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Abstract

Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem
cell in which an exaggerated production of terminally differentiated myeloid cells occurs.
Classical, Philadelphia-negative MPN, i.e., polycythemia vera, essential thrombocythemia and
primary myelofibrosis, exhibit a propensity towards the development of thrombotic complications
that can occur in unusual sites, e.g., portal, splanchnic or hepatic veins, the placenta or cerebral
sinuses. The pathogenesis of thrombotic events in MPNs is complex and requires an intricate
mechanism involving endothelial injury, stasis, elevated leukocyte adhesion, integrins, neutrophil
extracellular traps, somatic mutations (e.g., the V617F point mutation in the JAK2 gene),
microparticles, circulating endothelial cells, and other factors, to name a few. Herein, we review
the available data on Budd-Chiari syndrome in Philadelphia-negative MPNs, with a particular
focus on its epidemiology, pathogenesis, histopathology, risk factors, classification, clinical
presentation, diagnosis, and management.

Key Words: Myeloproliferative neoplasms; Budd-Chiari syndrome; Thrombosis; Polycythemia vera;
Essential thrombocythemia; Primary myelofibrosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem
cell in which an exaggerated production of terminally differentiated myeloid cells occurs. MPNs are
characterized by a propensity towards the development of thrombotic complications, including Budd-
Chiari syndrome (BCS). Herein, we review the available data on BCS in MPNs, with a particular focus on
its epidemiology, pathogenesis, histopathology, risk factors, classification, clinical presentation, diagnosis,
and management.
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INTRODUCTION

Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem cell in
which an exaggerated production of terminally differentiated myeloid cells occurs[1]. Classical,
Philadelphia-negative MPNs include polycythemia vera (PV), essential thrombocythemia (ET) and
primary myelofibrosis, whereas chronic myeloid leukemia (CML) is the hallmark Philadelphia-positive
MPN[1,2]. Philadelphia-negative MPNs exhibit a propensity towards the development of thrombotic
complications[2,3]. In MPNs, thrombosis can occur in unusual sites, e.g., portal, splanchnic or hepatic
veins, the placenta or cerebral sinuses[4]. The pathogenesis of thrombotic events in MPNs is complex
and requires an intricate mechanism involving endothelial injury, stasis, elevated leukocyte adhesion,
integrins, neutrophil extracellular traps (NETs), somatic mutations (e.g., the V617F point mutation in the
JAK2 gene), microparticles, circulating endothelial cells, and other factors, to name a few (Figure 1)[4,5].
Herein, we review the available data on Budd-Chiari syndrome (BCS) in Philadelphia-negative MPNs,
with a particular focus on its epidemiology, pathogenesis, histopathology, risk factors, classification,
clinical presentation, diagnosis, and management. MPNs lead to an increased risk of thrombosis
through various mechanisms. This includes increased P-selectin expression, activation of integrins
causing leukocyte adhesion, and the novel mechanism of NETs formation.
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Figure 1 Myeloproliferative neoplasms lead to an increased risk of thrombosis through various mechanisms. This includes increased P-
selectin expression, activation of integrins causing leukocyte adhesion, and the novel mechanism of neutrophil extracellular traps formation.
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BRIEF OVERVIEW OF BUDD-CHIARI SYNDROME

BCS is a heterogeneous group of disorders characterized by hepatic venous outflow tract obstruction,
ranging from the small hepatic veins, the three suprahepatic veins and all the way to the junction of the
inferior vena cava (IVC) and right atrium. This classification eliminates hepatic blood flow impairments
caused by cardiac illness, pericardial disease, or sinusoidal obstruction syndrome (porto-sinusoidal
vascular disorder)[6-9]. Primary BCS is the obstruction due to a predominantly venous process
(thrombosis or phlebitis), whereas secondary BCS denominates the compression or invasion of the
hepatic veins and/or IVC by a lesion that originates from outside of the vein (most commonly
malignancy, abscess, or lymphadenopathy)[7,10,11]. It is a typical example of post-sinusoidal portal
hypertension[6,8].

EPIDEMIOLOGY AND PATHOGENESIS OF BUDD-CHIARI SYNDROME IN
MYELOPROLIFERATIVE NEOPLASMS

BCS is a rare condition across the globe. Expectedly, there is limited epidemiologic data on this entity. A
recent meta-analysis involving data from Asian and European studies highlighted a pooled incidence of
BCS at 1 case per million people and a prevalence of 11 cases per million people[12]. This report found
significant heterogeneity among the analyzed assessments due to differences in study designs
(diagnostic criteria, population characteristics, population sizes), as well as generally limited data on the
topic from the Americas or Africa. The investigations were conducted on populations from Japan, South
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Korea, Denmark, Sweden, Italy, and France. Earlier studies from China depicted the incidence of BCS at
0.88 per million and a prevalence ranging from 6.40 to 7.69 per million[13,14]. It is important to note,
though, that most of these epidemiologic studies included both primary and secondary BCS. One study
from France reported a median age of patients with primary BCS at 46.9 years. In their cohort, 30.6%
were male and 69.4% female. Oral contraceptive use and pregnancy are gender-specific risk factors of
BCS which may contribute to the female predominance[15]. In fact, hepatic vein thrombosis leading to
BCS was more common in females, whereas obstruction of both the hepatic veins and IVC was more
common in males[16]. There seems to be a geographic distribution of MPNs-related BCS cases. For
example, Qi et al[17] reported that of their cohort of 246 cases of BCS diagnosed over nearly 12 years in
China, only 5 cases were attributable to MPNs.

BCS, by definition, is the obstruction of the hepatic veins and/or outflow tract into the IVC. This
entity is distinguished from portal vein thrombosis (PVT) and splanchnic vein thrombosis (SVT), which
can coexist with BCS though are distinct pathologic processes[18]. Prior literature even reports presence
of PVT in BCS at 10%-20%, which suggests a relatively poor prognosis[19]. Generally, the etiology of
BCS is categorized as thrombotic or non-thrombotic. Thrombotic obstruction is the most common cause
of BCS, and this is referred to as primary BCS. There are numerous conditions associated with primary
BCS, including inherited thrombophilia, thalassemia, paroxysmal nocturnal hemoglobinuria, MPNs,
pregnancy, oral contraceptive use, or even inflammatory conditions, e.g., Behcet’s disease, celiac disease,
and ulcerative colitis[20-22]. Non-thrombotic causes of BCS, referred to as secondary BCS, typically
involve a mass lesion involving the hepatic veins or compression by adjacent structures. There are many
case reports describing unique causes of secondary BCS, e.g., polycystic kidney disease, liver abscess,
hydatid cysts, and cardiac myxoma; however, this etiology is uncommon[23-26]. MPNs are the most
common cause of BCS, and the prevalence of BCS in the setting of MPN ranges from 32.9% up to 49.5%
[27,28]. MPNs represent a malignant proliferation of myeloid cell lines, with the most common blood
cancers classified in this category being CML, PV, ET and PMF. Thrombotic complications, such as BCS,
are of particular concern in the setting of PV and ET, as these conditions carry significantly greater risk
of such thrombotic processes[28]. A meta-analysis found that PV was the most common of MPNs to be
diagnosed in the setting of BCS, even more than in subjects with PVT[28]. There is also evidence
pointing towards increased thrombotic risk in MPNs carrying JAK2 gene mutations[29] and about 41%
of individuals with BCS exhibit genetic changes in the aforementioned gene[30,31].

HISTOPATHOLOGY OF BUDD-CHIARI SYNDROME

Histopathological features of BCS are studied in great detail and the histopathology of BCS is well
established in the existing body of evidence[32-35]. Sinusoidal dilatation and congestion, centrilobular
inflammation and necrosis, regenerative hyperplasia, macrovesicular steatosis, cholestasis, glycogenated
nuclei, and perivenular fibrosis are the common histological features seen in this condition.
Regenerative nodules, even though seen in both BCS and cardiac cirrhosis, is more common in BCS.
Sinusoidal dilatation is the hallmark microscopic finding which can be appreciated in the initial stages
of the disease[36]. However, this finding is not unique to BCS and can be seen in other conditions[37].
Having said that, in the presence of prominent sinusoidal dilatation, hepatic outflow obstruction should
be ruled out as an important differential. Centrilobular necrosis is another important pathological
feature that is more commonly seen in BCS compared to cardiac cirrhosis. This is attributed to the fact
that hepatic hypoxia preferentially affects the centrilobular hepatocytes[38,39]. To the best of our
knowledge, there is no literature on variation of the histopathological patterns in BCS secondary to
MPNs. Moreover, a prognostic grading system for the same also does not exist and is a potential area
for further studies.

RISK FACTORS OF BUDD-CHIARI SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS

Smalberg et al[28] have depicted in their meta-analysis a strong relation between MPNs and SVT. This
was confirmed by the high prevalence of JAK2V617F in BCS. MPNs and JAK2V617F are more commonly
associated with BCS compared to PVT. This may be due to focal inflammatory insult to the portal
venous system which is required for PVT[40]. There is a considerable difference between PVT and BCS
with regard to the subtypes of MPNs. PV is more commonly associated with BCS than with PVT. There
is a high pro-thrombotic effect as the hematocrit increases. In these situations, low-shear venous
circulation is impacted more by the increased blood viscosity[41-43]. The interaction between adhesion
molecules and red cells may be responsible for this mechanism. However, it was observed that PVT is
more common in PMF compared to BCS[28]. This may be due to the fact that splenomegaly in PMF
causes compression of the portal system leading to stasis of blood. In the same study, JAK2V617F-
positive MPNs were found to be associated with PVT more frequently than BCS[28]. However, the exact
reason is not known. In terms of CALR gene mutations, Li ef al[45] highlighted that 1.41% of BCS cases
exhibit genetic alterations in the CALR gene. In JAK2V617F-negative MPNs-related BCS cases, CALR
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gene mutations were detected in 17.22% of the examined individuals [44].Mutations in other genes, i.e.,
MPL or TET2, have rarely been depicted in BCS. However, the detection of a somatic gene mutation and
especially of JAK2V617F in BCS should alert the clinician to screen for MPNs, including at follow-up if
the diagnosis of overt MPNs is not established. In addition, work-up for hereditary thrombophilia
should be performed as part of the molecular-driven diagnosis of BCS.

CLASSIFICATION OF BUDD-CHIARI SYNDROME

BCS can be classified based on three factors: (1) Origin of obstructive lesion (endoluminal/primary and
extraluminal/secondary); (2) Site of obstruction; (3) Onset of disease pathology (fulminant, subacute,
acute, and chronic) (Table 1). Primary BCS refers to occlusion resulting from endoluminal venous
pathologies such as thrombosis, stenosis, endophlebitis, and webs, while secondary BCS is extraluminal
in origin with compression being caused extrinsically by neighboring structures, i.e., cysts, abscess,
hyperplastic nodules, or invasive tumors[18]. Three classifications can be presented based on the site of
the obstructive lesion (Table 2). As highlighted by Patil et al veno-occlusive disease (type III presented
by Chaubal et al[46]) results when sinusoidal endothelial cells are primarily injured, and so it may be
regarded as a separate entity known as the sinusoidal obstruction syndrome[46-48].

CLINICAL PRESENTATION OF BUDD-CHIARI SYNDROME

The clinical presentation of BCS varies widely depending upon the extent as well as the site and rapidity
of hepatic venous outflow obstruction. This causes varied degrees of liver involvement, resulting in
about 20% of the patients having little to no symptoms at all[49,50]. Owing to the development of
intrahepatic, extrahepatic, or portosystemic collaterals, these patients do not show any discernible signs
of venous obstruction. In contrast, patients with symptomatic hepatic vein obstruction present with
symptoms of portal hypertension such as ascites, upper gastrointestinal bleeding, and hepatic enceph-
alopathy with right upper quadrant abdominal pain. Abdominal examination may further reveal a
tender hepatomegaly with splenomegaly. Therefore, a classical triad of abdominal pain, ascites, and
hepatomegaly should raise a clinical suspicion of BCS. In patients with obstruction of the IVC, the signs
and symptoms greatly vary. As a result, some authors refer to the hepatic complications of IVC
obstruction as “obliterative hepatocavopathy”[51]. These patients may have signs of caval obstruction
such as pedal edema, varicocele, lower limb ulcers, and/or dilated subcutaneous veins in the abdomen,
chest, and back[52]. The rapidity of venous obstruction may give rise to varied degrees and forms of
presentation, i.e., fulminant, acute, subacute, and chronic. Patients with fulminant disease have a
hyperacute onset of disease pathology (< 2 month), which is manifested as acute hepatic failure with
ascites, hyperbilirubinemia, tender hepatomegaly, and renal failure secondary to renal outflow
compromise resulting from hepatic vein obstruction[8,53]. Particularly, the development of hepatic
encephalopathy within 2 months of onset of jaundice is regarded as fulminant disease[54]. Fulminant
disease requires acute obstruction of all three hepatic veins and so its recorded incidence is quite low
[55]. Acute BCS has a short duration of onset which is usually within a month while the onset of
subacute ranges from one to six months[54]. Interestingly, there is data to suggest geographical
variation in the incidence of various types of BCS based on onset of pathology. In the eastern geographic
regions, chronic presentations are more prevalent with onset ranging from 6 months to 30 years[54,56].
In the western geographic region, acute presentation is encountered relatively more frequently[56].
Esophageal bleeding, ascites, and hepatic necrosis may be absent in patients of subacute BCS[8]. Finally,
the chronic form may take more than 6 months to develop and is characterized by progressive
abdominal distention without jaundice. These patients may have signs of portal hypertension including
variceal bleeding as well as splenomegaly. Renal impairment may not be seen in 50% of these patients
with chronic BCS[57]. These symptoms may or may not be accompanied by a wide range of nonspecific
symptoms. Though a plethora of differential diagnosis may be present at this point-and though it is true
that BCS is generally a rare disease-clinicians must not exclude the possibility of BCS and as discussed
by Aydinli and Bayraktar, clinical suspicion of BCS should escalate in the following scenarios: Acute
onset ascites with tender hepatomegaly, massive ascites with relatively preserved liver functions,
fulminant hepatic failure associated with hepatomegaly and ascites, unexplained chronic liver disease,
liver disease with thrombogenic disorder, and sinusoidal dilation on liver biopsy without heart disease
[18].

Acute liver failure is a sequelae of BCS that is infrequent in its occurrence. According to two case
series, BCS accounts for 0.9% to 15% of the cases of acute liver failure. Majority of the patients, in the
larger case series reporting 20 cases of BCS in 2344 patients of acute liver failure, were middle aged
Caucasian women with PV. Acute-on-chronic manifestation, however, is relatively more frequent as
compared to acute liver failure. To direct appropriate management, the Asian Pacific Association for the
Study of the Liver has further classified the acute-on-chronic manifestation of BCS into three types
based on underlying liver disease and acute insult (Table 2)[56]. Table 3 depicts the clinical character-

WJCO | https://www.wjgnet.com 103 March 24,2023 | Volume14 | Issue3 |



Gaman MA et al. Budd-Chiari syndrome in myeloproliferative neoplasms

Table 1 Classification of Budd-Chiari syndrome

Ref.

Type  Site of obstruction

Chaubal et al[46]

Patil et al[48]

Bansal et al[47]

I Obstruction of IVC with or without secondary hepatic vein occlusion

I Obstruction of major hepatic veins

III Obstruction of small centrilobular veins (considered by some as veno-occlusive disease)
I Lesions of the IVC

ITa Short segment (< 4 cm) lesion of the hepatic vein

IIb Diffuse lesion of the hepatic vein

III Mixed type with lesions of IVC and the hepatic vein

I Hepatic vein obstruction or thrombosis without IVC obstruction or compression
I Hepatic vein obstruction or thrombosis with IVC obstruction or thrombosis

III Isolated hepatic venous webs

v Isolated IVC webs

IVC: Inferior vena cava.

Table 2 Acute-on-chronic manifestation of Budd-Chiari syndrome classification

Type Description of pathology

A Acute hepatic vein thrombosis or stent block precipitates ACLF in a BCS

B Non-thrombotic acute insult precipitates ACLF in a chronic BCS

C Acute hepatic vein thrombosis precipitates ACLF in a non-vascular chronic

Liver disease

ACLF: Acute-on-chronic liver failure; BCS: Budd-Chiari syndrome.

JBaishideng®

istics of BCS based on geographic region of the studies population.

DIAGNOSIS OF BUDD-CHIARI SYNDROME

Although BCS is considered a rare disease, it has the potential to rapidly deteriorate a patient's health.
Therefore, the need to obtain a correct diagnosis, followed by rapid specific treatment is urgent and
extremely important.

Medical history

As BCS may be classified as primary (endoluminal lesion-like thrombosis) or secondary (extra-venous
system causes), assessment of medical history plays a key role in identifying predisposing factors
towards BCS[95]. Knowledge about these key points might be suggestive, not sufficient, of BCS
diagnosis. Treatments administered by clinicians must put into account not only the obstruction by
itself, but also its possible underlying causes: MPNs, e.g., PV, ET, PMF[63]; History of hereditary or
acquired thrombogenic disorders[64]; Use of oral contraceptives[65,66]; Paroxysmal nocturnal
hemoglobinuria[67]; Status and history of recent pregnancy[68,69]; History of hepatocellular carcinoma
[70]; Chronic liver disease, remained unexplained after exclusion of alcoholism, chronic viral hepatitis B
or C, autoimmunity, iron overload, Wilson’s disease and alpha-1 antitrypsin deficiency[71]; and other
possible risk factors towards thrombosis or obstruction.

Physical examination

Majority of BCS patients present with the classic triad of abdominal pain especially in the upper right
quadrant presenting in 61% of cases, ascites presenting in 83% of cases, and hepatomegaly presenting in
67% of cases[6,72]. The classic triad may form suddenly in acute cases (< 6 months), or progressively in
chronic cases (> 6 months)[73]. These symptoms may or may not be accompanied by a wide range of
nonspecific symptoms. Though a plethora of differential diagnosis may be present at this point-and
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Table 3 Clinical characteristics of Budd-Chiari syndrome based on geographic region of the studied population[15,58-62]

Percentage in various geographic regions

Clinical characteristics

Egypt France Sweden China Japan United States Algeria

Ascites/ Abdominal distension 82 744 88 51.9 31.2 29.9 74.8
Abdominal fullness - - - - 26.1 - -
Abdominal discomfort - - - - 17.8 - -
Abdominal pain 96 724 81 - 25 - 42.6
Cirrhosis - - - - - 18.6 -
Hepatomegaly 50 70.1 72 - 54.7 - -
Splenomegaly 42 491 66 - - - -
Esophageal varices - 54.8 67 - - 7.4 -
Hematemesis/ Variceal bleed 36 - 9 16 8.3 32 -
Melena - - = = 25 - -
Jaundice 16 20.3 29 - By - 13.9
Fever - 20.1 27 - - - 15.7
Hydrothorax - 13.0 - - - - -
Acute kidney injury - - - - - 18.8 -
History of recurrent abortions 6 - - - - - -
History of previous thrombosis 10 - - - - 7 -
Recurrent orogenital ulcers 4 - - - - - -
Leg ulcers 2 - - - 3.8 - -
Lower limb edema 68 - - 58.9 318 - 13
Dilated abdominal veins 40 - - 57 27.3 - -
Hepatic encephalopathy 36 - 12 0.7 - 9.5 52
Ileus - - 21 - - - -
General malaise - - - - 121 - -
Acute respiratory failure - - - - - 7 -

though it is true that BCS is generally a rare disease - clinicians must not exclude the possibility of BCS.

General supporting examination

Routine laboratory examinations might help aid clinicians to further pursue the presumptive diagnosis
of BCS. Results that suggest the possibility of BCS include[6,73]: Diagnosis of PV, ET or PMF; normal or
increase in liver function tests (alanine aminotransferase; aspartate aminotransferase); or findings which
indicate thrombosis.

Specific supporting examination: imaging modalities

If a patient presents with the suspected risk factors, clinical presentation, and general supporting
examination, clinicians must continue the diagnostic work-up with a high index of suspicion towards
BCS. Specific supporting examination lies all around imaging modalities. These are the investigation
methods useful towards diagnosing BCS, in an arranged order from the first line to the last[71]: Doppler
ultrasonography; Magnetic resonance imaging (MRI) or computed tomography (CT) scan; Venography;
Liver biopsy. Doppler ultrasonography is regarded as the initial technique of choice, offering a pooled
sensitivity of 89% and specificity of 68% across multiple studies[74]. Doppler ultrasonography will show
findings of no venous flow, retrograde venous flow, no visualization of the vein (possibly due to venous
collapse) in the affected areas[75]. These findings might indicate BCS, though still overlapped by
advanced cirrhosis[71]. However, in conditions where sonographic examination is inadequate to
evaluate BCS, or in conditions where the distinct characteristics of BCS were not found, imaging
through MRI or CT scan may be used in place to evaluate the presumptive diagnosis of BCS. MRI scan
offers a pooled sensitivity of 93% and specificity of 55%, while CT scan offers a pooled sensitivity of 89%
and specificity of 72%[74]. These modalities usually offer a clear diagnosis, though there might be
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uncertainty in patients with advanced cirrhosis[71]. Venography, and especially liver biopsy might be
the last, most invasive, yet the gold standard of diagnosis. However, biopsy provides the best
explanation towards the damage and specific etiologies contributing to the disease.

Assessment of etiology

The assessment of BCS etiology should definitely actively search for potential MPNs. A meta-analysis
found that distribution of MPN subtypes in BCS were as follows: PV (52.9%), ET (24.6%), PMF (6.7%),
and unclassifiable MPNs (17.0%)[28]. A presumption about the etiology of BCS might be estimated from
the results of general supporting examination. We propose a diagnostic algorithm for this instance as
reported in Figure 2.

MANAGEMENT OF BUDD-CHIARI SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS

The treatment of BCS in MPNs requires a stepwise approach that may require a complete interdiscip-
linary team to adequately manage[54]. The goals of treatment aim at relieving obstruction, correcting
the underlying conditions, and lastly to monitor for any liver deterioration[72]. The level of liver
dysfunction can affect the coagulopathy of the patient and make anticoagulation difficult to predict in
patients with BCS[54]. Despite this, the first line treatment for BCS due to MPNss still consists of antico-
agulation therapy in order to relieve any obstruction. Furthermore, it is important to note that
antiplatelet therapy should be initiated in patients as soon as possible once a diagnosis is established.
Currently, the consensus when it comes to anticoagulation therapy is to treat with low molecular weight
heparin (LMWH) and target an international normalized ratio (INR). In addition to the LMWH, patients
should be started on an oral vitamin K antagonists (VKAs) (i.e., warfarin). Once the INR is between 2
and 3, the LMWH can be discontinued, however, the oral vitamin K antagonist should be continued life-
long[6]. Although anticoagulation is the first line therapy for patients with BCS in MPNs, unfortunately,
only 15%-20% of patients will respond to anticoagulation, as a result, other interventions may also need
to be implemented in 80-85% of cases[54]. When looking at acute BCS it is important to consider
methods that will restore patency of the thrombosed veins[76]. Treatment may start with thrombolytic
therapy in select patients who have had symptoms for a few weeks and who have a well-established
clot[54]. However, it is important to note that pharmacological thrombolysis has only been demon-
strated to be effective in patients presenting with acute (less than a few weeks) BCS, therefore, at times
other management options must also be considered. In addition, publications on thrombolytic agents in
this particular setting have been limited to case reports and small case series[77,78]. It is also important
to note that thrombolytic agents should not be considered when managing chronic BCS due to the fact
that these clots have been demonstrated to be resistant to thrombolytic agents and may increase the
bleeding risk for the patient far beyond the potential therapeutic benefit[78]. Another management
option that is worth considering in acute or subacute BCS in MPNs include angioplasty and stenting
[13]. Both angioplasty and stenting can be considered in patients that have a demonstrated obstruction
that is appreciated on radiological findings[13]. In addition, this intervention is typically reserved for
patients who are symptomatic[71,79]. It is also important to note that performing angioplasty can be
done in combination with thrombolytic therapy for patients who have an acute obstruction and may
benefit from both interventions[79].

Although angioplasty and stenting has started to play a major role and is a staple in the treatment of
BCS it is not without risks. The primary risk associated with stenting is the risk of reocclusion. One
intervention that has shown some promise in preventing reocclusion is the placement of a metal stent
following angioplasty. However, it is important to also note that increased outcomes for this particular
method is limited to some small case studies[40]. For BCS patients, inclusive of the individuals waiting
for orthotopic liver transplantation, transjugular intrahepatic portosystemic shunt (TIPS) is suggested as
a safer and very successful treatment strategy. TIPS is one of the major treatment options available for
the treatment of BCS[81]. The Baveno IV consensus has resulted in a fairly uniform course of care for the
patients of BCS, with prior consideration for the medical therapy alongside anticoagulation among all
patients with no contraindications. This has been the case for more than 20 years of TIPS usage in BCS
[82]. Because of the technical difficulty in sustaining venous patency for a longer period of time, TIPS
should be specifically considered for the patients with Rotterdam class III, acute liver failure, or in those
individuals who have failed medical therapy, diffuse hepatic vein thrombosis or prior hepatic venous
stenting. Ascites is typically the most prevalent symptom, followed by variceal or gastrointestinal
hemorrhage, with ascites rates in the trials under review reaching 100% and variceal bleeding rates
reaching up to 30.9%. Since it has not been found as a potential risk factor in the occurrence of post-TIPS
hepatic encephalopathy, prior hepatic encephalopathy need not be regarded as a contraindication to
TIPS in BCS[81]. Additionally, pre-procedure jaundice is not regarded as a contraindication for TIPS in
BCS patients, despite the fact that this is the case in patients with end-stage liver disease due to the
higher mortality in that cohort, with the reason for the difference being hypothesized to be related to the
absence of hepatocyte necrosis in the BCS patients[83]. Although there is no universal agreement across
the studies regarding the ideal timing to perform TIPS, patients presenting with refractory ascites,
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hepatic failure, or the gastrointestinal hemorrhage should have access to this right away[84]. BCS
patients have a greater rate of shunt dysfunction than other cirrhotic patients receiving TIPS (about 50%
vs 80% within 1 year), which is likely related to the higher incidence of underlying thrombophilia[85].
Development of stents coated with polytetrafluoroethylene to be used during TIPS in the management
of BCS has improved patients’ prognosis, mainly due to the decrease in the need for re-interventions
and due to the tripling of the shunt patency[86]. Hence, TIPS could be a safer and effective treatment
option for managing BCS in MPNs.

Over time, transplantation results have significantly improved and liver transplant outcomes are not
harmed by prior TIPS. For patients with BCS, establishing venous outflow after liver transplantation is
very essential and necessitates a variety of surgical procedures. These patients' outcomes exhibit various
issues, such as vascular thrombosis and biliary difficulties[87]. Anticoagulation therapy, angioplasty,
and TIPS fail in the 10% to 20% of BCS patients treated with a step-by-step management method, either
due to technical failure or due to subpar clinical outcomes of a technically successful procedure
necessitating rescue transplantation. Additionally, patients with fulminant liver failure and those with
extremely advanced liver cirrhosis may benefit most from liver transplantation as treatment[88]. In the
case that a medical therapy does not succeed, interventional revascularization and TIPS are
recommended. The only guaranteed alternative for treating BCS is liver transplantation, if the
presumptive medications and procedures are ineffective. Liver transplantation may be recommended as
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a last resort or in fulminant situations, with promising and favorable outcomes. Ibach et al[89] analyzed
46 cases of BCS of whom 22 suffered from MPNs and reported that individuals with BCS who were
subjected to liver transplantation experienced a median survival of approximately 24 years. Mortality
rates were higher in patients with BCS and MPNs (RR=3.44, P = 0.05), however, two patients diagnosed
with these blood cancers died due to secondary acute myeloid leukemia and extramedullary
hematopoiesis in the spleen with consequent organ rupture, events which can occur during disease
evolution irrespective of the use of liver transplantation in these cases. Considering 5-year survival rates
for PV and ET are of about 80% and of about 50% for PMF, the use of liver transplantation for MPNs-
linked BCS is satisfactory in terms of survival prolongation[90]. Patients with BCS and Philadelphia-
negative MPNs receive the same care as those without MPNs during the acute phase. LMWH or unfrac-
tionated heparin should be administered as soon as possible, followed by VKAs. It is advised to proceed
gradually. A second-line approach based on invasive treatments, such as angioplasty with or without
stenting, TIPS, or surgical portosystemic shunt, should be taken into consideration in the event that
clinical deterioration persists despite anticoagulation [14,40,59]. While catheter-directed thrombolysis
may be helpful for the treatment of acute and partially occlusive thrombosis, systemic thrombolytic
therapy with tissue plasminogen activator is not very successful[78,91,92]. TIPS has recently been
suggested as the preferred course of care for individuals with BCS who exhibit symptoms of portal
hypertension. If TIPS is ineffective or inappropriate, angioplasty/stenting should be the second line of
treatment for the subset of individuals. When TIPS and angioplasty/stenting are ineffective or inappro-
priate, surgical shunts ought to be the first line of treatment[93]. Consider liver transplantation as a
curative measure[3,40,93,94].

Long-term antithrombotic treatment

An improved prognosis was introduced in the 1980s with the systematic use of VKAs in BCS patients
[71,95], while the impact of oral anticoagulation on the survival of the most severe patients is debatable
[6]. Although the ideal time frame for VKA is uncertain, lifelong medication is generally advised for
BCS[40,94,96]. Only 5 (8%) of the 163 patients in the comprehensive survey-of whom the majority (86%)
were getting VKA-experienced non-fatal variceal hemorrhage[97]. The rate of both recurrent thrombosis
and bleeding complications was 11% in a different study on patients with BCS who underwent liver
transplantation and received VKAs afterwards, but the mortality rate related to recurrence is higher
than that related to bleeding (4.4% and 0.8% of patients, respectively)[98]. There are few specific studies
on the effectiveness and safety of VKAs treatment in individuals with MPN-related BCS, and the
majority of the studies refer to SVT as a whole. In total, 49 of the 604 patients with SVT in the aforemen-
tioned multicenter prospective cohort (55 had BCS) had MPNs and had a 9-fold increased risk of
recurrent thrombosis during follow-up[99]. The presence of JAK2 gene mutations was substantially
correlated with liver-related thrombotic problems in a series of 36 BCS patients with recurrent
thrombosis following liver transplantation in 42% of instances (15/36). Moreover, 11 of the 12 patients
who experienced post-transplant thrombotic events and 10 of the 24 patients who did not (P = 0.005)
both exhibited JAK2V617F. Additionally, an increased incidence of thrombosis at any site was linked to
a JAK2 gene mutation (14/15 vs 7/21, P = 0.005). Liver-related thrombotic problems were more common
in people with overt MPNs (9/12 vs 8/24, P = 0.03)[100]. An investigation of 181 patients suffering from
MPNs who had their first episode of SVT was conducted retrospectively. In total, 31 (17.1%) and 109
(60.3%) patients, respectively, had BCS and extra-hepatic portal vein obstruction diagnosis; isolated
thrombosis of the mesenteric or splenic veins was found in 18 and 23 cases, respectively. Following this
index occurrence, the subjects were observed for 735 patient-years, and during that time, 31 recurrences
occurred, representing an incidence rate of 4.2 per 100 patient-years. The recurrence rate was 3.9 per 100
patient-years in the 85% of patients who received VKAs, compared to 7.2 per 100 patient-years in the
small portion (15%) of patients who did not. Compared to those who had thrombosis at the portal or
other abdominal sites, patients with BCS had an incidence rate of new events that was significantly
higher at 8.0 per 100 patient-years. In contrast, there was no difference in the rate of new arterial
thrombosis between the two groups. Of note, patients with BCS had a 3-fold higher risk of recurrent
SVT than those with other index SVT[101]. This difference was caused by an increased rate of venous
events in BCS patients. Nine individuals with BCS (4 without and 5 with liver cirrhosis) were included
in a survey on the use of direct oral anticoagulants (DOACs) in 94 patients with SVT, but no information
was provided regarding the presence of MPNs as the underlying cause of SVT[102]. Anecdotally, it has
been mentioned that a patient with PV and BCS used the direct factor Xa oral inhibitor rivaroxaban
[103]. Semmler et al[104] analyzed the potential efficacy of DOACs, specifically edoxaban, apixaban,
rivaroxaban and dabigatran, in the management of BCS. Their sample size consisted of 47 BCS subjects:
22 (of whom 10 had MPNs) were put on DOACs, whereas 21 (of whom 9 had MPNs) received LMWHSs
or VKAs. Complete response was noted in >60% of the BCS subjects who were prescribed DOACs.
Complications during DOAC use included major spontaneous or surgery-related hemorrhage (n = 4
and n = 1, respectively) and minor hemorrhages (n = 7), whereas transplant-free survival at 5 years
exceeded 90% and at 10 years exceeded 80%. JAK2V617F-negative MPNs experienced better treatment
responses to DOACs as compared to JAK2V617F-positive individuals. Nevertheless, further research
needs to assess the benefits of DOAC use in MPN-related BCS as the sample of the aforementioned
investigation was too small to draw pertinent conclusions.

WJCO | https://www.wjgnet.com 108 March 24,2023 | Volume14 | Issue3 |



Jaishideng®

Gaman MA et al. Budd-Chiari syndrome in myeloproliferative neoplasms

Cytoreductive therapy

Cytoreduction is necessary in MPN patients who have experienced thrombosis in the past[105]. It is
unknown whether it is appropriate to administer cytoreduction to SVT patients with JAK2V617F but
without an explicit MPN diagnosis in accordance with the WHO criteria. Given the lack of evidence,
care must be taken when prescribing cytoreductive regimens to JAK2V617F-positive SVT patients
because approximately half of them will not develop MPN during the follow-up[106]. On the other
hand, the JAK2V617F mutation increases the incidence of recurrent thrombosis in both BCS patients
who have undergone liver transplantation[100] and SVT patients generally[107,108]. Therefore, it seems
sensible to utilize medications to slow the growth of the mutant clone. Only one of the 17 MPN patients
with BCS in a small retrospective cohort who received hydroxyurea and aspirin after liver donation
developed recurrent extrahepatic portal vein obstruction (EHPVO)[109]. The rate of recurrence was 22%
(4/18) in another small series of 18 MPN individuals with BCS; all new thrombotic events occurred in
patients who were not receiving cytoreductive therapy[110]. In a pooled cohort of 1500 patients with
MPNs and thrombosis, the multivariable analysis limited to the patients with first arterial thrombosis
showed that recurrent arterial thrombosis was prevented by antiplatelet agents and by hydroxyurea and
only partially by VKAs; on the contrary, in patients with the first venous thrombosis, venous recurr-
ences were more prevented by VKAs than by antiplatelet agents or hydroxyurea. Notably, after
adjusting for age, sex, antiplatelet treatment, VKA treatment, and cytoreductive drugs other than
hydroxyurea in 218 patients with SVT (38 with BCS), it was verified that hydroxyurea had no significant
impact on the rate of either recurrent thrombosis or recurrent VITE[111]. The cause of this finding is
unclear; however, it may be hypothesized that since hypercytemia is less common in SVT patients[112],
cytoreduction may not be as important as it might be in other circumstances.

Orthotopic liver transplantation

Patients with BCS who experience failure of the aforementioned therapies are candidates for orthotopic
liver transplantation in the range of 10 to 20 percent of cases[6]. Following liver transplantation, the 1-
year and 5-year survival rates in a group of 36 BCS patients were 84% and 69%, respectively; the
presence of a molecular characteristic for MPNs had no bearing on these survival rates[100]. The
mortality rate following liver transplantation in a different series of 25 BCS patients was comparable in
MPN (3/18, 16.7%) and non-MPN patients (1/7, 14.3%)[110]. In a retrospective cohort of 78 BCS
patients, the 5-year survival was 78% vs 76%, and the 10-year survival was 68% vs 73%, respectively.
Long-term survival following liver transplantation was similar in MPN (n = 41) and non-MPN patients (
n = 37), with P values of 0.81 and 0.66, respectively. Twelve of the 41 MPN patients (or 29%) passed
away within the first three years following liver transplantation, but only one death with recurrent BCS
was attributable to the hematologic condition[146]. Following liver transplantation, progression to
myelofibrosis or acute leukemia was not noted in 17 cases with a follow-up period of up to 20 years
[109], nor in 78 cases in a mean follow-up period of 12.4 years (range 3-28.4 years)[113] in two series of
BCS patients. While there are many treatment options available for BCS, the availability of many creates
obstacles in maintaining a standard treatment plan. It is usual for clinicians to use anticoagulation as the
first line of treatment for tackling BCS[114]; however, in cases when the condition cannot be controlled
by medical treatment alone, several trials have shown encouraging outcomes with the use of TIPS in
BCS patients as an alternative to shunt surgery or liver transplantation[115,116].

Anticoagulant therapy has been an accepted standard of treatment in BCS[117]; however, this
standard remains controversial amidst clinicians. Emergent anticoagulation may not significantly
improve clinical outcomes for individuals with acute ischemic stroke, according to several clinical
investigations[118-120]. The current mode of treatment also selects LT as a de-facto last resort when it
requires for a complex venous outflow reconstruction that would be difficult to acquire in medically
underserved areas[6,121]. We have previously established that TIPS is the equivocally accepted and
proven form of treatment for most BCS patients; in fact, the 10-year survival of the procedure is 69%
[122]. It naturally becomes a concern if the current chronology requires a deeper revision. For instance, if
anticoagulants truly seem to have no significant impact on the pathophysiology of the condition, could
we derive a better medicinal first line of treatment for the condition? Could TIPS become the first mode
of treatment if more non-invasive mechanisms are innovated to perform it? BCS is a rare disease, and it
is important to remember that time is an invaluable resource in situations as such. Resorting to
ineffective treatment not only delays medical management, but it deters the patient’s condition. If the
first line of treatment leads a patient to the second line in the longer run, maybe it is a scope for
physicians to rethink the chronology of treatment. Constant revisions of guidelines will allow us to not
only discard what is counterintuitive, but it will promote clinicians to adapt to newer and more effective
modes of treatment.
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DIFFERENTIAL DIAGNOSIS, PROGNOSIS AND COMPLICATIONS OF BUDD-CHIARI
SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS

Hepatic vein obstruction in BCS may lead to abdominal pain, ascites, jaundice, and hepatomegaly.
Given the significant overlap of these symptoms with other hepatic pathologies the differential
diagnosis remains broad. PVT is distinct from BCS and directly involves the liver vasculature. MPNs are
the most common cause of noncirrhotic, nonmalignant PVT[28]. Given the similar presentation of both
PVT and BCS and its high prevalence in MPNs, diagnostic tests and imaging modalities should be
utilized in differentiating both conditions. In BCS, Doppler ultrasound is effective in visualizing
occlusion of the hepatic vein[123]. The absence of hepatic vein thrombosis and presence of reduced or
absent flow in the portal veins with duplex ultrasound points towards PVT as the primary differential
diagnosis[10]. Other differential diagnoses that should be given consideration include granulomatous
liver disease, hemochromatosis, and alcoholic liver disease. A retrospective study across three centers in
Europe studied the prognostic factors associated with BCS in MPNs. Their results indicated poorer
baseline prognostic features, earlier hepatic decompression procedures, but no effect on 5-year survival.
However, the presence of MPNs was associated with event free survival in BCS[124]. Generally, the
determinants of prognosis in BCS are age, serum creatinine, Child-Pugh score, and ascites. A higher
Child-Pugh score, older age, refractory ascites to diuretics, and higher serum creatinine are all factors
pointing towards a poor prognosis[125]. In recent years 5-year survival rates have improved in BCS.
Improved survival is largely attributed to the improved management of hypercoagulable states, and
endovascular intervention[95]. Although rarely performed now, surgical portosystemic shunting
improved survival in BCS patients who were determined to have a poor prognosis[126].In a
retrospective analysis of 78 BCS patients both with and without MPNs similar outcomes were measured
after liver transplantation[113]. Janssen et al studied 172 patients with EHPVO, 24 of which carried a
diagnosis of MPN. The five-year survival rates were similar between both groups (92% vs 53%, P = 0.18)
[127]. Significant consideration must also be given to the role of VKAs in the prognosis of BCS. De
Stefano et al[128] performed a retrospective analysis of 94 patients with MPNs (PV or ET), significant
reduction of re-thrombosis was independently achieved with VKAs (HR 0.32; 95%ClI: 0.15-0.64) and
antiplatelet agents (HR 0.42; 95%CI: 0.22-0.77). DOACs may improve outcomes in patients with BCS.
Semmler et al[104] in 2022 performed a retrospective analysis of 46 patients across three Australian
centers with BCS. Six patients were managed with DOACs and 16 were switched to DOACs from
LMWHs (n =12) or VKAs (n = 4). In total, 4 major and 7 minor bleeding events were reported. Larger
prospective studies need to be conducted assessing the safety and prognosis of VKAs vs DOACs in
patients with BCS. Based on these previous studies it is determined that identification of BCS in patients
with MPNs should be promptly treated, thereby improving prognosis. Complications secondary to BCS
can be determined based on the varying degree of ensuing hepatic injury and dysfunction. When
untreated BCS can progress to fulminant liver failure, hepatorenal syndrome, hepatocellular carcinoma,
and hepatic encephalopathy amongst other complications. In 2021, Asl et al[129] retrospectively
reported on complications associated with liver transplantation (LT) in 4225 patients. 108 patients had
BCS and were matched with a non-BCS group of 108 patients. One-, 3-, 5-, and 10- year survival rates
were the same in both groups (82%, 78%, 76%, and 76% vs 83%, 83%, 83%, and 76%, P = 0.556). No
differences were noted in the 6-month follow-up after LT. However, at a later period vascular
thrombosis was more prevalent in the BCS group. In 2016, Ki et al[130] conducted a population-based
study in South Korea identifying a total of 423 BCS patients from 2009-2013. Among them, 10.3%
developed hepatic malignancy, and 3.3% underwent LT. The annual-case fatality rate was 2.8%. Hayek
et al[131] performed a retrospective analysis on the long-term safety of patients with BCS who
underwent TIPS. In total, 54 patients were identified, 34 (52%) of which suffered from MPNs. TIPS
dysfunction was associated with MPNs (HR, 8.18; 95%Cl: 1.45-46.18; P = 0.017).

CONCLUSION

Although BCS and MPNss are rare disorders, BCS can develop in the setting of MPNs. In this patient
population, individualized, distinctive counseling and multidisciplinary surveillance and treatment
strategies are crucial in achieving better possible outcomes. Individuals with MPNs should be managed
in accordance with the most recent guidelines to avoid the occurrence of BCS, whereas a diagnosis of
BCS should warrant an active search for the potential diagnosis of MPNs.
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