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Abbreviations

BCS Budd-Chiari syndrome

HVOTO Hepatic venous outflow tract

PVT Portal vein thrombosis

SOS Sinusoidal obstruction syndrome

VOD Veno-occlusive disease

HHT Hereditary haemorrhagic telangiectasia

Angio-MR  Magnetic resonance angiography

Angio-CT  Computed tomography angiography

TIPS Transjugular intrahepatic portosystemic shunt
Key Concepts

e Vascular disorders of the liver are rare conditions,
usually affecting young people, with high morbid-
ity and mortality that can occur in the absence of a
proper diagnosis and disease-specific management.

* An underlying systemic prothrombotic condition is
found in patients with Budd-Chiari Syndrome and
portal vein thrombosis
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* Anticoagulation should be initiated without waiting
in patients with Budd-Chiari Syndrome and acute
portal vein thrombosis.

* Sinusoidal obstruction syndrome occurs as an iatro-
genic complication of exposure to toxic agents for
sinusoidal endothelium of the liver and hematopoi-
etic bone marrow cells.

e Vascular malformations in hereditary haemorrhagic
telangiectasia affect the liver extensively and evolve
continuously from small telangiectasia to large arte-
riovenous malformations.

11.1 Introduction

The liver is a very vascular organ and at rest receives up to
25% of total cardiac output [1]. It is divided into eight inde-
pendent segments, each segment having a separate hepatic
artery and portal vein in the centre and hepatic veins in the
periphery [2]. The microscopic units of the liver are known
as hexagonal hepatic lobules, formed by radiating hepato-
cytes and many specialized capillaries known as sinusoids
[2]. Every component of the hepatic vascular system (hepatic
arteries, portal and hepatic veins, sinusoids, and lymphatics)
can present a spectrum of variants and pathologic condi-
tions. In the last years, international collaborations provided
data-supported approaches, which allowed to increase
knowledge and awareness in understanding and manage-
ment of these conditions. Vascular disorders of the liver
affect less than 5/10,000 patients and together comprise a
number of rare conditions that can cause non-cirrhotic portal
hypertension with high morbidity and mortality [3].
Moreover, they are usually diagnosed in young people, with
a contrarily normal life expectancy if these conditions are
timely diagnosed and managed properly [3]. Diagnosis is
based on a high degree of clinical suspicion and usually
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confirmed by imaging. Doppler ultrasound, angio-MR,
angio-CT provide information of similar accuracy depend-
ing of the type of vascular disorder and have the advantage
of being non-invasive. Liver biopsy is excessive in most of
the case and usually not recommended. Treatment depends
on the type of vascular disorder, associated conditions and
patient’s clinical status. Given the rarity of some vascular
disorders of the liver, not all will be discussed in this chapter.
A spectrum of variants and diseases involving the hepatic
venous outflow tract will be considered, notably Budd-
Chiari Syndrome (BCS). Anomalies, and disease involving
the portal vein such as acute portal vein thrombosis (PVT),
chronic PVT, and cavernous transformation will be dis-
cussed. Sinusoidal obstruction syndrome (SOS) also
reviewed. Congenital vascular malformations involving the
liver are also explained, with an emphasis on hepatic vascu-
lar malformations in hereditary haemorrhagic telangiectasia
(HHT) and congenital shunts.

11.2 Budd-Chiari Syndrome or Hepatic
Venous Outflow Tract Obstruction

Budd-Chiari syndrome (BCS) known also as hepatic
venous outflow tract obstruction (HVOTO) is define by an
obstruction on the hepatic veins, at any level between small
intrahepatic veins to the entrance of the inferior vena cava
and right atrium, independent of the mechanism of obstruc-
tion, leading to an impaired hepatic venous drainage [3].
Cardiac disease, pericardial disease or sinusoidal obstruction
syndrome (SOS) are excluded from this definition [3, 4].
BCS can be classified depending on the level of obstacle:
small hepatic veins, inferior vena cava, and any combination
thereof, having among these categories distinct presentation
and geographical distribution [5].

Aetiology: According to the cause, BCS can be classified
into primary or secondary. Primary BCS is the consequence
of a primarily venous disease (thrombosis or phlebitis), and
secondary BCS is the result of an external compression or
invasion by a lesion originating outside the vein (benign or
malignant tumour or infectious process) [3, 4].

An underlying systemic prothrombotic condition is found
in up to 80% in patients with BCS [6]. However, the aetiol-
ogy is often multifactorial. A combination of such condi-
tions is present in nearly half, particularly in patients with
heterozygous factor V Leiden or in patients taken oral con-
traceptives or pregnant women [7]. Antiphospholipid anti-
bodies are responsible for 30% of BCS cases whereas lupus
anticoagulant or anti-beta-2 glycoprotein 1 antibodies for
4-5% [3]. The aetiology of primarily BCS differ greatly
among countries. In Europe, BCS is mostly secondary to
thrombosis in hepatic veins, whereas in Asia, Behcet dis-
ease, membranous obstruction of the inferior vena cava are

the most common aetiologies [8]. BCS has been related to
myeloproliferative neoplasms in 35-50% cases in western
countries, JAK2 mutation, V617F mutation account for 90%
of them and CARL mutations in 2-5% [9].

The main primary tumours involving in secondary BCS
are carcinoma: hepatocellular, renal and adrenal, primary
hepatic hemangiosarcoma, epithelioid hemangioendotheli-
oma, sarcoma of the inferior vena cava, right atrial myxoma,
alveolar hydatid disease [10]. Infectious processes account
for a small number of cases and most common are: amoebic
and pyogenic abscess, polycystic liver disease [7]. Moreover,
BCS may occur following trauma [7], hepatic resection or
transplantation [11].

The local factor that develops thrombosis of the hepatic
venous tract remains unidentified in most patients [4].

The diagnosis of the underlying cause (primary or sec-
ondary) of BCS has important implications for treatment. If
left untreated, symptomatic BCS is lethal within a few days,
to a few years [12].

Morphological changes: hepatic venous outflow tract
obstruction induces venous wall inflammation, increased
sinusoid pressure and portal hypertension. Centrilobular
sinusoidal dilatation and congestion, liver cell loss and fibro-
sis are considered histopathological features for BCS [4].
However, these features are not specific, being also seen in
heart failure, constrictive pericarditis and SOS [12].
Ultimately, a cirrhotic pattern develops, nodular regenerative
hyperplasia, macroregenerative nodules being common in
advanced cases [13]. These lead to fibrous enlargement of
the portal tract, with portovenous and portoportal bridging
fibrosis and thrombosis of intrahepatic portal veins [4, 13].
Because of the marked heterogeneous distribution of these
lesions, liver biopsy is not recommended, the assessment of
fibrosis proved irrelevant for prognosis [12].

Functional changes: The hepatic vein obstruction is
predominantly due to the occlusion of at least two hepatic
veins, but the occlusion is not synchronous, an acute clini-
cal presentation coincides in most of the cases with the
ultimate obstruction of an individual hepatic vein overlap-
ping a chronic obstruction [12, 14]. It is associated with
an obstruction of the IVC in approximately one third of
patients, while isolated IVC obstruction is rare [14].
Hepatic vein occlusion causes elevated sinusoidal pres-
sure, liver congestion and increased lymphatic filtration of
interstitial fluid [15]. Increased sinusoidal pressure within
proportions of the hepatic parenchyma with blood stasis
induce portal hypertension and ascites, which is also
increased by the impaired lymphatic drainage capability.
Several mechanisms tend to preserve blood perfusion to
the liver: increased arterial blood flow, redistribution of
portal blood flow to the areas with preserved outflow and
the development of venous collateral circulation (intrahe-
patic and extrahepatic) [13]. Although these mechanisms



11 Vascular Disorders of the Liver

119

can prevent the development of clinical manifestations of
liver disease, in the absence of treatment, irreversible liver
abnormalities progressively develop to centrilobular fibro-
sis [4].

Diagnosis: Clinical presentation ranges from absence of
symptoms to fulminant hepatic failure [16]. Asymptomatic
BCS cases accounts for up to 20% of cases, and is often asso-
ciated with the presence of large hepatic venous collaterals
[3, 4]. Classical signs and symptoms include fever, abdomi-
nal pain, ascites, hepatomegaly, ankle swelling, gastrointes-
tinal bleeding and hepatic encephalopathy [4, 17]. In a
multicentre prospective study, ascites were present in 83%
percent of patients with BCS, hepatomegaly in 67%, abdom-
inal pain in 61% and gastrointestinal bleeding in 5% [18].
The course of these manifestations can be progressive or
with periods of exacerbations and remissions. BCS can pres-
ent a long insidious course, or a short period of prodrome
followed by an accelerated falling course. In approximately
15% of cases portal venous obstruction is associated, sug-
gesting a more severe form [17, 18].

Diagnosis is establish by confirming the hepatic venous
outflow obstruction. Doppler ultrasound, angio-MR and
angio-CT provide information of similar accuracy and have
the advantages of being non-invasive or minimally invasive
[3, 12]. Doppler ultrasound is the first line investigation and
has a sensitivity of more than 75% but the awareness and
expertise of the examiner are crucial [3].

Imaging findings classify BCS lesions as direct signs—
visualization the obstacle and indirect signs (secondary to
the venous obstruction)—intrahepatic or extrahepatic collat-
eral circulation, perfusion abnormalities and anatomical
changes to the liver, all resulting from portal hypertension
[19]. The obstruction can present with several aspects,
including short-length, extended narrowing of venous lumen,
a complete obstruction simulating a membrane or a fibrous
cord, with upstream dilatation [12, 19]. Venography is rec-
ommended if the diagnosis is uncertain and it is compulsory
for percutaneous interventions [3]. Hepatic nodules can be
seen using imaging in more than a half of patients with BCS,
resulting from perfusion disturbances and being usually
benign [3]. These nodules are usually small (<4 cm in diam-
eter), multiple, hypervascularized and disseminated through
the liver [20]. Although hepatocellular carcinoma in BCS
account for 4% of the cases, currently there are no clear diag-
nosis criteria, a biopsy should be performed in selected cases
(less or equal to three nodules, nodules >3 cm in diameter,
heterogeneity or washed out on venous phase, patients with
high levels of alphafetoprotein [20]. Secondary BCS related
to an external compression or invasion is ruled out also by
using the same radiological approaches [3]. Liver biopsy
should only be taken into consideration in selected cases
where the imaging has failed to demonstrate obstruction, due
to the associated risk of bleeding that may delay the initia-

tion of anticoagulation therapy [4]. To note that the assess-
ment of fibrosis proved irrelevant for prognosis [4].

Treatment: In most cases, the underlying disorder caus-
ing BCS in unrecognized at presentation. Patients with BCS
presenting with ascites and varices require the same treat-
ment as cirrhotic patients [21].

Anticoagulant therapy should be initiated without wait-
ing, as soon as possible and for an indefinite period of time
in order to reduce the clot extensions and new thrombotic
episodes [18]. Although ineffective on chronic liver dis-
ease, early anticoagulation has improved survival in
patients with moderate BCS, probably by a preventive sys-
temic effect in other sites on thrombosis [19]. Currently,
there are no data regarding the use of Non-Vitamin K
Antagonists, treatment with Warfarin or Acenocumarol
should be consider for an indefinite period. Treatment for
the underlying prothrombotic condition should be started
in the same time.

The experience of thrombolysis is limited, and complica-
tions can be fatal [3].

Patients with focal or segmental obstruction of the hepatic
venous outflow tract are eligible for percutaneous angio-
plasty, with or without stenting. Focal or segmental stenosis
are present in 60% of patients with IVC obstruction, and
25-60% of those with hepatic vein obstruction [3]. These
patients may benefit by percutaneous angioplasty of one HV,
of the IVC or both [22]. The rationale for angioplasty is to
re-establish the physiological drainage of portal and sinusoi-
dal blood [22]. At present, less than 10% of patients with
BCS are eligible for stenting (Fig. 11.1) [6, 23].

Patients who do not improve with medical and endoscopic
treatment are proposed for transjugular intrahepatic porto-
systemic shunt (TIPS) [12]. The rationale for TIPS is to
decompress the liver by transforming the portal vein into an
outflow tract [12]. Patients are selected based on the extent of
the vascular lesions, particularly patients with multitroncular
HV obstructions with mall intrahepatic collaterals [24].

The minority of patients in which TIPS fails or those with
fulminant hepatic failure are proposed for liver transplanta-
tion, the rationale being a complete correction of the hepatic
consequences of vascular obstructions [12].

Prognosis: Without treatment, symptomatic BCS is lethal
within a few days to a few years [12]. Current therapeutic
strategies permits to achieve 5-year survival rates over 80%
[6]. Child-Pugh score and its components have been found to
be independent prognostic factors. Moreover, prognostic
scores based on a combination of these factors have been
developed [4]. These scores are useful for the assessment of
transplant-free survival and clinical studies, but not for indi-
vidual management [25]. At present, long term prognosis is
determined by hepatocellular carcinoma or by complications
of the underlying blood disease (leukaemia in patients with
myeloproliferative disease) [12].
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Fig.11.1 (a) Pre-procedure
sonography coupled with
Doppler ultrasound showing a
patent IVC. (b) Segmental
narrowing of all hepatic veins
in a case of BCS. This patient
underwent right hepatic vein
angioplasty and stenting and
follow-up sonography (c) and
Doppler (d) showed a patent
stent. (Reproduced with
permission from Das CJ,
Soneja M, Tayal S, Chahal A,
Srivastava S, Kumar A,
Baruah U (2018) Role of
radiological imaging and
interventions in management
of Budd-Chiari syndrome.
Clin Radiol 73:610-624)

11.3 Portal Vein Thrombosis

Portal vein thrombosis (PVT): is characterised by an
obstruction of the portal veins, and its branches, which
include splenic, superior and inferior mesenteric veins [26].
Isolated splenic or superior mesenteric vein obstruction is
included in the entity of splanchnic vein obstruction [12].
Obstruction may be complete or partial [3].

PVT is classified into acute or chronic [4]. Acute throm-
bosis refers to recent and symptomatic, while chronic throm-
bosis refers to long standing process. They represent
successive stages of the same disease and share similar
causes, differing in their management [4]. After acute
thrombosis, in the absence of recanalization, portal lumen
obliterates and a set of collateral portoportal veins develops

to replace the portal vein [4, 12]. This term is called portal
cavernoma or cavernomatous transformation of the por-
tal vein and corresponds to a long-standing process [4, 12].
In children, cavernoma might result from a malformation
[27]. PVT is responsible for up to 30% and 75% of cases of
portal hypertension in adults and children, in developing
countries [4].

Aetiology: Except from childhood portal cavernoma, a
thrombus is the cause of the disease. PVT is caused by a
combination of local and systemic factors. Local factors
include cancer (any abdominal organ), cirrhosis (these two
are the leading local risk factors) and intraabdominal infec-
tions (such as secondary peritonitis) [4]. PVT is common in
patients with cirrhosis, more that 30% of liver transplant
recipients have PVT at the time of transplant [28]. The risk of
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developing PVT associated with cirrhosis is correlated to the
severity of liver disease and the presence of the inherited pro-
thrombotic disorders [29]. Systemic factors refer to an inher-
ited or acquired prothrombotic condition [3]. Usually, one or
several systemic factors are identified, the most common
being myeloproliferative disease (25-30%) and factor II
Leiden (in 15%) [30]. The simultaneous presence of several
prothrombotic causes in patients with PVT is more frequent
than in general population [31]. Identification of a local risk
factor does not exclude the possibility that a general risk fac-
tor is present [31]. In this section, we will focus on the non-
cirrhotic, non-malignant portal thrombosis, cirrhotic PVT
and malignant being discussed separately elsewhere.

Morphological changes: In patients with non-cirrhotic
portal vein thrombosis, alterations in portal venous flow
result in a spectrum of altered hepatic histology, ranging
from large regenerative nodules to nodular regenerative
hyperplasia without bridging fibrosis [32]. Unlike the central
atrophy that is characteristic for cirrhosis, the central portion
of the liver is relatively spared due to collateral portal venous
flow developing over time [33]. However, peripheral liver
cells apoptosis may occur, because collateral blood flow to
subcapsular regions is insufficient [33]. Abnormal liver cir-
culation result in a distorted architecture of the liver with
micro- and macroscopic nodules of hyperplastic hepatocytes
that are not surrounded by fibrous septae [34]. Nodular
regenerative hyperplasia, as in BCS, must be differentiated
from hepatocellular carcinoma [3].

Functional changes: Despite acute complete portal
thrombosis, there is limited evidence for liver ischemia,
because the immediate development of porto-portal collater-
als, involving the porta hepatis and because the compensated
increase in hepatic arterial blood flow [35]. Above the obsta-
cle, ischemia does not develop because of the small tributar-
ies to superior or inferior mesenteric veins [36]. Spontaneous
recanalization is exceptional, and in a matter of weeks a por-
tal cavernoma is formed by collateral veins which contribute
to maintain the perfusion of portal blood to the liver [37].
Because they cannot reduce portal pressure, spleen enlarge-
ment and portosystemic collaterals develop [12]. Within a
year gastroesophageal varices will be formed [12, 37].
Synchronous, liver architecture is compromised, with pre-
served blood perfusion to the central of the liver and hardship
in the periphery, with increase in size of segments I and IV of
the liver and atrophy of left liver lobe and peripheral parts of
the right lobe [12]. However, frank liver dysfunction is absent,
subtle signs being common, such as a decrease in coagulation
factors levels and subclinical hepatic encephalopathy [38].

Diagnosis: Diagnosis of PVO is presently made in
50-70% of the cases in the acute setting [39]. Common
symptoms of acute complete PVT include acute abdominal
or lumbar pain, with moderated distended abdomen by ileus,
without any other features of intestinal occlusion [37]. Partial

thrombosis is associated with fewer symptoms, PVT being
recognised only at the stage of cavernomatous transforma-
tion [3]. In patients with chronic PVT, the severity of portal
hypertension typically contrasts with a mild or absent liver
dysfunction (with normal levels of transaminases, alkaline
phosphatase and gamma-glutamyl transferase) [4]. 50% of
the patients present with ascites, but ascites emerge after a
triggering event like bleeding or infection, and it is usually
reversible [30]. Features of hypersplenism may be marked
and bleeding related to portal hypertension is massive though
better tolerated than patients with cirrhosis [12].

Acute PVT is rapidly diagnosed using noninvasive imag-
ing. It shows thrombus occupying the lumen of the portal
vein or its branches, with a poorly development of porto-
portal collaterals [40], Doppler ultrasound, CT scan and
MRI are almost equivalent, depending on the expertise of the
operator [3, 4]. Standard abdominal echography reveals a
hyperechogenic material in the lumen with distensions of the
portal veins [4]. Doppler imaging allows to prove the absence
of flow in part of the lumen [3, 4]. Because the mesenteric
veins are difficult to visualize at echography, CT or MRI are
more sensitive for assessment of thrombus extension [3, 4].
Thrombus is revealed by CT scan as a hyperattenuating
material in the portal vein (Fig. 11.2a) [41, 42]. After con-
trast injection is revealed as a lack of luminal enhancement,
with increased hepatic enhancement in the arterial phase and
decreased hepatic enhancement in the portal phase [41]. If
the thrombus is less than a week old, it appears as a hyperin-
tense material on MRI T1-weighted sequences [40]. Portal
cavernoma is seen as a lattice of serpiginous structures that
enhance the portal phase of vascular contrast while the nor-
mal portal vein is not visible [12].

Treatment: Since the aim of the treatment between acute
and chronic portal vein thrombosis differs, we will discuss
them separately. The aim of the treatment of acute PVT is the
recanalization of the obstructed veins and prevention of the
extension of thrombosis to mesenteric veins followed by
intestinal infarction and portal hypertension [3, 4].

For acute PVT, immediate initiation of anticoagulation
prevents thrombus extension [30]. There have been no con-
trolled studies of anticoagulation therapy in patients with
acute PVT [4]. In a recent prospective study, intestinal infarc-
tion was a rare complication (2/95 patients) which require
only limited intestinal resection, even if in 60% of the
patients superior mesenteric vein was involved [30]. In the
setting of intestinal infarction, emergency laparotomy should
be performed [4]. Full recanalization of the portal vein was
achieved in 40% of patients by 6 months of treatment, and
did not occur in any of the patients beyond 6 months of treat-
ment [30]. Also, high recanalization rates were observed
after anticoagulation in post splenectomy PVT patients or
for acute thrombosis involving the superior mesenteric vein
[43]. Splenic vein thrombosis and ascites suggest failure in
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Fig. 11.2 (a, b) Contrast-enhanced CT scans show severe thrombo-
sis (arrowhead) in the intrahepatic portal branches (a) and the main
portal vein (b). (¢) Direct portal venogram shows extensive thrombo-
sis in the portal venous system, multiple collaterals (arrows), and
hepatofugal flow. (d) One covered stent was deployed after the com-
peting collaterals were embolized. Fifteen months after TIPS place-

recanalization [30]. Spontaneous recanalization is infrequent
in patients not receiving anticoagulation therapy [30]. The
optimal duration of anticoagulation therapy has not been
determined, however, according to a panel of international
experts [3, 4], at least 3-month period should be considered,
while permanent anticoagulation for patients with permanent
prothrombotic conditions should be taken into consideration
[43]. In most of the studies, anticoagulation was based on
unfractionated heparin, LMWH or VKA targeting an INR
between 2 and 3 [3].

The reported experience with thrombolytic therapy, sys-
temic or in situ, is extremely limited [3, 4]. The reported
recanalization rates have been similar to those achieved with

ment (e, f) CT scans show complete recanalization of the portal vein.
(Reproduced with permission from Luo X et al. (2015) Advanced
Cirrhosis Combined with Portal Vein Thrombosis: A Randomized
Trial of TIPS versus Endoscopic Band Ligation Plus Propranolol for
the Prevention of Recurrent Esophageal Variceal Bleeding. Radiology
276:286-293)

anticoagulation alone, but with major procedure-related
complications. A higher mortality rate was noted with
approaches using transhepatic route [44]. Surgical thrombec-
tomy has proved a benefit in 30% of the patients, but with a
high recurrence rate when performed more than 30 days after
the onset [45].

Current studies report that balloon angioplasty with or
without stenting without thrombolysis or thrombectomy could
be an alternative and save treatment for post-operative main
portal vein and superior mesenteric vein thrombosis [46].

Data on TIPS are limited, beyond the technical challenge
of the procedure, medium-term efficacy require further eval-
uation (Fig. 11.2b) [4, 42].
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The aim of the treatment for chronic PVT is to prevent
recurrent thrombosis, and the prevention and treatment of the
associated complications, gastrointestinal bleeding and por-
tal cholangiopathy [4]. At present there are no controlled
studies regarding treatment of gastroesophageal varices in
patient with chronic PVT. Some retrospective multivariate
studies found that screening for gastroesophageal varices,
beta-adrenergic blockers or endoscopic therapy reduces the
risk of bleeding and by thus, improves survival [4]. In a num-
ber of uncontrolled surveys, endoscopic sclerotherapy has
achieved eradication of varices and a reduction in bleeding
rate [4].

The experience in splenectomy, devascularisation and
TIPS insertion in patients with portal cavernoma is limited
[47]. The prevention of recurrent thrombosis in chronic PVT
requires also anticoagulation, with the same mentions as in
acute PVT [3, 4]. To note that a recent retrospective study
showed that warfarin had independently improved the sur-
vival of patients with chronic PVT, most of them having a
risk factor for thrombosis [4]. Another retrospective analysis
found a decreased incidence of gastrointestinal bleeding
after starting anticoagulation therapy [4]. Patients with portal
cholangiopathy usually present with jaundice and biliary
symptoms. Insertion of a biliary prosthesis after endoscopic
extraction of stones is a proved therapy and the lack of the
recurrence after prosthesis removal was noted in almost half
of patients [48]. Other techniques involve portosystemic
shunting, bilio-enteric anastomosis, biliary surgery without
portal decompression, but current data are limited [3, 4].

Prognosis: With the effective prevention and control of
bleeding and thrombosis, the outcome is given by age and
the course of the underlying disease [12].

The mortality of acute PVT is high due to late recognition
of intestinal infarction, and portal hypertension developed
with associated complications (variceal bleeding) [4]. Above
half of the patients do not achieve recanalization and will
develop gastroesophageal varices with a 2 year high proba-
bility of bleeding [37].

The outcome for treated patients with chronic PVT is cur-
rently good [4]. Mortality is related to the recurrent bleeding
from portal hypertension, followed by recurrent thrombosis
at splanchnic or extrasplanchnic sites. In a 5-year followed
up period, less than 5% of patients with PVT died from clas-
sical complications [4].

11.4 Sinusoidal Obstruction Syndrome

Sinusoidal obstruction syndrome (SOS) is characterized
by a loss of sinusoidal endothelium integrity with a conse-
quent sinusoidal obstruction by outflow block [3]. Damaged
sinusoids can be associated with a partial or complete occlu-
sion of small hepatic veins, therefore being previously known

as hepatic veno-occlusive disease (VOD) [49]. SOS is a pri-
mary circulatory disorder that can occur in the absence of
central vein occlusion, the involvement of central vein being
related to more severe disease [4]. Therefore the alternative
term of SOS was considered in replacement of VOD.

Aetiology: SOS occurs as an iatrogenic complication of
exposure to toxic agents for sinusoidal endothelium of the
liver and hematopoietic bone marrow cells [3]. A large num-
ber of drugs and toxins have been associated with SOS: plant
pyrrolizidine alkaloids, myeloablative regimens used in the
setting of haematopoietic stem cell transplantation, chemo-
therapy for liver metastasis of colorectal cancer, thiopurine
derivatives [50]. Other reported conditions are liver irradia-
tion and platelet transfusion containing ABO-incompatible
plasma [3]. Lately, an inherited condition combining VOD
and immunodeficiency associated with mutations in Sp110,
has been described. The acronym for this condition is VODI
[51]. Although its mechanism is unknown, one possible
explanation is an accompanying opportunistic viral infection
affecting the endothelium of sinusoids or central vein [51].

Morphological changes: Despite of its multiple causes,
patients with SOS present similar morphological changes
[50]. Circulatory obstruction precedes liver dysfunction.
According to the level of obstruction, various degrees of cen-
trilobular hepatocellular necrosis may occur [3]. As a result,
SOS lesions appear to have a patchy distribution [3]. It may
also associate one or more other lesions such as centrilobular
perisinusoidal and endovenular fibrosis, peliosis and nodular
regenerative hyperplasia (Fig. 11.3) [3, 49, 50]. All of these
changes seem to be related to SOS severity or represent late
lesions [50].

Functional changes: SOS is a clinical diagnosis based on
several common liver disease signs and symptoms: weight
gain with or without ascites, hepatomegaly and jaundice
[52]. However, patients can be asymptomatic or can present
with features of portal hypertension or multiple organ dys-
function syndrome.

Diagnosis: Starting from the definition, the diagnosis of
SOS expects a histologic examination of the liver [12].
Percutaneous liver biopsy is usually contraindicated by
thrombocytopenia, coagulopathy or ascites [4]. Transjugular
liver biopsy with hepatic venous pressure gradient is of
major help in confirming SOS [3]. In patients receiving mye-
loablative regimens used in the context of haematopoietic
stem cell transplantation, a hepatic venous pressure gradient
>10 mmHg proved to have a specificity of 91% and a sensi-
tivity of 52% for the diagnosis of SOS [3].

After excluding confiding situations, the diagnosis can be
made based on a high index of clinical suspicion in a patient
who has signs and symptoms of SOS and had received a
therapy known to cause liver injury [3, 4]. Increased serum
level of bilirubin is a sensitive but not specific marker [4].
The American Association for Study of Liver Disease
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Fig. 11.3 Acute sinusoidal
obstruction syndrome related
to gemtuzumab use
(Mylotarg) after
haematopoietic stem cell
transplantation (a, b) Masson
trichrome, (¢ hematein
eosin-safran; d: argentation
stain): dilatation and
congestion of sinusoids are
limited to centrilobular zones
around the terminal hepatic
vein #*; endothelial cells of
veins and sinusoids are
damaged, leading to a huge
hematic deposition in Disse
space and to hepatocyte
necrosis around the central
veins. (Reproduced from
Valla D-C, Cazals-Hatem D.
(2016) MINI REVIEW
Sinusoidal obstruction
syndrome, Clin Res Hepatol
Gastroenterol 40:378-385)

(ASSLD) introduced clinical criteria for SOS diagnosis [4].
These criteria, known as Seattle or Baltimore criteria, pres-
ent clinical features for diagnosis used for defining popula-
tions for research [3]. For example, the Seattle criteria were
developed for patients receiving myeloablative regimens
containing cyclophosphamide, clinical findings must occur
within 20 days of transplantation [3]. These criteria does not
apply in patients receiving regimens to cause late onset
disease [3]. Their sensitivity and specificity are currently not
well established, and their use in different settings of SOS
aetiology have not been evaluated [3].

The diagnosis may be supported by imaging techniques,
Doppler echocardiography showing signs of portal hyperten-
sion, liver and spleen enlargement; none of these findings are
specific for SOS [53]. Reversal of flow in portal vein and
monophasic flow in hepatic vein have been used to diagnose
SOS, but lacks sensitivity [54]. Magnetic Resonance imag-
ing may show patchy signal enhancement compatible with
histologically severe SOS. Because of its associated toxicity,
Computer Tomography is not recommended [4].

Treatment: Identifying patients at risk is useful in pre-
venting SOS. In patients with pre-existing liver disease, pre-
vious history of SOS, recent treatment with gemtuzumab
ozagamicin or myelofibrosis with extramedullary haemato-
poiesis, both European and American Guidelines recom-
mend the use of chemotherapy regimens with lower liver
toxicity, without cyclophosphamide [55]. At present, the
only proved strategy to prevent or reduce the severity of sinu-
soidal changes and their clinical expression is reducing the

intensity of chemotherapeutic regimen [49]. Prophylactic
pharmacological strategies have not proved a reduction in
overall risk of SOS or the risk of fatal SOS in randomized
controlled trials [4]. The routine use of intravenous heparin
or subcutaneous low-molecular weight heparin as prophy-
laxis for SOS, the use of ursodeoxycholate, prostaglandin
E1, pentoxifylline or N-acetylcysteine are unproved prophy-
lactic measures [4]. The prophylactic use of ursodeoxycho-
late reduces the frequency of jaundice and alanine
aminotransferase levels, without any benefit in SOS [55].

Treatment of SOS depends on its clinical severity and is
based mostly on supportive care with therapy of fluid over-
load, sepsis and organ failure [3]. Fluid overload should be
managed with diuretics, paracentesis, hemofiltration, and
haemodialysis [3].

Defibrotide, a mixture of the single-stranded oligodeoxy-
ribonucleotides derived from depolymerisation of porcine
intestinal mucosa DNA, proved a benefit for treatment of
severe SOS both in adult and children patients [4]. Moreover,
it has also demonstrated benefit for SOS prophylaxis in pae-
diatric hematopoietic cell transplantation patients [4].

Heparin and thrombolytic therapy proved no positive
effect [56].

TIPS and surgical shunting have been used in selective
cases for symptoms relief, but proved no benefit in
survival [57].

SOS is usually an iatrogenic complication caused by the
therapy used for patients with malignancy [49]. Liver trans-
plantation is limited by the underlying malignancy itself.
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However, it may be considered in selected cases with a
favourable prognosis [4].

Prognosis: The outcome of SOS lies upon the context
and the magnitude of exposure to toxic agents [12]. Predictors
of poor prognosis are the slope of bilirubin serum levels,
weight gain, higher levels of alanine aminotransferase,
higher hepatic venous pressure gradient and multiple organ
failure [4].

11.5 Congenital Vascular Malformations
Affecting the Liver

Congenital vascular malformations. Vascular malforma-
tions of the liver determine an abnormal intra or extrahepatic
shunting of blood [4]. They comprise several entities based
on the functional shunting. Shunting can develop between
the hepatic artery to the portal vein (arterioportal shunt) or to
the hepatic vein (arteriovenous shunt) or/and between the
portal vein to the systemic circulation (portosystemic or por-
tohepatic shunt) [4]. These types of congenital shunting can
be isolated, although rare, and diagnosed in infants or chil-
dren or may coexist in hereditary haemorrhagic telangiecta-
sia with liver involvement [4]. Although in this chapter we
will discuss only the congenital shunts, these shunts can also
be acquired, associated with hepatocellular carcinoma and/
or cirrhosis, or after trauma (including liver biopsy, transhe-
patic cholangiography, or biliary surgery).

Hepatic vascular malformations in hereditary haem-
orrhagic telangiectasia (HHT).

HHT, or Rendu-Osler-Weber disease is a rare, genetic dis-
order with an autosomal dominant inheritance pattern, char-
acterized by widespread cutaneous, mucosal, and visceral
arteriovenous malformations involving the lung, brain and/or
liver [3]. Most of patients present a mutation in one of two
genes disease related: endoglin and activin A receptor type
II-like 1, gene involved in transforming pathway of growth
factor b (TGFb). Those dysfunctional gene are expressed
predominantly on vascular endothelium [4].

Morphological changes: Vascular malformations in
HHT affect the liver extensively, and evolve continuously
from tiny telangiectasias to large arteriovenous malforma-
tions [58]. Due to a heterogeneous liver blood perfusion,
nodular regenerative hyperplasia or focal nodular hyperpla-
sia emerge, the latter having a 100-fold greater prevalence in
HHT patients than in general population [59].

Functional changes: Three types of intrahepatic shunt-
ing may coexist (arterioportal, arteriovenous, and portosys-
temic) leading to different, concomitant or successively
functional features: high output heart failure, portal hyper-
tension, biliary disease, hepatic encephalopathy, or mesen-
teric ischemia [60]. High output heart failure is characterized
by a hyperdynamic circulation developed through arteriohe-

patic and/or portohepatic shunting [61]. Portal hypertension
emerge from arterioportal shunting and secondary portal
fibrosis and/or regenerative hyperplasia [61]. Shunting can
cause biliary ischemia which can result in bile duct necrosis
and the extreme process of liver necrosis [61].

Diagnostic: Although HHT is a congenital disease, symp-
toms of liver vascular malformations appear predominantly
in females around 30 years of age [4]. Only 8% of patients
with liver vascular malformations on imaging are symptom-
atic [62]. High output heart failure represents the predomi-
nant clinical presentation, with exertional dyspnoea, ascites,
oedema [4] and atrial fibrillation [63]. The next most com-
mon presentation is portal hypertension and the clinical pic-
ture includes ascites, varices and variceal bleeding due more
often to gastrointestinal telangiectasias than to variceal
bleeding [4, 63]. Patients can also present with anicteric cho-
lestasis with or without cholangitis, encephalopathy, or mes-
enteric angina [3, 4, 63]. Biochemical changes are not
specific, with a slight elevation of alkaline phosphatase and
gamma glutamyl-transpeptidase, without any changes in the
live synthetic function [60].

Currently, according to EASL Clinical Practice
Guidelines, the diagnosis of HHT requires several criteria
known as Curagao criteria [3]. Diagnosis of HHT is sus-
pected in a symptomatic patients with clinical features sug-
gesting HHT and requires laboratory assessment and imaging
methods such as abdominal Doppler Ultrasound and/or
abdominal CT [62]. According to the Curagao criteria,
Doppler ultrasound can give a severity of grading (from 0+
to 4) which correlates with clinical outcome, and enables
management and follow-up. Intrahepatic hypervasculariza-
tion and enlarged hepatic artery seen on Doppler ultrasound
or CT have the highest diagnostic accuracy [4, 64]. Moreover,
because of the presence of nodular regenerative hyperplasia,
the liver may appear nodular on imaging studies, and should
be differentiated from cirrhosis. Liver biopsy in the diagno-
sis of liver vascular malformations in HHT is unnecessary [3,
4]. Genetic testing can be performed to establish the diagno-
sis in patients with diffuse liver vascular malformations who
do not meet clinical diagnostic criteria for HHT [65].
Echocardiography can be performed to evaluate the hemody-
namic impact [3]. Further tests (endoscopy, MR, angiogra-
phy) may be performed in special cases, depending on the
severity of liver vascular malformations [4].

Treatment: In asymptomatic HHT cases with or without
liver involvement no treatment is recommended [3, 4]. In
symptomatic HHT patients with liver involvement treatment
is given by the type of clinical presentation [66]. Patients
with high output heart failure should be managed according
to heart failure guidelines, with salt retention, diuretics, beta
blockers, angiotensin-converting enzyme inhibitors [3, 4].
Complications given by portal hypertension and encepha-
lopathy should be treated as recommended in cirrhotic
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patients [3, 4]. Supportive care is also important, with blood
transfusions or iron administration for anaemia, and treat-
ment of the variceal bleeding [3].

In non-responders to initial medical treatment, peripheral
embolization of liver vascular malformations is the most
effective and repeatable trans-arterial treatment [65].

Liver transplantation is the only definitive curative option
for liver vascular malformations in HHT [3, 4]. It is reserved
for selected cases such as ischemic biliary necrosis, compli-
cated portal hypertension and refractory heart failure [65].

Bevacizumab, an antibody to vascular endothelial growth
factor (VEGF) has been shown to reduce the liver volume
and ameliorate cardiac output after 3-month courses in
patients with severe liver vascular malformations and high
cardiac output [67]. However, further studies are needed
before this therapy should be recommended.

Prognostic: Clinical outcome of liver vascular malforma-
tions in HHT correlates with their severity. In a recent cohort
study with a median follow-up of 44 months, mortality
related to hepatic vascular malformations occurred in 5% of
patients, with incidence rates of complications and death 3.6
and 1.1 per person-years, respectively [63].

11.5.1 Isolated Congenital Liver Shunts

Congenital Arteriovenous (Hepatic artery to hepatic
vein) malformations consists of discrete abnormalities with
stable evolution and without change in dimensions [68].
These changes are very rare and usually present as a high-
output heart failure in a neonate [4]. The diagnosis is based
on MRI [68]. Initial treatment is pharmacological and the
aim is reducing the symptoms of heart failure [4]. In non-
responders to medical treatment, embolization and surgical
resection should be considered [4].

Congenital Arterioportal (Hepatic artery to portal
vein) malformations are very rare and cause portal hyper-
tension manifested within the first year of life [4]. Clinical
features include signs of portal hypertension, splenomegaly,
and or variceal bleeding [4]. The diagnosis is based on
Doppler ultrasound [68]. Treatment consists of embolization
of the feeding artery with or without resection [4]. Liver
transplantation should be considered in selected cases [4].

Congenital Portosystemic (Portal vein to systemic cir-
culation) malformations are rare developmental anomalies
secondary to abnormal development of the portal venous
system [4]. They may be associated with other congenital
anomalies [69]. They are divided into intrahepatic and extra-
hepatic shunts with common clinical features but different
treatment [69]. Through the malformations the intestinal
blood reaches the systemic circulation bypassing the liver.
Due to the lack of metabolization of plasma ammonia, its
serum increased level determines cognitive changes [4].

Symptoms include fatigue and mental retardation, with
recurrent episodes of portosystemic encephalopathy [70].
Ascites and portal hypertension are not usually seen [4].
Diagnosis and classification is based on MRI [69].
Preoperative evaluation of portal vein by angiography is
important, in order to determine portal vein patency, portal
pressure and the type of portosystemic shunt [71]. Every
shunt that persists after one year of life should be closed
before complications emerge [69]. Symptomatic cases are
immediately treated either by open surgery or laparoscopy
with the intention of shunt ligaturation [69]. Endovascular
embolization using periphery metal coils of the shunt is per-
formed in selected centers [4]. The choice of surgical or
endovascular approach is based upon patient’s clinical con-
dition, shunt anatomy and size and local expertise [69]. Liver
transplantation may be the only treatment of extrahepatic or
large intrahepatic multifocal shunts not suitable for emboli-
zation, or in cases of previous failed endovascular interven-
tions [69]. To a standard therapeutic approach is not
established.

11.6 Conclusions

Vascular disorders of the liver consist of multiple entities
with different pathophysiology background, different clini-
cal picture and different prognosis. As a general rule, ther-
apy implies anticoagulant therapy, endovascular manoeuvres
and surgical option. Thrombolysis shows no benefit, while
increasing the risk of bleeding complications. TIPS is sel-
dom recommended, while liver transplantation remains a
final option for most of the patients with vascular
disorders.

Self Study
Questions

1. Which of the following diseases are not treated with
anticoagulants?

A. Budd-Chiari Syndrome

B. Acute Portal Vein Thrombosis

C. Sinusoidal Obstruction Syndrome

D. Chronic Portal Vein Thrombosis

E. Splanchnic Vein Thrombosis

2. Which statement is true?

A. In Haemorrhagic Hereditary Telangiectasia angio-
MRI is the only imaging technique which can give a
severity grading of liver vascular malformations
which correlates with clinical outcome.

B. The diagnosis of Sinusoidal Obstruction Syndrome is
based on CT or liver biopsy.
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C. Genetic testing can be made to establish the diagnosis

in patients with Budd-Chiari Syndrome.

The diagnosis of Chronic Portal Vein Thrombosis

requires angiography.

E. Liver transplantation is the only definitive curative
option for liver vascular malformations in
Haemorrhagic Hereditary Telangiectasia

D.

Answers

. Which of the following diseases are not treated with

anticoagulants?

Answer: C

Which statement is true?
Answer: E.
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