults:
risk and benefit of anticoagulant therapy. Gastroenterology 2001;120(2):490-7.

Amitrano L, Guardascione MA, Scaglione M, et al. Prognostic factors in noncirrhotic
patients with splanchnic vein thromboses. Am J Gastroenterol 2007;102(11):2464-70.

Baril N, Wren S, Radin R, Ralls P, Stain S. The role of anticoagulation in pylephlebitis. Am
J Surg 1996;172(5):449-52; discussion 52-3.

Condat B, Pessione F, Helene Denninger M, Hillaire S, Valla D. Recent portal or
mesenteric venous thrombosis: increased recognition and frequent recanalization on
anticoagulant therapy. Hepatology 2000;32(3):466-70.

Denninger MH, Chait Y, Casadevall N, et al. Cause of portal or hepatic venous thrombosis
in adults: the role of multiple concurrent factors. Hepatology 2000;31(3):587-91.

Kiladjian JJ, Cervantes F, Leebeek FW, et al. The impact of JAK2 and MPL mutations on
diagnosis and prognosis of splanchnic vein thrombosis: a report on 241 cases. Blood
2008;111(10):4922-9.

Ludwig DJ, Hauptmann E, Rosoff L, Jr., Neuzil D. Mesenteric and portal vein thrombosis in
a young patient with protein S deficiency treated with urokinase via the superior mesenteric
artery. J Vasc Surg 1999;30(3):551-4.

Hillaire S, Bonte E, Denninger MH, et al. Idiopathic non-cirrhotic intrahepatic portal
hypertension in the West: a re-evaluation in 28 patients. Gut 2002;51(2):275-80.

Primignani M, Barosi G, Bergamaschi G, et al. Role of the JAK2 mutation in the diagnosis
of chronic myeloproliferative disorders in splanchnic vein thrombosis. Hepatology
2006;44(6):1528-34.

Primignani M, Martinelli I, Bucciarelli P, et al. Risk factors for thrombophilia in extrahepatic
portal vein obstruction. Hepatology 2005;41(3):603-8.

Janssen HL, Wijnhoud A, Haagsma EB, et al. Extrahepatic portal vein thrombosis:
aetiology and determinants of survival. Gut 2001;49(5):720-4.

Kearon C, Ginsberg JS, Kovacs MJ, et al. Comparison of low-intensity warfarin therapy
with conventional-intensity warfarin therapy for long-term prevention of recurrent venous
thromboembolism. N Engl J Med 2003;349(7):631-9.



19.

20.

21.

Antoch G, Taleb N, Hansen O, Stock W. Transarterial thrombolysis of portal and
mesenteric vein thrombosis: a promising alternative to common therapy. Eur J Vasc
Endovasc Surg 2001;21(5):471-2.

Ozkan U, Oguzkurt L, Tercan F, Tokmak N. Percutaneous transhepatic thrombolysis in the
treatment of acute portal venous thrombosis. Diagn Interv Radiol 2006;12(2):105-7.
Semiz-Oysu A, Keussen |, Cwikiel W. Interventional radiological management of
prehepatic obstruction of [corrected] the splanchnic venous system. Cardiovasc Intervent
Radiol 2007;30(4):688-95.



Xl

SUMMARY AND DISCUSSION

SAMENVATTING EN DISCUSSIE

DANKWOORD

WORDS OF GRATITUDE

CURRICULUM VITAE

BIBLIOGRAPHY



SUMMARY AND DISCUSSION

Budd-Chiari Syndrome (BCS) is a rare disease entity with many challenges. It is most accurately
defined as “hepatic venous outflow obstruction and its manifestations regardless of the cause
and level of obstruction which can be located anywhere from the small hepatic veins to the
entrance of the inferior vena cava into the right atrium”. In two third of the cases, the patient is
female and in her reproductive age. The classical clinical presentation is the triad of ascites,
hepatomegaly and abdominal pain, but many variations to this presentation exist. In general,
patients develop these symptoms in the absence of severe liver dysfunction, in other words, the
usual liver function parameters poorly correlate with disease activity. The disease is usually
detected by Ultrasound, CT, MRI and combinations thereof. Venography is the golden standard
but this is rarely performed nowadays. The hepatic venous outflow obstruction is usually caused
by thrombosis in the outflow tract, and is seen in association with many thrombogenic
conditions, including inherited and acquired forms of thrombophilia. Before 2000, the
management of BCS included long-term anticoagulation, diuretics, thrombolysis with or without
angioplasty and surgical portosytemic shunting. Liver transplantation is reserved for those with
progressive liver failure despite maximal treatment or for patients with fulminant liver failure
(CHAPTER I).

Following hepatic venous outflow obstruction, created by partial ligation of the inferior vena cava
in rats, many changes occur on the microvascular as well as macrovascular level (CHAPTER II).
In the earlier stage after the obstruction, centrilobular congestion and sinusoidal dilatation occurs
and the liver enlarges, clinically evident as hepatomegaly. This is accompanied by a decrease in
intravascular volume of the portal veins secondary to a collapse of the small peripheral portal
branches. The effective liver tissue volume decreases too, but to a lesser degree and therefore
several areas remain relatively under-perfused. In a later stage, centrilobular necrosis as well
as fibrosis and regeneration nodules develop. At this stage, the portal intravascular volume
decreases further, but now the degree to which the liver tissue volume is lost equals that of the
portal volume loss and therefore a new equilibrium is reached in which the remaining liver tissue
is relatively well-perfused.

This pilot study has much potential for the future. Using this animal model, one can think of
dynamic studies such as those using contrast CT or even dynamic MRI at smaller time intervals
while the rat is kept alive. Of great interest would be to do similar experiments but this time by
studying the hepatic artery instead. | also think there is room for refinement of the experimental
steps, and larger sample sizes. Overall, this study has helped us in increasing our so far
premature understanding of the pathophysiological changes occurring in the liver and its
vasculature.

The etiology of BCS is variable but almost always involves an increased tendency to develop
thrombosis. The most prevalent underlying diseases leading to BCS are myeloproliferative
disorders (MPD). We have shown that the prevalence ranges from 33% (CHAPTER Ill) to as
high as 49% (CHAPTER V) in the era in which spontaneous erythroid colony formation and the
JAK-2 mutation count as one of the confirmatory criteria. Survival in patients with BCS and MPD
is not determined by the underlying disease, and does not significantly differ from patients
without MPD, and thus with other etiological factors. Considering this high prevalence, patients
with (suspected) BCS should always undergo investigation for MPD, including peripheral blood



tests and smear, bone marrow biopsy and/or nuclear studies for determination of red cell mass
(in polycythemia vera). Vice versa, one may suggest that patients with MPD should be closely
followed for development of BCS, although the incidence thereof is much lower.

Other less common etiological factors include Factor V Leiden mutation (12%-15%), Prothombin
gene mutation (3%-8%), Protein C (4%-7%), Protein S (3%-7%) and Antithrombin deficiency
(3%). Use of oral contraceptives is present in 33%-52% of all female patients.

Interestingly, 38% of BCS patients with MPD appeared to also have other pro-thrombotic factors
simultaneously (CHAPTER Ill). Indeed, multifactorial etiology was present in 46% of all BCS
patients included in the EN-Vie study (CHAPTER V). This finding underlines the importance of
completing the full set of diagnostic studies for all thrombogenic disorders, even if one factor has
been found already. One may state that this would not change management as most of these
conditions are similarly, i.e. with anticoagulation. This is true. Yet, there are other reasons for
obtaining this information, such as for prognostic purposes as well as for counseling patients
regarding family planning.

Despite all efforts to find an underlying cause with the conventional tests for thrombophilia, in
about 10%-16% of patients, no cause can be identified. There are, obviously, two mechanisms
leading to thrombosis; one is the increased production (i.e. thrombogenesis) and one is the
decreased break-down (i.e. fibrinolysis). The markers involved in the fibrinolysis are thusfar not
as extensively studied as those involved in the thrombogenesis. We therefore sought to
investigate the role of TAFI (thrombin-activatable fibrinolysis inhibitor), a factor that is known to
potently attenuate fibrinolysis, in the pathogenesis of the Budd-Chiari Syndrome (CHAPTER V).
Indeed, TAFI antigen levels have previously been associated with a mildly increased risk for
venous thrombosis. Since TAFI, as many other coagulation factors is produced in the liver,
measuring antigen levels alone would be misleading. Therefore we investigated the prevalence
of different genetic variants in a case-control setting of 118 patients with either Budd-Chiari
syndrome or portal vein thrombosis (since both diseases carry a similar thrombogenic pattern)
versus healthy individuals. Results from this study suggest that the 147Thr/Thr (lowering both
functionality and antigen levels of TAFI) and 325Thr/lle (increasing half-life and antifibrinolytic
activity of TAFI) genetic variants are associated with decreased and increased risk of
thrombosis, respectively. The relationship between concentration on the one hand and
functionality on the other, may not be as linear as expected and further research is required to
elucidate the true direction of association. In fact, we are currently investigating the role of
several fibrinolytic factors (including plasminogen activator inhibitor 1 (PAI-1), TAFI, tissue-type
plasminogen activator (t-PA) antigen and factor XIII) in a case-control study of 101 patients with
BCS and healthy controls. Preliminary results thereof look promising and have the potential to
further unravel the complex interaction between coagulation, fibrinolysis and venous thrombosis
in the liver.

In the days before the flight of interventional radiology, the only definitive therapy for BCS was a
surgical shunt, in which an anastomosis was created between the portal vein or mesenteric vein
and the inferior vena cava in order to bypass the obstructed liver veins. This however, was
associated with high operative mortality rates, although in many (selected) surgical series,
surprisingly high survival rates were reported. In our retrospective case series of 237 patients
from 1984 to 2001, we found that 49% of patients underwent surgical shunting (CHAPTER VII),
but we failed to find a significant survival benefit. Relative mortality risks increased from 1.07 if



the shunting was performed within one month after diagnosis to 4.15 if it was done after six
months. Only in a subgroup of patients, with intermediate severity and risks, a small benefit in
survival was found although statistical significance was not reached. In simple words, patients
who had less severe disease would survive regardless of shunting, patients who had most
severe disease would die regardless of surgery, and those inbetween may potentially benefit
from shunting.

In the late nineties Transjugular intrahepatic shunting (TIPS), initially used as a bridge treatment
for patients with cirrhosis awaiting liver transplantation, founds it's use in the treatment of BCS.
Associated with lower intra-operative mortality, we, as have others, have shown that TIPS leads
to marked improvement in clinical condition of patients with BCS (CHAPTER VI). Also, since the
use of stents coated with polytetrafluoroethylene (PTFE), primary patency rates have
remarkably improved (56% versus 12% in bare stents), a finding of value in BCS patients who
already have an increased thrombosis risk to begin with. The combination of low morbidity and
mortality with excellent clinical outcome has nowadays made TIPS the most attractive treatment
of choice for patients with BCS. In fact, in our prospective study (EN-Vie) of 163 patients
diagnosed between 2003 and 2005, we found that in contrast to the extremely infrequent utility
of surgical shunting (only 2%), TIPS was the most frequently used therapeutic modality (34%)
(CHAPTER V). These data reflect the current trend towards using the least invasive
management first. Given the fact that survival in this study is markedly higher than survival in the
earlier studies, this approach now has set ground.

Unfortunately, in none of the studies performed were we able to demonstrate a clear and
significant survival benefit for any of the treatment modalities used. Indeed, earlier studies from
different research groups could also not show any significant improvement in outcome. This is
mostly attributable to low sample sizes. Due to this rarity and large heterogeneity in BCS,
randomized clinical trials have never been performed and we are pessimistic as to whether this
can ever be achieved. Until that time, all the evidence we have is collected from observational
and descriptive studies. Although not as “hard” an evidence, these non-controlled results still
provide us with enough information, which supported by clinical judgment and experience, can
result in appropriate medical decisions.

Prognosis in BCS had always been difficult to predict due to the large variability in clinical
presentation and disease course. Some patients have minimal symptoms and do well on
medical management alone while others present with fulminant liver failure, which, if not timely
treated by liver transplantation, often results in death. How does a physician know upfront which
of these patients need close observation and aggressive management because of high mortality
risks? This is a question we have tried to answer in three studies, two on our retrospective study
population (n=237) and one in the prospective study population (EN-Vie, n=163).

First, we aimed to find independent predictors of transplantation-free survival by multivariate Cox
regression analysis (CHAPTER VII). Taking into consideration many known and unknown risk
factors for patient death, we were able to find four independent predictive factors for survival,
which are the presence of ascites (scored as absent (0) versus present (1)), presence of
encephalopathy (scored as absent (0) versus present (1)), serum bilirubin levels (in umol/l) and
the prothrombin time (scores as INR below (0) or above (1) 2.3)). Combining these factors in a
linear prediction model, we were able to find three significantly different classes of patients, with
excellent (class I; 5-yr survival 89%), intermediate (class II, 5-yr survival 74%) and poor (class
II; 5-yr survival 42%) prognosis. These variables, which are readily available at diagnosis, can



guide clinicians with regards to intensity of follow-up and perhaps management of patients with
BCS, although the latter is still a matter of debate. This classification was later referred to as the
Rotterdam BCS index.

Although the variables of the Rotterdam BCS index are readily available at diagnosis, it does
make use of subjective clinical parameters, and uses dichotomous rather than continuous
variables. Also, the score was derived from a retrospective sample, and due to the rarity of the
disease, was never again validated in a new series of patients. The most well-known and used
liver scoring system of current times is the Model for End-stage Liver Disease (MELD). This
model does have the advantage of using only objective (laboratory) parameters, and allows for
quantification of mortality risks. Also, it has been tested in many different cirrhosis data sets and
has proven its validity in most of the liver diseases, in particular in the short-term mortality
prediction. Therefore, we were interested to investigate whether MELD was able to accurately
predict mortality in patients with BCS (CHAPTER VIII). In this study, we compared the
discriminative ability (expressed as the area under the Receiver Operating Characteristic (ROC)
curve or c-statistic) of MELD in our 237 patients with BCS with that in 281 patients with end-
stage liver disease (ESLD) due to other causes. To our surprise, though excellent in ESLD,
MELD was found to perform sub-optimally in patients with BCS (c-statistic 0.848 versus 0.695,
respectively). Moreover, comparison of MELD with the now internally validated Rotterdam BCS
index showed that the Rotterdam BCS index had a higher predictive ability (c-statistic 0.760).
Correlation analyses of MELD and the Rotterdam BCS index indeed revealed that the
discrepancy is most likely due to those subjective clinical parameters, ascites and
encephalopathy, which appear to have a major role in the prognosis in patients with BCS. As
mentioned earlier, patients with BCS can have severe ascites and encephalopathy in the setting
of nearly normal liver function tests. Therefore the MELD can underestimate the disease
severity. Further exploration indeed revealed that adding these variables to the MELD made the
c-statistic increase to a level equal to the Rotterdam BCS index.

Mortality in BCS has always been described to be highest within the first two years after
diagnosis. This had formed the basis of our 2,5 year follow-up in the EN-Vie study. But all
previous retrospective series had spanned many follow-up years to include sufficient number of
patients, and crude 1 or 2 year mortality rates were not further divided into mortality per month.
We were interested to see when within these 2,5 years, mortality was actually highest
(CHAPTER IX). The results of our study indicated that the greatest burden in terms of morbidity
and mortality is within the first two months after diagnosis. We labeled this ‘early mortality’. The
main characteristics of patients with earlier mortality were older age, higher Rotterdam BCS
indices and elevated creatinine levels. Discriminative (ROC) analysis of the Rotterdam BCS
index, which this time was equal to the external validation of the model, showed an excellent c-
statistic of 0.84 in the prediction of early mortality. Adding age and creatinine levels to the index
improved it even further (0.92). Even interim Rotterdam BCS index scores obtained after two
months were adequately predicting late mortality (0.78). However, one must take into
consideration that the total number of patient deaths was 29 in the whole follow-up, of which 12
were early deaths and thus used as endpoints in our analyses. This means that the number of
events was low and therefore overestimation of our results may have occurred. Obviously, many
more studies are needed to further establish this index as a reliable tool in the prognostication of
patients with BCS.



Extension of the thrombotic process from the hepatic veins or inferior vena cava into the
splanchnic venous bed is a feared complication in patients with BCS. Yet, the combination is
present in 15 (CHAPTER X) to 18% (CHAPTER V) of patients. Indeed, we showed that patients
with combined BCS and Portal Vein Thrombosis (PVT) have poorer survival rates than patients
with isolated hepatic thrombosis (5-year survival 59% versus 85%, respectively; CHAPTER X).
Survival decreased further when the thrombosis also involved the splenic or superior mesenteric
veins. Moreover, we found an interesting trend towards higher rate of multifactorial etiology in
those with extended thrombosis. Intestinal infarction is a rare yet serious potential result of
splanchnic thrombosis. It also attenuates treatment options since although TIPS in an occluded
PVT is certainly possible, yet poses more of a challenge to the radiologist. Liver transplantation
without the portal vein stump is extremely difficult and sometimes impossible.

In our EN-Vie study of 100 incident patients with PVT, isolated or combined with splenic and/or
mesenteric vein thrombosis (CHAPTER Xl), we found that in more than half of the patients who
received early anticoagulation for VPT, recanalization occurred and no new thrombus extension
had developed. The results of this study combined with that of the previous study (CHAPTER X)
very strongly argue for early institution of anticoagulation in all patients with BCS, PVT or
combinations, not only in an attempt for recanalization but also to prevent further extension and
hence worse outcome. Also, the main therapy for most of the (thrombogenic) etiological factors
is anticoagulation. Many times, however, this argument has been counteracted by the fear for
inducing life-threatening bleeding from varices, which are not uncommon findings in patients
with portal hypertension. However, the rate of bleeding after anticoagulation was only 8% in
patients with BCS (CHAPTER V) and 9% in patients with PVT (CHAPTER XI), and all were non-
lethal. Therefore as the benefits appear to outweigh the risks, increasing evidence exists that
anticoagulation should be the mainstay of therapy in all patients with BCS.



SAMENVATTING EN DISCUSSIE

Budd-Chiari Syndroom (BCS) is een zeldzaam en complex ziektebeeld. De huidige definitie luidt
als volgt: “Het BCS is een veneuze afvloed belemmering van de lever en de gevolgen daarvan,
ongeacht de oorzaak en niveau van de afsluiting, welke zich vanaf de kleine hepatische venen
tot aan de inmonding van de vena cava inferior in het rechter atrium kan bevinden”. Ongeveer
tweederde van de patiénten betreft een vrouw in haar vruchtbare leeftijd. De klassieke
presentatie bestaat uit een triade van ascites, hepatomegalie en buikpijn, maar er bestaan vele
varianten hierop. In het algemeen is er weinig correlatie tussen de ernst van de symptomen en
de biochemische parameters in het bloed, m.a.w. patiénten kunnen symptomen ontwikkelen in
de afwezigheid van afwijkende lab waarden. Het ziektebeeld wordt meestal opgespoord met
behulp van abdominale echografie en/of CT en/of MRI scans. Venografie wordt nog steeds als
gouden standaard beschouwd maar in de praktijk wordt het zelden meer gebruikt. De veneuze
afvioed belemmering wordt meestal veroorzaakt door de aanwezigheid van een trombose, en
wordt vaak gezien in combinatie met vele onderliggende trombogene oorzaken, welke zowel
aangeboren of verworven kunnen zijn. Voor het jaar 2000 bestond het klinisch-therapeutisch
beleid uit een combinatie van anticoagulantia, diuretica, trombolyse met/zonder angioplastiek en
chirurgische portosystemische shunting. Lever transplantatie is uitsluitend gereserveerd voor
diegenen die ondanks maximale therapie progressief leverfalen ontwikkelen, of voor patiénten
met fulminant leverfalen (HOOFDSTUK ).

Na het creéren van een veneuze uitvioed belemmering in ratten door een partiéle afsluiting van
de vena cava inferior vinden er vele veranderingen op zowel micro-vasculair als macro-vasculair
niveau plaats (HOOFDSTUK Il). In de vroege fase (i.e. 2 dagen) na de afsluiting zwelt de lever
op (hepatomegalie) en zien we de ontwikkeling van centrilobulaire congestie en verwijding van
de sinusoiden in histologische preparaten. Dit gaat gepaard met een vermindering van het
intravasculair volume van de portale venen als gevolg van verlies van de kleine perifere vaten.
Het effectieve leverweefsel volume vermindert ook, echter in mindere mate, en daarom blijven
bepaalde gebieden relatief minder van bloed voorzien. In de late fase (i.e. 6 weken) zien we de
ontwikkeling van centrilobulaire necrose en fibrose als ook regeneratie nodules. In deze fase
daalt het intravasculaire volume nog verder maar dit maal is de mate van leverweefsel verlies
gelijk aan die van de portale vaten, waardoor een nieuw evenwicht ontstaat waarbij het
resterende leverweefsel relatief nog voldoende wordt doorbloedt.

Deze pilot studie heeft veel potentie voor de toekomst. Met dit proefdiermodel kan men
bijvoorbeeld in de toekomst dynamische studies uitvoeren met contrast CT of zelfs MRI waarin
men kan werken met kleinere tijdsintervallen en gebruik makend van levende proefdieren.
Bovendien is het interessant om daarnaast ook de hepatische arterie te bestuderen. De studie
laat veel ruimte over voor verbetering, zowel op het gebied van de technische details en
experimentele stappen als het aantal proefdieren. Desalniettemin heeft deze studie ons een
stapje verder geholpen in ons onderontwikkelend begrip van de pathofysiologische verandering
welke plaatsvinden in de lever en de lever vasculatuur na het ontstaan van het Budd-Chiari
syndroom.

De etiologie van het Budd-Chiari syndroom is erg variabel, maar de gemeenschappelijke factor
van alle oorzaken is de verhoogde neiging tot het vormen van trombose. De meest
voorkomende onderliggende oorzaak voor het Budd-Chiari syndroom zijn de myeloproliferatieve



ziektebeelden (MPD). In onze studies hebben we aangetoond dat de prevalentie van MPD in het
Budd-Chiari syndroom varieert tussen 33% (HOOFDSTUK lll) en 49% indien we de recentelijk
gevonden JAK 2 mutatie als diagnostisch criterium gebruiken (HOOFDSTUK V). De overleving
van patiénten met BCS en MPD wordt niet bepaald door de onderliggende oorzaak en is niet
significant verschillend van de overleving van BCS patiénten zonder MPD en dus met andere
onderliggende oorzaken. Gezien dit feit moeten in onze opinie alle patiénten met (een
vermoedelijk) BCS altijd een volledig onderzoek voor MPD ondergaan, inclusief perifere bloed
testen en uitstrijk, een beenmerg biopt en/of nucleaire testen voor het bepalen van het rode
bloed cel volume (in polycythemia vera). Vice versa kan men ook beredeneren dat patiénten
met MPD intensief moeten worden vervolgd voor de ontwikkeling van het BCS, alhoewel de
associatie hier veel zwakker is en de uitvoering ingewikkelder.

Overige, minder prevalente, oorzaken zijn Factor V Leiden mutatie (12%-15%), Prothrombine
gen mutatie (3%-8%), Proteine C (4%-7%), Proteine S (3%-7%) en Antitrombine deficiéntie
(3%). Ongeveer 33%-52% van alle vrouwelijke patiénten gebruiken orale anticonceptie.

Het is interessant dat 38% van alle patiénten met BCS en MPD naast MPD ook andere pro-
trombotische aandoeningen hebben (HOOFDSTUK IIl). Multi-factoriele etiologie (i.e. het
voorkomen van meer dan één risicofactor) was aangetoond in 46% van alle patiénten in onze
EN-Vie studie (HOOFDSTUK V). Deze bevinding benadrukt het belang van het voltooien van
een complete trombofilie screening in alle patiénten, zelfs als er al één oorzakelijke factor
gevonden is. Men kan beargumenteren dat dit echter geen invloed heeft op het klinisch-
therapeutisch beleid aangezien het merendeel van deze ziekten op dezelfde manier wordt
behandelt, namelijk met anticoagulantia. Dit is correct. Echter, er zijn vele andere redenen te
bedenken waarom dit toch van belang is, zoals voor prognose bepaling en als leidraad voor
discussies ten aanzien van erfelijkheid en gevolgen voor gezinsplanning.

Ondanks al onze pogingen tot de opsporing van een oorzakelijke factor kunnen we in 10%-15%
van de gevallen geen oorzaak vinden met al onze conventionele trombofilie testen. Uiteraard
zijn er twee mechanismen welke kunnen leiden tot de vorming van trombose: aan de ene kant is
er verhoogde aanmaak (i.e. trombogenese) en aan de andere verminderde afbraak (i.e.
fibrinolyse). De factoren betrokken bij de fibrinolyse zijn echter veel minder vaak onderzocht.
Daarom waren wij geinteresseerd in de rol van TAFI (i.e. thrombin-activatable fibrinolysis
inhibitor) -een factor betrokken bij de remming van de fibrinolyse- in de pathogenese van het
BCS (HOOFDSTUK IV). In eerdere studies in veneuze (niet-hepatische) trombose werden TAFI
antigeen concentraties geassocieerd met een licht verhoogd risico voor trombose. Aangezien
TAFI, net als de meeste andere coagulatie factoren, in de lever wordt aangemaakt (en dus
afhankelijk is van de lever functie) kozen we niet voor de meting van de antigeen concentraties.
We hebben daarom de prevalentie van verschillende genetische varianten bestudeerd, in een
case-control setting binnen een populatie van 118 patiénten met BCS of vena portae trombose
(VPT) en 118 gezonde controlepersonen. De resultaten van dit onderzoek tonen aan dat de
147Thr/Thr (welke leidt tot verlaging van de functionaliteit en antigeen concentraties van TAFI),
en de 325Thr/lle (welke leidt tot een grotere halfwaardetijd en anti-fibrinolytische activiteit)
genetische variaties geassocieerd zijn met een respectievelijk verlaagd (147Thr/Thr) en een
verhoogd (325Thr/lle) risico voor trombose. De relatie tussen de concentratie aan de ene kant
en functionaliteit aan de andere is waarschijnlijk niet zo lineair als verwacht en verder onderzoek
is hier noodzakelijk om dit verder uit te diepen. Wij zijn op dit moment daarom bezig met het
onderzoeken van de rol van andere factoren betrokken bij de fibrinolyse (i.e. plasminogen
activator inhibitor 1 (PAI-1), TAFI, tissue-type plasminogen activator (t-PA) antigen en factor XIII)



in een case-control studie van patiénten en gezonde controlepersonen uit de EN-Vie studie. De
voorlopige resultaten zijn veelbelovend en hebben de potentie om meer inzicht te genereren in
de complexe interactie tussen trombogenese, fibrinolyse en het ontstaan van veneuze trombose
in de lever.

In de dagen véor de enorme groei van de interventie radiologie was the enige definitieve
behandeling optie voor het BCS de chirurgische shunting procedure waarin een anastomosis
werd gecreéerd tussen het portale vaatbed en de vena cava inferior met als gevolg dat de ge-
occludeerde lever venen werden omgeleid. Dit was echter geassocieerd met een hoge operatie
mortaliteit, hoewel dit werd tegengesproken in vele (geselecteerde) chirurgische case series;
hierin werden opvallend hoge overlevingskansen aangehaald. In onze retrospectieve series van
237 patiénten met het BCS tussen 1984 en 2000 werd chirurgische shunting in 49% van de
gevallen uitgevoerd (HOOFDSTUK VII). Echter in deze studie vonden wij geen statistisch
significant overlevingsvoordeel. Relatieve mortaliteit risico’s namen toe van 1,07 wanneer de
operatie was uitgevoerd binnen één maand na diagnose tot 4,15 als het na zes maanden werd
uitgevoerd. Slechts in een subgroep van patiénten met een redelijke prognose en ziekte ernst
(zie later voor deze classificatie) was chirurgische shunting geassocieerd met een lagere
mortaliteit, echter dit was niet significant. Met andere woorden, patiénten met een minder ernstig
ziektebeeld overleven waarschijnlijk toch wel, onafhankelijk van de behandeling; patiénten met
het meest ernstig ziektebeeld hebben een slechte prognose ondanks welke behandeling dan
ook en de middengroep zou misschien wat voordeel kunnen hebben.

In de jaren negentig werd de Transjugulaire intrahepatische shunting (TIPS) procedure in steeds
grotere mate gebruikt voor patiénten met lever cirrose maar later ook voor patiénten met het
BCS. In het begin functioneerde TIPS als een overbrugging procedure naar een lever
transplantatie. Al gauw bleek dat de operatie mortaliteit vele malen kleiner was dan de
chirurgische shunting terwijl tegelijkertijd een goed klinische effect werden bereikt. In onze lokale
studie toonden we aan dat TIPS leidt tot een belangrijke verbetering van de klinische status van
patiénten met het BCS, als gemeten in belangrijke graadmeters van lever functie en
symptomatologie (HOOFDSTUK VI). V66r de introductie van de polytetrafluoroethylene (PTFE)
had TIPS als grote nadeel de ontwikkeling van stent occlusie, welke relatief vaak werd gezien.
Wij vonden echter een significante verbetering van de doorlaatbaarheid van de stents met de
gecoate stents (56% versus 12% met de conventionele stents). Dit is met name van belang voor
patiénten met het BCS, die van nature al een hoge trombose neiging vertonen. De combinatie
van lage morbiditeit en mortaliteit getallen en de uitstekende klinische resultaten hebben geleid
tot een toename in het gebruik van TIPS in het BCS. Onze prospectieve EN-Vie studie met
patiénten gediagnosticeerd tussen 2003 en 2005 (en dus een aantal jaar later) laat deze trend
dan ook duidelijk zien: TIPS was de meest voorkomende therapie keuze (34% van alle
patiénten) en chirurgische shunting was slechts uitgevoerd in 3 patiénten (2%) (HOOFDSTUK
V). Deze resultaten reflecteren ook de actuele trend aan binnen het klinisch beleid van patiénten
met BCS, gericht op de minst invasieve therapie. Deze benadering blijkt zijn vruchten af te
werpen aangezien de overlevingskansen hedentendage veel gunstiger zijn dan een tweetal
decennia geleden.

Helaas konden wij, net als andere onderzoekers, geen significant overlevingsvoordeel vinden
voor welk therapeuticum dan ook. Dit is voornamelijk te wijten aan de steekproefgrootte, welke
vaak ontoereikend is. Vanwege de zeldzaamheid en de grote heterogeniteit van het BCS zijn er
nog nooit gerandomiseerde Klinische trials uitgevoerd en we zijn pessimistisch of dit ooit in de



toekomst kan worden bereikt. Alle kennis die we tot nu toe hebben verworven is verkregen door
middel van observationele en descriptieve studies. Ondanks het feit dat de ‘evidence’ hier niet
heel hard is, leveren deze ongecontroleerde studies ons toch genoeg informatie welke tezamen
met klinische kennis, ervaring en gezond verstand toch kan resulteren in correcte medische
beslissingen.

De prognose van patiénten met het BCS is altijd moeilijk te bepalen geweest door de grote
heterogeniteit in klinische presentatie en ziektebeloop. Sommige patiénten hebben weinig
symptomen en doen het goed op enkel medicamenteuze behandeling terwijl anderen zich
presenteren met fulminant lever falen, welke indien niet tijdig behandelt met lever transplantatie,
vaak resulteert in het overlijden van de patiént. Hoe weet een arts van tevoren welke van deze
patiénten hoge mortaliteit risico’s hebben en dus striktere controle en een meer agressieve
behandeling nodig hebben? Dit was de vraag die we trachtten te benantwoorden in drie studies,
twee gebaseerd op onze retrospectieve data (n=237) en één op onze prospectieve EN-Vie data
(n=163). Onze eerste doelsteling was om onafhankelijke predictoren te vinden van
transplantatievrije overleving middels multivariabel Cox regressie analyse (HOOFDSTUK VII).
We namen vele bekende en onbekende risicofactoren voor overleving mee in de analyses en
uiteindelijk vonden we een set van vier onafhankelijke predictoren voor overleving. Deze zijn:
ascites (gescoord als 0 (afwezig) en 1 (aanwezig)); hepatische encephalopatie (gescoord als 0
(afwezig) en 1 (aanwezig)); bilirubine waarden (uitgedrukt op een continue schaal in umol/l) en
protrombine tijd, uitgedrukt in INR (gescoord als kleiner dan (0) of groter dan (1) 2,3). Daarna
hebben we deze factoren gecombineerd in een lineair predictie model, waarmee we drie
verschillende patiénten categorieén konden onderscheiden: patiénten met een uitstekende
(Class |, 5-jaars overleving 89%), gemiddelde (Class Il, 5-jaars overleving 74%) en slechte
(Class IIl, 5-jaars overleving 42%) prognose. Deze factoren, welke beschikbaar zijn ten tijde van
de diagnose, kunnen als leidraad dienen voor de frequentie van controles en misschien ook
voor de te geven behandeling, alhoewel het laatste nog ter discussie staat. Deze classificatie
werd later de Rotterdam BCS index genaamd.

Ondanks het feit dat deze factoren simpel en makkelijk beschikbaar zijn, zijn twee van de vier
subjectief (in plaats van louter objectief) en drie van de vier dichotoom (in plaats van continu), en
ditis niet altijd wenselijk. Bovendien was de score berekend met behulp van retrospectieve data,
en gezien de zeldzaamheid van het ziektebeeld, niet extern gevalideerd op een nieuwe dataset.
De meest bekende en gebruikte lever score systeem van deze tijd is de MELD (Model for End-
stage Liver Disease). Dit model maakt alleen gebruik van subjectieve (laboratorium) factoren en
kwantificeert (in plaats van categoriseert) mortaliteit risico’s. Daarnaast is deze score vele malen
extern gevalideerd in cirrose (maar geen BCS) data, met name op het gebied van predictie van
korte termijn mortaliteit. Daarom waren wij geinteresseerd te onderzoeken in welke mate MELD
mortaliteit in patiénten met het BCS kan voorspellen (HOOFDSTUK VIII). In deze studie
vergeleken we de voorspellende waarde (uitgedrukt in area under the Receiver Operating
Characteristic (ROC) curve, oftewel c-statistic) van MELD in onze 237 patiénten met het BCS
met dat in 281 patiénten met zogenaamd end-stage liver disease (ESLD) (i.e. laatste fase van
lever falen door andere oorzaken dan BCS). Tot onze verbazing bleek MELD, welke een
uitstekende voorspellende waarde heeft in ESLD, suboptimaal te functioneren als predictief
model voor BCS (c-statistic 0,848 versus 0,695, respectievelijk). Verder vergeleken we de
voorspellende waarde van MELD in BCS met de Rotterdam BCS index. Dit betekende
tegelijkertijd dat de Rotterdam BCS index nu intern gevalideerd werd. De resultaten toonden aan



dat de Rotterdam BCS index een betere voorspellende waarde had dan MELD (0,760).
Correlatie analyses van MELD met de Rotterdam BCS index toonden dat deze discrepantie met
name te wijten was aan juist de afwezigheid van de twee subjectieve factoren ascites en
encephalopathie, welke blijkbaar een belangrijke rol hebben in de voorspelling van de prognose
van patiénten met het BCS. Zoals eerder gezegd, patiénten met BCS kunnen deze complicaties
van portale hypertensie hebben zonder veel afwijkende laboratorium waarden. Daardoor kan de
MELD score de werkelijke prognose van patiénten onderschatten. Verder onderzoek toonde aan
dat de voorspellende waarde van MELD verbeterde toen we deze variabelen toevoegden aan
de MELD. De c-statistic van dit gewijzigd model was gelijk aan die van de Rotterdam BCS
index.

De voorgaande studies in BCS hebben aangetoond dat de mortaliteit het hoogst is in de eerste
twee jaar na diagnose. Dit gegeven vormde de basis voor de 2,5 jaar follow-up periode in onze
EN-Vie studie. Echter, alle voorgaande studies hadden het nadeel dat vanwege de
zeldzaamheid van het ziektebeeld, vele jaren van follow-up nodig waren om voldoende
aantallen patiénten te onderzoeken. Daarom werd mortaliteit vaak in grote tijdsintervallen (bijv 3
en 5 jaar intervallen) bekeken. In onze EN-Vie studie, waarin we in negen landen incidente
gevallen van BCS includeerden in een veel kortere tijdsspan, konden we de moraliteit wat
gedetailleerder in kaart brengen. We wilden onderzoeken welk tijdsinterval het meest belangrijks
was qua mortaliteit en morbiditeit (HOOFDSTUK IX). Het bleek dat dit de eerste twee maanden
van diagnose betrof, we noemden dit ‘vroege mortaliteit’. De meest belangrijke karakteristieken
van patiénten met vroege mortaliteit waren: oudere leeftijd, hogere Rotterdam BCS index score
en hogere creatinine waarden. ROC analyse van de Rotterdam BCS index toonde een
uitstekende c-statistic van 0,84 voor de voorspelling van vroege mortaliteit. Dit betekend
tegelijkertijd de externe validatie van onze index. De toevoeging van leeftijd en creatinine
waarden aan de Rotterdam BCS index leidde tot zelfs hogere c-statistic van 0.92. We hebben
ook onderzocht of de score verkregen twee maanden na diagnose een voorspellende waarde
had voor de late mortaliteit. Dit bleek inderdaad het geval, maar met een lagere c-statistic van
0,78. Echter, bij de interpretatie van deze resultaten men moet rekening houden met het feit dat
het totaal aantal overleden patiénten gedurende de hele follow-up periode ‘slechts’ 29 was
(18%), waarvan er 12 patiénten met vroege mortaliteit waren. Daarom kan er een zekere mate
van overschatting opgetreden zijn. Uiteraard is er nog veel meer onderzoek nodig om de rol van
de Rotterdam BCS index verder te valideren.

Uitbreiding van de trombose van de hepatische venen of vena cava inferior naar het
splanchnische veneuze vaatbed is een gevreesde complicatie in patiénten met het BCS. Toch
komt dit in 15% (HOOFDSTUK X) tot 18% (HOOFDSTUK V) van de gevallen voor. We hebben
aangetoond dat patiénten met de combinatie van BCS en vena portae trombose slechtere
overlevingskansen hebben dan patiénten met geisoleerde BCS (5-jaar overleving is 59% versus
85%, respectievelijk; HOOFDSTUK X). De overleving daalde nog meer indien de trombose ook
de vena lienalis of de vena mesenterica superior trof. Bovendien vonden we een interessante
associatie tussen het aantal aanwezige etiologische factoren en de uitbreiding van de trombose.
Verder is mesenterische ischaemie en infarcten is nog een andere een zeldzame maar ernstige
complicatie van splanchnische trombose. De uitgebreidheid van de trombose heeft ook een
nadelig effect op de therapeutische mogelijkheden, aangezien TIPS in een geoccludeerde vena
portae weliswaar mogelijk is, maar wel een meer gecompliceerde procedure wordt. Lever



transplantatie wordt uitermate bemoeilijkt door de afwezigheid van een doorlaatbare vena porta
stomp.

In onze EN-vie studie hebben we ook onderzoek gedaan naar patiénten met een vena portae
trombose, met of zonder lienalis of mesenterica trombose (HOOFDSTUK XI). In 100 incidente
patiénten met vena portae trombose vonden we dat in meer dan de helft van de patiénten die
meteen werden behandelt met anticoagulantia, ofwel recanalisatie optrad ofwel geen verdere
uitbreiding van de trombose plaats vond. De resultaten van deze studie, gecombineerd met de
resultaten in onze vorige BCS studie (HOOFDSTUK X), pleitten voor een vroegtijdige start van
anticoagulantia in alle patiénten met BCS, VPT of combinaties hiervan, niet alleen als een
poging tot recanalisatie, maar ook om verdere uitbreiding en dus een slechtere prognose, te
voorkomen. Bovendien is anticoagulantia de hoeksteen van behandeling voor veel van de (pro-
thrombotische) etiologische factoren. Echter in het verleden is deze redenering vaak
tegengesproken door de vrees om met anticoagulantia bloeding te veroorzaken, met name uit
slokdarm- of maagspataderen (i.e. varices), welke niet zelden complicaties zijn van portale
hypertensie. Echter wij vonden dat de prevalenties van bloedingen na anticoagulantia erg laag
waren (8% in BCS (HOOFDSTUK V) en 9% in VPT (HOOFDSTUK Xl)) en dit was nooit
levensbedreigend. Er bestaat dus steeds meer wetenschappelijk bewijs dat anticoagulantia tot
de meest belangrijke behandelingen moet worden gerekend in het therapeutisch beleid van
patiénten met het BCS.



DANKWOORD

Sommige mensen zijn geluksvogels. Ik ben er een van. Gedurende mijn promotietraject heb ik
namelijk altijd ongelooflijk veel geluk gehad met de mensen die mij omringden. De afdeling
Maag-, Darm- en Leverziekten van het Erasmus MC is een plek waar ik me sinds 1 januari 2002
als een vis in het water heb gevoeld. Nu ik dit dankwoord moet schrijven, komen vele leuke
herinneringen boven. Het is een soort reis, terug naar Rotterdam.

lk ga gewoon vanaf het begin beginnen. Ik ontmoette in het kader van de Master’s opleiding als
tweedejaars geneeskunde student Inez Joung, wie uiteindelijk mijn wetenschappelijke ‘moeder’
werd. Inez, je hebt mij voor het eerst ondergedompeld in de wereld van de wetenschap. Ik heb
ongelooflijk veel bewondering voor jouw intellectuele en analytische manier van denken en heb
ontzettend veel van jou geleerd. De voorliefde voor de public health die je mij hebt aangeleerd,
draag ik nog steeds met me mee. Maar je was meer dan een wetenschappelijke begeleider, je
was ook een beetje mijn carriere mentor. Dus toen ik aankaartte dat ik misschien wel wat in de
MDL wilde doen, had jij al een plan klaar; je ging me gewoon voorstellen aan je echtgenoot,
Harry Janssen. De keuze werd MDL en jouw steun daarin was onvervangbaar. Dank je wel voor
al je geduld en investering in mij.

Harry, een van de eerste dingen die je mij leerde was dat er een verschil was tussen ambitieus
ziin en carriére maken. “Mensen die carriere maken kijken alleen naar het doel, mensen die
ambitieus zijn hebben plezier in de weg ermaar toe” en je gaf me dat artikel van Gerrit Komrij. Je
had gelijk, alle wijzen komen inderdaad uit het oosten ;). Ik denk dus dat we beiden erg
ambitieus zijn aangezien ik met ongelooflijk veel plezier met jou heb samengewerkt aan EN-Vie,
zonder precies te weten wat ons doel zou worden. Helemaal van ‘scratch’ hebben we de
methodologie opgebouwd, met alle pieken en dalen van dien. Jij de denktank, ik de uitvoerder.
Mijn emoties golfden met de stroming van EN-Vie, maar jij was de kalmheid zelve. Menige
malen ben ik verhit naar je kamer gestormd omdat er weer eens iets mis was gegaan, en jjj
moest daar telkens hartelijk om lachen. |k heb zo ontzettend veel van jou geleerd. Ik heb diep
respect voor je ambitie, efficiéntie, enthousiasme en probleemoplossend vermogen. |k wens jou
nog vele jaren van plezier toe in je professoraat. Dank je voor alles wat je voor mij hebt gedaan.

Professor Kuipers, Professor Schalm en Dr de Man hebben mij altijd gesteund in mijn
carriéreplanning. Beste Emst, heel hartelijk dank voor je supervisie tijdens mijn onderzoek en
steun bij het uitstippelen van mijn complexe carriére plannen. Ik waardeer dit enorm. Professor
Schalm, als geen ander bent u de belichaming van de hepatologie en een groot rolmodel voor
velen van ons. |k voel me enorm vereerd dat u in mijn commissie plaatsneemt vandaag. Uw
raad: “leer de geneeskunde in de VS, maar kom terug om te leven” neem ik graag ten harte.
Beste Dr de Man, ik dank u voor uw steun in mijn onderzoek en ik kijk ernaar uit om mijn
opleiding onder uw supervisie te mogen uitvoeren.

Binnen mijn promotietijd heb ik de Mozaiek beurs mogen ontvangen. Dit was echter niet
mogelijk zonder de hulp van de ‘vasculaire lever groep’. Frank Leebeek heeft voor mij de
ingewikkelde hematologie tot een begrijpelijk vak gemaakt. Frank, ik dank je hartelijk voor al je
hulp met de Mozaiek beurs, en later met de etiologie van EN-Vie. Ik heb heel veel van jou
geleerd. Dick Rijken heeft mij enorm geholpen met de bio-technische kant van de stollingsleer.
Dick, dank je wel voor al je hulp en ondersteuning. Joyce Malfliet heeft op een zeer nauwkeurige
manier alle stollingstesten uitgevoerd. Joyce, veel dank voor je niet aflatende hulp, ik wens je
enorm veel succes in de rest van je carriére.



Ewout Steyenberg, Herold Metselaar en Joost Drenth nemen plaats in mijn promotiecommissie
vandaag. Ik dank jullie hartelijk voor jullie aanwezigheid.

Met Henk van Buuren heb ik een hoofdstuk mogen schrijven, welke nu mijn inleiding is. Beste
Henk, jij bent de Nederlandse goeroe op het gebied van portale hypertensie en ik heb heel veel
van jou geleerd. Dank je wel voor de gezellige samenwerking.

In de Mayo Clinic heb ik Piet de Groen leren kennen en heb met hem aan verschillende studies
mogen werken. Piet, jouw energieniveau is gewoonweg bovenaards. Jouw enthousiasme werkt
ongelooflijk aanstekelijk en je eerlijkheid gaat dwars door alles heen. In Rochester hebben jij en
Annemarie elke Nederlandse student geadopteerd en in jullie huis wordt iedereen herinnerd aan
de betekenis van de Hollandse Gezelligheid. Heel veel dank voor jullie vriendschap.

Emile de Bruijne, het was erg leuk om met je samen te werken aan onze TAFI stuk. Ik hoop dat
het je goed gaat.

Ik wil ook graag alle MDL-artsen ten lande bedanken voor het includeren van patiénten in EN-
Vie, en in het bijzonder Dr ten Hove die het zelfstandig voor elkaar kreeg om vijf patiénten met
vena portae trombose te includeren in het Groene Hart ziekenhuis, verruit een record aantal!
Wanda Tieleman was mijn absolute steun en toeverlaat in EN-Vie. Wanda, ik weet niet hoe ik je
moet bedanken voor het keer op keer in orde brengen van de chaos dat EN-Vie heette. Er was
echt een tijdperk voor en na jouw intrede in EN-Vie. Ik heb enorm genoten van onze
samenwerking met als klap op de vuurpijl ons fantastisch tripje naar Parijs ;). Ik wens je
ongelooflijk veel plezier toe in alles wat je doet. Ook Elke Verhey dank ik graag voor haar hulp.
Bettina Hansen was mijn statistisch orakel. Dank je wel voor je creativiteit en ondersteuning
wanneer het hard nodig was. Onze meeting (lees: shopping expeditie) in Barcelona zal ik nooit
vergeten, dat was enorm lachen!

Anneke Keizerwaard, Heleen van Santen en Cokki van der Ent, jullie zijn in één woord:
onvervangbaar! Ontzettend bedankt voor jullie hulp in de data-invoer van onze Nederlandse
patiénten. Jan Franke en Martine Ouwendijk, heel veel dank voor jullie hulp op het lab.

Marion Hoogendoorn en Margriet van Dijk vormen samen een secretaresse duo die
onverslaanbaar zijn. Jullie zijn echt alles-doeners, van het regelen van teleconferenties, het
submitten van abstracts en artikelen, tot aan de hele promotie-molen, jullie staan altijd klaar voor
alle promovendi. Superveel dank voor alles!

Wendy Holleman is al jaren de rots in de branding voor alle regelgeving in en rond de opleiding.
Wendy, dank je wel voor al je hulp. Ik vond het ook super om met jou de MDL dag te regelen,
we hadden veel lol in onze geruite kousen ;).

Zo zijn er nog ontzaglik veel mensen die een rol in mijn promotie en de aanloop naar de
opleiding hebben gespeeld. Ik dank de stafleden Rob de Knegt, Pavel Taimr, Janneke van der
Wouden, Jan Dees, Jelle Haringsma en Marjan Hordijk voor hun bijdrage aan mijn promotie en
enthousiasme voor de MDL.

En dan nu, mijn directe collega’s.. Waar zal ik beginnen?? |k heb met zoveel leuke mensen
samengewerkt en ik heb volgens mij al tegen iedereen lopen bekennen dat ik jullie heel erg mis
hier in de VS! Ik ga gewoon beginnen. Rachel West en Marjolein Homs waren de mijn eerste
mede-promovendi. Rachel, jij was het levendig voorbeeld van een ‘gastrofiel’, je enthousiasme
voor de MDL is ongeévenaard! Ik heb ongelooflijk veel lol met jou gehad, zowel op de werkvloer
als daarbuiten. Ik wens je ontzettend veel plezier toe in je carriere en hoop nog veel lol met je te
mogen beleven. Marjolein, wat een supervriendinnetje ben je toch! Altijd gezellig om met je te
kletsen en jouw drive voor de wetenschap is bewonderenswaardig. Onze trip naar de Grand
Canyons zal ik nooit vergeten! Jan-Maarten Vrolijk, Leon Moons, Dave Sprengers, Thjon Tang,



Pieter ter Borg, Annemieke van der Eijk, Monika van Zonneveld en Bart Veldt, jullie zijn mij
voorgegaan in het promotietraject en nu overwinnen jullie het assistentschap. Het was super om
mede-promovendi te zijn, en altijd errug gezellig. Ik wens jullie heel veel succes en gezelligheid
in de opleiding. Ivonne Leeuwenberg was jaren mijn kamergenoot op het ‘dak’. lvonne, ik vond
het super om met jouw een kamer te delen. Ons ‘hok’ was altijd een veilige haven in de hektiek
van alle dag. Ik hoop dat het je goed gaat, en je twee kinders hard aan het groeien zijn. Brechtje
van Eijck, mijn laatste kamergenote. Brech, het was toch altijd wat met jou op de kamer, een
schoen naast mijn stoel, een broek op mijn tafel en een sok op de plank. Jij als wereld numero
uno chaoot was tegelijkertijd numer uno in gezelligheid en ondersteuning. Dank je wel voor al je
peptalks, vond het super met jou! Hoop dat je veel plezier hebt in Haarlem.

Manon Spaander, mijn partner in crime in vasculaire lever-land. Wat een dolle pret was het om
met jou samen te werken. Onze pieken en dalen, die vaak niet synchroon liepen waren vaak
goed voer voor veel hilariteit, maar ook voor heel veel steun. Ik vind het super dat ik later als
jouw assistent mag komen werken en wens je heel veel succes met het afronden van jouw
promotie. Leonieke Wolters, ooit begon ik als jouw co-assistent, dat was lachen. Het was super
om met jou over van alles en nog wat te kletsen, en ik wens je heel veel plezier in Dordt.
Jolanda van Dieren, Joyce Kuiper, Sanna Mulder, Lieke Hol en Marjon Kerkhof, wat hebben wij
veel promotieperikelen gedeeld, vaak tijdens de vertrouwde borrels in Dizzy. Jullie aanwezigheid
op ons huwelijk was geweldig (he Joyce ;)?!). Jo en Marjon, superveel succes in jullie opleiding!
Sanna, Joyce en Lieke, wij gaan er nog even voor, veel succes met de laatste loodjes van jullie
promotie! Hoop jullie snel te spreken!

Edith Kuiper, Madeleen Uitdehaag, Erik Buster, Wim Leemans, Martijn ter Borg, Els Verschuur,
Geert Bezemer, Jurrien Reinders, Hajo Flink, Eva van Soest en Jilling Bergmann; jullie waren de
trouwe bewoners van het ‘dak’. Dank voor al het lief en leed dat we met elkaar hebben gedeeld,
jullie zijn super. Heel veel succes met jullie promoties!

Jasper Smalberg, mijn eerste student en trouwe collega. Jasper, het was echt superleuk om met
jou samen te werken, al vond je mij vaak te bazig ;) Ben blij dat we nog vaak email contact
hebben. Ik wens je veel succes toe in alles wat je doet, maar nu met name met de co-schappen.
Zet hem op!

Marije van der Velde was samen met mij in het ijskoude Rochester. Wat hebben wij ongelooflijk
veel lol gehad! Mooie herinneringen die we nu nog steeds vaak aanhalen. Superleuk dat jij en
Yuk Kueng er vandaag bij zijn!

Tirza Springeling en Monika Czudowska zijn mijn paranimfen vandaag en vriendinnen van altijd.
Tirz, wat moet ik jou nog zeggen? Ik ken jou nu al zoveel jaar dat ik de tel kwijt ben en wat
hebben we veel met elkaar meegemaakt! Ik ben blij dat je nu toch de wijsheid gevonden hebt
om ook maar promotieonderzoek te gaan doen (;) en hoop in een aantal jaar trots naast je staan
wanneer jij je doctoraat behaalt. Dank je voor je onvoorwaardelijke vriendschap. Mo, onze
vriendschap is door de jaren heen alleen maar sterker gegroeid en fysieke afstand heeft daar
geen enkele deuk in aangebracht. Ik mis je enorm hier in de VS maar weet dat je slechts een
telefoongesprek verwijderd bent. Ik wens je alle geluk van de wereld.

Charlotte van Bodegom, Cynthia Hissink, Viola Ruis, Caroline Langelaar, Angela den Brouwer
(nu mevr Schaap ;) en Joyce Gonlag (nu mevr Switsar ;) maken een belangrijk deel uit van mijn
leven sinds de tweede klas middelbare school. Wij zijn met elkaar opgegroeid en hebben alle
belangrijke momenten in ons leven met elkaar gedeeld. Dat is zo ongelooflijk uniek! Heel veel
dank voor jullie steun en vriendschap. Ik hoop dat we samen nog heel veel mooie momenten
met elkaar mogen meemaken.



Mama ou baba, goddan el éh-san-tarien dalegh ou bough hen le dunya gishtie. Hazarghel
tsjukran ere koltsjisti ere me kerdenas. Bie goddan gom natunistem gallas ayesjisti bekkem.
Dusdan verje derum ou temenie ekem goddan emenen ere Delshad, gom ou Kostas be-hed
verje salel whe sahhat ou affjet. Dusdan verje derum.

Dellou, gom verje verje dusederum ou mish-takhed ekem. Temenie ekem ha-jat ada aped
koltsjisti god agozid ou temenie ekem said edod ou da-emen eleid-a-man begennimen.
Dusiderum ou vaghoerma-pid.



WORDS OF GRATITUDE

EN-Vie has been an extremely gratifying project during which time | had the honor and privilege
to work very closely with world-renowned experts in the field of vascular liver disorders. Having
said that, the most amazing part still was the fact that each and everyone involved was so
incredibly dedicated so as to turn this small and severely under-budgeted study in a field that
was of interest only to a few fanatics, into a clinically useful and satisfying project. The strong
relationships that were build over our common struggles and our almost daily E-mail
communications were enforced in our semi-annual meetings in Paris. | think none of the EN-Vie
investigators will ever forget the dinners (or the menu ;) at the tiny restaurant L'Epoque in the
picturesque dark streets of Paris.

I would like to start by thanking Dominique Valla, the coordinator of the EN-Vie study who was
our leader in every way possible. Dear Dominique, | cannot thank you enough for your
supervision and guidance. | was so nervous before | first met you in Clichy, as | had read all
your articles and now | was to meet you in person. Your sympathetic personality however melted
that fear away in minutes and you convinced me right there to work for EN-Vie. | have learned
so much from you and am deeply honored that you will be member of my PhD committee.
Thank you very very much.
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