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Abstract

Background: Budd-Chiari syndrome (BCS) is a rare disease defined as hepatic venous outflow obstruction
at any level from the hepatic venules up to the cavo-atrial junction. Transjugular Intrahepatic
Portosystemic Shunt (TIPS) is performed as a decompressive treatment in some patients.

Aim: To evaluate the potential role of Transient Elastography (TE) in assessing liver stiffness in patients
with primary BCS.

Methods: Twenty one BCS patients and 10 patients with liver cirrhosis with different underlying etiologies
underwent abdominal ultrasound and TE.

Results: Ninety-five percent of BCS patients had liver stiffness compatible with F4 with a median of

21 kPa, values which are usually obtained in patients with liver cirrhosis. Ten BCS and 10 cirrhotic
patients underwent repeated TE with a median of 320 days between exams for BCS and 4.5 years for
cirrhotic patients. The change of liver stiffness in BCS patients was 5.75 kPa (range - 0.4 to 26.6),
compared with - 4.85 kPa (range - 15.6 to 15.0) in cirrhotic patients (p-value = 0.0029). Change in liver
stiffness from baseline to follow-up in BCS patients who underwent TIPS (n = 4) was 0.2 kPa (range - 0.4
to 15.3), whereas in patients without intervention (n = 6) it was 6.75 kPa (range 1.3 to 26.6). The
difference was not statistically significant.

Conclusion: Liver stiffness in BCS patients is a dynamic progressive process with parameters of TE
resembling liver cirrhosis. Even if TIPS seem to slow down the increment of liver stiffness, because of
decreased liver congestion, it kept most patients with high score. The TE in BCS patients may be
considered for monitoring for stable or upfront disease deterioration.

Introduction

Budd-Chiari syndrome (BCS) is defined as hepatic venous outflow obstruction at any level from the
hepatic venules up to the cavo-atrial junction, in the absence of congestive or restrictive heart disease. It

occurs in 1 of 100,000 in the general population worldwide (') and with annual incidence of 0.8 per
million per year inhabitants . The underlying etiologies for primary BCS vary. While intravascular
thrombosis is more common in the West, membranous webs obstructing the inferior vena cava (IVC) are
noticeable in Asia and association with Behcet's disease is common in Turkey ). Thrombotic conditions
commonly associated with BCS include polycythemia vera (PV), paroxysmal nocturnal hemoglobinuria,
inherited deficiency of natural anticoagulants, e.g. protein C, protein S and antithrombin or presence of
factor V Leiden or prothrombin G20210A mutation ). Currently, myeloproliferative diseases (MPD) with
Janus kinase 2 (JAK2) V617F gene mutation are the leading cause for BCS accounting for 25%-50% of

cases (67,

The clinical course of BCS varies from asymptomatic to fulminant hepatic failure. The latter is reported in
7% of cases, whereas subacute or chronic types occur in 45%-48% of patients. The occlusions of the
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hepatic veins lead to increased sinusoidal blood pressure with reduced sinusoidal and portal blood flow
along with increased arterial blood flow in the microcirculation and centrilobular necrosis and fibrosis (®.

Prolonged occlusion results in progressive fibrosis and liver cirrhosis with portal hypertension @). Whether
decompression leads to regression of liver fibrosis is still a matter of debate.

Doppler ultrasonography is the first line imaging modality for BCS diagnosis with a sensitivity of up to
85% (9,10, 11)'

Transient Elastography (TE) is a noninvasive tool for measuring liver stiffness ('213.14) 1t is based on
calculating the speed of a pressure-induced shear wave propagation through tissue subject to different
biomechanical properties. Use of TE in the context of BCS was for the first time reported in assessing

hepatic congestion 24 hours after endovascular interventions (%),

In the present study, we study the potential role of TE in assessing and monitoring patients with BCS.

Material And Methods
Patients

Twenty-one patients with BCS were recruited from the liver units of several hospitals and Maccabi health
maintenance organization (HMO) in Israel. Exclusion criteria were secondary BCS attributable to hepatic
cell carcinoma. Patients with ascites were not included since the elastic waves of TE do not penetrate
liquids (19). All patients had contrast-enhanced CT before recruitment to ascertain diagnosis of primary
BCS, to confirm the number of occluded hepatic veins and to distinguish them from collateral vessels. In
12/21 patients, all 3 hepatic veins were occluded, 7 patients had 2 veins occluded and in 2 patients only
one vein was occluded. Ten of 21 patients had also an MRI, and in 4 of them had repeated MRI before the
beginning of the study. Most of the MRI examinations were performed at subacute or chronic phase of
BCS and assessed the morphological changes of the liver with enlarged caudate lobe. Regenerative
nodules were described in 4 BCS patient that underwent MRI. Gastroscopy was performed in 20 of 21
participants and 11 patients (55%) had esophageal varices.

The control group comprised 10 patients with liver cirrhosis with diverse underlying etiologies and
splenomegaly but without ascites that were part of the group served as controls in previous studies (7
18)_ The underlying causes for liver cirrhosis were: hepatitis C virus (HCV) (n = 5), hepatitis B virus (HBV)

(n =2), primary sclerosing cholangitis (PSC) (n = 2) and non-alcoholic steatohepatitis (NASH) (n=1).

The study was approved by the Ethics Committee of the Tel Aviv Sourasky Medical Center, and all
participants gave written informed consent according to the Declaration of Helsinki (0394-13-TLV).

Ultrasound and Doppler analysis
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Ultrasound and Doppler examination were performed in all participants as described previously (17:18),
Special attention was given to liver and spleen size, enlargement of caudate lobe and liver echogenicity,
presence of nodules in the liver and spleen and presence of ascites. Doppler examination assessed the
flow in the portosystemic system, hepatic veins, inferior vena cava, in the intrahepatic or extrahepatic
collaterals and in the TIPS, when present.

Transient Elastography (TE)

The TE was carried out by Fibroscan® (Echosens; Paris, France). Liver stiffness was expressed in
kilopascals (kPa). and measurement translated for different degrees, e.g., mild fibrosis (F1), moderate
fibrosis or more (F2), severe fibrosis (F3), and cirrhosis (F4) as reported elsewhere (4. The results were
given as the median of 10 subsequent measurements and defined as valid if the ratio of the interquartile
range and median was less than 30%. All patients fasted at least 8 hours before the examination. Liver
stiffness was measured 1.5-3 cm below the liver capsule while the patient was supine in right lateral
decubitus with the right arm placed overhead in maximal abduction to extend intercostal space for
placing the transducer in the right intercostal space.

Statistical analysis

Data are summarized by median and range. Pearson correlations were computed to assess the strength
of the relationships between the continuous variables. The Wilcoxon test was used to compare groups
with respect to continuous variables.

Results
Clinical characteristics

The clinical characteristics of the BCS patients are presented in Table 1. Risk factors were found in 67%
of the patients. All BCS patients received anticoagulants unrelated to etiology and only one patient
received direct oral anticoagulant, e.g., rivaroxaban. Median duration of the disease was 5 years (range
0-16 years) at the time of the first TE examination. Median spleen size was 14.5 cm with a range of 7.5-
22 cm at the time of the first abdominal ultrasound during the study.
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Gender Median age (y)  Risk factors Spleen diameter Endovascular

at diagnosis (Median) intervention
Male-7 Male - 23Y PV with JAK2V617F-4 14.5cm TIPS-9
Female-14 Female-38Y Crohn's disease-5 Hepatic Stent - 1
APLAS*-2

Factor V Leiden -1
Oral contraceptives-2

* APLAS- antiphospholipid syndrome

Table 1. Clinical characteristics of patients with BCS

Transient Elastography (TE)

The median liver stiffness in BCS patients was 21 kPa (range 5.7 to 69.1 kPa) with a compatible score of
F4 similar to patients with liver cirrhosis.

Spleen size was weakly related to liver stiffness (r=0.31) and duration of disease (r=0.14).

Ten of 21 BCS patients that were first included in the study had follow-up TE with a median of 320 days
apart (range 90 to 608 days) between exams. We then compared the change in liver stiffness from
baseline to follow-up exam in patients with or without a previous endovascular intervention. As seen in
Fig. 1, the 4 patients with TIPS had a median stiffness change of 0.2 kPa (range - 0.4 to 15.3), whereas
the 6 patients without TIPS had a median change of 6.75 kPa (range 1.3 to 26.6). In those 4 BCS patients,
endovascular interventions including TIPS or stent were previously carried out 2 months to16 years
(median of 58.3 months) before participation in this study. The difference is not statistically significant
(p-value = 0.17 using the Wilcoxon test) and the sample is too small to provide a statistically reliable
result. The other 11 patients did not have follow-up exams since the elapsed time was too short.

Median liver stiffness in the control group of cirrhotic patients was 19.7 kPa (range 12.2 to 35.3 kPa). The
10 cirrhotic patients had follow-up TE with a median of 4.5 years between exams (range 0.5 to 8 years).
In 5 cirrhotic patients with hepatitis C, the repeat TE was performed between 3 months to 2 years after
antiviral treatment was given and when no virus load was detected.

We next compared the change in liver stiffness in the 10 BCS patients and the 10 cirrhotic patients who
had a repeat TE. As seen in Fig. 2, the BCS patients had a median stiffness change of 5.75 kPa (range -
0.4 to 26.6), whereas the cirrhotic patients had a median stiffness change of -4.85 kPa (range - 15.6 to

15.0). The difference is statistically significant (p-value = 0.0029 using the Wilcoxon test).
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Albeit reduced liver stiffness in 8 of 10 cirrhotic patients following specific therapy for underlying disease,
only in 2 patients there was a change from F4 to F3.

Discussion

In this work, we found that 95% of the patients with BCS, unrelated to underlying etiology, had high values
of liver stiffness measured at TE, similar to patients with liver cirrhosis.

Four of 21 BCS patients (19%) had PV with JAK2 V617F mutation. Notably, treatment with cytoreductive
therapy, e.g., hydroxyurea along with anticoagulants and antiaggregants was not able to halt the
progressive increment in liver stiffness measured by TE. In patient number 4, the high level of liver
stiffness measured at TE anticipated clinical deterioration with liver failure and indeed this patient is
programmed for liver transplantation.

BCS has rarely been associated with inflammatory bowel disease (19.20.21.22) However, 5 of our 21 BCS
patients (24%) had Crohn's disease where 3 of them were on TNF alpha antagonist treatment. Such
association can be explained by the prothrombotic state caused by uncontrolled inflammation during
flares in Crohn's disease and perhaps by fibrosis reported to be related to treatment with anti TNF-a
antagonist (23.24) The later reported to be associated with pulmonary fibrosis in patients with rheumatoid
arthritis.

Two patients in our cohort had antiphospholipid syndrome. The association between antiphospholipid
syndrome and BCS is not clear (25). Factor V Leiden mutation was present in one of the patients and may

have been a risk factor, as reported previously (9. In 29% of our BCS patients, the etiology was still
unknown.

In 8 of the 10 BCS patients that had a follow up TE, liver stiffness increased. The later could be attributed
to increased congestion and perhaps fibrosis. It is assumed that the increased liver stiffness developed
during the first few weeks after hepatic vein occlusion and probably depends on the extent of initial vein
occlusion. Though it is still not clear why the course of BCS is progressive when hepatic decompression
happens through collaterals or when endovascular procedures are performed. It is hypothesized that the
collaterals that formed are not efficient at impeding chronic ischemia (29). In our study, in BCS patients
with TIPS the progression of liver stiffness did occur but was slower in different to other groups. In the
Hong-Wei Wang study, liver stiffness measured at 2 days after TIPS insertion was significantly decreased
when assessed by Real-time Shear Wave Elastography but remained stable at 3 months though still in
the cirrhotic range ?7). Another group reported that repeated TE measurement years after TIPS detect
decreased value (28),

In sharp contrast with BCS, in 80% of cirrhotic patients, liver stiffness declined following treatment for
underlying disease even if 70% of the cirrhotic patients remained with F4. In 3 control patients with HCV
cirrhosis, a follow- up values of TE was compatible with F2-F3 after treatment. Indeed, liver fibrosis was
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shown to reduce following suppression of HCV and HBV (29), likewise in treated patients with
autoimmune hepatitis 4% or abstinence of alcohol in alcoholic liver cirrhosis which could be related to
reduce inflammation.

The question that one would ask is whether the increased liver stiffness in patients with BCS is
irreversible. It may occur that in response to injury due to vascular thrombosis, the sinusoidal endothelial
cells activate quiescent hepatic stellate cells HSC) with proliferative contractile myofibroblast phenotype

that produce extracellular matrix in the liver, producing fibronectin, TGF-1 and PDGF ¢,

The contribution of increased liver congestion during the years, albeit collateral development should not
be ignored as it is known that congestion by itself could increase liver stiffness 7).

We are aware of the major limitation of the work by the lack of liver biopsies. Yet liver biopsy in BCS is not
routinely performed as it does not change management and it is still invasive procedure. Another
limitation is the small group of patients. However, the fact that the liver stiffness was high in almost all
our BCS patients gives us confidence that a larger group would not alter our results. The sample size of

the cirrhotic patients is small but it reflects the parameters of liver stiffness known in cirrhotic patients

worldwide (13.14),

To note that only 48% of BCS patients had a second TE and at variable time gaps. However, we did find
that in 80% of patients, the liver stiffness increased even when the repeat examination was done after a
short interval. This raises a doubt about the effectiveness of the treatment given today to the patients
with BCS.

In summary, liver stiffness in BCS patients is a dynamic progressive process despite the application of
specific therapy to the underlying disease.

TE can serve as a surrogate modality to assess progression of liver stiffness in BCS patients and in cases
where target therapy is implemented.

Declarations
Authors' Contributions

The authors contributed equally to this study

Conflict of interest

The authors have no conflict of interest.

References

Page 7/11



.- Van Wettere M, Bruno O, Rautou PE, Vilgrain V, Ronot M. Diagnosis of Budd-Chiari syndrome.

Abdom Radiol (NY). 2017 Dec 28. doi: 10.1007/s00261-017-1447-52.

.-Lin M, Zhang F, Wang Y, Zhang B, Zhang W, Zou X, et al. Liver cirrhosis caused by chronic Budd-

Chiari syndrome. Medicine. 2017;96:€7425.

.- Cansu DU, Temel T, Erturk A, Kasifoglu T, Acu B, Korkmaz C. The long-term outcomes for patients

with Budd-Chiari syndrome caused by Behcet's disease. A case series on the results, from cirrhosis to
death. Hepat Mon. 2016;16:€32457.

.-Menon KV, Shah V, Kamath PS. The Budd-Chiari syndrome. N Engl J Med. 2004,350:578-85.

5.-Janssen HL, Garcia-Pagan JC, Elias E, Mentha G, Hadengue A, Valla DC. European Group for the

10.

11

13.

14.

15.

16.

study of vascular disorders of the Liver. Budd-Chiari syndrome: a review by an expert panel. J
Hepatol. 2003;38:364-71.

.- Sozer S, Fiel Ml, Schiano T, Xu M, Mascarenhas J, Hoffman R. The presence of JAK2V617F

mutation in the liver endothelial cells of patients with Budd Chiari Syndrome. Blood. 2009;113:5246—-
9.

.- Smalberg JH, Arends LR, Valla DC, Kiladjian JJ, Janssen HL, Leebeek FW. Myeloproliferative

neoplasms in Budd Chiari syndrome and portal vein thrombosis: a meta-analysis. Blood.
2012;120:4921-8.

. - Briére JB. Budd-Chiari syndrome and portal vein thrombosis associated with myeloproliferative

disorders: diagnosis and management. Semin Thromb Hemost. 2006;32:208-18.

.-Vilgrain V, Lewin M, Vons C, Denys A, Valla D, Flejou JF, et al. Hepatic nodules in Budd-Chiari

syndrome: imaging features. Radiology. 1999;210:443-50.

- Janssen HL, Rosendaal FR. Factor V Leiden mutation prothrombin gene mutation, and deficiencies
in coagulation inhibitors associated with Budd-Chiari syndrome and portal vein thrombosis: results
of a case-control study. Blood. 2000;96:2364-8.

.-Kumar R, Kerlin B. Thrombosis of the abdominal veins in childhood. Front Pediatr. 2017;5:188.
12.

- Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient elastography: a new noninvasive method
for assessment of hepatic fibrosis. Ultrasound Med Biol. 2003;29:1705-13.

- Foucher J, Chanteloup E, Vergniol J, Castera L, Le Bail B, Adhoute X, et al. Diagnosis of cirrhosis by
transient elastography (FibroScan): a prospective study. Gut. 2006;55:403-8.

- Friedrich-Rust M, Ong MF, Martens S. Performance of transient elastography for the staging of liver
fibrosis: a meta-analysis. Gastroenterology. 2008;134:960-74.

- Mukund A, Pargewar SS, Desai SN, Rajesh S, Sarin SK. Changes in liver congestion in patients with
Budd-Chiari syndrome following endovascular interventions: assessment with transient
elastography. J Vasc Interv Radiol. 2017;28:683-7.

- Cosgrove D, Piscaglia F, Bamber J, Bojunga J, Correas JM, Gilja OH, et al. EFSUMB guidelines and
recommendations on the clinical use of ultrasound elastography. Part 2: Clinical applications.
Ultraschall in der Medizin (Stuttgart, Germany: 1980). 2013; 34(3):238-53.

Page 8/11



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

- Webb M, Shibolet O, Halpern Z, Nagar M, Amariglio N, Levit S, et al. Assessment of liver and spleen
stiffness in patients with myelofibrosis using fibroScan and shear wave elastography. Ultrasound Q.
2015;31:166-9.

- Webb M, Zimran A, Dinur T, Shibolet O, Levit S, Steinberg DM, et al. Are transient and shear wave
elastography useful tools in Gaucher disease? Blood Cells Mol Dis. 2018;68:143-7.

- Dacha S, Devidi M, Osmundson E. Budd Chiari syndrome in a patient with ulcerative colitis and no
inherited coagulopathy. World J Hepatol. 2011;3:164-9.

- Maccini DM, Berg JC, Bell GA. Budd- Chiari syndrome and Crohn’s disease. An unreported
association. Dig Dis Sci. 1989;34:1933-6.

- Brinar M, Hrstic |, Cukovic-Cavka S, Padovan RS, Zupancic-Saleks S, Vucelic B. Chronic Budd-Chiari
syndrome as a rare complication of Crohn's disease: a case report. Eur J Gastroenterol Hepatol.
2010;22:761-4.

- Simoes CC, Ghouri YA, Merwat SN, Stevenson HL. Budd-Chiari syndrome: a rare and life-threatening
complication of Crohn's disease. BMJ case Rep 2018.

- Huggett MT, Armstrong R. Adalimumab-associated pulmonary fibrosis. Rheumatology.
2006;45:1312-3.

- Cohen JV, Capell BC, Kinniry PA, Epstein AL. Rapidly fatal pulmonary fibrosis in a patient with
psoriatic arthritis treated with adalimumab. J Rheumatol. 2011;38:398-9.

- Qi X, De Stefano V, Su C, Bai M, Guo X, Fan D. Associations of antiphospholipid antibodies with
splanchnic vein thrombosis. Med (Baltim). 2015;94:e496.

- Mancuso M. The ischemic liver cirrhosis theory and its clinical implications. Medical Hypothesis.
2016;94:4-6.

-Wang H-W, Shi H-N, Cheng J, Xie F, Luo Y-K, Tang J. Real-time shear wave elastography (SWE)
assessment of short- and long-term treatment outcome in Budd-Chiari syndrome: A pilot study. PloS
one 2018.

- Dajti E, Ravaioli F, Colecchia A, Marasco G, Vestito A, Festi D. Liver and Spleen Stiffness
Measurements for Assessment of Portal Hypertension Severity in Patients with Budd Chiari
Syndrome. Can J Gastroenterol Hepatol. 2019; Jan 2;2019: 1673197.

- Schuppan D, Ashfag-Khan M, Yang AT, Kim YO. Liver fibrosis: direct antifibrotic agents and targeted
therapies. Matrix Biol. 2018.

- Czaja AJ. The prevention and reversal of hepatic fibrosis in autoimmune hepatitis. Aliment
Pharmacol Ther. 2014;40:261-79.

- Zhubanchaliyev A, Temirbekuly A, Kongrtay K, Wanshura LC, Kunz J. Targeting
mechanotransduction at the transcriptional level: YAP and BRD4 are novel therapeutic targets for the
reversal of liver fibrosis. Front Pharmacol. 2016;7:462.

Figures

Page 9/11



60 -
©
D__ L ]
<
w
§ Stent
= 40- - P
)
O + 1
3
=
2
L2 20-

D-

0 10 20 30 40 50
Initial Stiffness (KPa)

Figure 1

Follow-up versus initial liver stiffness measurement in 10 BCS patients. Those with a plus sign had a
stent implanted. The line corresponds to no change in stiffness
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Figure 2

Change in liver stiffness from initial to follow-up measurement in 10 BCS patients and 10 cirrhotic
patients.
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