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Dedicated to my parents,

Live as if you were to die tomorrow.
Learn as if you were to live forever.
Mahatma Gandhi

3

4

Contents

CONTENTS

ABSTRACT .................................................................................................................... 1
POPULÄRVETENSKAPLIG SAMMANFATTNING .................................................. 1
LIST OF PAPERS ........................................................................................................... 3
ABBREVIATIONS ......................................................................................................... 5
INTRODUCTION ........................................................................................................... 7
Vascular disorders of the liver .................................................................................. 7
Budd-Chiari syndrome ............................................................................................. 9
Portal vein thrombosis ............................................................................................ 11
Thrombophilia ........................................................................................................ 13
Myeloproliferative disorders .................................................................................. 15
JAK2 mutations and haplotype......................................................................... 16
Thrombosis in myeloproliferative disorders .................................................... 17
AIMS ............................................................................................................................. 19
METHODS .................................................................................................................... 21
Patients.................................................................................................................... 21
Paper I and II ................................................................................................... 21
Paper III and IV ............................................................................................... 22
Methods .................................................................................................................. 24
Data collection ................................................................................................. 24
Database ........................................................................................................... 24
Laboratory tests (Paper III and IV) ................................................................. 25
Statistics .................................................................................................................. 26

5

Contents

RESULTS AND DISCUSSION.................................................................................... 27
Budd-Chiari syndrome (BCS) ................................................................................ 27
Epidemiology .................................................................................................... 27
Clinical features ............................................................................................... 28
Risk factors ....................................................................................................... 29
Survival ............................................................................................................. 31
Portal vein thrombosis (PVT) ................................................................................. 36
Epidemiology .................................................................................................... 36
Clinical features ............................................................................................... 38
Risk factors ....................................................................................................... 40
Medical treatment and interventions................................................................ 42
Survival ............................................................................................................. 44
Thrombophilic factor VIII in BCS and PVT .......................................................... 48
JAK 2 46/1 haplotype and V617F mutation in BCS and PVT............................... 51
General discussion .................................................................................................. 54
CONCLUSIONS ........................................................................................................... 55
ACKNOWLEDGEMENTS .......................................................................................... 57
REFERENCES .............................................................................................................. 59

6

Abstract

ABSTRACT
Budd-Chiari syndrome (BCS) i.e. thrombosis in the hepatic veins and/or inferior vena cava, and
portal vein thrombosis (PVT) are rare disorders. Epidemiological data are scarce and previous
reports have been from highly specialised referral centres.
The aims of the thesis were: (i) to investigate the epidemiology, clinical features and survival of Swedish patients with BCS or PVT, and to (ii) determine common underlying risk factors i.e. thrombophilic factors and genetic markers of myeloproliferative disorders (MPD).
In the first two papers we retrospectively reviewed the medical records of all BCS (19862003) and PVT (1995-2004) patients identified by searching the computerized patient registers
of 11 hospitals including all university hospitals and liver transplantation units. In the following
two papers we excluded patients with malignancy and included new cases diagnosed during the
years 2004-2009; blood samples were collected and compared with controls and other patient
groups.
A total of 43 patients with BCS were identified (median age 40 years, 24 women). The
mean age-standardised incidence and prevalence rates were 0.8 per million per year and 1.4 per
million inhabitants respectively. Two or more risk factors were present in 44%. The overall
transplantation-free survival at 1, 5 and 10 years was 47%, 28% and 17% respectively.
173 patients (median age 57 years, 93 men) with portal vein thrombosis were identified.
The incidence and prevalence rates were 0.7 per 100 000 per year and 3.7 per 100 000 inhabitants, respectively. In the absence of cirrhosis and malignancy, being the most common risk
factors, the survival at 1 year and 5 years was 92% and 76%, respectively.
We observed an increased plasma level of the procoagulant factor VIII in BCS (mean 1.63
kIE/L), PVT without cirrhosis (1.87 kIE/L), PVT with cirrhosis (1.97 kIE/L), deep vein thrombosis (1.41 kIE/L) and cirrhosis patients alone (2.22 kIE/L), all p <0.001 compared to healthy
controls (1.04 kIE/L). Elevated factor VIII levels were found in 50% of BCS and in 85% of
PVT patients without previously identified prothrombotic risk factors.
The somatic JAK2 V617F-mutation, a marker of MPD, was present in 63% of BCS and
14% of PVT patients. The frequency of the germline JAK2 46/1 haplotype was significantly
higher in BCS (53%) and PVT (36%) patients compared to controls (27%) (p=0.02). However,
the enrichment was only observed in JAK2 V617F positive patients.
Conclusions: The incidence and prevalence rates of BCS in Sweden were calculated to be
0.8/million inhabitants per year and 1.4/million inhabitants, respectively. The rates of PVT were
higher; 0.7/100 000 inhabitants per year and 3.7/100 000 inhabitants, respectively. In BCS the
transplantation-free survival was poor, whereas in PVT the survival was variable and highly
dependent on the presence of underlying disease. Concurrent prothrombotic risk factors are
common in both disorders. High plasma levels of procoagulant factor VIII was observed in a
majority of idiopathic BCS and PVT. The prevalence of the somatic JAK2 V617F mutation was
high in our cohort and associated with the presence of a germline JAK2 46/1 haplotype.
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Sammanfattning

POPULÄRVETENSKAPLIG
SAMMANFATTNING
Blodproppssjukdom (trombos) är vanligt förekommande i samhället och orsakar
betydande sjuklighet och dödlighet. Levervenstrombos, även kallat Budd-Chiaris
syndrom (BCS) och portavenstrombos (PVT) har på senare år kommit att uppmärksammats i ökande utsträckning tack vare förbättrad bilddiagnostik och tilltagande kunskap om förekomsten av olika biokemiska, delvis ärftliga rubbningar,
vilka medför en ökad risk för blodproppsbildning. En grupp blodsjukdomar, som
kännetecknas av ett ökat antal blodkroppar, s.k. myeloproliferativ sjukdom
(MPD) har förknippats med blodproppar i levern men inte i andra organ. Såväl
nationellt som internationellt har det funnits begränsad information om dessa
ovanliga, men potentiellt livshotande tillstånd.
Våra studier syftade till att kartlägga förekomst, klinisk bild, bakomliggande
riskfaktorer och långtidsprognos vid BCS och PVT i Sverige.
Patienterna identifierades genom sökning i datoriserade sluten- och öppenvårdsregister på elva sjukhus, däribland alla universitetssjukhus inom ramen för
Svensk Internmedicinsk Leverklubb (SILK), det nationella nätverket för studier
av leversjukdomar.
I delstudie I beskriver vi detaljerat 43 BCS patienter (medianålder 40 år)
identifierade under åren 1986-2003. Nyinsjuknandet (incidensen) beräknades till
cirka 1 patient per miljon invånare och år. Förekomsten (prevalensen) var 1,5 per
million och år. Under studietiden avled 19 patienter och ytterligare 18 patienter
behövde genomgå en livräddande levertransplantation. Överlevnaden var sämre
än den som rapporterats i en jämförbar undersökning genomförd på högspecialiserade utländska sjukhus.
I delstudie II fann vi 173 PVT patienter (medianålder 57 år) under åren
1995-2004. Incidensen och prevalensen var högre; cirka 1 per 100 000 invånare
och år respektive 4 per 100 000 invånare och år. Två eller fler bakomliggande
faktorer identifierads i nästan hälften av fallen. Den vanligaste bakomliggande
riskfaktorn var skrumplever (cirros), följt av cancer. Utan dessa var långtidsprognosen god. Endast en patient dog på grund av tarminfarkt till följd av PVT.
I de efterföljande studierna belyste vi faktorer av betydelse för uppkomsten
av blodproppar. Sammanlagt togs blodprover på 110 patienter med BCS eller
PVT utan samtidig cancer och resultaten jämfördes med kontrollgrupper.
I delstudie III kunde vi rapportera förhöjda nivåer av en blodproppsstimulerande faktor VIII i blodet hos 21% av BCS och 54% av PVT patienterna. Faktor
VIII-nivåerna var tydligt förhöjda jämfört med hos friska individer samt med en
1

9

Sammanfattning

grupp patienter med djup ventrombos. De högsta värdena uppmättes hos patienter med skrumplever. Mätning av faktor VIII kan komma att utgöra en viktig
analys vid utredning av BCS och PVT.
I delstudie IV undersökte vi nya markörer för MPD och kunde visa att en
förvärvad genförändring (JAK2V617F mutation) förekom i hög omfattning hos
våra svenska BCS- (63%) och PVT-patienter (14%) samt att genförändringen var
associerad till bärarskap av en nedärvd genvariant (JAK2 46/1 haplotyp).
Sammanfattningsvis har vi för första gången kunnat ta fram tillförlitliga epidemiologiska data för dessa ovanliga tillstånd i en västerländsk population. Nyinsjuknandet för BCS var cirka 1 per miljon invånare och år och för PVT 1 per
100 000 invånare och år. Långtidsprognosen för BCS var dålig, framförallt utan
levertransplantation. Möjligen kan avsaknaden av ett nationellt center för utredning och behandling av BCS ha påverkat utfallet. För PVT var prognosen god
om man inte samtidigt hade skrumplever eller cancer.
Två eller flera samtidiga riskfaktorer är inte ovanligt. Faktor VIII-nivåerna
var bestående förhöjda vid BCS och PVT. Fortsatta studier behövs för att undersöka om denna analys kan vara av värde för att förutspå trombosuppkomst hos
leversjuka patienter som inte haft trombos och för att följa behandlingseffekter.
Förekomsten av JAK2V617F-mutation i en svensk kohort var så hög som 63%
vid BCS och 14% vid PVT utan bakomliggande cancer. Analysen kan vara till
hjälp att hitta atypiska och tidiga fall av MPD samt vara ett stöd för beslut om
utökad utredning och tidig behandling. Den bör rutinmässigt ingå i utredningen
av dessa ovanliga patienter.
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ALT
APC
BCS
CI
C-PVT
CRP
CRF
CT
df
DVT
EDTA
EN-Vie
hs-CRP
ICD
INR
IVC
JAK2
LMWH
MELD
MPD
M-PVT
NA
N-PVT
NS
OR
PVT
SD
SILK
SNP
SPSS
vs

Alanine aminotransferase
Activated protein C
Budd-Chiari syndrome
Confidence interval
Non-malignant cirrhotic portal vein thrombosis
C-reactive protein
Case record form
Computerised tomography
Degrees of freedom
Deep vein thrombosis
Ethylenediaminetetraacetic acid
The European Network for Vascular Disorders of the Liver study
group
High-sensitivity C-reactive protein
International classification of diseases
International normalised ratio
Inferior vena cava
Janus kinase 2
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Model for End-stage liver disease
Myeloproliferative disorders
Malignant portal vein thrombosis
Not applicable
Non-cirrhotic non-malignant portal vein thrombosis
Not significant
Odds ratio
Portal vein thrombosis
Standard deviation
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Single-nucleotide polymorphism
Statistical Package for Social Sciences
Versus
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VTE
TIPS
ULN
WBC

Venous thromboembolism
Transjugular intrahepatic portosystemic shunt
Upper limit of normal value
White blood cells
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INTRODUCTION
The liver, weighs on an average 1.5 kg and is the second largest organ in the
body. It is a vital organ with various crucial functions such as protein synthesis,
detoxification, bile secretion, and is involved in important metabolic pathways.
Traditionally, the liver is divided into four anatomical lobes: right, left, caudate
and quadrate. In clinical practice the subdivision into eight segments, each having its own vascular flow and biliary drainage (developed by the French surgeon
Claude Couinaud), is frequently used (Wanless 2002).

Vascular disorders of the liver
In recent years, there has been an increased awareness of vascular liver disorders
due to the improvement and increased availability of imaging modalities, as well
as better knowledge of prothrombotic factors.
Figure 1. The vascular anatomy of the liver.

Source: Illustration Typoform, from Gastroenteroloi och hepatologi, Hultcrantz R et al,
2011, Liber, Stockholm.

The liver has a unique dual blood supply and therefore infarctions are rare. The
portal vein (Figure 1), which is formed by the merger of the superior mesenteric
and splenic veins delivers 75% of the blood. It contains nutrient rich albeit less
oxygenated blood drained from the gastrointestinal tract. The remaining 25% is
provided by the hepatic artery which arises from the celiac artery and supplies
30-60% of the oxygen consumed. The blood volume corresponds to 20% of the
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cardiac output. If required, the liver can extract up to 95% of the oxygen delivered (Moller et al. 2009).
The liver is drained via three main hepatic veins (Figure 1). The caudate lobe
veins are drained directly into the inferior vena cava and less vulnerable to occlusion. Hence, caudate lobe enlargement due to hyperplasia is commonly seen
when thrombosis of the main hepatic veins (e.g Budd-Chiari syndrome) occurs
(Wanless 2002).
Blood flow from the portal vein is primarily intended for the hepatic parenchyma, whereas hepatic artery supply is crucial for the biliary tree, and to a lesser
extent hepatic mesenchyma and blood vessels (Wanless 2002).
The microanatomy of the blood supply is also unique with sinusoids, that
unlike systemic capillaries are fenestrated and are low pressure channels. Sinusoids bridge the gap between terminal portal veins and hepatic venules. The hepatic arterial buffer response ensures that a relatively constant sinusoidal pressure is maintained; i.e. when portal flow decreases, hepatic artery flow increases
and vice versa (Wanless 2002).
Most vascular liver disorders are rare, and usually due to occlusion or obliteration of the vessels involved (Table 1). The lesion can be pre-hepatic (e.g. portal vein thrombosis) or post-hepatic (e.g. cardiac hepatopathy). The hepatic lesions can be pre-sinusoidal (e.g. obliterative portal venopathy), sinusoidal (e.g.
sinusoidal obstruction syndrome) or post-sinusoidal (e.g. Budd-Chiari syndrome).
The term splanchnic vein thrombosis has been used to denote a combined
patient group with Budd-Chiari Syndrome, portal-, mesenteric- and/or splenic
vein thrombosis (Francoz et al. 2005; Amitrano et al. 2007).
Table 1. Vascular diorders of the liver
Portal vein thrombosis
Hepatic artery thrombosis or aneurysm
Ischemic cholangiopathy
Obliterative portal venopathy
Sinusoidal obstruction syndrome (Veno-occlusive disease)
Budd-Chiari syndrome
Congenital vascular malformations
Radiation-induced liver disease
Peliosis hepatis
Cardiac hepatopathy
Hypoxic hepatitis (Ischemic hepatitis)

8

16

Introduction

Budd-Chiari syndrome
Budd-Chiari syndrome (BCS), is named after the British physician George Budd
(1808 − 1882) and the Austrian pathologist Hans Chiari (1851 − 1916), who first
described clinicopathological features of this disorder (Budd 1845; Chiari 1899).
According to current international consensus, BCS is a hepatic venous outflow obstruction of any cause, and at any level from the small hepatic veins to
the entire length of the hepatic and supra-hepatic inferior vena cava. Although
symptoms and signs can be similar, an outflow obstruction due to cardiac disease
or sinusoidal obstruction syndrome are excluded from the definition (Janssen et
al. 2003; DeLeve et al. 2009; de Franchis 2010).
BCS is classified as primary if the obstruction is due to an intra-luminal lesion e.g thrombosis, web or endophlebitis; secondary, if the lesion is due to extra-luminal compression or invasion, e.g. cysts, abscess or tumor (Janssen et al.
2003). The main aetiological factor in primary BCS is a myeloproliferative disorder present in 40-50% (DeLeve et al. 2009). Other common causes are inherited or acquired thrombophilia.
Due to the rarity of the disorder incidence and prevalence data have been
sparse (Almdal and Sorensen 1991; Okuda et al. 1995; Valla 2004). There are
reports indicating geographic variations between Eastern and Western countries
with regards to occurrence i.e. being exceptionally high in Nepal (Shrestha et al.
1996); gender e.g. predominance of men in the East (Valla 2009); localisation of
occlusion i.e. isolated hepatic vein occlusions dominating in the West; and causes
e.g. more thombotic occlusions in the West compared to membranous-webs in
the East (Valla 2004). Such membranous-webs are considered to be fibrotic remnants of a previous thrombotic occlusion (Okuda 2002).
The pathophysiological mechanisms involved are sinusoidal congestion, followed by ischemia, centrilobular necrosis and fibrosis causing portal hypertension. In severe cases intra- and extra-hepatic portal vein thrombosis can occur
(Tanaka and Wanless 1998; Murad et al. 2006). Gradually, large regenerative
nodules and cirrhosis may develop (Tanaka and Wanless 1998). The cumulative
incidence of hepatocellular cancer was recently reported to be 4% and associated
with occlusion of the inferior vena cava (Moucari et al. 2008).
The clinical presentation is variable, ranging from asymptomatic patients to
those with fulminant hepatic failure (DeLeve et al. 2009). Asymptomatic cases
have been reported in up to 20% and were associated with the presence of large
intra-hepatic collaterals and at least one patent main hepatic vein (Hadengue et
al. 1994). The classical triad abdominal pain, ascites and hepatomegaly is present
in a majority of patients (Panis et al. 1994; Murad et al. 2004). Even if the clinical presentation has been divided into acute, sub-acute, chronic or severe forms,
established criteria for such characterisation are lacking (Janssen et al. 2003).
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The diagnosis of BCS is based on imaging findings demonstrating signs of outflow obstruction (Janssen et al. 2003; DeLeve et al. 2009). Supporting features
are large hepatic collaterals, spider web appearance, caudate lobe enlargement
compressing the vena cava inferior, heterogeneous contrast enhancement, ascites
and splenomegaly (Brancatelli et al. 2007). With the constantly improving noninvasive imaging techniques, liver biopsy or venograhpy, are nowadays rarely
needed. Current guidelines recommends doppler ultrasound in experienced hands
as a first hand approach, alternatively computerised tomography or magnetic
resonance imaging (DeLeve et al. 2009).
Figure 2. Budd-Chiari syndrome. CT scan demonstrating hepatomegaly, heterogeneous
contrast distribution (bold arrow) with enhancement of the left lobe due to outflow obstruction (thin arrow).

Courtesy of the Department of Radiology, University hospital, Linköping.

Randomised controlled trials of comparing treatment options in BCS have not
been performed. Based on local expertise and experience, favourable outcome has
been suggested for anticoagulation theapy (Zeitoun et al. 1999), thrombolysis
(Sharma et al. 2004), angioplasty (Zhang et al. 2003; Eapen et al. 2006),
transjugular intrahepatic portosystemic shunt (TIPS) (Perello et al. 2002;
Hernandez-Guerra et al. 2004; Rossle et al. 2004; Garcia-Pagan et al. 2008), surgical shunts (Orloff et al. 2000) and liver transplantation (Mentha et al. 2006;
Segev et al. 2007). In recent years, guidelines based on expert opinion and previous studies (Murad et al. 2004; Plessier et al. 2006) have emerged facilitating the
management of this disorder (de Franchis 2005; DeLeve et al. 2009; de Franchis
2010).
Advances in management have indicated improvement of outcome in BCS
with 5-year survival rates approaching 90% in highly specialised referral centres
10
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(Plessier et al. 2006). Based on clinical and laboratory findings at diagnosis, the
Clichy (Zeitoun et al. 1999; Langlet et al. 2003) and the Rotterdam prognostic
scores (Murad et al. 2004) have been developed to identify patients with poor
prognosis, as has the more recently BCS-TIPS score (Garcia-Pagan et al. 2008).
The Rotterdam score has been reported to have a better accuracy than scores used
in patients with cirrhosis i.e. Child-Pugh and model for end-stage liver disease
(MELD) score (Murad et al. 2007). However, these scores are not accurate
enough to be used in clinical practice and should be limited to study purposes
only (Rautou et al. 2009).

Portal vein thrombosis
Portal vein thrombosis (PVT) was first described in the literature by Balfour and
Stewart (Balfour and Stewart 1869). PVT is becoming more recognised as a
clinical entity with the increasing use of non-invasive imaging in general, and
with the recommendations for hepatocellular cancer surveillance in cirrhotic patients in particular.
PVT, also referred to as extra-hepatic portal vein obstruction, is defined as a
occlusion of the extra-hepatic portal vein with or without involvement of the intra-hepatic branches, superior mesenteric vein or splenic vein (Sarin et al. 2006;
de Franchis 2010).
Recent data on the incidence and prevalence of PVT in the general population are lacking. Some attempts have been made using autopsy or inpatient hospital registers from the 1970s and early 1980s with varied results (Okuda et al.
1985; Almdal and Sorensen 1991; Ogren et al. 2006). PVT has been suggested to
be more common in developing countries where it accounts for 70% and 30% of
paediatric and adult non-cirrhotic portal hypertension patients, respectively
(Sarin et al. 2006; Poddar et al. 2008; DeLeve et al. 2009).
The aetiology of PVT is diverse (Janssen et al. 2001; DeLeve et al. 2009).
Often a combination of local and systemic factors are present (Denninger et al.
2000; Fisher et al. 2000; Janssen et al. 2000; Amitrano et al. 2004; Mangia et al.
2005; Primignani et al. 2005) (Janssen et al. 2001; Primignani et al. 2006;
Kiladjian et al. 2008). Local risk factors, e.g. liver cirrhosis, hepatobiliary malignancy, abdominal inflammation, infection or surgical intervention are the most
common predisposing factors (Janssen et al. 2001; DeLeve et al. 2009). Common systemic factors are myeloproliferative disorders and acquired or inherited
thrombophilia (discussed in the next chapters). Taken together, the presence of
risk factors and their relative pathophysiological contributions support the classical model for clot formation i.e. Virchow´s triad including impaired blood flow,
changes in blood composition resulting in hypercoaguability and endothelial injury (Virchow 1856; Dahlback 2008).
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In patients with liver cirrhosis, the prevalence of PVT has been reported to lie
between 0.6% and 44% with an increasing frequency in decompensated disease
and/or concomitant hepatocellular cancer (Okuda et al. 1985; Pirisi et al. 1998;
Amitrano et al. 2004). One study has indicated that PVT is more common in alcohol or virus-induced cirrhosis than in cirrhosis of other causes (Nonami et al.
1992). In more recent ultrasound-based publications, the prevalence was 10% to
25% in cirrhotic patients without hepatocellular cancer (Tsochatzis et al. 2006).
Compared to the number of studies on the prevalence of PVT in cirrhotics, only
two studies have reported incidence rates; being 7% in patients listed for transplantation (Francoz et al. 2005), and 16% during a 12-month prospective followup (Zocco et al. 2009).
Although, the reduction in hepatic blood supply will instantly be compensated by hepatic artery dilatation, i.e. arterial buffer response, portal hypertension
will remain (Henderson et al. 1992). Gradually, porto-portal and porto-systemic
collaterals trying to bypass the thrombosis will develop i.e. cavernous transformation or a cavernoma (Ohnishi et al. 1984; Valla 2009). If the thrombosis progresses upstream into the mesenteric vein and its arches, there is a risk of intestinal infarction associated with a high mortality rate (Valla 2009).
PVT is classified as acute in the presence of a recent thrombus on imaging
and absence of collateral formations. Signs such as abdominal pain and fever are
present, albeit asymptomatic patients are not uncommon (DeLeve et al. 2009; de
Franchis 2010). The manifestations of chronic PVT are variceal bleeding and an
enlarged spleen. Cholangiopathy secondary to compression of the bile ducts by a
cavernoma is common but rarely gives rise to symptoms (Condat et al. 2003;
Dhiman et al. 2007). Cirrhotic patients with PVT may be asymptomatic in up to
43% (Amitrano et al. 2004) or present with life threatening complications related
to aggravated portal hypertension (Tsochatzis et al. 2010). PVT may be the first
manifestation of hepatocellular cancer which should be ruled out.
Figure 3. Portal vein thrombosis. CT scan of the abdomen with contrast enhancement
showing filling defects consistent with acute portal vein thrombosis and mesenteric vein
thrombosis.

↓

↓

Courtesy of the Department of Radiology, University hospital, Linköping.
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In the absence of randomised controlled trials the optimal management of PVT is
not known. Consensus on treatment with anticoagulants, based on expert opinion
and retrospective studies, exists for acute but not for chronic or cirrhotic PVT.
(Chawla et al. 2009; DeLeve et al. 2009; de Franchis 2010).
Survival is determined by the underlying disease and age (Janssen et al.
2001). There is an increased risk for re-thrombosis in splanchnic or other sites in
patients with prothrombotic factors (Condat et al. 2001; Amitrano et al. 2007).

Thrombophilia
The key components of haemostasis are mediated by platelet protein interactions
e.g. von Willebrand factor (primary haemostasis) and by blood coagulation e.g. a
precise and balanced generation of the key enzyme thrombin (secondary haemostasis). During normal conditions the natural anticoagulant proteins (e.g. antithrombin, protein C and S) prevail over procoagulants (e.g. factors V and VIII)
(Dahlback 2005) (Figure 4).
Figure 4. Factors in blood coagulation

Source: Wikimedia Commons. http://commons.wikimedia.org
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The designation thrombophilia refers to genetic or acquired disturbances of the
normal balance between the pro- and anticoagulants as well as in fibrinolysis,
resulting in venous thromboembolism (VTE).
Over the last decades there has been an increased expansion in the knowledge of thombophilic factors in common VTE such as deep vein thrombosis
(DVT) (Dahlback 2008).
More recently, new insights have also emerged in the occurrence of inherited
and acquired thrombophilia in BCS and predominantly PVT without cirrhosis
and malignancy as reviewed by DeLeve et al. (DeLeve et al. 2009). The relative
frequencies of specific factors in these often retrospective series differ due to different diagnostic criteria, referral patterns, ethnic groups and geographical regions.
The prevalence of the factor V Leiden mutation, which causes activated protein C (APC) resistance, has been found in the ranges of 6% to 32% in BCS and
PVT patients (DeLeve et al. 2009). In one series, this mutation was more common in BCS patients with occlusion of the IVC (73%) compared to hepatic vein
thrombosis (23%), and associated with other concomitant risk factors in 70% of
cases (Deltenre et al. 2001). In the general population the range varies from 0%
to 15% (Dahlback 2008). Heterozygotes and homozygotes have an approximately 5- and 50-fold increased risk of VTE, respectively.
The prothrombin (factor II) G20210A mutation, associated with excessive
generation of prothrombin and thus causing a hypocoaguable state, is present in
5-7% of BCS cases as compared to 14-40% in PVT (DeLeve et al. 2009). In the
general population the mutation is carried by 1-2% in northern countries compared to 2-4% in southern Europe, and causes a 3 to 4-fold increased risk of VTE
(Dahlback 2008).
A recent meta-analysis showed a stronger association of PVT with the
prothrombin gene mutation (OR 4.5 95% CI 3.1-6.5) as compared to the factor V
Leiden mutation (OR 1.9 (95% CI 1.3-2.9) (Dentali et al. 2008).
Inherited deficiencies of protein C, S and antithrombin are more difficult to
diagnose in these disorders as a specific mutation analyses are not available.
Since most coagulation factors are produced by the liver, low values measured,
can be secondary to the impaired liver function in BCS and PVT. Family history
and calculation of ratios in relation to other vitamin K dependant factors have
been adopted in case-control studies, however, with disparate results (Janssen et
al. 2000; Primignani et al. 2005).
Factor VIII is a procoagulant protein synthesized in the liver and in the vascular endothelium and involved in thrombin generation. In plasma, factor VIII
circulates bound to the high molecular weight von Willebrand factor and thrombin activation results in the liberation of an activated form (Dahlback 2005). Increased levels have been reported in 25% of patients with DVT (Koster et al.
14

22

Introduction

1995) and is considered to be an independent risk factor both for single and recurrent thrombotic events (Kraaijenhagen et al. 2000). In recent studies increased
plasma concentrations of factor VIII have been found in patients with cirrhosis
(Hollestelle et al. 2004; Tripodi et al. 2009), attributable to a decreased clearance
from the circulation (Hollestelle et al. 2004). These findings are accompanied by
decreased levels of the naturally occurring anticoagulants - protein C and antithrombin, due to impaired liver synthesis (Tripodi et al. 2009). Thus, an increased risk of VTE in patients with chronic liver disease (Sogaard et al. 2009)
has been proposed to be caused by an imbalance in procoagulant and anticoagulant activity (Tripodi et al. 2009).
Alterations in the fibrinolytic system have been reported in acute and chronic
liver disease (Lisman and Leebeek 2007). Recently, impaired fibrinolysis by
means of genetic variations in the thrombin-activatable fibrinolysis inhibitor
(TAFI) was found to be associated with higher risk for PVT or BCS combined
(de Bruijne et al. 2007) but not in isolated BCS (Hoekstra et al. 2010). In the latter study, plasminogen activator inhibitor 1 (PAI-1) was significantly higher and
TAFI and plasmin inhibitor levels were lower than in controls (Hoekstra et al.
2010).

Myeloproliferative disorders
Myeloproliferative disorders (MPD), in recent nomenclature referred to as myeloproliferative neoplasms (Vardiman et al. 2009), are a group of clonal stem cell
disorders. Clinically they are characterised by an over-production of one or more
mature blood cells, overlapping features and a variable tendency to develop acute
myeloid leukaemia. The annual incidence is 1-3 per 100 000 inhabitants with a
peak at 70 years of age (Johansson et al. 2004).
Polycythemia vera, essential thrombocythemia, primary myelofibrosis and
chronic myeloid leukemia are the main entities. Less common are systemic mastocytosis, chronic eosinophilic leukaemia, chronic neutrophilic leukaemia and
unclassifiable types (Vardiman et al. 2009).
The key features are an increased red-cell mass in polycythemia vera, high
platelet count in essential thrombocythemia, bone marrow fibrosis in primary
myelofibrosis and increased number of granulocytes in chronic myeloid leukaemia. Splenomegaly is common in these disorders due to extramedullary hematopoiesis (Campbell and Green 2006).
Arterial and venous thrombotic complications are the main causes of morbidity and mortality, although, in some patients haemorrhage may also occur
(Elliott and Tefferi 2005). Over time a minority of polycythemia vera and essential thrombocythemia patients develop progressive disease such as transformation
to myelofibrosis or acute myeloid leukaemia (Campbell and Green 2006). Aspi-
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rin and cytoreductive therapies are recommended since untreated patients have a
poor prognosis (Nordic MPD study group 2009).
At a molecular level, MPD are characterised by altered tyrosine kinase signalling due to chromosomal rearrangements or localised mutations. For instance,
in chronic myeloid leukaemia a reciprocal translocation between chromosome 9
and 22, denoted the Philadelphia chromosome, causes a BCR-ABL1 fusion gene
(Campbell and Green 2006). This oncogene increases the tyrosine kinase activity
and is associated with an autonomic clonal cell expansion. (Baccarani et al.
2009).
In Philadelphia chromosome negative MPD, i.e. polycythemia vera, essential
thrombocythemia and primary myelofibrosis, mutations in Janus kinase 2
(JAK2), a cytoplasmic tyrosine kinase, are predominantly involved in the pathogenesis.
JAK2 mutations and haplotype
JAK2 is important in relaying signalling between activated cytokine receptors,
such as the erythropoietin receptor, and intracellular proliferation mechanisms. In
2005, five groups reported the landmark finding of an acquired point mutation,
1849G>T in exon 14 of the JAK2 gene on chromosome 9, in the majority of patients with Philadelphia negative MPD (Baxter et al. 2005; James et al. 2005;
Kralovics et al. 2005; Levine et al. 2005; Zhao et al. 2005). The G1849T substitution results in a valine to phenylalanine change at position 617 (V617F) of the
molecule, resulting in a cytokine-independent activation, uncontrolled downstream signalling, and eventually to unregulated cell proliferation. In the pioneering studies above, JAK2 V617F was found in 90-95% of polycythemia vera
cases, and in 50%-60% of patients with essential thrombocythemia or primary
myelofibrosis. As a consequence, JAK2 mutation status is now included in the
World Health Organization diagnostic algorithm of MPD (Vardiman et al. 2009)
Since the discovery, an increasing number of other genetic events responsible for MPD pathogenesis have been uncovered (Vardiman et al. 2009) (AbdelWahab 2011). These include a range of somatic mutations in JAK2 exon 12
(Scott et al. 2007) and in the thrombopoietin receptor, MPL, identified in 5% or
less of MPD patients (Pardanani et al. 2006).
A Swedish population-based study has found a 5 to 7-fold increased risk of
MPD among first-degree relatives supporting the hypothesis of germline susceptibility genes which predispose to MPD development (Landgren et al. 2008). Recently, three independent groups reported that individuals carrying a germline
haplotype block, denoted 46/1 and including JAK2 itself, had an increased risk of
acquiring the somatic JAK2 V617F mutation (Jones et al. 2009; Kilpivaara et al.
2009; Olcaydu et al. 2009). The likelihood of developing MPD was also increased 3 to 4-fold compared to matched controls.
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Further studies have reported an association between JAK2 46/1 and V617F
negative MPD (Jones et al. 2009; Andrikovics et al. 2010; Pardanani et al. 2010;
Tefferi et al. 2010).
Subsequently, another group reported in a letter that the JAK2 46/1 haplotype tagged by the single-nucleotide polymorphism (SNP) rs12343867 CC genotype frequently occurs in Italian patients with splanchnic venous thrombosis (e.g.
BCS or PVT) without the JAK2 V617F mutation (Colaizzo et al. 2010).
The mechanism by which a germline genetic variant in the 46/1 haplotype
block could result in increased risk of developing the JAK2 V617F mutation and
clinical MPD is not known.
Thrombosis in myeloproliferative disorders
The incidence of thrombosis in MPD has been difficult to establish. Nevertheless, a thrombotic event is the initial presentation in up to 39% of Philadelphia
negative MPD patients and the main cause of mortality (Austin and Lambert
2008). The risk of rethrombosis is estimated to be 7.6% per patient-year (De
Stefano et al. 2008). Established risk factors for thrombosis in MPD are age over
60 years, hematocrit over 0.50 and a previous thrombotic event: Concomitant
thrombophilia and conventional cardiovascular risk factors are controversial as
risk factors, and there are some indications that activated leukocytes and JAK2
V617F status could be potential novel risk factors to consider in MPD (Austin
and Lambert 2008).
BCS or PVT are unexpectedly frequent presenting features of MPD, particularly in young patients for which the reason is unknown (Elliott and Tefferi
2005). However, a recent brief report demonstrated JAK2 V617F mutation in
endothelial cells lining the hepatic venules; shedding new light in the pathogenesis as being a local predisposing factor (Sozer et al. 2009).
Using previous diagnostic criteria, the classical features of MPD could be
masked in BCS or PVT by consequences of portal hypertension, e.g.
splenomegaly, haemodilution and variceal bleeding (Chait et al. 2005). In an
early series by Valla et al., latent MPD was demonstrated by means endogenous
erythroid colony formation (EEC) in 16/20 patients of which only two had overt
signs of MPD (Valla et al. 1985). However, very few centres have the capability
to perform an EEC assessment.
In this sense, the JAK2 mutation analysis has dramatically facilitated the
early detection of latent and overt MPD in BCS and PVT patients. In a recent
meta-analysis the mean prevalence of JAK2 mutation was calculated to be 32.7%
(95% CI 25.5%-35.9%) in BCS and PVT patients combined (Dentali et al. 2009).
The mean prevalence of JAK2 mutation in other VTE patients was low, ranging
from 0.88% to 2.57% (Dentali et al. 2009).

17

25

Aims

18

26

Aims

AIMS
The aims of the thesis were:
To calculate the incidence, prevalence and survival rates of Swedish patients with
BCS and PVT, and to describe the clinical features (Paper I and II).
To investigate procoagulant factor VIII and the presence of other acquired or hereditary prothrombotic risk factors in primary BCS and non-malignant PVT and
to compare to patients with deep venous thrombosis, cirrhotic patients and
healthy controls (Paper III).
To determine the distribution of a germline (inherited) JAK 2 46/1 haplotype in
primary BCS and non-malignant PVT compared to population controls, and to
relate this haplotype to the presence of the somatic (acquired) JAK2 V617F mutation, a sensitive marker for myeloproliferative disorders (Paper IV).
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METHODS
Patients
These studies were retrospective and performed in collaboration with the Swedish Internal Medicine Liver Club (SILK), consisting of hepatologists from all
university hospitals in Sweden.
Paper I and II
We searched the computerised patient registers of eleven hospitals, comprising
all nine university hospitals, including the liver transplantation units in Sweden.
The background population of these centres was 4.4 million, which constitutes
approximately half of the Swedish population.
In Paper I, consecutive patients during the full calendar years 1986 – 2003
registered with the ICD-9 (453A, 453C and 453W) or ICD-10 (I82.0, I82.2 and
I82.8) diagnosis codes suggestive of BCS were identified. Patients with an hepatic outflow obstruction at any level from the small hepatic veins to the entire
length of supra hepatic inferior vena cava (Janssen et al. 2003) visualised at imaging, were included (n=43).
In Paper II, consecutive patients between January 1995 and October 2004
registered with the ICD-9 (452 and 572B) or ICD-10 (I81, and K75.1) diagnosis
codes suggestive of PVT were identified. All patients with a partial or complete
thrombotic obstruction of the portal vein visualised at imaging, were included
(n=173).
Epidemiology
Patient care during the study period was almost exclusively public and population based. The referral patterns were based on geographic grounds rather than on
socio-economic factors. The inpatient register contains individual-based information on a regional level since 1964 and on a nationwide level since 1987
(Patientregistret 1998). For each patient, one or more diagnosis at the discharge
from hospital is available in 99% of cases. The diagnosis of BCS or PVT has not
been validated but results on other disorders have shown an 85–90% registry accuracy (Patientregistret 1998). The scientific use of the Swedish patient register
is well established including previous studies on venous thromboembolism
(Baron et al. 1998; Ludvigsson et al. 2007).
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To assure full catchment of BCS and PVT cases, analysis of epidemiology was
restricted to primary catchment area-patients in six centres (Linköping, Sahlgrenska Göteborg, Umeå, Örebro, Malmö and Jönköping) which had used both inand outpatient registers to identify their patients. The mean population figure for
each year and each primary catchment area were available from Statistics Sweden, Stockholm. The combined population of these six centres was 1.3 million,
comprising approximately 15% of the Swedish population in 2001.
The crude incidence and prevalence rates were age-standardised according to
the population census in 1970. Patients were not included in the analysis of
prevalence rates following orthotopic liver transplantation, as they were considered to be ‘disease-free’ after transplantation.
Paper III and IV
Cases
To evalutate the presence of prothrombotic factors in primary BCS and nonmalignant PVT, we designed two case-control studies. Eligible for inclusion
were all patients in Papers I and II without intra-abdominal malignancy, as were
new cases diagnosed during the years 2004-2009 at the participating centres by
means of patient register search. In total, 102 cases (19 BCS and 83 PVT) were
included in Paper III and 110 cases (19 BCS and 91 PVT) in Paper IV. These
were recruited as follows (Figure 4):
Of the total 216 patients (43 BCS and 173 PVT) in Paper I and II, 171 were
excluded (deceased, 81%; consent was not obtained, 13%; one hospital could not
participate, 3%; intra-abdominal malignancy, 3%). Thus, 45 cases (10 BCS and
35 PVT) remained from previous studies and 65 (9 BCS and 56 PVT) were
newly diagnosed (2004-2009). These new patients were recruited from the same
hospitals as in Paper I and II except for the fact that Örebro univerisity hospital
was replaced by Danderyd hospital. In paper III, citrate plasma from 8 patients in
Malmö could not be analyzed due to technical failure.
Figure 4. Recruitment of patients in Paper III and IV.
Paper I & II (n=216)
Paper IV (n=110)

Paper III (n=102)

+ 65 patients
43 BCS
173 PVT

New patients (2004-2009)
including Danderyd hospital

19 BCS
91 PVT

- 171 patients

19 BCS
83 PVT
- 8 patients

Deceased 81%
No consent 13%
Intra-abdominal malignancy 3%
Örebro University hospital 3%

Malmö
University
hospital
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Controls and other patient groups for comparison
For comparison, three other groups were investigated in Paper III: (i) consecutive
non-malignant patients without any known liver disorder and diagnosed with a
lower-limb DVT (with or without pulmonary embolism) (n=95) between February 1998 and January 2000 at Linköping university hospital. These patients were
sampled after anticoagulant therapy was stopped. No liver-related morbidity or
mortality has occurred during a 7-year follow-up period of these patients; (ii)
randomly chosen patients with cirrhosis without history or imaging of portal vein
thrombosis (n=26) followed at Linköping university hospital or Karolinska university hospital. The aetiology was alcohol (n=11), non-alcoholic steatohepatitis
(n=5), viral (n=4), autoimmune (n=4), haemochromatosis (n=1) or cryptogenic
(n=1). Neither PVT nor BCS was present at the diagnosis of cirrhosis (between
June 2002 and September 2010) or during the regular (6-12 monthly) imaging
studies performed thereafter; and, (iii) healthy controls (n=17).
In paper IV, DNA samples (n = 283); 136 males, 62 (25-80) years of age and
147 females, 64 (25-80) years of age were obtained from a regional DNA-bank
(Professor Peter Söderkvist, Department of Cell biology, Linköping University)
which consists of genomic DNA from 800 individuals. These individuals have
been randomly selected from the Swedish population register and anonymously
included in the DNA-bank after informed consent.

23

31

Methods

Methods
Data collection
Available information on clinical characteristics, catchment area, investigations
undertaken, laboratory findings, treatment given, as well as the outcome were
retrospectively retrieved from the medical records by using structured case record
forms (CRF).
The date of diagnosis was defined as the year and month on which a thrombotic obstruction was evident on at least one of the following imaging modalities:
ultrasonography, computerised tomography scan (CT), magnetic resonance imaging, echocardiography (Paper I only) or angiography. The presence of cirrhosis
or not was based on clinical data, i.e. past history of liver disease, results of imaging and laboratory studies and/or by liver biopsy, if performed.
Rotterdam prognostic scores (Murad et al. 2004) for BCS were calculated if
complete data were available. This numerical score is composed of weighted values at diagnosis for bilirubin, prothrombin-INR, ascites and encephalopathy, by
which patients can be categorised into three classes: I (good prognosis), II (intermediate prognosis) and III (poor prognosis) (Murad et al. 2004). Child-Pugh
scores, were assessed in BCS (irrespective of the presence of cirrhosis or not)
and in cirrhotic PVT patients with complete data to allow a comparison with
other published cohorts (Zeitoun et al. 1999; Murad et al. 2004; Murad et al.
2006; Plessier et al. 2006).
The presence of any liver disease, intra-abdominal malignancy, gastrointestinal inflammation or abdominal surgery performed less than three months prior
to diagnosis, were categorised as local risk factors. Blood disorders (including
MPD), hormone therapy, septicaemia, rheumatoid disorders, paroxysmal nocturnal haemoglobinuria and pregnancy were considered systemic risk factors. Primary and secondary BCS were defined as previously described (Janssen et al.
2003).
The follow-up period was from the date of diagnosis until death, study closure in November 2004, or, in the case of loss to follow-up, the last visit.
The causes of death were acquired from the medical records, or if absent,
from the Cause-of-death register, the National board of health and welfare,
Stockholm (Paper I and II). Register search was made possible through the national registration number, unique for each citizen (Lunde et al. 1980).
Database
All data (Paper I and II) were entered into a Microsoft Access 2002 database
(Microsoft Corp. Redmond, WA, USA) and subsequently transferred to the Statistical Package for Social Sciences version 13.0 (SPSS Inc, Chicago, IL, USA).
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To minimize errors, logical tests were carried out and the database was internally
validated by re-checking the entered data with the collected data in 20% of randomly selected CRFs.
Laboratory tests (Paper III and IV)
Blood samples were collected after an overnight fast from antecubital veins in
sodium 1/10 volume of 0.13 mol/l citrate, EDTA and serum tubes (Becton Dickinson, Meylan, France). These were centrifuged within two hours at 2500g for 10
minutes at 10°C. Plasma, buffy coat and serum, were immediately stored at 70°C pending analyses.
The median duration from diagnosis to sampling was 78 (1-246) months for
BCS, 46 (1-164) months for PVT, 6 (3-13) months for DVT patients (Paper III),
and 13 (0-96) months for cirrhotic patients (Paper III).
Factor VIII and high-sensitivity C-reactive protein (Paper III)
Factor VIII activity (HemosIL™ Electrachrome™ Factor VIII) was measured in
citrate plasma by using a chromogenic method utilising ACL TOP (Instrumentation Laboratory, Milan, Italy). The reference interval was 0.50-1.80 kIE/L and
concentrations above 1.80 kIE/L were considered to be increased. In order to
minimise the effect of an acute phase reaction influencing the plasma levels of
factor VIII, blood samples were collected during a follow-up visit after the acute
event.
High-sensitivity C-reactive protein (hs-CRP) was measured by means of the
automated analyser Advia 1800 (Siemens Healthcare Diagnostics, Stockholm).
Thrombophilia screening (Paper III and IV)
The prothrombotic mutations factor V Leiden, and prothrombin gene mutation
G2010A were analysed in all patients utilising pyrosequencing technology and
the instrument Pyromark Q24 with a similar procedure as for to the published
method for VKORC1 gene (Enstrom et al. 2007). A factor Xa-based assay, HemosIL™ Liquid Antithrombin, (Instrumentation Laboratory, Milan, Italy), for
antithrombin, and functional antigenic assays for plasma protein C (Vinazzer and
Pangraz 1987) and protein S (Serra et al. 2002) were performed in all patients.
If two or more of these naturally occurring anticoagulant proteins, i.e. antithrombin, protein C and protein S were low with or without a family history, this
was considered as being secondary to liver dysfunction and not due to a hereditary deficiency. The presence of a confirmed antiphospholipid syndrome was
judged by the notes in the medical records and not further verified by additional
laboratory testing.
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Genotyping JAK2 (Paper IV)
Genotyping of the JAK2 V617F variant was performed as previously described
by Olsen et al. (Olsen et al. 2006) using LightCycler 2.0 (Roche Diagnostics,
Basel, Switzerland) with the following modifications. The LightCycler FAST
start DNA master PLUS hybridization probes mix (Roche Diagnostics) was used.
Each reaction was based on 25 ng genomic DNA isolated from whole blood
(EDTA samples) and was run in a final volume of 20 µL.
Genotyping of the two intronic Tag-SNPs of the 46/1 JAK2 haplotype (Jones
et al. 2009), rs12343867 (T>C) and rs12340895 (C>G), was performed using the
FAST 7500 real-time PCR system from Applied Biosystems (Foster City, CA,
USA). Each reaction was based on ~20 ng (patients) or 3 ng (DNA-bank) genomic DNA in a final reaction volume of 10 µL. A 97% probability cut off for
correctly assigned genotypes was applied when evaluating data.

Statistics
Quantitative variables were expressed as medians with range and qualitative
variables as absolute or relative frequencies. Comparisons between independent
groups were made by Mann–Whitney U-test or Kruskal–Wallis one-way analysis
of variance as appropriate for continuous variables. For categorical variables, chisquared tests were performed and Fisher’s exact test was used when more than
20% of the expected values were less than five.
In addition, the Kaplan–Meier estimate was applied for calculating overall
and transplantation-free survival rates in Paper I and II. Univariate analysis of
factors at diagnosis influencing survival was assessed using the log-rank test.
Multivariate analysis was carried out using Cox’s proportional hazard model if
number of events were adequate (i.e. only in Paper II).
In Paper III factor VIII levels were expressed as mean (standard deviation)
and one-way ANOVA with Bonferroni post hoc test used, when comparing patient results to those of the healthy controls. Correlations were analysed using the
Kendall´s tau coefficient test .
In Paper IV allele frequencies were evaluated using the SNPStats software
http://bioinfo.iconcologia.net/SNPStats_web (Sole et al. 2006) (Catalan Institute
of Oncology, Barcelona, Spain) and odds ratios (OR) calculated.
All other analyses were carried out in the SPSS versions 13.0 or 16.0 (SPSS
Inc, Chicago, IL, USA). Two-tailed p values < 0.05 were considered statistically
significant.
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RESULTS AND DISCUSSION
Budd-Chiari syndrome (BCS)
During the 18-year study period (1986–2003), 43 patients with a median of three
cases per hospital (range 0–8) were identified (Paper I). The majority (93%) were
regarded as primary BCS cases and the remaining (7%) were secondary to malignant obstruction. Fourteen patients (33%) were diagnosed at the two transplantation centres. No patient was lost to follow-up when the study ended in November 2004.
Epidemiology
Twelve new cases of BCS were diagnosed (1990–2001) at the six centres eligible
for analysis of epidemiological data. The mean age-standardised incidence rate
was calculated to be 0.8 (95% CI 0–2.2) per million inhabitants per year. The
mean age-standardised prevalence was 1.4 (95% CI 0–3.3) per million for the
same years. The percentages of patients reported to be living in the primary
catchment area of liver transplantation and non-liver transplantation centres were
comparable: 70 and 69% respectively, thus probably excluding an undue selection of severe cases.
Our retrospective study is the first to address the incidence and prevalence
rates of BCS in a Western population. Some attempts have previously been made
(Table 2). In Japan, the incidence and prevalence rates in 1989 were estimated to
be 0.2 and 2.4 per million inhabitants, respectively (Okuda et al. 1995). In
Europe, analysis of nationwide registry data from Denmark for the years 1981–
1985 gave an estimated incidence rate of 0.5 per million inhabitants and year
(Almdal and Sorensen 1991), similar to a questionnaire survey from France that
indicated an incidence of 0.4 per million (unpublished data cited in (Valla
2004)).
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Table 2. Reported annual incidence and prevalence rates per million inhabitants for
Budd-Chiari syndrome.

Author

Design

Setting

Incidence
(per million)

Prevalence
(per million)

Okuda et al,
1995

Hospital
questionnaire

Japan
1989
(n=6 &160)*

0.2

2.4

Almdal et al,
1990

Inpatient
register

Denmark
1981-1985
(n=13)

0.5

-

Valla
2004

Hospital
qusetionnaire

France
1989
(n=20)

0.4

-

Rajani et al,
2009

In- &
outpatient
register

Sweden
1990-2001
(n=12)

0.8

1.4

* Incidence rate based on 6 new patients, and prevalence rate on 160 patients included
in the survey.

There are two probable explanations for the higher incidence rate that we found.
In contrast to the study from Denmark, we also included data from outpatient
registers and covered a later time period, 1990–2001, during which the diagnostic
awareness of this rare disorder increased and better imaging modalities had become available.
The lower prevalence rate in our study, compared with the one from Japan, is
probably explained by a high frequency of liver transplantation (42%), after
which patients were censored as being ‘disease-free’ and therefore not included
in the prevalence analysis.
Our figures should be considered more reliable than previous results from
Japan as these non-standardised rates were calculated on the basis of a hospital
questionnaire survey with a response rate of 65% or less. Furthermore, autopsy
register data were used, with large variations in autopsy rates between hospitals
varying from 10 to 75%.
Clinical features
The median age at diagnosis of the 43 studied patients (24 women) was 40 years
(range 4–80). Nine of these (21%) had concomitant PVT.
At diagnosis the classical triad of ascites (88%), abdominal pain (81%) and
hepatomegaly (72%) was present in the majority of patients at diagnosis; no patient was asymptomatic. The occurrence of unexpectedly diagnosed, asympto-
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matic subjects in recent cohorts has been no more than 6% (Murad et al. 2004;
Amarapurkar et al. 2008; Darwish Murad et al. 2009).
To establish the diagnosis, a combination of various imaging modalities had to be
performed: abdominal ultrasonography (n = 41), CT-abdomen (n = 39), angiography (n = 18), echocardiography (n = 17), CT-thorax (n = 10) and MRI (n =
7). Further investigations performed were as follows: bone marrow aspiration (n
= 24), laparocentesis (n = 22), gastroscopy (n = 18) and laparotomy (n = 5).
In Table 3 patients are classified according to the site of hepatic outflow obstruction at presentation.
Table 3. Anatomical localisation of thrombosis at presentation in 43 patients with BuddChiari Syndrome.

n

%

IVC* (isolated)

2

5

Hepatic vein (isolated)

24

56

One hepatic vein

1

Two hepatic veins

1

Three hepatic veins

22

Both IVC* and hepatic vein

10

One hepatic vein

23

1

Two hepatic veins

1

Three hepatic veins

8

Not specified

7

16

9

25

Concomitant thrombosis in:
Portal vein (n=36)
Acute

6

Chronic

2

Unknown

1

Mesenteric vein (n=28)

2

7

Splenic vein (n=29)

2

7

All three veins (n=28)

1

4

* Inferior vena cava (supra-hepatic)

Risk factors
The spectrum of blood and coagulation disorders are listed in Table 4. The most
prevalent risk factor was a myeloproliferative disorder in 14 patients (38%; 10
women and 4 men). The diagnosis was verified in eleven (79%) of these patients
with a bone marrow biopsy. Cultures of progenitors (14) were not performed and
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the JAK2 V617F mutation analysis (15) was not available at the time of the first
study. JAK2 mutations were therefore assessed in a follow-up study (Paper IV)
discussed in a later section.
Table 4. Blood and coagulation disorders in 43 patients with Budd-Chiari syndrome
(patients can have more than one of the disorders stated below).

Myeloproliferative disorder (n=37)

n

%

14

38

Polycythaemia vera rubra

8

Essential thrombocythaemia

6

Thrombophilic factor* (n=35)

11

Cardiolipin antibodies

2

Lupus anticoagulant

2

Factor V Leiden mutation

3

Heterozygous

2

Homozygous

1

Antithrombin deficiency**

2

Protein C deficiency**

1

Protein S deficiency**

0

Hyperhomocysteinaemia

1

Hyperfibrinogenaemia

1

Other blood disorders (n=37)

3

Myelodysplastic syndrome

2

Acute myeloid leukaemia

1

31

8

*One patient has more than one factor (cardiolipin antibodies and hyperhomocysteinaemia).
**Defined as an isolated decrease in value to exclude secondary deficiencies due to
liver failure.

The prevalence of other inherited or acquired thrombophilic conditions (31%) in
our cohort were of the same order as in previous studies from western countries
(Mahmoud et al. 1997; Denninger et al. 2000; Smalberg et al. 2006).
Oral contraceptive use was reported in six (30%) women, and in each of
them a second aetiological factor was present. Three of these six women underwent liver transplantation of whom one ultimately died. Of the other oral contraceptive users, two died of liver and multiorgan failure, respectively. The prevalence of oral contraceptive use ranges from 0-52% in other series (Mahmoud et
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al. 1997; Denninger et al. 2000; Janssen et al. 2000; Mentha et al. 2006;
Smalberg et al. 2006) and an increased relative risk of hepatic vein thrombosis
has been reported to be 2.4 compared to non-users (Valla et al. 1986).
None of our cases were associated with paroxysmal nocturnal haemoglobinuria or pregnancy.
We could not identify a risk factor in 10 patients (23%). However, not all patients had undergone a full diagnostic work-up for coagulation disorders and
MPD. Fourteen patients (32%) had one risk factor identified; two or more risk
factors were present in 19 (44%) patients confirming a multicausal aetiology as
has been shown for VTE in general (Rosendaal 1999). In the small subset of nine
BCS cases with concomitant PVT, six (67%) had multiple risk factors. A similar
high frequency (58%) has been reported in a previous series with extensive
thrombosis of the splanchnic veins (Murad et al. 2006).
When categorising risk factors as being systemic or local, 25 patients (78%)
had a systemic factor, three (9%) had a local precipitating factor, and four (13%)
a combination of both.
Survival
Cause of death
19 patients (44%) died during a median follow-up of 2.7 years (range 0.04–16).
The cause of death was predominately liver failure (47%) (Table 5). Two patients
died from GI bleeding; one of them had not received anticoagulant therapy. One
MPD patient progressed to leukaemia. As long-term survival rates are improving,
this complication is a future concern in BCS patients in whom MPD is commonly diagnosed at a young age (DeLeve et al. 2009).
Table 5. Cause of death in patients with Budd-Chiari syndrome (n=19).

BCS (n=19)
n

%

Liver failure

9

47

Malignancy*

3

16

Cardiac failure

2

11

GI bleeding

2

11

Multiorgan failure

1

5

Infection

1

5

Pulmonary embolism

1

5

* Hepatocellular cancer (n=2), Leukemia (n=1)
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Survival rates
The overall survival at 1, 5 and 10 years, including the 18 patients who had
undergone a liver transplantation, was 67% (95% CI, 54-81), 60% (95% CI 4575) and 52% (95% CI 35-69) (Figure 5).The transplantation-free survival was
poor; at 1, 5 and 10 years it was 47% (95% CI 32-61), 28% (95% CI 14-41) and
17% (95% CI 4-30), respectively (Figure 5).
Figure 5. Overall and transplantation-free survival rates for patients with Budd-Chiari
syndrome (n=43). Patients at risk after 1, 5 and 10 years of follow-up were n=29, n=21
and n=11 (overall survival), and n=20, n=9 and n=2 (transplantation-free survival), respectively.

When considering the benefits of liver transplantation, the overall survival rates
are in line with a recently published Canadian cohort (Montano-Loza et al. 2009)
(Table 6).
When comparing our results with the findings in the largest study so far in
BCS (Murad et al. 2004), we found a less favourable transplantation-free survival rate (47 % vs. 82% at 1 year and 28% vs. 69% at 5 years) as outlined in
Table 6. Both studies included patients seen during the same time period (19862003 vs. 1984-2001), and the median follow-up time (32 vs. 44 months) and the
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median age at diagnosis (40 vs. 35 years) were roughly similar (Table 6). The
differences in outcome (without transplantation) was most probably not due to
different inclusion criteria; only non-malignant (primary) BCS cases were included in the cohort of Murad et al. (Murad et al. 2004). Excluding the three patients with intra-abdominal malignancy (secondary BCS) from our analysis did
not have any sizeable impact on transplantation-free survival.
The proportion of patients living in the primary catchment area of transplantation centres was similar to that of patients from non-transplantation centres,
ruling out referral bias. However, it is possible that subjects with clinically mild
hepatic dysfunction seen in non-academic hospitals could have been overlooked
(and therefore not referred). Moreover, asymptomatic cases of BCS, usually involving one or two veins, were not recognised in our study. Such limited involvement was noted in only four of the 43 (10%) which may have influenced
the poor outcome. Furthermore, the lack of a national reference centre for BCS in
Sweden might have contributed.
The patients diagnosed early (1986-1994, n=13) did not have a worse outcome compared to patients diagnosed later (1995-2003, n=30) when assessed
using Kaplan-Meier statistics. The use of anticoagulants, a crucial factor for the
better survival in Zeitoun´s paper (Zeitoun et al. 1999), did not differ between
these two time periods, 77% (10/13) vs. 72% (21/30). Neither the use of anticoagulants during the first year after diagnosis (p=0.13), nor the presence of MPD
(p=0.95) had any significant effect on survival, which has also been reported in
other studies (Murad et al. 2004; Smalberg et al. 2006; Kiladjian et al. 2008).
Our survival estimates could partly be explained by a higher proportion (83
vs. 73%) of patients in Rotterdam class II and III, i.e. the patients in our cohort
had a more severe disorder at diagnosis, which is also illustrated by the absence
of any single patient in Child-Pugh class A. Furthermore, the percentage of patients with a concomitant PVT was higher in our study (21% vs. 14%) which has
been associated with poorer survival (Mahmoud et al. 1997; Murad et al. 2006),
although this was not evident in our univariate assessment.
Regarding therapeutic interventions, the proportion of patients undergoing
portosystemic shunt surgery were considerably lower in our study compared to
the one by Murad et al. (Murad et al. 2004) (14% vs. 42%), and in favour of liver
transplantation (42% vs. 12%) (Table 6). The majority of patients received anticoagulant therapy (72% vs. 72%) and TIPS was equally often performed (9% vs.
7%). In a recent series, in which a more aggressive therapeutic approach was applied, TIPS was inserted in as much as 49% of the patients (Plessier et al. 2006).
When considering the benefits of liver transplantation, the overall survival rates
in our study was 67% and 60% at 1- and 5-year, respectively. These results are in
line with a recently published Canadian cohort (Montano-Loza et al. 2009) (Table 6).
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Actuarial survival rates after liver transplantation in large register studies have
been reported to be good and comparable to other chronic liver diseases, with 1and 5-year survival of 76-88% and 71%, respectively (Mentha et al. 2006; Segev
et al. 2007).
As prospective randomised trials are lacking in BCS, the best therapeutic approach is not clear-cut (Horton et al. 2008). In a single-centre study in which a
stepwise, minimal invasive therapeutic strategy was used, the 1- and 5-year mortality rates were found to be 4% and 11%, respectively during the years 19972004, much better than results from case series dating back to 1965-1972 (32%
and 90%, 1- and 5-year mortality), 1970-1985 (38% and 50%), and 1984-2001
(18% and 31%) (Plessier et al. 2006).
Recent consensus reports therefore recommend a step-up management
(DeLeve et al. 2009; de Franchis 2010), i.e. early anticoagulation in all patients
without contraindications. If a venous stenosis is causing the outflow obstruction,
percutaneous angioplasty/stenting should be considered or if not possible, TIPS
inserted in patients who do not respond to medical therapy. Finally, if these procedures fail or if the patient presents with fulminant liver failure, liver transplantation is indicated.

Portal vein thrombosis (PVT)
In Paper II a total of 173 patients (median age 57 years, 93 men) with portal vein
thrombosis were identified. Fifty-five patients (32%) were diagnosed at the two
transplantation centres. The median age at diagnosis was 57 years (range 15-94).
Only one patient (0.6%) was lost to follow-up due to emigration when the study
ended in October 2004. An acute thrombosis was present in 128 patients (74 %),
chronic thrombosis in 32 (18%) and was unspecified in 13 (8%). The thrombosis
was limited to the portal vein in 102 patients (59%) and in the remaining 71 patients (41%) one or more accessory veins, i.e. the mesenteric and/or splenic veins
were also involved.
Epidemiology
At the six centres eligible for the epidemiological analysis, 124 patients with
PVT were diagnosed (1995-2003), of whom 97 were from the primary catchment
areas. The mean age-standardised incidence and prevalence rates of PVT were
calculated to be 0.7 (95% CI 0.3–1.2) per 100 000 inhabitants per year and 3.7
(95% CI 2.6–4.8) per 100 000 inhabitants, respectively. The percentages of patients living in the primary catchment area of liver transplantation and non-liver
transplantation units were comparable, being 81% and 78%, respectively (NS).
We report for the first time both incidence and prevalence rates of unselected
PVT in a population-based cohort. Previous studies have mainly reported prevalence figures of PVT in cirrhotic patients.
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In Denmark, nationwide register data limited to inpatients for the years 1981–
1985 gave an estimated incidence rate of 0.27 per 100 000 inhabitants and year
(Almdal and Sorensen 1991), i.e. half the rate reported herein (Table 7). In contrast to that study, we also included data from outpatient registers and covered a
later time period, 1995–2004, during which the diagnostic awareness of this condition increased.
Tabell 7. Reported annual incidence and prevalence rates for portal vein thrombosis.

Author

Design

Setting

Incidence
(per 100 000)

Prevalence
(per 100 000)

Okuda et al,
1985

Autopsy
register

Japan
1975-1982
(n=136)

-

54.9

Ögren et al,
2006

Autopsy
register

Sweden
1970-1982
(n=254)

-

1067*

Almdal et al,
1990

Inpatient
register

Denmark
1981-1985
(n=69)

0.3

-

Rajani et al,
2010

In- &
outpatient
register

Sweden
1990-2001
(n=97)

0.8

3.7

* Life time cumulative incidence

Population-based prevalence rates for PVT have been addressed in two older autopsy studies (Table 7). In the Japan Autopsy Register of 1975–1982 (n = 247
728), PVT was found in 0.05% (≈ 50 per 100 000 inhabitants) (adapted from
Okuda et al.(Okuda et al. 1995), whereas in Malmö city, Sweden, the prevalence
was as high as 1.0% (≈1000 per 100 000) in 1970–1982 (n = 23 796 representing
84% of all in-hospital deaths) (Ogren et al. 2007). The difference between these
results is striking and could be due to a lower occurrence of PVT in Japan compared with Europe. However, considering that both studies originate from necropsy data in which there is a selection for the more severe cases per se, variable
autopsy rates in different centres as well as ascertainment bias (Ogren et al.
2007), our lower prevalence rate should be considered more reliable.
This assumption is underlined by the high proportion of patients with intraabdominal neoplasia (67%) in one of the autopsy studies (Ogren et al. 2007) as
compared to our data (21%) and with a previous large case series (24%) (Janssen
et al. 2001).

37

45

Results and Discussion

Clinical features
The clinical characteristics of PVT are diverse and represent a patient population
with different underlying aetiologies. The characteristics in our large Swedish
cohort are comparable to findings in a previous Dutch study (Janssen et al. 2001)
(Table 8).
Table 8. Clinical characteristics at diagnosis in two large unselected cohorts with portal
vein thrombosis.
Rajani et al, 2010,
n=173
Demographics
Male/Female
Age, years*
Country
Centres / of which tertiary
Year of diagnosis
Follow-up, years*
Lost to follow-up

Janssen et al,
2001, n=172

%

%

54/46

50/50

57 (15-94)

51 (14-91)

SE

NL

11/9

8/8

1995-2004

1984-1997

2.5 (0-10)

3.9 (0-13)

1

3

38

48

69

-

35

-

43

-

61

70

20

30

5

-

Symptoms & signs

Ascites
Abdominal pain
Fever
Splenomegaly
Oesophageal varices
Variceal bleeding
Asymptomatic
Labratory findings*

CRP, mg/L
Haemoglobin, g/L
WBC x109/L
Platelet count x109/L
Bilirubin, μmol/L
ALT xULN*
Albumin, g/L
Prothrombin, INR

39 (4-480)
121 (39-188)

121 (-)

8 (1-57)
223 (16-1074)

179 (-)

20 (4-690)

20 (-)

1.0 (0.1-98.3)

0.8 (-)

30 (13-53)

35 (-)

1.2 (0.9-2.9)

-
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Child-Pugh classification**

A
B
C

10

-

69

-

22

-

74

-

18

-

8

-

33

24

25

-

Type of obstruction

Acute
Chronic
Not specified
Concomitant thrombosis in

Mesenteric veins
Splenic vein
Two or more veins
All three

45
15

-

67

27

Treatment

Anticoagulants
Thrombolysis
Acetylsalicylic acid
TIPS/surgical shunting
Liver transplantation***
Splenectomy
Bowel resection
*

Median (range)

**

Calculated in cirrhotic patients only

3
8
3

8

5

2

3
3

*** Due to underlying liver disease.

The total study population (n=173) was grouped into three strata; N-PVT, nonmalignant, non-cirrhotic PVT (n=89), C-PVT, non-malignant, cirrhotic PVT
(n=38), and, M-PVT, malignant PVT (n=46).
N-PVT patients were younger at the time of diagnosis (median age 54 years)
compared to patients with C-PVT (60 years) or M-PVT (67 years), p<0.001 (for
both comparisons) and presented more often with fever, 48% (p=0.004). On the
other hand ascites (p<0.001), splenomegaly (p<0.001), oesophageal varices
(p=0.001), jaundice (p=0.005) and signs of hypertensive gastropathy (p=0.017)
were more prevalent in C-PVT and M-PVT. Abdominal pain was a common
complaint in N-PVT (78%) and M-PVT patients (70%), but less frequent in C-
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PVT (46%) (p=0.002). Ileus was diagnosed in 6 cases (4%). Eight patients (5%)
were asymptomatic of whom six were N-PVT patients.
Classification according to Child-Pugh was, for the cirrhotic patients (n=38)
grade A 14%, grade B 61% and grade C 25%, and, for patients with malignancy
(n=46), 0%, 87% and 13%, respectively.
The median C-reactive protein (CRP) in N-PVT (67mg/L) and M-PVT
(44mg/L) was higher than in C-PVT patients (13mg/L) (p=0.003). Few patients
had an increase in prothrombin-INR and the transaminase levels were generally
normal or slightly elevated.
Risk factors
The spectrum of risk factors is listed in Table 9 and 10. Overall, 76 patients
(44%) had one or more local precipitating factors, and 42 patients (24%) had a
systemic risk factor. No obvious risk factor was evident in 17 patients (10%).
The most prevalent risk factor was a liver disorder, present in 70 patients
(40%) of whom 54 (76%) had liver cirrhosis. Alcoholic liver disease was present
in 21 patients (12%), viral hepatitis in 15 (9%), cryptogenic cirrhosis in 14 (8%),
autoimmune hepatitis in 6 (3%), non-alcoholic fatty liver disease in 4 (2%) and
other liver disorders in 10 (6%).
Table 9. Local risk factors in Portal vein thrombosis (n=173). Patients can have
more than one factor.
Liver disease
With cirrhosis
Without cirrhosis
Intra-abdominal malignancy
Hepatocellular cancer
Colorectal cancer
Other
GI-inflammation (n=166)*
Abdominal surgery**
Severe local infection (n=169)*
No local factor identified

N

%

70
54
16
37
21
4
12
24
8
5
59

40

*Denotes number of evaluable cases.
**Within three months prior to diagnosis.
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21

14
5
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Table 10. Systemic risk factors in Portal vein thrombosis (n=173). Patients can have
more than one factor.
Thrombophilic factor† (n=126)*

N

%

28

22

Factor V Leiden mutation

13

Hyperfibrinogenemia

4

Lupus anticoagulant

4

Cardiolipin antibodies

3

Antithrombin deficiency‡

3

Prothombin gene mutation

2

Protein S deficiency‡

1

Previous thrombosis (n=156)*

29

Venous

19

Arterial

10

Myeloproliferative disorder (n=158)*

18

Polycytemia vera rubra

12

Essential Thrombocythemia

5

Chronic Myeloid Leukaemia

19

11

1

Severe systemic infection (n=169)*

14

8

Hormone replacement therapy (n=75/80)*

9

12

Rheumatoid disorder (n=165)*

8

5

Blood malignancy

6

13

Lymphoma

4

Leukaemia

2

Extra-abdominal malignancy

3

7

Oral contraceptives (n=74/80)*

3

4

Pregnancy (n=79/80)*

3

4

No systemic factor identified

93

54

†Two patients had more than one factor (antithrombin deficiency and hyperfibrinogenemia, protein S deficiency and lupus anticoagulant, respectively).
*Denotes number of evaluable cases.
‡Deficiency due to liver failure not included i.e. patients with combined low levels of
protein S and protein C and/or antithrombin were excluded.

Of systemic factors, thrombophilic conditions were present in 22% of patients.
19% had a previous history of any extra-splanchnic thrombotic event with a trend
to concurrent presence of these two (chi-square 3.3; df 1, p=0.07). Eighteen patients (11%) had an underlying MPD. The occurrence of MPD was 26% in NPVT, 6% in C-PVT and, 2% in M-PVT patients, respectively. MPD and severe
infections were more common in N-PVT compared to the two other groups
(p=0.015 and p=0.046, respectively). Although the highest frequency of inherited
or acquired thrombophilia was seen in N-PVT patients (26%), there was no sta41
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tistically significant difference compared to C-PVT (17%) and M-PVT (18%)
patients.
New insights in the aetiology of PVT have revealed the presence of more
than one risk factor in a high proportion of patients (Denninger et al. 2000;
Janssen et al. 2001; Amitrano et al. 2007; Sogaard et al. 2007). This was confirmed in our study with 23% having a combination of a local and a systemic risk
factor compared to 16% in a study from the Netherlands (Janssen et al. 2001).
Moreover, almost half of the patients (46%) had two or more risk factors (regardless of if local or systemic). However, in reports from the East (e.g. India) the
presence of thrombophilia and multiple risk factors have been less evident (Jain
and Nijhawan 2007; Dutta et al. 2008).
In an Italian single centre study of non-cirrhotic non-malignant patients with
thrombosis confined to the splanchnic veins, the occurrence of two or more risk
factors was 27% (Amitrano et al. 2007) compared to 37% in our N-PVT patients.
These findings suggest that a thorough diagnostic work-up in order to optimise
the management of patients is warranted irrespective of the presence of a local
precipitating factor.

Medical treatment and interventions
Details of interventions performed at diagnosis and during follow-up are
given in Table 11. Of the 116 anticoagulated patients, 94 had an acute thrombosis, 15 chronic thrombosis and in seven the nature of the thrombosis was not
specified. The median duration of anticoagulant therapy was 6.4 (range 0.1-114)
months and the mean duration was 16 months.
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Table 11. Interventions in 173 patients with portal vein thrombosis.
At
diagnosis
n
%
Anticoagulants

113

65

During
follow-up
n
%
116

Heparin/LMWH

102

103

Coumarin derivatives

63

70

67

Thrombolysis

6

3

6

3

Acetylsalicylic acid

11

6

14

8

Other antiplatelet drugs

2

1

2

1

Diuretics

64

37

71

41

Betablockers

64

37

72

42

Isosorbide mononitrate

11

6

13

8

Band ligation

26

15

36

21

Sclerotherapy

20

12

23

13

TIPS or surgical shunting

3

2

5

3

Liver transplantation*

1

1

8

5

Splenectomy

0

0

5

3

Bowel resection

4

2

6

3

*Due to underlying liver disease
FU, Follow-up; LMWH, low-molecular-weight heparin; TIPS, transjugular intrahepatic
portosystemic shunting.

Anticoagulation was more common in N-PVT patients (85%) than those with CPVT (70%) or M-PVT (50%), (p=0.004) while diuretics were less frequent in NPVT patients (p<0.001). All six patients (4%) given thrombolysis (one local and
five systemically) were non-malignant and non-cirrhotic. Three patients (2%)
with an underlying liver disease underwent TIPS at diagnosis. In two patients
(both N-PVT) surgical shunting procedures were performed during the first or
the third year after diagnosis due to GI-bleeding and varices. Eight patients (5%)
underwent liver transplantation secondary to their underlying liver disorder, of
whom one ultimately died, six days after transplantation. Six patients (3%) underwent bowel resection due to ischemia.
Information on recanalisation was available in 61 patients (35%). Partial or
complete recanalisation was seen in 70% during the first year of follow-up and
72% at the last follow-up visit. 36 of 44 patients (82%) with recanalisation had
received anticoagulation. An increased obstruction in the portal venous tract was
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observed in 7% and remained unchanged in 21%. Recanalisation frequencies did
not seem to differ between N-PVT (68%, n=40), C-PVT (83%, n=12) and MPVT (78%, n=9) patients (NS).
Due to the lack of randomized controlled trials, the best treatment for PVT is
empirical (de Franchis 2005; Chawla et al. 2009; DeLeve et al. 2009; de Franchis
2010; Tsochatzis et al. 2010). Partly based on retrospective studies from France,
in which 90% achieved partial or complete recanalisation 23 without an increased risk of bleeding (Condat et al. 2001), anticoagulant therapy has been advocated for patients with acute nonmalignant and noncirrhotic PVT (de Franchis
2005). Recanalisation was, however, achieved only in 66% (31% partial and 34%
complete) of our N-PVT patients during the first year after diagnosis, with a minor increase to 68% when analysing the total follow-up period. Although these
results must be interpreted with caution as data on recanalisation were limited,
they are consistent with a retrospective Italian series in which 45% of N-PVT
patients achieved complete recanalisation (Amitrano et al. 2007). However, findings in a prospective study of anticoagulated patients have furthermore indicated
a limited recanalisation rate of 38% (Plessier et al. 2010), negatively influenced
by the presence of ascites and concomitant splenic vein obstruction at diagnosis.
These results have not altered the current guidelines for early treatment with anticoagulants (DeLeve et al. 2009; de Franchis 2010). In PVT with cirrhosis, there
is no consensus on the indication for anticoagulant therapy (DeLeve et al. 2009;
de Franchis 2010). After initiating prophylactic therapy for variceal bleeding the
use of anticoagulants have been reported by some groups (Francoz et al. 2005;
Tsochatzis et al. 2010) and TIPS has been successful in other series (Bauer et al.
2006; Han et al. 2011).
To treat selected patients with an acute, extensive, symptomatic thrombosis
who are eligible for or already listed for liver transplantation is suggested.
Survival
Cause of death
A total of 74 patients (43%) died during a median follow-up was 2.5 years (range
0–9.7). The causes of death are listed in Table 12. We had two deaths due to
variceal bleeding in patients who had not been anticoagulated. Death due to intestinal ischemia occurred in only one (0.6%) patient.
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Table 12. Cause of deaths and survival rates in two large portal vein thrombosis cohorts.

Deaths

Rajani et al, 2010,
n=173

Janssen et al, 2001,
n=172

74

43%

67

39%

31

42

30

45

Cause of deaths
Malignancy
Intra-abdominal

28

18

Other

3

12

Liver failure

16

22

10

15

Cardiac failure

9

12

9

13

Multiorgan failure

6

8

-

-

Infection

4

5

4

6

Variceal bleeding

2

3

4

6

Intestinal ischemia

1

1

-

-

Other, non-liver related

5

7

7

10

Unknown

0

3

4

Survival rate
Overall at 1/5/10 year

69/54/-

70/61/54

Tx-free at 1/5/10 year

92/76/-*

95/89/81**

* No cancer, no cirrhosis
** No cancer, no cirrhosis, no mesenteric vein thrombosis

Survival rates
The overall survival at 1 and 5 years was 69% (95% CI 61–76) and 54% (95% CI
46–62), respectively (Figure 6). The rates were consistent with the findings in a
similar multicentre series from the Netherlands (Janssen et al. 2001), being 69%
vs. 70%, and, 54% vs. 61% (Table 12). A slightly lower survival in our study is
tentatively attributed to a higher frequency of concomitant mesenteric vein
thrombosis (31% vs. 11%), which has been associated with decreased survival
(Janssen et al. 2001; Kumar et al. 2001; Orr et al. 2007). However, this was not
evident in our univariate analysis.
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Figure 6. Overall survival rates for all patients with portal vein thrombosis, for patients
with non-malignant, non-cirrhotic portal vein thrombosis, N-PVT, for patients with cirrhosis, but no malignancy, C-PVT, and for patients with malignancy with or without
cirrhosis, M-PVT.

In N-PVT (n=89) the survival at 1 and 5 years was 92% (95% CI 86–98) and
76% (95% CI 66–86), respectively, and similar to findings in previous series
(Janssen et al. 2001; Amitrano et al. 2007). However, the 5-year survival for
such patients was higher in an Italian cohort being 93% (Amitrano et al. 2007)
compared to 76% in our study. A more favourable outcome could be explained
by their single tertiary referral centre holding a liver transplantation unit, and by a
uniform management strategy in younger patients (median age at diagnosis was
45 years compared to 54 years in our study).
For C-PVT (n=38) the survival at 1 and 5 years was 53% (95% CI 37–69)
and 38% (95% CI 19–58), respectively and for those with M-PVT (n=46) 37%
(95% CI 23–51) and 24% (95% CI 11–37), respectively. Reports comparing the
survival in cirrhotic patients with and without PVT are lacking in the literature.
The median one-year cumulative survival for C-PVT was 53% in our study, i.e.
worse than the 78% reported for cirrhotic patients in general (D'Amico et al.
2006).
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Multivariate analysis
The results of a multivariate analysis (Table 13) showed that age, bilirubin, cirrhosis and malignancy independently influenced survival (p<0.001) consistent
with a previous report (Janssen et al. 2001) in which survival was primarily related to the underlying disorder.
Table 13. Multivariate survival analysis of characteristics at diagnosis in 173 patients
with portal vein thrombosis. Relative risk (RR) of death is given for the total cohort and
separately for those with non-malignant portal vein thrombosis (n=127).
PVT (n=173)
RR

Non-malignant PVT (n=127)
95% CI

p

RR

95% CI

p

Age
<=50

1.0

1.0

51-60

1.9

0.8

-

4.3

0.14

2.9

1.0

-

8.4

0.06

> 60

4.2

2.0

-

8.6

<0.001

12.0 4.1

-

34.9

<0.001

1.1

-

3.5

0.03

0.6

-

2.3

0.72

1.7

-

8.6

0.00

Sex
Female

1.0

Male

1.9

1.0
1.1

Bilirubin (μmol/L)
<= 20

1.0

> 20

4.8

1.0
2.6

-

8.8

<0.001

3.8

Albumin (g/L)
<= 30

1.0

> 30

0.9

0.5

-

1.5

31 7.90

- 1.0

0.58

1.2

31 7.90
0.5

-

2.8

0.62

0.4

-

1.8

0.61

2.9

-

18.3

<0.001

0.3

-

3.7

0.88

Mesenteric vein thrombosis
Absent

1.0

Present

1.2

1.0
0.7

-

2.2

0.55

0.8

Cirrhosis
Absent

1.0

Present

2.7

1.0
1.6

-

4.7

<0.001

7.3

Abdominal inflammation
Absent

1.0

Present

0.5

1.0
0.2

-

1.2

0.11

1.9

-

6.6

<0.001

1.1

Malignancy
Absent

1.0

Present

3.5
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Similar to other reports (Kiladjian et al. 2008), the presence of thrombophilia and
MPD at diagnosis did not significantly affect survival in analysis.
Although the use of anticoagulants during the first year after diagnosis was
high (65%) compared to 25-34% in previous studies (Janssen et al. 2001;
Amitrano et al. 2004), we did not observe an increased survival with anticoagulation, nor has this been evident in other studies with the exception of one study in
chronic portomesenteric thrombosis patients (Orr et al. 2007). In that report,
mortality was more frequently caused by variceal bleeding (38%) than in our
study (3%).

Thrombophilic factor VIII in BCS and PVT
In Paper III we explored the role of procoagulant factor VIII in primary BCS and
non-malignant PVT as no obvious risk factors were observed in up to 23% of
patients (Paper I and II).
We found significantly increased plasma levels of coagulant factor VIII both
in BCS and PVT patients with or without cirrhosis as compared to healthy controls (p < 0.001) (Table 14).
Table 14. Factor VIII levels in patients with portal vein thrombosis (PVT), Budd-Chiari
syndrome (BCS), cirrhosis without thrombosis, deep vein thrombosis (DVT) and controls. Mean (standard deviation).

Factor
VIII,
kIE/L

P vs.
controls

P vs.
DVT

P vs.
cirrhosis

1.90
(0.67)

< 0.001

< 0.001

NS

PVT (without cirrhosis, n=62)

1.87
(0.67)

< 0.001

< 0.001

NS

PVT (with cirrhosis, n=21)

1.97
(0.68)

< 0.001

< 0.001

NS

BCS (n=19)

1.63
(0.63)

< 0.001

NS

<0.01

Cirrhosis (n=26)

2.22
(0.66)

< 0.001

< 0.001

-

DVT (n=95)

1.41
(0.44)

< 0.001

-

Controls (n=17)

1.04
(0.07)

-

PVT (all, n=83)

P; P-values as per ANOVA. NS; not significant.
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Increased factor VIII levels have not previously been reported in BCS apart from
a case study in which familial elevated levels were observed in two patients
(Koshy 2004). For PVT, the present study confirms previous results from case
series (Brandenburg et al. 2001; Fimognari et al. 2005; Shah et al. 2005) and a
small case-control study (n=32) (Koshy and Jeyakumari 2007) in which high factor VIII levels were found employing another assay.
Our patients were sampled beyond the acute incident. A possible influence
of an acute phase reaction was further investigated by correlating factor VIII results to hs-CRP in the non-acute phase (i.e. > 3 months after diagnosis). A weak
correlation was seen only in PVT without cirrhosis not excluding factor VIII elevation as an independent risk factor in primary PVT.
Recently, a case-control study (n=85) (Martinelli et al. 2009) similar to ours,
albeit from a single tertiary referral centre, demonstrated an odds ratio of 10.5 for
PVT without and 6.0 with PVT cirrhosis, when factor VIII exceeded the 66th percentile of the levels in healthy controls. Using the 95th percentile the odds ratio
was 3.1 for PVT (without cirrhosis). However, these findings were partly due to
an acute phase reaction as 64% of their PVT patients were tested within three
months after diagnosis, which resulted in lower odds ratios when excluding these
patients from the analysis.
Factor VIII activity was higher in both cirrhotic (1.97 kIE/L) and noncirrhotic PVT (1.87 kIE/L) compared to DVT (1.41 kIE/L) patients (p < 0.001);
however for BCS (1.63 kIE/L) the results were not statistically significant (p =
0.87), suggesting that reduced flow in the portal vein may influence the circulating factor VIII concentration. Using an upper reference range limit (1.80 kIE/L)
of the assay as cut-off, elevated levels were found in high proportions of patients
with PVT and in cirrhotic patients without thrombosis (Figure 7.) These findings
suggest that a reduced flow in the portal vein may influence the circulating factor
VIII concentration.
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Figure 7. Percentage of patients with elevated plasma levels of factor VIII (>1.80
kIE/ml).
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Established prothrombotic risk factors were not detected in 21% of non-cirrhotic
PVT, in 48% of cirrhotic PVT or in 11% of BCS patients. In these patients an
elevated factor VIII concentration was present in 85%, 70% and 50%, respectively. These findings could explain a majority of PVT and BCS cases previously
denoted as being idiopathic.
In line with previous publications (DeLeve et al. 2009; Shetty and Ghosh
2010) the frequency of prothrombin gene mutation in PVT was higher (5%) and
factor V Leiden (as well as antiphospholipid syndrome) lower (8%) compared to
in BCS patients (although not statistically significant). In Sweden the prevalence
of these genetic mutations in the normal population is 1-2% for the prothombin
gene and 8-14% for factor V Leiden (Lindahl et al. 1999; Bjorkman et al. 2005).
Therefore, in our PVT patients (with and without cirrhosis), the prevalence appears to be increased for the prothrombin gene mutation, but not for factor V
Leiden. This is similar to non-cirrhotic PVT data from a large Italian case-control
study (Primignani et al. 2005), however, in contrast to results from the Netherlands (Janssen et al. 2000). For cirrhotic PVT patients, disparities exist on the
presence of genetic thrombophilic risk factors (Amitrano et al. 2000; Amitrano et
al. 2004; Mangia et al. 2005). Possible explanations could be different frequencies of coagulation disorders in the background populations, as well as patient
selection criteria since cirrhotic patients are not routinely screened. Furthermore,
reduced portal flow velocity (Zocco et al. 2009) could be a confounding factor by
influencing impairing the synthesis and clearance of coagulation factors.
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JAK 2 46/1 haplotype and V617F mutation in
BCS and PVT
In Paper IV, we found a high occurrence of the JAK2 46/1 haplotype in BCS
(53%) and PVT (36%) patients compared to controls (27%) p=0.02 (OR=3.0;
95% CI 1.5-5.9) and p=0.02 (OR=1.5; 95% CI 1.1-2.1), respectively (Table 15).
The association remained significant when adjusting for age and gender. In PVT
patients the JAK2 haplotype was highly enriched in non-cirrhotic patients (41%)
(p <0.01 ; OR=1.8; 95% CI 1.2-2.6) but not in cirrhotic patients (23%)(p=0.53;
OR= 0.8; 95% CI 0.4-1.7) relative to population controls.
Table 15. Association between JAK2 46/1 haplotype and JAK2 V617F mutation status
in 19 patients with Budd-Chiari syndrome (BCS) and 91 patients with portal vein
thrombosis (PVT). Haplotype frequencies in patients were compared to the frequency in
283 controls from a background population.

N

JAK 2 46/1
Haplotype'
frequency (%)

Controls

283

27

All patients
JAK2 V617F +
JAK2 V617F -

110
25
85

39
66
31

<0.01
<0.01
0.30

1.7 (1.2-2.3)
5.5 (2.8 - 10.7)
1.2 (0.8 - 1.8)

1.6 (1.1 - 2.2)
5.2 (2.6 - 10.5)
1.2 (0.8 - 1.7)

BCS
JAK2 V617F +
JAK2 V617F -

19
12
7

53
63
36

0.02
<0.01
0.5

3.0 (1.5 - 5.9)
4.6 (1.9 - 10.9)
1.5 (0.5 - 4.6)

2.5 (1.2 - 5.2)
3.8 (1.5 - 9.5)
1.4 (0.4 - 4.3)

All PVT
JAK2 V617F +
JAK2 V617F -

91
13
78

36
69
31

0.02
<0.01
0.37

1.5 (1.1 - 2.1)
6.5 (2.6 - 16.2)
1.2 (0.8 - 1.7)

1.46 (1.0 - 2.1)
5.8 (2.3 - 14.6)
1.1 (0.8 - 1.7)

Non-cirrhotic PVT
JAK2 V617F +
JAK2 V617F -

69
13
55

41
69
34

<0.01
<0.01
0.15

1.8 (1.2 - 2.6)
6.5 (2.6 - 16.2)
1.4 (0.9 - 2.1)

1.8 (1.2 - 2.6)
5.8 (2.3 - 14.6)
1.3 (0.8 - 2.0)

Cirrhotic PVT
JAK2 V617F +
JAK2 V617F -

22
0
22

23

0.53

0.8 (0.4 - 1.7)

0.8 (0.4 - 1.6)

23

0.53

0.8 (0.4 - 1.7)

0.8 (0.4 - 1.6)

P-value
vs. controls

Odds Ratio (95% CI)

Odds Ratio (95% CI)*

' Tagged by the C-allele of SNP rs12343867 and G-allele of SNP rs12340895. Linkage
disequilibrium (d=0.2091, d'=0.9998 and r=0.9914).
* Adjusted for sex and age.
CI, confidence interval; SNP, single-nucleotide polymorphism.
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The JAK 2 46/1 haplotype enrichment was evident in JAK2 V617F mutation
positive patients, being nearly 5-fold in BCS and 6-fold in non-cirrhotic PVT.
We also found that one of two (50%) V617F negative PVT patients carried the
specific haplotype.
Prior to our study the prevalence of JAK2 V617F-mutation has not been
known in Swedish BCS and PVT patients. We observed a very high occurrence
in our BCS patients (63%) (Figure 8).
Figure 8. Percentage myeloproliferative disorders (MPD) and JAK2-mutation in patients with Budd-Chiari syndrome (BCS) and Portal vein thrombosis (PVT).
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Previous series have reported frequencies between 40-50% (Shetty and Ghosh
2010), however, in the most recent large multicentre prospective BCS study the
prevalence was not more than 29% (Darwish Murad et al. 2009). A recent metaanalysis including ten studies found the pooled prevalence to be 37% (95% CI
25-51%) for the JAK2 V617F mutation in BCS. The variation was remarkably
large, varying from 9% to 70% (Qi et al. 2011). The lowest prevalence was reported from India. This could indicate different frequencies of the acquired JAK2
V617F mutation in Western compared to Eastern BCS patients which needs to be
addressed in future studies. Moreover, different inclusion criteria, number of patients studied (Qi et al. 2011), the sensitivity of the assays used to detect JAK2
V617F (Xu et al. 2007) and publication bias (Dentali et al. 2009) may also explain these discrepancies.
In PVT the JAK2 V617 mutation was found in 14% without cirrhosis, a frequency lower than previous series 20-40% (Plessier et al. 2010; Shetty and
Ghosh 2010) and meta-analysis prevalence of 24% (95% CI 18-31%) (Qi et al.
2011).
Interestingly, 1/22 (5%) of the cirrhotic PVT patients (all JAK2 V617F negative) had a bone marrow histology verified essential thrombocythaemia. This pa52
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tient did not carry the 46/1 allele. Previously, the JAK 2 46/1 haplotype frequency has not been investigated in cirrhotic PVT and V617F mutation data have
so far been published in two reports (Colaizzo et al. 2008; Xavier et al. 2010). A
meta-analysis of these two studies demonstrated that approximately 7% (95% CI:
2.6–11.9) of cirrhotic patients with PVT carried the mutation, suggesting a potential for routine screening in these patients too (Qi et al. 2010). However, none of
our cirrhotic PVT patients were V617F positive and an association with the 46/1
haplotype was not found. The diagnostic and prognostic value of JAK2 haplotype and V617F mutation testing in cirrhotic patients needs to be clarified by further investigations.
We could not confirm the findings by Colaizzo et. al (Colaizzo et al. 2010)
suggesting the 46/1 haplotype was overrepresented in JAK2 V617F negative
PVT patients without MPD. The disparity could be explained by different control
groups (n=283 population controls in our study compared to n=181 hospital employees not being in Hardy-Weinberg equilibrium).
The European Network for Vascular Disorders of the Liver (EN-Vie) study
group (Smalberg et al. 2011) has very recently reported increased erythrocytosis
in newly diagnosed BCS and PVT patients carrying the JAK2 46/1 haplotype
without the JAK2 V617F mutation. We could not confirm this finding in our patient cohort (data not shown), nor has it been observed in previous studies analysing a possible association between clinical and laboratory characteristics and
the JAK2 46/1 haplotype in MPD patients (Jones et al. 2009; Andrikovics et al.
2010; Pardanani et al. 2010; Tefferi et al. 2010).
In line with previous publications (Patel et al. 2006; Primignani et al. 2006;
Kiladjian et al. 2008; Orr et al. 2010; Xavier et al. 2010; Smalberg et al. 2011)
there was an clear association between JAK2 V617F mutation and erythrocytosis
(Patel et al. 2006; Primignani et al. 2006; Kiladjian et al. 2008; Orr et al. 2010;
Xavier et al. 2010; Smalberg et al. 2011) splenomegaly (Patel et al. 2006;
Primignani et al. 2006; Kiladjian et al. 2008; Smalberg et al. 2011), increased
ALT (Kiladjian et al. 2008; Smalberg et al. 2011) and worse prognostic scores
(Kiladjian et al. 2008; Smalberg et al. 2011).
We did not explore other MPD associated mutations e.g. in JAK2 exon 12
(Scott et al. 2007) and MPL, a thrombopoietin receptor gene, (Pardanani et al.
2006; Pikman et al. 2006) as they were not detected in a large (n=241) European
BCS and PVT study (Kiladjian et al. 2008).
In all, V617F negative MPD were seen in 10% of BCS and 2% of PVT cases
(Figure 8). Conversely, JAK2-mutation positive subjects without previously diagnosed MPD were found in 5% of BCS and 1% of PVT patients.
Thus, analysing JAK2 V617F mutation should be considered in the diagnostic work-up of primary BCS and PVT, however, a negative result dose not rule
out MPD.
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General discussion
There are some limitations and strengths to our studies. In Sweden, patient care
during the study period was virtually almost exclusively public and based on
geographical grounds i.e. patients are referred to specific hospitals according to
council of residence. Reporting ICD diagnose codes to patient registers is mandatory, and 99% of all hospitalisations are registered (Patientregistret 1998). To
assure full catchment of all cases, analysis of epidemiology was restricted to primary catchment area patients centres which had used both in- and outpatient registers to identify patients. Although a thorough search was performed sampling
error could have occurred; if so, asymptomatic BCS or PVT (with cirrhosis) and
patients with advanced malignancy would most probably have been missed. At
the time of our epidemiological studies (Paper I and II), screening for hepatocellular carcinoma was not routinely performed in the participating centres. Thus,
the incidence and prevalence rates of PVT reported here are possibly underestimated.
The studies are a retrospective analysis of a heterogeneous, although large
nationwide patient cohort, and a standardised initial diagnostic workup had not
been applied. Thus, it is possible that some prothrombotic factors in our BCS and
PVT patients went undetected.
To exclude an undue selection and referral bias as much as possible, we included all patients treated at both academic and non-academic hospitals. Followup and outcome endpoints, i.e. death and causes of death, can accurately be ascertained using the national citizen registration number for register search.
Treatment bias is possibly reduced by a recent study period during which
dramatic changes in therapeutic options have evolved.
In Papers III and IV the DVT group and population controls, respectively,
were large and population-based. The healthy control sample was small, however
reference values have been well established for factor VIII.
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CONCLUSIONS
BCS is a rare disorder; the mean age-standardised incidence and prevalence rates
in Sweden 1990-2001 were 0.8 per million inhabitants per year and 1.4 per million inhabitants respectively.
Due to the low incidence, a high level of suspicion of BCS is necessary in patients presenting with any of, or a combination of, unexplained ascites, abdominal pain and hepatomegaly in order to confirm this condition early with the aim
to improve the outcome of patients.
The incidence and prevalence rates of PVT were higher 0.7 per 100 000 inhabitants per year and 3.7 per 100 000 inhabitants, respectively.
The clinical features of PVT are diverse and represent a patient population with
different underlying aetiologies.
In BCS the transplantation-free survival was poor, whereas in PVT the survival
was good in the absence of cirrhosis and cancer, which were the most common
underlying risk factors. Mortality due to intestinal infarction was low and less
than 1% in our PVT cohort.
Concurrent prothrombotic risk factors were present in almost half of BCS and
PVT patients, underlining the concept of multiple causes in the aetiology of these
disorders. These findings suggest that a thorough diagnostic work-up to optimize
the management is warranted irrespective of the presence of one precipitating
factor.
Patients with PVT and BCS have elevated plasma levels of coagulation factor
VIII. Prospective studies are needed to investigate if factor VIII levels can predict thrombosis formation, especially in patients with liver cirrhosis, and if measuring the levels can be of value in the management of these patients.
The prevalence of the somatic (acquired) JAK2 V617F mutation was high in our
cohort and associated with the presence of a germline (inherited) JAK2 46/1 haplotype.
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