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Abstract

In this overview of vascular changes of the liver, variations in the liver vessels are discussed, in addition to congenital mal-
formations such as Abernethy malformation, patent ductus venosus Arantii and hereditary hemorrhagic telangiectasia (Osler-
Weber-Rendu disease). Particular attention is paid to focal liver lesions, especially focal nodular hyperplasia (FNH), but also
other solid tumours that develop as a result of altered liver vascularisation. The article focuses on the ultrasonic appearances
and changes of the liver, depicted in B-mode sonography, Doppler studies and in contrast-enhanced ultrasonography (CEUS).
The clinical manifestations of these conditions associated with other organ systems are also highlighted.
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Introduction

The World Federation for Ultrasound in Medicine
and Biology (WFUMB) has published guidelines on
the use of contrast-enhanced ultrasound (CEUS) for the
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evaluation of focal liver lesions [1-5]. Improved detec-
tion and characterization of common focal liver lesions
(FLL) are the main topics of these guidelines. In recent
years, conventional ultrasound (US) and CEUS features
of less common FLL have been described in detail.

In a series of publications initiated by this review on
vascular malformations, we aim to summarize the US
and CEUS features of very rare FLL where there are
limited reports and figures published in order to create a
library of these rare lesions.

The hepatic vessels may show a variety of variations;
many of which will have no clinical significance. How-
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ever, there are changes in the hepatic vessels that appear
confusing initially and others which require an extremely
good knowledge and a trained eye to recognize. Portal
venous vascular malformations such as Abernethy mal-
formation, patent ductus venosus, and hereditary hem-
orrhagic telangiectasia (HHT), also known as Osler-We-
ber-Rendu disease with arteriosystemic and arterioportal
shunts not only cause fibrosis of the liver parenchyma and
portal hypertension, but also have systemic implications.
These clinical pictures may be equally associated with
other systemic abnormalities. Consequently, decreased
portal venous flow leads to compensatory increased ar-
terialization of the liver. Therefore, a hyperplastic reac-
tion of the liver with formation of nodules may occur.
The most common variant is focal nodular hyperplasia.
However, other tumors are also possible. Differentiation
of these tumors in a liver with decreased or absent portal
venous flow, intrahepatic shunts, and fibrotic or cirrhotic
liver parenchyma can be challenging.

In the following review, various vascular changes,
variants and malformations are discussed.

Hepatic vascular malformations and variations

Hepatic malformations must be distinguished from
variations in the hepatic vasculature. Affecting up to one
third of the population, variations of the liver vessels
are common and diverse and can become clinically sig-
nificant in terms of segmental assignment of focal liver
lesions, for vascular interventions and in hepatobiliary
surgery [6-9].

Variations in hepatic vascularization, variations in

the umbilical veins

A persistent right umbilical vein is considered an
anomaly in development however, a malformation is also
plausible. During fetal development, there are right and
left umbilical veins. Typically, the right umbilical vein
involutes, and the left remains present. A persistent right
umbilical vein, however, communicates with the right
portal vein and not with the left portal venous branch
as in usual development. In the case of a persistent right
umbilical vein, an assessment for congenital heart dis-
ease should be performed [10].

Variations in the portal vein system

The most common anomaly is portal vein trifurca-
tion, in which the main portal vein divides into three
branches: the right anterior, right posterior, and left an-
terior portal veins. This is observed in about 7% of the
population. Another variation is that the first branch of
the main portal vein is the right posterior branch, fol-
lowed by branches into the right anterior and left portal
veins, noted in around 5% of the population. Other less

common variations include quadfurcation of the portal
vein and origin of the segment-VIII or -IV branch from
the main portal vein [6,10].

Hepatic artery variations

The most common anomalies are a replaced or acces-
sory right hepatic artery from the superior mesenteric ar-
tery (10% of cases) or a replaced or accessory left hepatic
artery from the left gastric artery (approx. 10%). Other
variations include an atypical origin of both the left and
right hepatic arteries and the common hepatic artery aris-
ing from the superior mesenteric artery or directly from
the aorta [9,10].

Hepatic vein variations

Common anomalies here include double right hepatic
vein, drainage of segment VIII into the middle hepatic
vein or an accessory inferior right hepatic vein draining
independently into the intrahepatic IVC, usually draining
segment VI or VII and rarely segment V [7,10].

Malformations or congenital anomalies

Preduodenal portal vein

A preduodenal portal vein may be an incidental find-
ing, although it is associated with duodenal obstruction
in about 50% of all cases. Duodenal obstruction is rarely
a direct result of the anomalous vein. Instead, it is more
often caused by secondary associated duodenal stenosis
and/or atresia, in association with malrotation, annular
pancreas, or cases with heterotaxy (polysplenia) and bil-
iary atresia. The aberrant vessel can also be identified
with US and should be assessed in a patient with situs
anomalies or biliary atresia [10].

Portal vein hypoplasia or atresia

Hypoplasia or atresia of the portal vein may involve
all or a portion of the portal vein. This raises the ques-
tion, on the one hand of the difference between atresia
or hyperplasia of the portal vein and, on the other hand,
Abernethy malformation with a congenital portosystemic
shunt and atresia or hyperplasia of the portal vein. One
possible explanation is that in the case of excessive invo-
lution of the umbilical vein after birth, portal vein atresia
and/or stenosis may develop [10,11]. The course for the
development of Abernethy malformation is set during
embryological development. Incomplete involution of
the vitelline venous system in response to the develop-
ment of hepatic sinusoids is probably the main reason
for shunt formation [11]. Atresia of a major branch of
the portal vein can be associated absence of the corre-
sponding hepatic lobe. A hypoplastic portal vein is often
as small as or smaller than the adjacent hepatic artery.
A portal vein diameter of 3 mm is generally considered
hypoplastic. The prevalence of portal vein hypoplasia in
the setting of biliary atresia has been reported to be up to
26% [10].
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Infradiaphragmatic total anomalous pulmonary

venous return (TAVPVR)

Total anomalous pulmonary venous return is a con-
genital heart malformation in which the pulmonary veins
do not open into the left atrium and instead drain through
an anomalous vein into the right heart, resulting in a left-
to-right shunt. Types III and IV of these anomalies are
tangential to the liver. The anomalous vein may drain
into the superior vena cava (supracardial or type I), cor-
onary sinus (cardiac or type II), or IVC or portal vein
below the diaphragm (infracardiac or type III); alterna-
tively, it could drain into a mixture of the above (type
IV). The anomalous vein typically drains into the portal
vein (in about two-thirds of the cases) or the IVC. Venous
obstruction at the level of the diaphragm is one of the
criteria for -type-II1 TAPVR [10,12].

Congenital portosystemic shunts (CPS)

Congenital portosystemic shunts are abnormal com-
munications between the portal venous and the systemic
venous system and portal vein atresia or dysplasia. Aber-
nethy malformation types I and II with extrahepatic CPS
is further discussed.

Patent ductus venosus Arantii

Patent ductus venosus (PDV) is characterized by
an intrahepatic shunt from the proximal part of the left
portal branch to the terminal part of the left hepatic vein
and located in the depth of the Arantius sulcus between
the left and caudate lobes of the liver [13] (fig 1). The
occluded ductus venosus passes into the ligamentum
venosum, which joins the ligamentum teres. In the adult
liver, it runs within the fissure between the anatomical
left and right lobes and extends posteriorly into the in-

Fig 1. Bile duct atresia, choledochal cyst Todani I in a 3-month-old girl. An operation according to Kasai has already been per-
formed. There is a patent foramen ovale, a patent ductus venosus Arantii, and no evidence of portal venous flow proximal to the sin-
ister ramus principalis. There is a focal liver lesion in the left lobe of the liver. Ultrasonography shows a saccularly dilated segmental
bile duct branches in the 2nd and 3rd liver segment (a). A patent ductus venosus Arantii with high flow velocity is shown (b). Focal
liver lesion (FLL) in the left lobe of the liver in B-mode (c); FLL in the left lobe of the liver; duplex ultrasonography shows numerous
vessels (d). CEUS: first vascular signals appear centrally, no “spoke-wheel” (e, f); homogeneous hyperenhancement in the arterial
phase (g), portal venous phase (h) and in the late phase after >2 min (i) and more than 3 min (j). Parametric imaging with the first
vessel signal in the center (red) (k). Late phase arterial hyperenhancement is a benignity criterion. The presence of a telangiectatic
FNH is assumed in the result of the CEUS examination. A histological confirmation was not performed.
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ferior vena cava. During fetal development, the venous
duct connects the umbilical vein and the inferior vena
cava. This allows blood from the umbilical vein to reach
the left atrium via the inferior vena cava and the foramen
ovale, bypassing the portal system. The ductus venosus
closes after birth. Occlusion of the umbilical vein causes
an abrupt drop in blood flow and functional occlusion of
the ductus venosus Arantii. Other factors include changes
in cardiac pressure and a decrease in endogenous prosta-
glandins, which can occur from within minutes to up to
37 days after birth [14].

Postnatally, the fetal shunts (ductus venosus, duc-
tus arteriosus, and foramen ovale) close at different in-
tervals. The ductus venosus is normally open for much
longer than the ductus arteriosus [15,16]. The ductus
venosus closes on day 3 in 12% of all healthy newborns,
before day 7 in 76%, and before day 18 in all infants
[15]. Among preterm infants, the ductus venosus closes
by day 3 in only 9%, by day 8 in 40%, and by day 18 in
88%; all are closed by day 37, significantly later than in
healthy newborns. The ductus venosus exhibits delayed
closure in preterm infants, with no significant correlation
with the closure of the ductus arteriosus or the condition
of the infant. The color and pulsed Doppler flow signals
in the ductus venosus reveal a typical cephalic biphasic
waveform directed from the portal sinus into the inferior
caval vein, similar to the velocity signals found in term
infants. The signals become less biphasic and start to re-
semble continuous shunt signals or become monophasic
over time [16].

An increasing pulsatile pattern and reversed flow ve-
locity (triphasic flow) in the ductus venosus has been ob-
served in infants with primary pulmonary hypertension
and congenital heart defects with increased right atrial
pressure [17]. The Doppler waveforms in the ductus
venosus thus display different diagnostic relevance; the
monophasic flow curve in the ductus venosus is regarded
not only as an expression of functional obstruction but
also in connection with pre-existing liver cirrhosis (i.e.,
hemochromatosis) in newborns. The biphasic flow curve
is an expression of immature physiological systems,
while the triphasic flow curve is the result of increased
right atrial pressure due to congestive heart failure [14].

Prolonged patency or patent ductus venosus has been
observed not only in preterm births but also in congenital
heart disease (atrial septal defect and tricuspid regurgita-
tion), pulmonary hypertension, hydrops fetalis, multiple
coronary fistulas, hypoplastic right hepatoportal systems,
tumor-like lesions of the liver, liver cirrhosis and fatty
infiltration of the liver, and chromosomal abnormalities
including Down’s syndrome [14]. A familial occurrence
in three brothers without known consanguinity has been

a) S | b)

Fig 2. Intrahepatic portosystemic shunt (incidental finding) in a
89 y/o female with fever, dyspnea and pneumonia. Pancytope-
nia, agranulocytosis secondary to acute myeloid leukemia but
no hepatic encephalopathy. On B-mode ultrasound, there was a
polycyclic cystic lesion in the periphery of the right liver lobe
(a). Doppler ultrasound showed non-pulsatile flow between a
portal vein and hepatic vein branch (b). This was classified as
an intrahepatic portosystemic shunt (Type III in the classifica-
tion from Park 1990). This third type consists of peripheral
portal and hepatic veins connecting through an aneurysm. The
patient died from complications of acute myeloid leukemia.

described [17]. Clinical manifestations include galacto-
semia, hypoxemia, liver dysfunction, and encephalopa-
thy. Development of encephalopathy depends on the
shunt volume via the patent ductus venosus [18].

Park et al described four different morphological
types in a classification of intrahepatic portosystemic
shunts. The first and most common is a single large tube
of constant diameter that connects the right portal vein
to the inferior vena cava. The second type is a localized
peripheral shunt in which single or multiple communica-
tions are found between the peripheral branches of portal
and hepatic veins in one hepatic segment. The third type
is aneurysmal: the peripheral portal and hepatic veins are
connected through an aneurysm (fig 2). The fourth type
exhibits diffuse, multiple communications between the
peripheral portal and hepatic veins in both lobes [18,19].
The open ductus venosus is not specified in this classifi-
cation.

A patent ductus venosus is detectable through Dop-
pler sonography as a vascular, tubular structure in the
left lobe of the liver, continuing from the left portal vein
to the inferior vena cava in the location of hepatic vein
confluence with the inferior vena cava [20]. In a total of
25579 patients without a history of abdominal trauma or
operations, liver biopsy, hereditary hemorrhagic telangi-
ectasia, Budd-Chiari syndrome, focal nodular hyperpla-
sia (FNH), chronic hepatitis, cirrhosis, or hepatic malig-
nancy, 6 (0.0235%) exhibited evidence of spontaneous
intrahepatic PSVS in color Doppler sonography. Three
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each were classified as types 1 and 3 according to Park et
al’s classification system. A PDV was not specified, indi-
cating the rarity of the disease in adults [19,21].

An example of PDV described was significant dilata-
tion of the left portal vein and a shunt of the left portal
vein into the middle hepatic vein, which was considered
a cystic dilatation without any turbulent flow [22]. A
PDV between the anterior segmental branch of the portal
vein and the middle hepatic vein has been reported [18].
Diminished small portal branches, notable attenuation
of the main portal vein and collateral vessel within the
liver to the inferior vena cava can be observed in US and
Doppler sonography [17]. A reported case involves the
co-occurrence of PDV with FNH, similar to the accumu-
lation of FNH in Abernethy malformation [17,23]. The
gold standard for diagnosis is angiography. Treatments
for PDV remain controversial, and options include con-
servative management and surgical interventions such
as coil embolization, Teflon banding, ligation, and liver
transplantation [22].

Abernethy malformation (and FNH)

Congenital portosystemic shunts (CPSS) are anom-
alies resulting in complete or partial diversion of the
portal blood into systemic circulation. They were first
described in 1793 by John Abernethy, who discovered
a portal venous malformation during the postmortem ex-
amination of a 10-month-old girl. This malformation was
subsequently named after him, and it consisted of a con-
genital extrahepatic portosystemic shunt (CEPS) [24].
Abernethy malformation is a very rare congenital vas-
cular condition that comprises a number of anomalies:
CPSS, liver nodules or tumors, and congenital heart dis-
ease as well as congenital diseases of other organs. It has
countless clinical presentations, from being completely
asymptomatic to causing hepatic carcinoma, neonatal
cholestasis, hypergalactosemia, hepatic encephalopathy,
severe pulmonary hypertension, and diffuse pulmonary
arteriovenous malformation [25]. Most patients with Ab-
ernethy malformation are female and over 18 years of
age at the time of diagnosis [26].

A review investigated 310 reported cases in 2019
[27]. There are different, complementary classifications
of CPSSs. Morgan and Superina define complete porto-
systemic shunts not perfusing the liver via the portal vein
as type I and partial shunts with minimal portal perfusion
to the liver as type II [28].

Currently, CPSSs can be divided into four anatomic
types [13,29]:

Type I: An extrahepatic end-to-side shunt without
any detectible flow into the intrahepatic portal system,

apparently with absent intrahepatic portal branches. Type
I can be further subclassified into types IA and IB based
on the course of the splenic and mesenteric veins [28,30]:

Type IA: The splenic vein (SV) and superior mesen-
teric vein (SMV) are draining separately into a systemic
vein such as the inferior vena cava (IVC) or a renal vein.

Type IB: The SV and SMV both drain into a systemic
vein after merging into a common trunk. The confluence
trunk of both veins usually drains into the suprarenal or
suprahepatic IVC. Alternatively, it may flow into the he-
patic vein, right atrium, iliac vein, or renal vein. Type
IB is more common than TA (65.4% versus 30.8%;[30].
A 2015 report proposes a different classification system
based on the visualization of the intrahepatic portal sys-
tem architecture during angiography using a shunt occlu-
sion test. The test demonstrates that almost every case
diagnosed with a type-I CPSS exhibits a visible intrahe-
patic portal system. In addition, CPSSs can be classified
into three types depending on the severity of the hypo-
plasia of the intrahepatic portal system: mild, moderate,
and severe. This information has important therapeutic
implications on whether the portal vasculature will ac-
cept portal flow after shunt occlusion [31].

Type II: An extrahepatic, either side-to-side or H-
type shunt with some preserved intrahepatic portal flow.
In type-II shunts, the intrahepatic portal vein is intact but
hypoplastic, and some of the portal blood is diverted into
a systemic vein (usually the IVC). Lautz et al subclas-
sifies type II according to the origin of the shunt as fol-
lows: type 2a, which involves the right or left portal vein
branch (PVB) (including patent ductus venosus); type
2b, with the shunt arising from the main PV at bifurca-
tion or splenomesenteric confluence; and type 2¢, which
involves the SMV, SV, or gastric vein [32]. While type-
I malformation is predominantly described in females,
type II displays no gender predilection in its prevalence
[33].

Type III (intrahepatic type): Intrahepatic shunt(s) of
any configuration except persistent ductus venosus. Type
IIT includes all other intrahepatic shunts that do not cor-
respond to the persistent ductus venosus (PDV). These
include, for example, shunts between the left branch of
the portal vein and the left or middle hepatic vein.

Type IV Persistent ductus venosus, characterized as
an intrahepatic shunt from the proximal part of the left
portal branch to the terminal part of the left hepatic vein
and located in the depth of the Arantius sulcus between
the left and caudate lobes of the liver [13,29].

The congenital extrahepatic shunt can also be subdi-
vided according to the draining vessel [34]. Portal flow is
classified as type A when it is directed into the IVC, type
B into the renal vein, and type C into the iliac vein via
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the mesenteric vein. In this “clinical classification,” the
prevalence of cardiac anomalies in patients with type-A
portal blood flow is slightly higher than in other shunt
types. Lower gastrointestinal bleeding is considerably
more common in type-C patients. The prevalence of por-
tosystemic encephalopathy is higher among type-A and
type-B sufferers and very rare among type-C patients. In
addition to the absence of the portal vein, nodular liver
lesions can be observed in almost half (45.5%) of the re-
ported cases [26]. Compensatory increase in hepatic arte-
rial blood flow as a result of the portal vein agenesis and
absence of portal blood flow can be considered one cause
of nodular liver lesions in Abernethy malformation. Sys-
temic shunting of the visceral venous return may lead to
abnormal development, malfunction, and regeneration
of the liver, secondary to the absence of portal hepato-
trophic factors, resulting in the development of hepatic
lesions [26,35]. Most of these lesions are characterized as
benign, such as FNH (37% of the cases). Other types of
reported lesions include nodular regenerated hyperplasia
(16%), hepatoblastoma (4.1%), hepatic adenoma (10%),
hepatocellular carcinoma (27%), and cirrhosis (6%) [26].
The coexistence of hemangiomata and hepatocellular
cholangiocarcinomata have also been reported [27].

FNH is the most common hepatic tumor in patients
with congenital absence of the portal vein. The occur-
rence of multiple FNHs have been described, along with
the simultaneous presence of classic and telangiectatic
FNH, or FNH and other liver tumors such as HCC and
adenoma. According to the MRI findings, Zhang et al
suspect an increased incidence of the telangiectatic vari-
ant of FNH [30]. Several known associations between
primary liver disease and concomitant congenital cardiac
defects have been identified. Congenital cardiac diseas-
es, including the most common ventricular septal de-
fects, atrial septal defect, open foramen ovale, and patent
ductus arteriosus, are frequently observed concurrently
with congenital absence of the portal vein (CAPV). Con-
genital stenosis of the aortic valve and pulmonary artery
valve are also observed in a number of patients with
CAPV. Concomitant atrial and ventricular septal defects
associated with CAPV may be attributed to a congenital
adaptive change that occurs during development from
the embryonic stage and compensates for the congestive
effects of portal venous aplasia. Dextrocardia or meso-
cardiac and tetralogy of Fallot have been sporadically
reported [26,27,36].

However, it has also been hypothesized that systemic
shunting of portal venous flow can adversely affect car-
diac function [37]. In addition to the aforementioned
congenital cardiac diseases, other types of dysplasia in-
volve the kidneys and urethra (e.g., cystic kidney dys-

plasia, ureteropelvic obstruction, crossed renal ectopia
with vesicoureteral reflux, renal agenesis, hydronephro-
sis, and varicocele), spleen (e.g., polysplenia), bone
(e.g., scoliosis, hemivertebrae, shortened fifth fingers
and toes, hypoplasia of the thumb, absence of the first
metacarpophalangeal complex, polydactyly, arachnodac-
tyly, clinodactyly, sacral anomalies, facial dysmorphism,
dolichocephalic, tarsal synostosis, clavicle agenesis, hip
dysplasia, scoliosis, and hemivertebrae), arteries (e.g.,
aortic coarctation, double IVC, agenesia or stenosis of
the IVC, azygos/hemiazygos continuation of the IVC, 2
splenic veins, double aortic arch, pulmonary artery ste-
nosis, artery aneurysm, and pulmonary artery stenosis),
bile duct (e.g., congenital choledochal cyst, Caroli dis-
ease, biliary atresia, congenital hepatic fibrosis, and in-
trahepatic gallbladder), or nervous system and endocrine
glands. Bronchopulmonary malformations include bron-
chomalacia, bronchial stenosis, laryngomalacia, tracheal
diverticulum, and lobar pulmonary sequestration. In ad-
dition, a number of patients are affected by genetic dis-
eases such as Turner’s syndrome, Goldenhar’s syndrome
(oculo-auriculo-vertebral dysplasia), Down’s syndrome,
Costello’s syndrome, Trisomy 8, Ataxia-telangiectasia
syndrome, Holt-Oram syndrome, Noonan syndrome,
Klippel-Trenaunay—Weber syndrome, and Adams—Oli-
ver syndrome [26,27].

Diagnostic evaluation usually involves the use of
multiple imaging modalities. Although the initial sus-
picion always arises from an abnormal US scan of the
abdomen, a high index of suspicion on the part of the per-
son performing the scan is required. Doppler US allows
for a quality study of all the vascular components of the
liver and of their anatomic variants. Ultrasound delinea-
tion of the anatomy of the spleno-mesenteric venous sys-
tem, portal venous trunk, and its main branches can raise
suspicion of CEPS in cases of absence or hypoplasia of
the PV, missing intrahepatic portal signals, and evidence
of spontaneous porto-systemic shunts. Furthermore, it
indicates compensatory hypertrophy of the hepatic artery
and the presence of singular or multiple nodular changes
in the liver [27,38].

The published case reports of FNH in congenital por-
tosystemic shunts have been diagnosed by US, duplex,
contrast CT, and MRI. US plays a role in the primary
diagnosis and imaging of vascular changes [25,27,30,39-
42]. However, there have been no published cases with
CEUS, hence the behavior of FNH in congenital portal
venous shunts is unclear. Hypertrophy of the common
hepatic artery is typical. The behavior of FNH in the por-
tal venous and the late phases, in the absence of portal
venous flow owing to the shunt is unclear. FNH is usu-
ally hyperenhancing in the portal venous and late phases.
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Fig 3. 1 y 10 month/male. Abernethy malformation, extrahepatic portocaval shunt and two focal liver lesions (59x53 mm and 10
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mm). Patent foramen ovale, ventricular septum defect. Two hyperechoic focal liver lesions are visible in B-mode. Instead of intrahe-
patic portal branches, sabre sheath-like echoic changes are seen in the course of the liver segment vessels (a). The portocaval shunt is
seen distal to the venous confluence at the hepatic hilum to the inferior vena cava (b). In CEUS, the larger hepatic lesion is hyperen-
hanced in the arterial phase. Several smaller, branching vessels present early arterially in the lesion (c). The lesion is homogeneously
hyperenhanced in the arterial phase (d). The lesion remains hyperenhanced in the portal venous phase (e) and late phase (f). The
parametric image shows early arterial multiple vessels in the liver lesion (red) (g). Hyperenhancement in the late phase is sign of a
benign liver lesion. The presence of a FNH of the teleangiectatic type is favoured, but not confirmed histologically.

In the absence of portal venous flow, FNH may show
washout, and differentiation from malignant lesions be-
comes more difficult. Ponziani et al, following the EF-
SUMB guidelines, recommends CEUS with reference to
the typical contrast behavior of benign hepatic masses.
However, there is no data in the literature on how these
lesions behave on CEUS under conditions of absence of
portal venous vascularization in the liver [27]. In our case
of FNH in Abernethy malformation (fig 3), the portal ve-
nous and late phase showed hyperenhancement relative
to the surrounding liver parenchyma. It must be noted
that there is no histological confirmation.

The type of CAPV and simultaneous presence of
congenital anomalies are the key factors in determining
the severity of a patient’s pathogenetic condition and the
course of the disease. Type-I patients are typically re-
ferred for liver transplantation, whereas type-II shunts
are amenable to endovascular treatment [43-45].

Malformations, Osler disease

Hereditary hemorrhagic telangiectasia (HHT), also
known as Osler—Weber-Rendu disease, is an autosomal

dominant disorder characterized by multiple mucocu-
taneous telangiectasias. These telangiectasias represent
small arterio-venous malformations (AVMs), direct con-
nections between the arterioles and venules bypassing
the capillary beds that tend to bleed, causing patients sig-
nificant amounts of distress in their daily lives. Problems
associated with HHT include iron deficiency anemia as
well as hematological, neurological, pulmonary, skin, and
gastrointestinal tract symptoms. There are 2 main types
of HHT, both caused by heterozygous mutations. The
first type, HHT1, involves a mutation in endoglin (ENG).
These patients, especially women, are at a higher risk
of getting pulmonary and cerebral AVMs. Meanwhile,
HHT?2 involves a mutation in activin A receptor-like type
1 (ACVRLI), also known as ALKI1, and patients with
HHT?2 have a higher risk of getting liver AVMs. Endoglin
comprises about 61% of the mutations known to cause
HHT, and ACVRL1 comprises about 37%. Mutations in
growth differentiation factor 2 (GDF2) have also been
observed. This gene encodes the protein that binds to en-
doglin and ACVRLI. Lastly, there are cases of mutations
in SMAD4, which encodes a protein that transmits sig-
nals from the transforming growth factor beta (TGF-3)
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receptor. This mutation only comprises about 2% of cas-
es. Patients with this gene mutation suffer from juvenile
gastrointestinal (GI) polyposis and HHT [46,47].

The prevalence of HHT in Europe is 1.5 to 2 per-
sons per 10,000, although some sources claim a higher
number due to variable penetrance and the fact that the
symptoms do not appear until later in adulthood. The dis-
ease has a higher prevalence in certain populations, such
as the Afro-Caribbean residents of Curacao and Bonaire
[48]. In many cases, clinical symptoms are limited to na-
sal bleeding, which occurs in more than 90% of patients.
Epistaxis usually begins in childhood or adolescence at a
mean age of 12 years, while telangiectasias do not tend to
appear until after puberty and may not occur until adult-
hood. The latter are typically present on the face, lips,
tongue, palms, and fingers, including the periungual area
and the nail bed. Gastrointestinal bleeding is the most
common symptom after epistaxis and occurs in approxi-
mately 13-30% of the cases, most commonly beginning
after 50 years of age.

Patients with HHT may have multiple AVMs
throughout the body. However, the most important ones
for which clinicians should screen their patients are in the
brain, lungs, GI tract, and liver. [49].

Diagnosis of HHT is considered if at least 3 of the 4
diagnostic criteria are met: 1) spontaneous and recurrent
epistaxis; 2) multiple mucocutaneous telangiectasias at
characteristic sites such as the lips, oral cavity, fingers,
and nose; 3) visceral involvement, such as GI telangiec-
tasia, pulmonary arterio venous malformations (AVMs),
hepatic, and cerebral and spinal AVMs; and 4) a first-de-
gree relative with HHT [50].

Hepatic vascular malformations are common (30-
80% of all cases); liver involvement occurs most often in
females around 48 years old and patients with the HHT2
genotype [51]. Mortality in HHT patients is closely linked
to SMAD4 mutation and to chronic anemia, gastrointes-
tinal bleeding, and symptomatic liver involvement [52].
Symptoms depend on the severity and type of shunting
[53]: arteriosystemic shunting leads to manifestations
of high-output cardiac failure and atrial fibrillation, and
arterioportal shunting leads to portal hypertension and
biliary disease, including ischemic cholangitis and bile
duct necrosis. Shunts between portal and hepatic veins
may increase the risk of portosystemic encephalopathy.
A rare clinical manifestation is abdominal angina due to a
steal phenomenon caused by the high hepatic artery flow
volume [54,55]. The largest study on the natural history
of patients with hepatic involvement in HHT reported
complications and mortality related to hepatic AVMs in a
follow-up period of median 44 months (range 12-181) in-
volving 25.3% and 5.23% of patients, respectively [55].

Using multislice CT, Memeo et al demonstrated that the
liver is affected in 41-78% of patients with HHT. In most
of these patients, there were no clinical symptoms of liv-
er disease [56]. Histological abnormalities of the blood
vessels connected to the liver vary greatly in size from
microscopic changes such as enlarged sinusoids to more
complex large arteriovenous and portal venous shunts.
The typically diffuse distribution, unusual in other vascu-
lar disorders, should always raise suspicion of underlying
HHT [57].

Imaging screening techniques include US, CT, and
MRI [58]. B-mode and color-Doppler US evaluations
are standard screening tests for liver AVMs in the ini-
tial workup of patients suspected of liver involvement
[51,59]. These techniques can detect the location of
large AVMs and evaluate the direction and magnitude of
blood flow [60], in addition to screening for focal liver
lesions, lesions of the biliary tree, and portal hyperten-
sion (splenomegaly, ascites, and portal varices). The US
features of the disease include dilatation of the extrahe-
patic proper hepatic artery, defined as a diameter great-
er than 4-5 mm, owing to increased hepatic blood flow
through arteriovenous fistulas, and dilated intrahepatic
arterial branches which become more apparent with more
advanced AVMs [53,61-63]. There is increased velocity
within the proper hepatic artery, with some studies sug-
gesting a peak flow velocity greater than 100 cm/s [61];
low arterial resistive index (RI <0.55); “arterialization”
of the venous waveform; as well as dilatation and tur-
bulent flow within the portal and hepatic veins. Porto-
systemic shunts can be visualized as peripheral tubular
structures with internal blood flow caused by arteriove-
nous, arterioportal, and portal venous fistulas, whereby
color Doppler US reveals increased flow velocity, alias-
ing, and turbulence [53]. CEUS and newer techniques
for microvascular evaluation may improve the detection
of smaller arteriovenous shunts [64] (fig 4). The preva-
lence of solid focal liver lesions in patients with hepat-
ic involvement in HHT is remarkable higher than is the
general population with FNH and nodular regenerative
hyperplasia most often observed [53,65] (fig 5)], whereas
hepatic hemangioma seems to be a rare co-occurrence
(fig 6).

It is worth noting that the prevalence of FNH in pa-
tients with HHT is 2.9%, compared to 0.3% in the gen-
eral population [53], as a result of an anomalous increase
in blood flow to a specific portion of the liver parenchy-
ma, which triggers a focal hyperplastic reaction in the
liver cells [66-68]. Occasionally, patients with HHT do
actually have cirrhosis (secondary to extensive necrotiz-
ing cholangitis), hepatocellular carcinoma, or hemobilia
secondary to the rupture of AVMs in the biliary tree [69].
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Fig 4. Dilated hepatic artery at the porta hepatis in a patient with Rendu-Osler syndrome (a). Peripheral A-V fistula is well detected
on color-Doppler evaluation (b). Doppler showed a turbulent, low resistance flow typical of an a-v fistula (c). B-flow shows a dilated
arterio-venous malformation (d). Explanation: The amplitude of scatterers in flowing blood is imaged by a subtraction mode of two
to four vectors along one line. Noise reduction is gained by using digital encoded US pulses. Signal enhancement is performed by
using a pulse compression method (coded excitation) [70].

Conclusions

With a thorough and systematic examination of the
hepatic artery, the portal vein and its branches and the
hepatic veins using B-mode and Doppler sonography, it
is possible to recognize normal variations, but also mal-
formations. At the same time, liver parenchymal chang-
es that are associated with these vascular changes are
shown. Intrahepatic shunts can be detected. Decreased
or absent portal venous flow usually leads to increased
arterialization of the liver, causing a focal hyperplas-
tic reaction of the liver cells. This favors the formation

Fig 5. Focal hodular hyperplasia in a hereditary hemorrhagic
telangiectasia patient. Color-Doppler showed the “spoke-
wheel” like appearance (a) and CEUS demonstrated arterial of nodules and development of tumors, typically focal
enhancement of the lesion (b). hyperplastic neoplasia. CEUS is an important meth-

Fig 6. Incidental finding of hepatic Osler’s disease in a 61 years old female. Colour Doppler showed numerous vessels with in-
trahepatic shunts of various types (a). The hepatic artery had a diameter of 11.5 mm (b, between markers). In liver segment VII, a
homogeneous hyperechoic focal lesion was found with a diameter of 34 mms (c, between markers). CEUS characterized this as a
cavernous hemangioma with nodular rim enhancement in the early arterial phase (d), progressive centripetal enhancement (iris phe-
nomenon) in the portal-venous phase (¢), which is to completion in the late phase (f). Microflow Imaging in the late phase shows the
rich vasculature of the liver parenchyma, but no macrovessels within the focal lesion (g).
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od for the diagnosis and differential diagnosis of these
nodules.
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