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Liver vascular disorders often have important physiologic consequences, both inside and outside of
the liver. They may be categorized into abnormalities of outflow, abnormalities of inflow, and aberrant
arteriovenous connections. These disorders often have distinct appearances on imaging examinations
that can mimic other pathologies. The main common pathogenic feature is an imbalance between
hepatic arterial and portal venous blood flow leading to an increased hepatic arterial inflow.

Hepatocellular nodules can develop on the background of chronic hepatic vascular disorders. The
nodules can range from benign lesions such as regenerative nodules, focal nodular hyperplasia (FNH),
and hepatocellular adenoma (HCA) to malignant neoplasms such as hepatocellular carcinoma (HCC).
The most frequent are the FNH lesions. The preferred terminology is FNH-like, hemangioma-like,
adenoma-like, as their radiological features are influenced by the background vascular abnormality of
the liver. For example, in the congenital portosystemic shunts (CPSS) there is an increased arterial
supply due to portal deprivation. On this background, in the arterial phase of the contrast enhanced MRI
or contrast enhanced ultrasound only a mild hyperenhancement is depicted in the FNH-like nodules.
MRI with hepatobiliary contrast agents is essential, as lesion signal intensity on hepatobiliary sequences
is the key to characterizing liver nodules in CPSS. Biopsy is required in nodules that do not meet
classical FNH criteria, nodules that increase in size or display heterogeneity or nodules that show hypo-
intensity on delayed hepatobiliary contrast-enhanced MRI.

The accurate diagnosis of these nodules might be very difficult based on imaging or even
histological features, but it is crucial for further management. Benign nodules such as regenerative
nodules and FNH do not usually need resection, while neoplastic nodules such as HCA or HCC may
warrant resection.

Keywords: vascular diseases of the liver — focal nodular hiperplasia like, adenoma-like, hepatocellular
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INTRODUCTION

The major vascular disorders of the liver are
represented by portal vein thrombosis (PVT),
hepatic artery diseases (aneurysm, thrombosis),
sinusoidal obstruction syndrome, radiation-induced
liver disease, peliosis hepatis and sinusoidal
dilatation, Budd-Chiari syndrome (BCS), congenital
vascular malformations?.

Portal vein thrombosis in patients with liver
cirrhosis is the most common, followed by the PVT
in malignant circumstances. Non-cirrhotic non-
malignant PVT is an uncommon condition
characterized by thrombosis of the portal vein, with
or without extension into other mesenteric veins, in
the absence of cirrhosis or intra-abdominal
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malignancy?. The other vascular liver disorders are
even rarer, but it is important to recognize them,
based on non-specific imaging features, to be able to
differentiate these disorders from other conditions, as
they might mimic other pathologies and also to be
able to correctly evaluate their complications.

The most important pathological outcome is an
increased hepatic arterial inflow. From a clinical
point of view this hemodynamic imbalance has two
important consequences: 1) a distinct imaging
appearance of contrast-enhanced procedures, with a
rapid arterial uptake of the contrast agent, and 2) the
possibility to develop distinct nodular vascular
entities, nodular.

Heterogeneous liver nodules have been described
on the background of chronic hepatic vascular
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disorders. Most of these nodules are benign lesions
such as regenerative nodules, FNH, and hepatocellular
adenoma (HCA), but in some circumstances
malignant neoplasms such as hepatocellular
carcinomas (HCC) have also been reported.

For benign lesions the preferred terminology is
FNH-like, hemangioma-like, adenoma-like, as their
radiological features are influenced by the
background of vascular abnormality of the liver?,

The most frequent are the FNH lesions. Wanless
et al.* suggested many years ago, based on
histological examinations, that FNH was a
hyperplastic response of the liver parenchyma to an
increase or a disturbance of hepatic blood flow due
to a pre-existing vascular malformation, for
example a preexisting arterial spider-like
malformation®. Based on the frequent coexistence
of FNH with other vascular anomalies they
concluded that FNH are developmental in origin.
The basic requirement for development of hepatic
hyperplasia may be greater blood flow to a region
compared to the adjacent parenchyma, also detected
in nodular regenerative hyperplasia and partial
nodular transformation®. Macroscopically, FNH is a
circular, lobulated, well-circumscribed lesion, free
of fibrous capsule and characterized by a central
stellate fibrous scar containing large vessels. In
microscopy, it consists of a hyperplasia of the liver
parenchyma with benign-appearing hepatocytes,
organized in nodules separated by fibrous septa,
surrounding large vessels in the central scar often
accompanied by bile ductular proliferation and
inflammatory infiltration.

Other authors suggested a different mechanism
for FNH formation, also based on histologic
assessment. Kumagai et al.°> considered that
thrombosis of the hepatic artery and/or portal vein
was the cause of hepatic necrosis and that
reperfusion following hepatic arterial recanalization
resulted in the nodule formation.

The clinical importance of liver nodules
developed on a modified vascular background of the
liver lies in their correct diagnosis and management.

In this review, the vascular disorders of the liver
will be discussed, the potential risk of nodule
development, their diagnosis and management.

PORTAL VEIN THROMBOSIS
As PVT in the cirrhotic patients and in those with

malignancy has a different natural history, these are
not discussed in this review.

Non-cirrhotic  non-malignant PVT is an
uncommon condition. Population prevalence
estimates for portal vein thrombosis range from
0.05%-1% in autopsy studies®, hospital series report
standardized incidence rates between 0.7-3.79 per
100,000’.

The etiology of non-cirrhotic non-malignant
PVT is represented by one or more factors that
affect the Virchow’s triad: reduced portal blood
flow, hypercoagulability, and vascular endothelial
injury. The obstruction of the portal vein lumen
leads to increased resistance to the flow creating
back pressure within the portal system and
development of portal hypertension. Two
compensatory mechanisms have been postulated to
maintain hepatic perfusion in the setting of portal
vein obstruction. Firstly, a reflex increase in the
hepatic arterial flow and secondly a rapid formation
of porto-portal collaterals leading to cavernous
transformation of the portal vein?.

Bureau C et al.® described two cases of FNH in
young patients with non-cirrhotic, non-tumoral
PVT, highlighting the etiological connections
between the increased arterial outflowed caused by
portal vein thrombosis and the development of
HNF. More recently, in a cohort study of 58 patients
with cavernous transformation of the portal vein,
FNH-like lesions were detected in 21% of patients®.
FNH-like lesions were found with other benign liver
lesions (1 hemangioma, 1 adenoma) in two patients.
Only three (25%) patients with FNH-like lesions
showed a progressive clinical course®.

In case of a cavernous transformation of the
portal vein, there is insufficient portal venous inflow
far from the hilum, and consecutively it is an
increase in the hepatic arterial flow especially in the
peripheral liver segments. These hemodynamic
liver changes cause central liver hypertrophy and
peripheral liver atrophy® easily detected on
imaging.

Most FNH-like lesions are typical on contrast-
enhanced CT or MRI; however, a central scar often
lacked due to their small size®. The MRI findings of
HNF-like are: isointensity on T2-weighted images
(82%), intense and homogeneous enhancement
during the arterial phase, and lack of washout during
the hepatic venous and interstitial phases (100%).

The diagnosis of FNH-like lesions is based on
MRI, the most reliable sign being the detection of
liver specific contrast agent on hepatobiliary phase
(iso- or hyperintense lesions on hepatobiliary
phase), corresponding to the bile ductular
proliferation®°. The size and number of the FNH-
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like lesions may increase over time®. Adenoma and
hepatocellular carcinoma are rare in these cases™.

BUDD-CHIARI SYNDROME

The primary form of BCS occurs from the
obstruction of hepatic venous outflow, usually
because of hepatic vein thrombosis. Other possible
causes are intrinsic venous narrowing or more rarely,
webs obstructing the intrahepatic inferior vena cava
or the hepatic veins. The secondary form can occur
from extrinsic compression or direct venous invasion
by the tumor!. The hemodynamic consequences of
outflow obstruction are hepatic congestion and
increased sinusoidal pressure, with development of
portal hypertension and parenchymal fibrosis.
Secondary, intra- and extrahepatic venous collaterals
develop, there is an increased hepatic arterial flow.
Hypertrophy in areas of preserved hepatic venous
outflow predispose patients to the formation of FNH-
like lesions'?.

FNH-like lesions are reported in more than one-
third of patients with chronic BCS and are not
related with specific etiological factors of BCS3,
Their size might increase or, more rarely, decrease
over time. They are homogeneous and
hypervascular and the largest lesions often have a
central scar'.

Certain imaging features differ from those of
FNH such as hyperintensity on T1-weighted and
variable signal T2weighted MR images (either iso-,
hypo-, or hyperintense)!®. An important aspect is
that these FNH-like lesions might present wash-out
of the contrast agent on CT or MRI during portal
venous and/or delayed phase, because of increased
signal intensity of the surrounding liver due to
increased arterial inflow'®. Biopsies in these cases
might be required, as some of the nodules also might
increase their size. Sometimes even the histological
examination might be inconclusive as there are no
specific immunohistochemistry markers?3,

Hepatocellular adenoma-like also might develop
on the background of BCS™; they have different
immunohistochemistry expression for liver fatty
acid binding protein, glutamine synthetase, nuclear
b-catenin, C reactive protein. Their malignant
potential is considered higher than adenomas
developed on normal vascular liver background®®.

Hepatocellular carcinoma (HCC) might develop
in patients with BCS*. Serum alpha-fetoprotein
(AFP) is helpful in monitoring patients with BCS
and suspected nodules of HCC. Patients with long-

term inferior vena obstruction are at a higher risk of
developing HCC than those with pure hepatic vein
involvement!¢17, HCC usually appears
hypervascular, heterogeneous, and solitary by
imaging. The histological diagnosis might be
difficult because frequently HCCs are highly
differentiated tumors?®,

Monitoring patients with BCS and increasing in
size vascular nodules might be challenging, both on
imaging and histology assessment. Contrast-
enhanced ultrasound or specific liver contrast agent
MRI combined with alpha-fetoprotein monitoring
might be helpful. Contrast-enhanced ultrasound
and/or MRI are recommended as they depict with
high accuracy mild hyperenhancement. On
contrast-enhanced ultrasound, FNH-like lesions
displayed center-to-periphery uptake of contrast-
agent and the lesions remain hyperechoic on portal
venous and delayed phases, enhancement of most
HCCs was heterogenous on arterial phase and
hypoechoic on portal and delayed phases®®.

CONGENITAL PORTO-SYSTEMIC SHUNTS

Congenital portosystemic shunt(s) (CPSS) are
rare vascular malformations of embryonic origin
through which intestinal blood flow bypasses the
liver partially or completely, and thereby reaches
the systemic circulation unfiltered®®.

CPSS are often associated with systemic
complications (pulmonary vascular complications,
liver nodules, neurological, endocrine, metabolic,
hematological complications). Liver nodules of
various histological types are highly prevalent in
this population and may be malignant. Porto-
pulmonary hypertension is the most life-threatening
complication in patients with CPSS and requires
regular monitoring both before and after shunt
closure?®.

The complications associated with CPSS can be
challenging to manage. At the time of diagnosis, a
careful assessment of all possible complications might
be done. If porto-pulmonary hypertension is present, a
multidisciplinary approach and prompt treatment
should be done. Understanding shunt anatomy and
portal vasculature, quantifying portal pressure and
portosystemic gradient with an occlusion test and
evaluating nodule histology and size will determine
the closure approach (endovascular, surgery or even
liver transplantation). A risk stratification should be
formulated, longitudinal follow-up is required for all
patients prior to shunt closure, as well as post closure
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for any patient with a liver nodule or pulmonary
hypertension.

Different type of liver nodular lesions might be
present in patients with CPSSs being related to
major portal deprivation?®. The most frequent
clinical scenario is incidentally detections of
multiple, heterogeneous liver nodules in a young

patient. These nodules might not have typical
vascular pattern and after a better assessment of the
liver vessels on imaging, CPPSs are discovered
(Fig. 1). Most patients have multiple liver nodules
and FNH-like lesions, hepatocellular adenoma
(HCA)-like or regenerative nodular hyperplasia, but
HCC might also develop®*.

Fig 1. Focal nodular hyperplasia-like tumour. MRI with Primovist appearance.a) T1: iso-hypointense; b) T1 with contrast: early
arterial enhancement) enhancement persists into delayed phases c).

The anatomic form of CPSS might influence the
tumor type, owing to the degree of portal flow and
compensatory arterial supply. Intrahepatic CPSS
are typically associated with benign liver masses,
while both benign and malignant tumors have been
reported in extrahepatic CPSS®1°,

FNH-like lesions are more often atypical on
imaging than in patients with normal livers and may
enlarge over time®*°. These atypical lesions may be
explained by complete and chronic portal blood
deprivation. Contrast-enhanced MRI and contrast
enhanced ultrasound have high accuracy for
depiction of mild hyperenhancement. MRI with
hepatobiliary contrast agents has high accuracy for
liver nodules characterization.

FNH lesions show no central scar, and only weak
hyperenhancement on hepatic arterial phase,
because high non-nodular liver enhancement results
in diminished nodule-to-liver contrast ratio'®.
Hepatocellular adenoma subtyping on imaging is
also very difficult in the setting of CPSS.

Before shunt closure, imaging is recommended
every 6 months. In case of a “suspicious nodule”,
imaging should be repeated every 3 months, or a
biopsy should be obtained for histopathological
diagnosis and immunohistochemical assessment
(glutamine synthetase, b-catenin, serum amyloid A,
C-reactive protein, CD34 glypican-3LFABP (liver-

fatty acid binding protein)). If there is evidence of
b-catenin activation, imaging monitoring at every 3
months should be done, considering the risk of
HCC?,

HEREDITARY HEMORRHAGIC
TELANGIECTASIA

Hereditary hemorrhagic telangiectasia (HHT),
also known as Rendu—Osler—Weber syndrome, is an
autosomal dominant disorder that interferes with
angiogenesis and its control mechanisms®.
Microscopic telangiectasia and direct arteriovenous,
arterioportal, and porto-venous shunts might be
present, resulting in an increase in hepatic arterial
flow. Liver involvement is present in 67-84% of
patients, being associated with mutations in the
ALK1 gene mutations (type 2)%.

The spectrum of vascular liver lesions in patients
with HHT is represented by FNH-like, intrahepatic
shunts, nodular regenerative hyperplasia, sinusoidal
dilatation and ischemic cholangiopathy that may
coexist simultaneously in the same patient?#2,
Buscarini et al.?® estimated the prevalence of FNH-
like lesions in HHT as 2.9%, significantly higher
than in the general population. Most patients with
FNH-like lesions had severe hepatic shunts and
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were women?, FNH-like lesions might increase in
size overtime. The contrast-enhanced MRI with
hepatobiliary contrast agents may differentiate
FNH-like lesions from large telangiectasia. Liver
biopsy is normally contraindicated in HHT because
of a higher risk of bleeding.

Hepatocellular adenomas and hepatocellular
carcinoma were rarely reported?’.

PELIOSIS HEPATIS

Peliosis hepatis is a rare benign vascular
condition characterized by sinusoidal dilatation and
the presence of blood-filled cystic cavities within
the liver parenchyma?. The cysts are lined by
endothelial cells in the phlebectatic subtype while
they lack an endothelial lining in the parenchymal
subtype, and the cystic spaces can vary in size from
1 mm to several centimeters?®=3°, The same process

may occur in the spleen, bone marrow, lymph
nodes, and more rarely in the lungs, stomach,
intestine, parathyroid, pancreas, pituitary gland, and
kidneys. Peliosis hepatis pathogenesis remains
uncertain, being associated with drugs (anabolic
steroids, corticosteroids, immunosuppressants,
selective estrogen receptor modulators, and
androgen), hematological neoplasia and chronic
infections (tuberculosis, human immunodeficiency
virus)®3l,  Event most of the patients are
asymptomatic and discovered incidentally, some
severe cases with liver rupture, portal hypertension
and liver insufficiency were reported®. PH lesions
usually appear as single or multiple areas of
varying-sized cysts with hypoattenuation to liver
parenchyma on unenhanced CT, hyperintense to
liver parenchyma or heterogeneous signal intensity
on T2-weighted imaging, and hypointense to liver
parenchyma or heterogeneous signal intensity on
T1-weighted imaging® (Fig. 2).

Fig 2. Peliosis hepatis. a) multiple hypoechoic masses in an enlarged liver; b) multiple hypoechoic masses in an enlarged spleen; c)
liver: multiple nodules on the surface; d) histology assessment: multiple cavities (corresponding to dilatation of the sinusoids) filled
with blood.

SINUSOIDAL OBSTRUCTION SYNDROME

Sinusoidal obstruction syndrome (SQOS) s
characterized by the damage to small hepatic
vessels affecting particularly  sinusoidal
endothelium. Damaged sinusoids can be associated
with a partial or complete occlusion of small hepatic
veins, hence the previous denomination of hepatic
veno-occlusive disease (VOD). Exposure to certain
exogenous toxins, especially oxaliplatin, appears to
be specific to this condition and is frequently
included in its definition®3,

This disorder is characterized by a spectrum of
pathologic changes, from sinusoidal dilation, peri-
sinusoidal haemorrhage, peliosis and nodular
regenerative hyperplasia®®. Very rarely liver
nodules mimicking liver metastases have been
described®%®, especially in colorectal cancer
patients treated with oxaliplatin.

FONTAN SURGICAL PROCEDURE

Liver nodules have also been described in patients
after the Fontan surgical procedure (anastomosis
between the vena cava or right atrium and the
pulmonary arteries and causing chronic passive liver
congestion). Liver pathology varies from passive
venous congestion to hepatic ischemia and chronic
congestive hepatopathy (previously known as cardiac
cirrhosis)®’. FNH-like lesions were reported in patients
with high Fontan pressures®. Also, HCC cases might
be present after longer period®. Differential diagnosis
between FNH-like lesions and HCC might be difficult,
especially in the presence of cirrhosis.

CONCLUSIONS

Even if rare, vascular disorders of the liver
should be considered in the clinical scenario of a
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young person with multiple benign nodules. Many
vascular disorders of the liver are associated with
benign hepatocellular tumours, secondary to an
increase in the arterial flow. FNH-like lesions are
the most common, as this nodule is a hyperplastic
response of the liver parenchyma to an increase or a
disturbance of hepatic blood flow. Hepatocellular
adenoma-like or even hepatocellular carcinoma
were described, requiring multiple serological,
imaging and even biopsies assessments. Imaging,
and especially contrast enhanced ultrasound and
MRI with specific contrast agents are depicting with
high accuracy a mild hyperenhancement of these
nodules on the vascular background of the liver
characterized by an increase arterial outflow.
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