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Abstract
Hyperbilirubinemia is a common occurrence in neonates; it may be physiological or pathological. Conjugated
hyperbilirubinemia may result from medical or surgical causes, and can result in irreversible liver damage if untreated. The
aim of imaging is the timely diagnosis of surgical conditions like biliary atresia and choledochal cysts. Abdominal ultrasound is
the first line imaging modality, and Magnetic resonance cholangiopancreatography (MRCP) also has a role, especially in pre-
operative assessment of choledochal cysts (CDCs). For biliary atresia, the triangular cord sign and gallbladder abnormalities are
the two most useful ultrasound features, with a combined sensitivity of 95%. Liver biopsy has an important role in pre-operative
evaluation; however, the gold standard for diagnosis of biliary atresia remains an intra-operative cholangiogram. Choledochal
cysts are classified into types according to the number, location, extent and morphology of the areas of cystic dilatation. They are
often associated with an abnormal pancreaticobiliary junction, which is best assessed on MRCP. Caroli’s disease or type 5 CDC
comprises of multiple intrahepatic cysts. CDCs, though benign, require surgery as theymay be associated with complications like
cholelithiasis, cholangitis and development of malignancy. Severe unconjugated hyperbilirubinemia puts neonates at high risk of
developing bilirubin induced brain injury, which may be acute or chronic. Magnetic resonance imaging of the brain is the
preferred modality for evaluation, and shows characteristic involvement of the globus pallidi, subthalamic nuclei and cerebellum
– in acute cases, these areas show T1 hyperintensity, while chronic cases typically show hyperintensity on T2 weighted images.
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Introduction

Unconjugated hyperbilirubinemia is a common occurrence in
neonates; it is most often physiological or due to breast-milk
jaundice (a benign entity). However, neonatal jaundice that
results from underlying cholestasis (with resultant conjugated
hyperbilirubinemia) is always pathological and needs prompt
evaluation. In underdeveloped countries, the burden of severe
neonatal jaundice is relatively high, and these neonates are at
risk of developing bilirubin induced brain injury.

Neonatal cholestasis (NCS) may result from surgical or
medical causes. The most important causes in India are
biliary atresia (which constitutes approximately one-third

of cases), idiopathic neonatal hepatitis (NH), infections
like urinary tract infections/ sepsis and congenital infec-
tions, metabolic causes like tyrosinemia, galactosemia and
alpha-1 antitrypsin deficiency, and choledochal cysts in-
cluding Caroli’s disease [1–3]. Other causes include pau-
city of interlobular bile ducts and progressive familial
intrahepatic cholestasis.

Conjugated hyperbilirubinemia is defined as serum direct/
conjugated bilirubin level of more than 1.0 mg/dl for a total
serum bilirubin (TSB) of upto 5 mg/dl, and more than 20% of
the TSB when the TSB is >5 mg/dL [1]. Joint recommenda-
tion guidelines by the North American and European Societies
for Pediatric Gastroenterology, Hepatology and Nutrition for
the evaluation of cholestatic jaundice in infants [4] state that in
any neonate with jaundice present after the age of 14 d, the
minimum evaluation includes a full history, clinical examina-
tion, evaluation of stool color and a fractionated bilirubin
measurement. In neonatal cholestasis, the consensus statement
of the Pediatric Gastroenterology chapter of Indian Academy
of Pediatrics [1] recommends a complete liver function test,
thyroid function test and a sepsis screen followed by specific
radiological and histopathological tests.
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NCS, if persistent and untreated, invariably leads to irre-
versible liver damage and chronic liver disease. Patients
should be referred to a tertiary-care centre and evaluated in a
timely fashion. Late referral of these patients is a major prob-
lem [1, 5]; we need to increase awareness among clinicians,
nursing and other healthcare personnel. The aim of evaluation
is to diagnose surgical causes and treatable medical causes.

Biliary Atresia

Biliary atresia (BA) is the most common surgical cause of
neonatal cholestasis, and early diagnosis of this severe and
progressive cholangiopathy is critical for its successful man-
agement. The initial surgical management of these cases is by
Kasai’s portoenterostomy (PE), which is best performed in
children less than 3 mo of age. The outcome of surgery be-
comes significantly worse with increasing age of the child [6].

The pathogenesis of BA is complex and incompletely un-
derstood [7]; theories include genetic predisposition, viral or
toxin-mediated injury. The most common form is the non-
syndromic form; but syndromic forms may occur associated
with other malformations (like asplenia, polysplenia,
preduodenal portal vein, interrupted inferior vena cava) and
laterality defects (e.g., situs inversus).

The Kasai classification system divides biliary atresia into
three types depending on whether involvement is of the com-
mon bile duct (CBD)- type I, common hepatic duct (CHD)-
without or with CBD/ cystic duct –types IIa and IIb, respec-
tively, and the most common form– type III - involvement of
extrahepatic bile ducts along with intrahepatic ducts till the
level of porta hepatis. The findings on imaging reflect the
level(s) of involvement.

Abdominal ultrasound (US) is the first-line imaging tech-
nique given its safety, easy availability, short scan times, high
resolution images (using high frequency linear transducers)
and no need for sedation in small children.

According to a recent meta-analysis [8] which studied
the accuracy of various ultrasound findings in the diagno-
sis of BA, the triangular cord sign and gallbladder abnor-
malities (Figs. 1 and 2) are the two most useful features,
with a combined sensitivity of 95%. The triangular cord
(TC) sign [9, 10] refers to the visualisation of an
echogenic ‘cord-like’ structure at the porta hepatis, which
is thought to represent the fibrous ductal remnants. A
positive TC is taken as a measurement of the echogenic
anterior wall of the right portal vein (EARPV) of more
than 4 mm on a longitudinal scan [10]. Modifications of
technique have been described [11]; a positive TC has the
highest specificity among US findings in BA (upto 97%),
though its sensitivity is relatively low at approximately
74% [8, 12].

In cases of BA, the gallbladder (GB) is often small or
absent. A ‘pseudo-gallbladder’ or gallbladder ‘ghost triad’
[13, 14] has been described, which refers to a GB of
reduced length (<1.9 cm or 1.5 cm in different studies),
with an irregular contour and lack of a normal mucosal
lining. The absence of GB is highly specific for diagnos-
ing BA [8]. It is important to keep the child fasting, ide-
ally for 4 h, before US evaluation. GB contractility has
also been evaluated in neonates [15] and for differentiat-
ing BA from non-BA causes of NCS [16], and lack of
normal post-feed GB contraction supports a diagnosis of
BA. Other US findings that suggest BA are enlarged right
hepatic artery [17] – more than 1.5 mm, ratio of hepatic
artery to portal vein diameter of >0.45, presence of hepat-
ic subcapsular blood flow [18] (Fig. 2), and visualization
of a porta hepatis microcyst [19]. Secondary changes may
be seen due to associated liver disease – splenomegaly,
liver enlargement etc.

Table 1 summarizes the US findings suggestive of BA.
Magnetic resonance cholangiopancreatography

(MRCP) is best reserved as a problem-solving modality,
due to its high cost and need for sedation. Various studies
[20–23] have reported sensitivities and specificities as
high as 99% and 95%, respectively. The visualization of
the right and left hepatic ducts, along with CHD and CBD
in their entirety, may help exclude BA as a diagnostic
consideration. However, false positives and false nega-
tives do occur. GB abnormalities and MR-Triangular cord
thickness (MR-TCT: maximum diameter of periportal sig-
nal change on MRI) have been described, and the combi-
nation of US and MRCP may be useful in problem cases
as it results in better diagnostic performance [22] .

Hepatobiliary scintigraphy or Hepatobiliary iminodiacetic
acid scan (HIDA scan) has been used to differentiate BA from
other causes of NCS. Though excretion of tracer into the
bowel is helpful to exclude BA; the absence of tracer
excretion in non-specific, and limits the usefulness of
the scan. The administration of phenobarbital for 3–5 d
before hand enhances biliary excretion of the isotope, at
the expense of time delay.

Liver biopsy, interpreted by an experienced pathologist,
has an important role in the pre-operative diagnosis of BA
[1, 3, 4]. Ductular proliferation, bile duct and ductular bile
plugs and portal fibrosis are useful in distinguishing BA from
NH. When interpreted in conjunction with the clinical and
imaging findings, liver biopsy has been reported to have a
sensitivity of 89–99%, specificity of 82–98% and accuracy
of upto 95% in the diagnosis of BA.

It is important to remember that no single technique can
enable a definitive pre-operative diagnosis of BA; rather, a
combination of findings is used to suspect it. The gold stan-
dard for diagnosis of BA remains an intra-operative
cholangiogram.
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Cystic Biliary Atresia

Cystic biliary atresia (CBA) is a distinct, and relatively un-
common subtype of BA [7, 24]. It assumes great significance
because it can easily mimic a choledochal cyst (CDC) on
imaging; whereas the surgical approach and management of
the two entities, as well as the long term prognosis, is very
different. Patients with CBA require a Kasai’s PE, rather than
a cyst excision (as for CDC); and need to be operated early to
prevent liver damage.

Some sonographic features that point towards a diagnosis
of CBA, in a patient with a cyst at the porta, include absence of
intrahepatic ductal dilatation and presence of BA features like

TC sign or GB abnormality (Fig. 3). Sludge/ calculi within the
cyst are more often seen in cases with CDC [25].

Neonatal Hepatitis

Non-surgical causes of NCS include idiopathic neonatal hep-
atitis (INH), which constitutes almost one-third of cases in
India [1]. INH is actually a diagnosis of exclusion, after
work-up for metabolic and infective causes turns out negative.
On imaging, these cases will show a normal GB length, mor-
phology and post-feed contraction, and absence of other fea-
tures which suggest BA (Fig. 4). Some cases may show GB

Fig. 1 Ultrasound findings suggestive of Biliary atresia (different
patients): High resolution ultrasound images using a high frequency
linear transducer show the gallbladder (GB) ghost triad (a- GB length
14 mm), positive triangular cord sign (b- the echogenic anterior wall of

right portal vein is 5 mm when measured on this longitudinal image),
dilated right hepatic artery (c), and a small GB pre-feed (d) not
contracting significantly post feed (e)
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wall thickening, or periportal edema. A HIDA scan that shows
excretion of tracer into bowel is helpful, as it virtually ex-
cludes BA. However, cases with severe NH may also fail to
show excretion into the bowel.

Neonatal hepatitis may also be associated with underlying
infection, notably congenital infections like cytomegalovirus
(CMV), toxoplasmosis, rubella, syphilis and herpes virus.

Alagille Syndrome

Alagille syndrome (AS) is a multisystem disorder which is an
important familial cause of NCS. Affected individuals show
paucity of interlobular bile ducts (PILBD), typical facies,
along with cardiac, ocular and skeletal abnormalities.
Certain imaging findings may overlap with cases of BA– for
instance, patients with AS may show a small GB on ultra-
sound or non-visualization of the extrahepatic biliary tree on
MRCP [26]. However, findings like TC sign and enlarged
hepatic artery are not usually seen in AS. Accurate differenti-
ation from BA is important as management differs – Kasai’s
PE does not benefit cases of AS; and may, in fact, cause
worsening. Many cases can be managed conservatively, or
may need liver transplant.

PILBD may also occur in isolation in patients, without the
syndromic association with AS.

Choledochal Cysts

Choledochal cysts (CDC) are congenital disorders pre-
senting with cystic dilation of the biliary tract; the exact
cause is not known. One hypothesis is that CDCs arise
due to duct plate malformations, which is generally used
to explain the pathogenesis of Caroli’s disease. Another
hypothesis is based on the digestive effect of the pancre-
atic juice refluxing into the biliary tract because of the
abnormal pancreaticobiliary junction (APBJ) – the inci-
dence of APBJ in CDCs is upto 96% [27, 28]. Presence
of strictures in the distal CBD has also been proposed as a
cause of CDC.

CDCs are more common in female children and
prevalent in Asian countries. Though benign, they can
lead to multiple complications such as cholangitis, cho-
lelithiasis, malignant transformation etc. On imaging, it
may be challenging to differentiate them from cystic
variety of biliary atresia.

Fig. 2 Biliary atresia in a 2-mo-old female: Ultrasound showed a small,
hyperechoic gallbladder (a), 12 mm in length, with a small lumen and
irregular wall, a positive triangular cord sign (b) measuring 5 mm, in-
creased subcapsular blood flow on colour doppler (c) and enlarged

hepatic artery – 3 mm (d) . HIDA scan (e) showed no excretion into the
bowel even on delayed phase. Liver biopsy (f) showed bile duct prolifer-
ation. Biliary atresia was confirmed on intra-operative cholangiogram and
Kasai’s procedure performed
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Imaging Modalities

US is the first line investigation due to its lack of radiation,
high resolution images, wide availability and portability. It
enables diagnosis and also detects sludge or calculi, wall
thickening, nodularity or mass lesions. However, it may not
depict the entire anatomy of the biliary system, which is

important to classify the type of CDC. Also, US is generally
incapable of demonstrating the pancreaticobiliary junction
and the status of the main pancreatic duct and pancreatic pa-
renchyma. CT scan is generally not employed because of its
poor contrast resolution and radiation exposure.

MRI is the modality of choice for the evaluation of CDC.
MRCP can provide excellent depiction of the entire biliary

Fig. 4 Neonatal hepatitis in a 1-mo-male: Ultrasound showed a normal
gallbladder length (a) of more than 19 mm, with normal contraction post
feeding. Triangular cord sign was negative (b), and hepatic artery was not

dilated- measured 1 mm (c). HIDA scan showed excretion into the bowel
on the 4-h image (d). Patient responded to conservative management

Fig. 3 Cystic biliary atresia in a 3-mo-old female: Ultrasound abdomen
revealed a small gallbladder (a) and a positive triangular cord (b), sug-
gesting biliary atresia. In addition, a heterogeneously hypoechoic lesion
was seen at the porta (c). Axial MRI- single-shot T2 weighted (HASTE)
images confirmed a cystic structure at porta (d). CHD at the porta was not

seen on MRI, the lower CBD could be traced on the axial MRI images
(arrows in e,f). HIDA scan showed no excretion into the bowel. Liver
biopsy (g) was also suggestive of biliary atresia. However, child expired
before surgery
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tract including the pancreaticobiliary junction, and can detect
complications. Optionally, MRI contrasts such as Gd-BOPTA
and Gd-EOB-DTPA- which get excreted into the biliary tract-
can be used to demonstrate the biliary communication of the
cystic structures. This is particularly valuable in Caroli’s dis-
ease and to differentiate CDC from cystic biliary atresia. The
presence of sludge and the excretion of contrast into the cystic
structure practically rules out the diagnosis of CBA. The role
of HIDA scan is limited in the context of CDC.

Classification

Since the first classification system for CDC proposed by
Alonso-Lej in 1959, there have been revisions proposed by
Todani et al. in 1977 and 1997 [29–31]. The most widely used
classification system is the one proposed by Todani et al. It
includes 5 main types, along with subtypes. Recently, a rare
type of isolated dilatation of cystic duct has also been included
in the classification of CDC as type 6. On imaging, the typ-
ical appearance of CDC is disproportionate dilatation of

extrahepatic biliary tree of varying lengths with minimal
or no dilatation of intrahepatic biliary tree. This is unlike
biliary dilatation due to obstructive causes, in which the
dilatation is usually proportionate. Even in types where
there is intrahepatic involvement, the dilatation is usually
cystic or saccular as opposed to tubular dilatation which is
seen in obstructive causes.

Type 1 Choledochal Cyst

They are the most common type constituting upto 90% of
CDC. There are three subtypes described, based on the mor-
phology of the dilatation and the length of involvement. The
characteristic feature of this type is single or focal extrahepatic
cyst. Type 1A shows cystic dilatation (Fig. 5), 1B shows seg-
mental dilatation and 1C shows fusiform dilatation (Fig. 6).
Usually, the intrahepatic biliary tree remains normal in type 1,
except in type 1C where the dilatation can extend into the
intrahepatic part which is because of increase in pressure.
Hence, type 1C can mimic obstructive dilatation and even

Fig. 5 T2 weighted MRI images (a-c) showing cystic dilatation of the CBD (asterisk) with relatively preserved caliber of intrahepatic biliary tract
suggestive of type 1A choledochal cyst

Fig. 6 T2 weighted MRI images showing fusiform dilatation of CBD with multiple filling defects (arrow) suggestive of type 1C choledochal cyst with
cholelithiasis
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type 4A CDC. Features such as saccular dilatation of the
intrahepatic part of biliary tree and narrowing at the hilar re-
gion are usually seen in type 4A, whereas the intrahepatic
dilatation in type 1C is seen in continuity with the extrahepatic
dilatation without any narrowing in between.

Type 2 Choledochal Cyst

Type 2 cases are rare and constitute only 3% of all
CDC [32]. They are seen as outpouchings from the
extrahepatic biliary tree, and are not associated with
APBJ. It is not always possible to show the communi-
cation between the diverticulum and biliary tree on im-
aging. Hence, type 2 CDC can mimic cystic variety of
biliary atresia. However, presence of other tell-tale signs
of biliary atresia (triangular cord sign, abnormal gall-
bladder etc) should go against the diagnosis of type 2
CDC.

Type 3 Choledochal Cyst

Type 3 CDC is due to dilatation of intraduodenal part of bile
duct, also known as choledochocele. These cases constitute
only upto 5% of all CDCs, and are not associated with APBJ
[32]. Based on the size of the cyst, treatment can be either by
endoscopic retrograde cholangiopancreatography (ERCP)
guided sphincterotomy or sphincteroplasty.

Type 4 Choledochal Cyst

Type 4 CDCs constitute upto 40% of all cases– the second
most common type of CDC. There are two subtypes, namely
type 4A, which forms the majority of type 4 cases (Fig. 7) and
is characterised by multiple cysts involving both the intra and
extrahepatic biliary tree with associated APBJ; and type 4B-
multiple cysts in extrahepatic bile duct, which is rare. As
discussed before, the appearance of type 4A cysts can be very

Fig. 7 T2 weighted MRI images showing dilatation of CBD along with
multiple saccular dilatations of intrahepatic biliary tract. There is also
abrupt change in caliber between the dilated part and the peripheral

normal intrahepatic biliary tract (arrow). These features are
characteristic of type 4A choledochal cyst

Fig. 8 T2 weighted MRI images showing multiple focal dilatations
(arrow) of the intrahepatic biliary tract of both the lobes of liver with
some of them showing debris level within. The CBD is not dilated and

the background liver parenchyma is normal. These features are suggestive
of Caroli’s disease or type 5 choledochal cyst
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similar to type 1C. Hilar narrowing is frequently seen with
type 4A, and can be used to differentiate these two entities.

Type 5 Choledochal Cyst

Type 5 CDC or Caroli’s disease is an uncommon type of
CDC characterised by multiple intrahepatic cysts (Fig. 8).
About 50% of patients have associated hepatic fibrosis-
these constitute Caroli’s syndrome. Both these entities be-
long to a spectrum of developmental biliary disorders
called ductal plate malformations. Involvement of larger
bile ducts results in Caroli’s disease, and involvement of
smaller peripheral bile ducts can result in peribiliary cysts,
biliary hamartomas or hepatic fibrosis, depending on the
site of involvement. On imaging, Caroli’s disease can

Table 2 Classification of choledochal cysts

Type Subtype Salient Features

1 A Cystic dilatation of CBD with APBJ

B Segmental dilatation without APBJ

C Diffuse fusiform dilatation with APBJ

2 Extrahepatic biliary diverticulum without APBJ

3 Choledochocele without APBJ

4 A Multiple intra and extrahepatic cysts with APBJ

B Multiple extrahepatic cysts

5 Multiple intrahepatic cysts
(Caroli’s disease)

6 Isolated cystic duct dilatation

ABPJ Abnormal pancreaticobiliary junction; CBD Common bile duct

Fig. 9 Acute bilirubin encephalopathy. MRI brain, T1 weighted images
(a, b, c) show bilateral symmetric, hyperintense signal in globus pallid
(white arrows), subthalamic nuclei (black arrows) and brainstem (thin

arrows) . T2 weighted image (d) show hyperintensity in bilateral
globus pallidi (arrows). DWI at b-1000 (e) and corresponding ADC im-
age (f), show no areas of diffusion restriction
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mimic hepatic cysts. Presence of intraluminal portal vein
sign/central dot sign (ectatic ducts surrounding portal vein
radicles) and characteristic distribution help in diagnosing
Caroli’s disease. ERCP or MRCP with hepatobiliary con-
trast agents can demonstrate the communication of cysts
with biliary tree, supporting the diagnosis. Rarely, the
involvement can be limited to one lobe or even segment.
It can be associated with other disorders such as cystic
renal diseases and medullary sponge kidney. Because of
long standing biliary stasis, complications such as
cholangitis, stone formation or malignant transformation
can occur.

Type 6 Choledochal Cyst

This is a relatively new and extremely rare entity, which was
not a part of Todani’s classification. It is characterised by the
isolated involvement of cystic duct. Only a few case reports
have been published.

Table 2 summarizes the classification of CDCs.

Complications

Choledochal cysts are benign, however can lead to potentially
fatal complications, which necessitate surgical resection of the
cysts. Complications range from cholangitis, stone formation,
development of malignancy and pancreatitis. CDC types 4A
and 5, in long standing cases, can lead to cirrhosis.
Development of malignancy in CDC is a dreaded complica-
tion which can occur in 10 to 30% of patients [33–35]. It is
more commonly seen with types 1, 4A and 5; cholangiocar-
cinoma is the most common type of malignancy. Close
follow-up is necessary in patients with CDC because of their

susceptibility to develop malignancy even after resection of
the cysts [36].

Bilirubin Induced Brain Injury

Circulating high levels of unconjugated bilirubin can lead to
serious brain damage with persistent disabilities and even
mortal i ty. Thir teen percent of cases of neonatal
hyperbilirubinemia are at risk of development of kernicterus
[37]; however with improved perinatal care, the incidence is
decreasing. Preterms are more susceptible to bilirubin injury
as compared to term infants [38].

Bilirubin induced brain injury is predominantly of two
forms, acute or chronic bilirubin encephalopathy; chronic bil-
irubin encephalopathy is also termed as kernicterus. A third
form of bilirubin-induced neurologic dysfunction (BIND) is
also evolving as a clinical entity synonymous with subtle
kernicterus and no specific MRI findings are described for
the same [39].

The pathogenesis of brain damage by bilirubin is complex.
It is the free, unbound circulating bilirubin, not bound to al-
bumin, which can exit into the extravascular spaces of the
brain and cause neurotoxicity. However, no definite threshold
levels are established and actual neurotoxicity would depend
on several factors such as duration of exposure of brain tissues
to unbound bilirubin, predisposition of developing brain, bil-
irubin oxidation within the CNS, gestational age and birth
weight [40]. Since laboratory techniques for measuring actual
unbound bilirubin are not readily available, surrogate markers
such as total serum bilirubin levels and total serum bilirubin to
serum albumin ratios are commonly used to guide the
management.

Fig. 10 Chronic bilirubin encephalopathy. MRI brain, axial T2 weighted images (a) show symmetric T2 hyperintensity in bilateral globus pallidi
(arrows). Hyperintensity is also noted in bilateral subthalamic nuclei on the axial (b) and the coronal (c) T2 images (arrows)
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Imaging Findings

MRI is the modality of choice to evaluate the brain pa-
renchymal changes due to bilirubin toxicity. The MRI
protocol should include T1, T2 and diffusion weighted
sequences in multiple planes (axial, coronal and sagittal).
T2* weighted imaging and MR spectroscopy are addition-
al sequences which are routinely performed in cases of
neonatal encephalopathy [41].

Most common sites depicting signal abnormalities in-
clude posteromedial borders of globus pallidi. Other sites
less frequently involved are subthalamic nuclei, hippo-
campus, putamen, cranial nerve nuclei and cerebellum
(cortex and dentate nuclei). Thalami are typically spared
which helps to distinguish from other metabolic and is-
chemic disorders.

In acute forms, the neurological manifestations occur
within 2–5 d of age with severe hyperbilirubinemia and
can present in initial, intermediate or advanced phases.
In initial phase, neonate presents with lethargy, poor
sucking and hypotonia which progresses to hypertonia,
opistotonus, recurrent apnea, fever and high pitched cry
in advanced phase. On MRI performed in first few days
or weeks of acute encephalopathy, the signal intensity
of globus pallidi and subthalamic nuclei is hyperintense
on T1, and iso-to-hyperintense on T2 weighted images
(Fig. 9). These areas do not show diffusion restriction.
Signal abnormalities are bilateral and symmetric. MR
spectroscopy studies have revealed increased levels of
glutamine and glutamate along with decreased levels
of choline and N-acetyl-aspartate [42, 43] .

Chronic form is characterised by permanent neurolog-
ical sequelae which manifest in first year of life with
hearing loss, upward gaze pareses and movement disor-
ders of dystonia or choreoathetosis. Dental enamel dys-
plasia is frequently associated. On MRI, the globus pallidi
and subthalamic nuclei show uniform, symmetric T2 hy-
perintense signal (Fig. 10).

Use of other imaging modalities such as single-
photon emission computed tomography (SPECT) and
cranial ultrasound have been reported, however no def-
inite specific imaging features are described to be char-
acteristic of kernicterus. In older children who had neo-
natal kernicterus with MRI signal abnormalities, SPECT
revealed areas of decreased blood flow to basal ganglia
regions [44]. Cranial USG findings described are in-
creased basal ganglia and white matter echogenicity,
lenticulostriate vasculopathy (LSV) and caudothalamic
hyperechogencity/cysts [45].

Bilirubin induced brain injury is preventable, and manage-
ment of neonatal hyperbilirubinemia using appropriate photo-
therapy and exchange transfusions have significantly de-
creased the prevalence of kernicterus.
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