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Abstract

Paediatric biliary tract and gallbladder diseases include a variety of entities with a wide range of clinical presentations.
Cholestasis represents an impaired secretion of bilirubin by hepatocytes, manifesting with high blood levels of conjugated
bilirubin and jaundice. Various causes may be involved, which can be recognised analysing blood tests and hepatobiliary
imaging, while sometimes liver biopsy or surgery may be necessary. High-resolution real-time ultrasonography is an impor-
tant tool for differentiation of obstructive and non-obstructive causes of jaundice in infants and children. In this paper, we
briefly review the normal anatomy and the ultrasound aspects of main pathologies affecting gallbladder and biliary tree in

neonatal and paediatric age.
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Introduction

Paediatric biliary tract diseases include a variety of entities
with a wide range of clinical presentations. They frequently
manifest with clinical picture and/or laboratory findings of
cholestasis. The term cholestasis is commonly referred to
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an impairment of the biliary flow causing retention of sub-
stances, which should normally be excreted through the bile.
From a clinical point of view, symptoms of cholestasis are
sub-icterus, jaundice, pale stools, dark urine and itching. The
latter does not present within 6 months after birth and may
become the main clinical sign in older children and teenag-
ers. Despite the fact that up to 15% of breast-fed infants may
have prolonged jaundice over 3 weeks and only 0.04-0.2%
of them have cholestatic jaundice, it is important to early
exclude bile ducts impairment, which are sometimes related
to poor prognosis if not promptly recognised and treated.
Therefore, a prolonged jaundice over 2 weeks must always
be investigated to rule out cholestatic diseases [1].

Objective examination may find hepatomegaly, some-
times associated with splenomegaly. Laboratory findings
often include conjunct hyperbilirubinemia, increased serum
levels of biliary acids, gamma-glutamyl transferase (GGT)
and alkaline phosphatase. Traditionally, cholestasis can be
divided into intrahepatic forms (infections, autoimmune
hepatic pathologies, pharmacologically induced hepatic
toxicity and parenteral nutrition) and extrahepatic forms
(stones, biliary ways malformations and tumours of the bil-
iary ways or the surrounding areas).

The most common extrahepatic disorder in newborns
is biliary atresia and it has to be distinguished from other
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causes of neonatal obstructive cholestasis, choledochal
cysts in particular. High-resolution real-time ultrasonog-
raphy (US) helps to distinguish between obstructive and
non-obstructive causes of jaundice in infants and children,
detecting the two most common causes of neonatal cholesta-
sis: biliary atresia and choledochal cyst [1, 2]. In this paper,
we review the normal anatomy and the US aspects of main
pathologies affecting gallbladder and biliary tree in neonatal
and paediatric age.

Anatomy, technique and sonographic
aspects

Right and left-hand biliary ducts merge into a single
hepatic duct at the level of hepatic hilum (Fig. 1). The
common bile duct originates from the junction of the
common hepatic duct and the cystic duct (Fig. 2). It runs
along the portal vein and then courses posteriorly to the
duodenum and to the pancreas, where it joins the Wirsung

duct to finally end into the duodenum at the level of the
ampulla of Vater. The gallbladder is located on the inferior
surface of the liver: it has a piriform shape, which appears
lengthened on the sagittal plane and roundish on axial
scan. It is divided in a proximal portion (or infundibu-
lum), a body and a lower portion and it joins the common
bile duct through the cystic duct. In normal conditions, its
wall should not be thicker than 3 mm and it should present
anechoic content (Figs. 3, 4). Sometimes, there can be
found some congenital gallbladder variants of shape (phry-
gian cap, multiseptated, diverticula), position (ectopic),
size or number (agenesis or duplication) (Fig. 5).

To obtain an accurate ultrasonographic evaluation of gall-
bladder and biliary ducts, the patient needs to lie in supine
position, or, occasionally, to rest on the right side. Oblique
and longitudinal scans are obtained below the costal mar-
gin along the right hypochondrium, while axial scans are
acquired at the epigastric level. Sometimes, intercostal scans
through right intercostal gaps may be necessary. 4—6-h fast-
ing is necessary to allow visualization of a distended organ.

L 0.15¢m
L 0.16cm

Fig. 1 Ultrasonography anatomy of intrahepatic biliary tract: the right and left-hand biliary converge into a single hepatic duct

Fig.2 Ultrasonography
anatomy of extrahepatic biliary
tract: the coledocus originates
from the junction between the
hepatic and the cystic duct
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Fig.3 Ultrasonography anatomy of the gallbladder: the gallbladder is
divided in a proximal (or neck) portion, a body and lower (or fundus)
portion

Biliary system US study requires a systematic approach
thorough the examination of the right upper quadrant vis-
cera including liver, bile ducts, gallbladder, pancreas and
portal vein. However, the entire abdomen and pelvis should
be scanned.

Normally, the right hepatic lobe should not extend more
than 1 cm below the costal margin in a young infant without
pulmonary hyperaeration and should not extend below the
right costal margin in older infants and children. The normal
echotexture of the hepatic parenchyma in paediatric patients
does not differ from those seen in normal adult livers. The
echogenicity is normally homogeneous, low to medium, and
the peripheral portal venous vasculature is clearly seen [2].

Fig.4 Ultrasonography of the
gallbladder wall stratification.
From the outside to the inside
we recognise: hyperechoic
serosa, hypoechoic muscularis
and hyperechoic mucosa

Intra- and extrahepatic biliary ducts should be carefully
measured to exclude ductal dilatation. However, although
there are several studies regarding common bile duct meas-
urement in children, there is no unanimous agreement on its
normal size in different paediatric age groups [3-5]. Actu-
ally, vagueness of the age criteria and various conditions,
such as previous cholecystectomy, drug treatment and the
imaging modality itself can affect the diameter measurement
[6]. Nonetheless, it is crucial to recognise an abnormal com-
mon bile duct dilatation because of its possible association
with congenital malformation and pathologic conditions,
such as infection, stones, biliary dysfunction and malignancy
[3, 7, 8]. Thus, a common bile duct diameter greater than
7 mm is an arbitrary widely accepted cut-off to suggest fur-
ther investigations in order not to overlook significant biliary
tract pathologies [6, 9—13].

As far as it concerns the gallbladder, a normal length is
considered 1.5-3 cm in infants (< 1-year-old) and 3-7 cm
in older children. The length of the gallbladder should not
exceed the adjacent kidney [2—4]. Furthermore, the gallblad-
der should also be evaluated for stones, sludge masses and
pericholecystic fluid (Fig. 6).

Postnatally US is the initial diagnostic modality of choice,
as it allows precise measurements of intra- or extrahepatic
duct calibre and identification of stones and sludge.

* mucosa: hyperechoic

* muscolaris: hypoechoic

* serosa: hyperechoic

Fig.5 Diagnostic imaging of anomalous gallbladder duplication: ultrasonography (a, b) and magnetic resonance imaging (c)
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Fig. 6 Ultrasonography of the
gallbladder shows inhomogene-
ous content: different type of
biliary sludge (upper and central
line) and micro lithiasis (lower
line)

Choledochal cyst

Choledochal cyst is a rare and benign congenital cystic
dilation of the biliary tree [14]. There are different degrees
of dilatation, ranging from a simple fusiform dilatation of
the common bile duct to an anechoic roundish lesion at the
hepatic hilum (Figs. 7, 8, 9 and 10).

The estimated incidence of choledochal cyst is
1/100,000-1/150,000 individuals in Western countries
with an even higher incidence in some Asian countries
(e.g. 1/13,000 in Japan).

Some authors hold that different mechanisms contribute
to the formation of the disease [14—16]. The most common
aetiology is bile duct obstruction, which may present as

@ Springer

acute abdominal pain and/or jaundice and is revealed by
abnormal liver function test [17, 18].

The most widely used classification of choledochal cysts
(by Todani) is based on the site of cystic changes in the
biliary tree [19]. Type 1 (the most common, 80-90% of
all choledochal cyst) is characterised by cystic or fusiform
dilatation of common bile duct (CBD). Type 2 is associ-
ated with a true CBD diverticulum. Type 3 presents as an
intraduodenal choledochocele. Type 4 consists of two other
subtypes: type 4a is characterised by multiple intra- and
extrahepatic cysts, whereas type 4b is quite rare and it is
associated with multiple extrahepatic cysts. Type 5, also
known as Caroli disease, is associated with single or mul-
tiple intrahepatic cysts in combination with simultaneous
extrahepatic diseases [20]. At US, Caroli’s disease has focal
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Fig.7 Schematic overview
of choledochal cyst (Todani’s
classification). Modified from
Soares et al. [14]
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Fig.8 Ultrasonography scan of the liver, axial image, a, b show simple fusiform dilatation of common biliary duct (yellow arrow) in keeping
with the type 1A cyst and coarse liver echotexture thought to be secondary to cholestasis
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Fig.9 Colour Doppler ultrasonography images a, b show at the level of the main biliary tract a non-vascularized anechoic formation in keeping
with the type II cyst or diverticular choledochus (yellow arrow)
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Fig. 10 Multiple dilatation of both intrahepatic and extrahepatic biliary duct (stars) in keeping with the type IVa cysts at ultrasonography (upper

line) and at magnetic resonance imaging (lower line)

or diffuse dilated ducts, varies from few millimetres to few
centimetres, with or without sludge inside due to biliary sta-
sis, surrounding branches of the portal vein; this arrange-
ment of the cysts is configured as “central dot” sign at colour
Doppler where portal radicles are observed within dilated
intrahepatic bile duct. The latter is the best diagnostic clue
(Fig. 11) [21].

Clinical presentations vary among different age groups,
the classic triad of jaundice, abdominal pain and abdominal

right upper quadrant mass is found only in the minority
of patients [4, 22]. Sometimes, delay in diagnosis leads to
severe complications such as malignant transformations,
cholangitis, pancreatitis and cholelithiasis.

Differential diagnosis of choledochal cysts is with other
several cystic lesions, including hepatic cyst, enteric dupli-
cation cyst, pancreatic pseudocyst, hepatic artery aneurysm
and spontaneous perforation of the CBD. Mostly, these enti-
ties can be detected through a careful US scan with colour

Fig. 11 Transverse scans of the liver a, b show coarse liver pattern
with dilated ducts (calliper) converging to the hilum. Colour Doppler
imaging modality b shows colour flow in portal radicles surrounded
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by dilated intrahepatic ducts as “central dot” sign (arrows). These fea-
tures are in keeping with type V cysts or Caroli’s disease
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Doppler imaging. In particular, an enteric duplication cyst
is most often characterised by the intestinal wall sign, the
“muscular rim sign,” which consists of a bright echoic inner
rim (mucosa) and a hypoechoic outer rim (muscular layer)
[4, 23-25]. A hepatic artery aneurysm may be instead rec-
ognised with colour Doppler US.

Biliary ways atresia

Biliary atresia is a destructive inflammatory obliterative
cholangiopathy of neonates that affects both intrahepatic and
extrahepatic bile ducts (Fig. 12). It has an incidence of 1/17
000-19000 live born in Western Europe, but is most frequent
in East Asia with an incidence of 1/5000 [26]. Female new-
borns are slightly more affected than males (M:F=1:1.5).
There are two different kinds of biliary atresia: an embryonal
form, with very early signs and associated with other, more
severe, malformations and a perinatal form.

The pathogenesis of the disease is still unknown, but is
likely related to multifactorial aetiology due to genetical,
infectious or inflammatory factors leading to the develop-
ment of an obliterative cholangiopathy. Current researches
are evaluating the possibility that perinatal infection (e.g.
reovirus or rotavirus) may interact with genetic factors that

Fig. 12 Ultrasonography in
biliary atresia (a, b): fibrous
non-vascularized triangular-
shaped tissue anteriorly to the
right portal vein, close to the
confluence of right and left
hepatic ducts (arrow)

influence biliary morphogenesis, inflammatory response or
the presence of associated malformations [26, 27].

Unless surgically treated within the first 45-60 days since
birth, the prognosis is poor because of secondary devel-
opment of biliary cirrhosis which leads to a two-year life
expectancy. Actually, biliary atresia is the most common
cause of hepatic transplant in paediatric age (about 75% of
hepatic transplant in children aged <2). 10-20% of biliary
atresia cases manifest syndromic forms associated with
other malformations, the most common is the biliary atre-
sia splenic malformation (BASM), reported in 10% of all
biliary atresia cases. It includes polysplenia, situs inversus
and vascular anomalies (such as absence of the inferior vena
cava and portal preduodenal vein). In some cases, it can even
be associated with cardiac pathologies such as ventricular
septal defect (VSD), atrial septal defect (ASD) and left ven-
tricular hypoplasia.

Biliary atresia symptoms usually appear 2—6 weeks after
birth. Infants affected by biliary atresia show jaundice,
hepatic volume enlargement with increased stiffness, pale
stools and dark urine. Due to the fact that all these clinical
signs may be overlooked during early clinical checks, an
early and accurate preoperative diagnosis of biliary atresia is
required. The Kasai procedure (portoenterostomy) has been
shown to be more successful when performed within 90 days
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after birth [28]. Therefore, it is important to quickly differ-
entiate biliary atresia from other medically treatable causes
of cholestatic jaundice, even though there are several clini-
cal, histopathologic and radiologic overlaps between biliary
atresia and other causes of cholestatic jaundice [29-31]. US
plays an important role in the screening of infantile cholesta-
sis: failed visualization of gallbladder (phantom hypoplastic
gallbladder) and the presence, anteriorly to the portal vein,
of a hyperechoic tubular or triangular tissue (“triangular
cord”), which represents fibrotic residuum of atretic biliary
ducts (Figs. 13, 14), can be US signs of biliary atresia [4,
32-34].

Atretic gallbladder and triangular cord sign have been
demonstrated to be useful indicators with variable diagnostic
performances. Other US findings which can be related to
biliary atresia, such as the visualization of extrahepatic bile
duct, the diameter of the hepatic artery and the presence of
increased vascular resistance, such as increased portal vein
calibre, and hepatic subcapsular flow have been evaluated.
Clinical routine diagnosis of biliary atresia considers all
these US findings [35-43].

However, there are several limitations, for example,
abnormal gallbladder morphology may also be seen in
patients without biliary atresia and affected by severe intra-
hepatic cholestasis [44, 45].

Moreover, signs of increased vascular resistance in the
liver, including increased calibre of hepatic arteries, inver-
sion of the subcapsular arterial flow (Fig. 15) and portal
hypertension with persistent venous duct, can also be related
to cirrhosis. Nonetheless, the presence of hepatic subcapsu-
lar flow is useful for differentiating biliary atresia and other
causes of neonatal jaundice, as it is characterised by high
sensitivity and specificity values (up to, respectively, 100%
and 86% [42, 43]).

The triangular cord sign has been reported to be a highly
specific finding for the diagnosis of biliary atresia in many
studies [4, 35, 36, 38, 41, 42, 46-50]. Several authors used a

Fig. 13 Abnormal gallbladder in biliary atresia. Oblique sonograms
show an atrophic small gallbladder with thickened and irregular wall
as a phantom hypoplastic gallbladder (calliper)
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Fig. 14 B-mode and power Doppler ultrasonography images show a
non-vascularized echogenic fibrous tissue (white triangular border) at
hepatic hilum: triangular cord sign

triangular cord thickness of 4 mm as the objective criterion
for triangular cord sign in biliary atresia, many other used
3 mm [37, 41, 42, 49-52]. Lee et al. reported 3.4 mm as a
cut-off value for the thickness of triangular cord sign, which
alone was associated to a sensitivity of 78.2%, a specificity
of 100% and a diagnostic accuracy of 90% [53]. Moreover,
since other studies demonstrated that the triangular cord sign
may be not evaluable in the early stage of some biliary atre-
sia cases and evolve later it was underlined that the absence
of the triangular cord sign cannot exclude the diagnosis of
biliary atresia at all and, therefore, the presence of other US
findings, such as abnormal gallbladder morphology, should
be more carefully evaluated [36, 38, 53].

Despite the usefulness of US in the diagnosis of biliary
atresia, there are several limitations, only partially related to

Fig. 15 Colour Doppler ultrasonography image shows hepatic sub-
capsular flow
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the operator’s ultrasound experience. Sometimes the com-
mon hepatic duct is not visualized in healthy infants and, in
some cases of intrahepatic cholestasis, is not associated with
a remarkable reduction of the biliary flow. A few cases of
biliary atresia (about 20%) show normal gallbladder; despite
the fact that it is a specific sign, the detection of the triangu-
lar cord depends on the operator’s ability and the quality of
the US machine [54].

Other available diagnostic techniques are magnetic
resonance cholangiopancreatography (MRCP) and HIDA
(hepatoiminodiacetic acid) scan. However, the diagnostic
value of MR cholangiography for biliary atresia is still under
debate (sensitivity: 90-100%; specificity: 36-96%; diagnos-
tic accuracy: 71-98%) as well as the usefulness of HIDA
[48, 49]. Frequently, a definitive diagnosis is achieved only
in the surgical theatre through direct exploration of the bil-
iary way, preferably combined with intraoperative cholan-
giography [55, 56].

Cholelithiasis

Cholelithiasis in children is a rare disease with prevalence
between 0.13 and 0.22% [57]. Nonetheless, it is detected
more frequently than in the past because of the more numer-
ous abdominal US examinations [58].

Gallstones may be idiopathic or secondary. There are
several clinical conditions associated to their development
such as obesity, diabetes, prematurity, characterised by dif-
ferent incidence among the various age groups. In infants
and children under 5 years of age, the conditions most fre-
quently associated with lithiasis are prematurity, total par-
enteral nutrition, systemic infections and genetic diseases; in
school-age children, and even more in adolescents, the most
frequently reported causes are familiarity, obesity, haemo-
lytic diseases, ileal diseases and cystic fibrosis [4, 59-61].

Although approximately 80% of adults with gallstones
are asymptomatic, this situation is much less frequent in

children (17-35%) [59, 60]. Moreover, also the composi-
tion of gallstones is different: adult gallstones are mostly
composed of cholesterol; paediatric stones can be com-
posed of black pigments (associated with haemolytic dis-
ease, total parenteral nutrition), cholesterol, or calcium
carbonate (associated with systemic illness) [62].

Generally, the most common presenting sign in
infants < 1 year is jaundice, while in children > 1 year is
vomiting.

However, clinical presentation and diagnosis of bil-
iary colic in children may be challenging, especially
when patients are very young. Different clinical pictures
have been described varying from abdominal pain (often
located in the upper quadrants and sometimes associated
with dyspeptic symptoms) to a real biliary colic (charac-
terised by acute abdominal pain in the right hypochon-
drium and/or epigastrium, which can radiate to the shoul-
der homolaterally, generally accompanied by jaundice,
nausea and vomiting). Moreover, there could be signs and
symptoms of pancreatitis/acute cholecystitis. Sometimes,
gallstones are an incidental finding, not associated to spe-
cific symptoms [59, 60, 63].

When not complicated, laboratory findings are not helpful
in the diagnosis of cholelithiasis as only half of the patients
present abnormal results. Therefore, the diagnosis of gall-
bladder stones needs imaging modalities [64]. The abdomi-
nal US is often the first choice as it is characterised by a
high level of accuracy with a sensitivity and a specificity
of 95%. Gallstones appear as hyperechogenic formations in
the gallbladder lumen, with a rear shadow cone, sometimes
movable with the patient’s decubitus changes (Figs. 6, 16
and 17) [4, 64].

Although it is not regularly used in diagnostic imaging
of uncomplicated cholelithiasis, MRC is of great use in
selected cases, particularly in case of common duct stones.
MRC is also useful to better delineate the anatomy of the
bilio-pancreatic tree when anatomical malformations are
suspected [64].

Fig. 16 Ultrasonography of the gallbladder shows sludge (star) and hyperechoic gallstones with acoustic shadow cone (arrow) moving with the

decubitus of the patients from the neck (a) and body (b) to the fundus (c)
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Fig. 17 Standard longitudinal ultrasonography scans of the extrahepatic biliary tract (a—c) show a dilated common bile duct (b, calliper)
obstructed by a hyperechoic gallstone (c, calliper) with acoustic shadow cone (¢, arrow)

Endoscopic retrograde cholangiopancreatography
(ERCP) is considered the gold standard for choledocholithi-
asis not only in adult age but also in paediatric age, as it is
both diagnostic and therapeutic.

Neonatal sclerosant cholangitis

Neonatal sclerosant cholangitis (NSC) is an idiopathic dis-
ease characterised by inflammation and fibrosis of intra- and
extra-hepatic bile ducts. It is described in a limited num-
ber of patients presenting in early infancy with jaundice,
hepatosplenomegaly, pale stools and high serum y-glutamyl
transferase activity (GGT) [4, 65]. A genetic origin of con-
sanguinity of the parents was hypothesized in 40% of cases,
suggesting an autosomal recessive transmission. In 50% of
cases, NSC comes in association with extrahepatic manifes-
tations, including aortic stenosis with or without obstructive
hypertrophic cardiomyopathy. The diagnosis is suspected in
the presence of low birth weight and onset with cholestatic
jaundice and clay-coloured stools within the first 2 weeks of
life, often indistinguishable from biliary atresia. Liver US
may show irregularity of bile ducts calibre. However, defini-
tive diagnosis is made by cholangiography which demon-
strates the bile duct patency and the typical intra- and extra-
hepatic ducts alterations. Hepatic histology is not very useful
because it shows signs that are indistinguishable from those
of the biliary atresia such as portal fibrosis, focal parenchy-
mal necrosis, ductular proliferation and mixed inflammatory
infiltrate [4, 66]. MRCP has a low diagnostic sensitivity and
specificity. For the definitive diagnosis, exploratory lapa-
rotomy is used in combination with intraoperative cholan-
giography to identify the irregular and rarefied intrahepatic
bile ducts, to define the opacification of the common bile
duct and to exclude biliary atresia (Fig. 18).

@ Springer

Fig. 18 Magnetic resonance cholangiopancreatography image with
maximum intensity projection (MIP) reconstruction shows irregular,
thin and poorly branched biliary tree

Conclusion

Paediatric biliary tract diseases include a variety of enti-
ties with a wide range of clinical presentations. Thus,
correlation of sonographic, clinical, laboratory and epi-
demiological findings is crucial. High-resolution real-time
ultrasonography is an easy and non-invasive first diag-
nostic tool to differentiate between obstructive and non-
obstructive causes of jaundice in infants and children.
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