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Cholestasis in infantile age group occurs approximately in 1 in 2500 term babies and is often missed out
by primary care physicians in the setting of physiologic jaundice. It suggests hepatobiliary dysfunction
and is always pathologic. Any infant noticed to be jaundiced after 2 weeks should be evaluated for
conjugated hyperbilirubinemia and an elevated direct bilirubin of more than 1mg/dl merits timely
evaluation and management. The most common causes of neonatal cholestasis are biliary atresia (25
e40%) followed by monogenetic disorders (25%) and many other unknown or multifactorial causes. Once
cholestasis is diagnosed, a systematic approach is the key to reach the diagnosis and to initiate specific
treatment, which in many cases is lifesaving. In this review article, we aim to provide a better work
approach, clinical overview of potential differential diagnosis, and treatment recommendations for
timely diagnosis and management of neonatal cholestasis.

© 2019 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Sir Ganga Ram Hospital.
1. Introduction

Jaundice is a common complaint that can occur in 2.4e15% of
newborns during the first twoweeks of life.1 It is mostly due to rise in
unconjugated bilirubin, and resolution occurs spontaneously in most
cases. Prolonged jaundice is defined as jaundice lasting for more than
14 days or recurring after the second week of life.2,3 Unconjugated
hyperbilirubinemia is usually benign, and it requires careful evalua-
tion to differentiate it from conjugated hyperbilirubinemia which is
always pathological and indicates hepatobiliary dysfunction. Clinical
features and laboratory findings of many disorders leading to chole-
stasis are similar. Many of these pathologies have specific medical or
surgical treatment. Even when specific treatment is not available,
these children may benefit from early supportive treatment. There-
fore, it is important to timely diagnose neonatal cholestasis so as to
prevent the complications.4 This article provides an overview of the
approach to an infant with cholestasis, diagnostic evaluation, differ-
ential diagnosis, and management recommendations.

2. Definition and incidence

Cholestasis is defined physiologically as a significant reduction
in bile flow, pathologically as the presence of bile pigment in he-
patocytes and bile ducts on histology, and clinically as accumulation
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of bile contents (bilirubin, bile acids, and cholesterol) in blood and
extrahepatic tissues. It occurs as a result of impaired bile formation
by hepatocytes or due to obstruction to the flow of bile through the
intrahepatic or extrahepatic biliary tree. The overall incidence of
neonatal cholestasis is around 1 in 2500 live births.5,6 Neonatal
cholestasis was conventionally defined as conjugated bilirubin
more than 1mg/dl, if the total serum bilirubin is� 5mg/dl, or >20%
of total serum bilirubin when it is> 5mg/dl.7,8 Recently, North
American Society for Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHAN) guidelines on neonatal cholestasis recom-
mended to consider it to be abnormal if the direct bilirubin level
was more than 1mg/dl regardless of the total bilirubin9.

3. Clinical presentation

The clinical presentation of neonatal cholestasis varies in rela-
tion to its etiology. The most common findings are prolonged
jaundice, dark yellow urine, acholic stools, and hepatomegaly. The
presence of pigmented stools indicates patency of biliary system
and makes extrahepatic biliary atresia (EHBA) unlikely. On the
other hand, acholic stools are suggestive but not diagnostic of
extrahepatic biliary obstruction as it can also be present in severe
intrahepatic cholestasis. Many times, the parents are not able to
identify acholic stools, and in the early course of EHBA, stools may
appear normal or intermittently pigmented; so, it is important for
the physician to assess the stool color himself serially. Childrenwith
EHBA are usually thriving well and generally not sick. In sick in-
fants (poor feeding, lethargy, shock, coagulopathy, ascites, or
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Table 1
Potential clues to specific etiologies.

A. Dysmorphism
Alagille syndrome
Trisomies
Micropenis: hypopituitarism
Chubby cheeks: citrin deficiency
Cleft palate: kabuki syndrome

B. Neurologic abnormalities
NiemannePick type C
Congenital disorders of glycosylation
Septo-optic dysplasia (hypopituitarism)

C. Early-onset severe liver dysfunction
Herpes simplex virus infection
Neonatal iron storage disease
Tyrosinemia type 1
Galactosemia
NiemannePick type C
Hemophagocytic lymphohistiocytosis
Mitochondrial respiratory chain defects
Bile acid synthetic disorders

D. Renal disease
Tyrosinemia type 1
Alagille syndrome
Arthrogryposis-renal tubular dysfunction-cholestasis syndrome (ARC)

E. Cholestasis/pruritis but anicteric
PFIC type 2
Bile acid synthetic disorders
Familial hypercholanemia

F. Family history
Alagille syndrome (autosomal dominant)
PFIC 1 and 2 (autosomal recessive)
Galactosemia and tyrosinemia (autosomal recessive)
Neonatal iron storage disease
Cystic fibrosis (autosomal recessive)

G. Maternal history of hepatobiliary problems
Intrahepatic cholestasis of pregnancy: PFIC 2
Preeclampsia with HELLP: Fatty acid oxidation disorders

H. Low or normal serum GGT
PFIC 1 or 2
Bile acid synthetic disorders
Tight junction protein (TJP) type 2 defect
Endocrine causes
Arthrogryposis-renal tubular dysfunction-cholestasis syndrome
Lymphedema cholestasis syndrome (Aagenaes syndrome)

HELLP, hemolysis, elevated liver enzymes, and low platelets; PFIC, progressive fa-
milial intrahepatic cholestasis.
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hypoglycemia), sepsis or metabolic disorders such as galactosemia,
tyrosinemia, mitochondrial hepatopathies, gestational alloimmune
liver disease (GALD), primary hemophagocytic lymphohistiocytosis
(HLH), or herpes simplex virus (HSV) infection should be suspected.
These should be investigated promptly to find the etiology as many
of these disorders are amenable to specific therapies and have good
prognosis provided the treatment is started early in the phase of
illness. Splenomegaly is present in infants with infections, cirrhosis,
portal hypertension, and storage or hemolytic disorders. The spleen
is usually of normal size early in the course of illness in EHBA, but
the size of the spleen increases with advancing age.

4. Evaluation of the jaundiced infant

Jaundice at 2 weeks of age should alert the physician to rule out
cholestasis. Any formulaefed infant with jaundice after 2 weeks of
age should be evaluated for cholestasis. Breastfed babies who
appear otherwise well and have no history of dark urine or acholic
stools may be followed up clinically until 3 weeks of age, and if they
are still icteric, then serum total and conjugated bilirubin should be
estimated.10

5. History

A detailed prenatal and neonatal history should be noted. History
of prematurity, lowbirthweight, neonatal sepsis, parenteral nutrition,
andhospitalization should be elicited. Details about onset of jaundice,
changes in stool pigmentation, and urine color should also be noted
carefully. History of poor feeding, lethargy, vomiting, seizures, and
poor weight gain may indicate sepsis or some metabolic disorder.
Positive family history for similar complaints or consanguinity points
toward genetic disorders, whereas bad obstetric history may indicate
maternal infections (Toxoplasma, Rubella, CMV and Herpes [TORCH])
or GALD. History of cholestasis and pruritis in mother during the last
trimester of pregnancy points toward progressive intrahepatic
cholestasis of pregnancy (IHCP), and hemolysis, elevated liver en-
zymes, and low platelets (HELLP) syndrome occurs in mothers of
babieswith fattyacidoxidationdefects (FOADS).11 Bleeding, especially
hematoma formation, at injection sites or mucosal bleeds may occur
as a result of coagulopathy due to vitamin K deficiency or deranged
synthetic function of liver. The potential clues to identify the under-
lying disorder are listed in Table 1.

6. Physical examination

A thorough physical examination plays a very important role in
the evaluation of a jaundiced infant. It should not only focus on the
abdomen but also take into account the extrahepatic features such
as dysmorphism, growth and development, and cardiac, pulmo-
nary and neurological examination as well (Table 2).

7. Investigations

In addition to laboratory investigations, imaging and liver his-
topathology are important in evaluating infants with neonatal
cholestasis. The first objective is to identify the diseases amenable to
specific therapies and to differentiate between medical and surgical
causes. Bacterial sepsis, HSV, hypopituitarism, and metabolic dis-
orders such as galactosemia and tyrosinemia can cause rapid dete-
rioration and should be excluded early in the diagnostic process.

7.1. Biochemical investigations

Numerous biochemical parameters have been used in an
effort to distinguish between infants with intrahepatic versus
extrahepatic obstructive cholestasis. Standard liver tests show
nonspecific and variable elevation of bilirubin, aminotransferases,
alkaline phosphatases, and lipids. Serum glucose, albumin, and
coagulation profile reflects the synthetic function of the liver.
Persistent coagulopathy out of proportion to degree of cholestasis is
an early indicator of metabolic liver disease such as tyrosinemia
type 1 or GALD. Nonglucose-reducing substance may be tested
bedside to rule out galactosemia (false negative in childrenwho are
fasting, are on lactose-free formula, or have received blood trans-
fusion recently). Increased urinary succinylacetone is pathognomic
of tyrosinemia. Elevated ferritin levels more than 1000 ng/ml are
seen in patients with GALD.12 Serum alpha fetoprotein levels are
high at birth and then subsequently reduce in the postnatal
period.17 Excessively high levels are characteristically seen in chil-
dren with tyrosinemia and citrin deficiency (also associated with
raised ammonia levels), as well as in few infants with idiopathic
neonatal hepatitis.18 Low serum cholesterol with dysmorphism and
neurologic abnormalities suggest peroxisomal disorder. Table 3
outlines a staged approach that excludes early treatable life-
threatening conditions first and then considers investigations
relevant for more common conditions and finally those targeted at
rarer disorders.



Table 2
Physical examination in children with neonatal cholestasis.

General health: Sick appearance may point toward sepsis or metabolic
disorders as listed in Table 1. Children with extrahepatic biliary atresia are
usually well thriving and appear well. Small for gestational age at birth or
failure to thrive later occurs with congenital infections or chromosomal
disorders.12

Stool examination: The physician should examine the stool for pigment himself
serially on multiple occasions. Acholic stools are suggestive of extrahepatic
biliary atresia or biliary obstruction.

Dysmorphism: Facial dysmorphism is seen in Alagille syndrome (broad nasal
bridge, triangular facies, and deep-set eyes).These typical features appear
around six months of age. Dysmorphism may also be seen in trisomies (13,
18, and 21). Infants with citrin deficiency characteristically have ‘chubby
cheeks’13

Skin: Complications of cholestasis such as bruising, xanthomatosis, or scratch
marks. Ichthyosis may suggest neonatal sclerosing cholangitis (NISCH), and
contractures may suggest arthrogryposis-renal tubular dysfunction-
cholestasis syndrome (ARC)14,15

Ocular abnormalities are seen in Alagille syndrome (posterior embryotoxon),
galactosemia (cataract), storage disorders (cherry red spot), congenital
infections (chorioretinitis), and in septo-optic dysplasia.

Hearing abnormalities may be present in PFIC 1, tight junction protein (TJP)
defects, and mitochondrial disorders

Cardiac: Murmurs and features of congestive cardiac failure may point toward
underlying congenital heart disease which may be present in Alagille
syndrome (peripheral pulmonary stenosis and Tetralogy of fallot) and in
biliary atresia splenic malformation syndrome.16

Abdomen: Firm hepatomegaly often with a prominent middle or left lobe is
seen in EHBA. Splenomegaly in EHBA appears after the newborn period, and if
present at a young age of 2e4 weeks, it should point toward other diseases
such as storage or hematologic disorders. Ascites may be present in advanced
liver disease due to biliary atresia or due to liver failure in metabolic
disorders.

Miscellaneous: Butterfly vertebrae in Alagille syndrome and micropenis in
hypopituitarism

EHBA, extrahepatic biliary atresia; PFIC, progressive familial intrahepatic cholestasis.

Table 3
Investigations in neonatal cholestasis.

Initiate investigations to detect readily treatable disorders and to assess the
severity of liver involvement

Liver function test (TSB/DSB, SGOT, SGPT, ALP, GGT, albumin, and prothrombin
time)

Complete blood count
Bacterial cultures of blood/urine
Thyroid profile
Fasting ultrasound
Targeted evaluation for conditions requiring prompt specific therapy as

indicated
Urine reducing substances and GALT assay
Serum bile acids
Serum iron ferritin
Viral PCR: CMV, HSV, HHV-6, and enterovirus
Urine succinylacetone
Alpha-1-antitrypsin level and phenotype
Liver biopsy
Per-operative cholangiogram
Serum ammonia
Urine and plasma amino acids
Serum cholesterol
Ophthalmologic examination: posterior embryotoxon, retinopathy, and cataract
Cardiac evaluation by 2D ECHO: peripheral pulmonary stenosis in Alagille

syndrome
Urine fast atom bombardment mass spectroscopy for abnormal bile acid

metabolites
Other specific tests if indicated
Karyotype
Very-long-chain fatty acids
Plasma acylcarnitines
Bone marrow examination
Genetic testing: Cystic fibrosis, Alagille syndrome, PFIC disorders

ALP, alkaline phosphatase; CMV, Cytomegalovirus; DSB, direct serum bilirubin;
GALT, galactose-1-phosphate uridyl transferase; GGT, gamma-glutamyl transferase;
HHV, Human herpes virus; HSV, herpes simplex virus; PCR, polymerase chain re-
action; PFIC, progressive familial intrahepatic cholestasis; SGOT, serum glutamic-
oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase; TSB, total
serum bilirubin.
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7.2. Role of gamma-glutamyl transferase (GGT) in neonatal
cholestasis

Gamma-glutamyl transferase (GGT) value is high in neonates
than in older children and is generally elevated in cholestasis. In
some cholestatic disorders, including progressive familial intra-
hepatic cholestasis type 1 (PFIC 1), PFIC 2, bile acid synthetic defect,
ARC syndrome, endocrine defects, and tight junction protein (TJP)
type 2 deficiency, GGT is normal or low at presentation (as listed in
Table 1).19e24 Apart from these, initial low/normal GGT may also be
seen in patients with neonatal hepatitis, citrin deficiency, or mito-
chondrial disorders.22,25 Conditions such as syndromic (Alagille
syndrome [AGS]) and nonsyndromic bile duct paucity and, often but
not always, biliary atresia present with high GGT.26 Patients with
initial GGT value of less than 75 U/L or more than 300 U/L were
found to have poor prognosis compared with patients with GGT
value between 75 and 300 U/L.22 For patients with GGT levels less
than 75 U/L, serum bile acids should be measured. In patients with
elevated serum bile acids, genetic analysis of ATP8B1 (FIC1 for PFIC
1) or ABCB11 (BSEP for PFIC2) should be undertaken. Low serum bile
acids merit workup for rare disorders of bile acid synthesis.27

8. Diagnostic imaging

A fasting ultrasound is the imaging of choice to assess the
obstructive lesions of biliary tree such as choledochal cyst and to
look for signs of advanced liver disease and vascular or splenic
abnormalities.28 Several ultrasound features such as abnormal gall
bladder morphology, lack of gall bladder contraction after feeding,
nonvisualization of common bile duct, triangular cord sign, hepatic
artery diameter, and the ratio of hepatic artery to portal vein
diameter aid in the diagnosis of EHBA.29e32 A structure less than
15mm in length located in the expected region with irregular
margins and without a well-defined wall excludes a normal gall
bladder.33 Triangular cord sign is a cone-shaped echogenic fibrous
structure at the porta measuring more than 3mm in thickness, and
it is associated with high sensitivity (73e100%) and specificity
(98e100%) for biliary atresia.34,35

Hepatobiliary scintigraphy or hepatobiliary iminodiacetic acid
scan (HIDA) scan is used to confirm biliary tract patency. It has high
sensitivity for biliary atresia (83e100%) but lacks specificity
(68.5e72.2%).36e38 An excretory scan virtually rules out EHBA
because false-negative results are extremely rare. The test is non-
diagnostic when there is no tracer excretion because patients with
bile duct paucity, idiopathic neonatal hepatitis, and low birth
weight and those receiving parenteral nutrition (PN) may also have
nonexcretory HIDA scans.39 Phenobarbitone is usually administered
for 5 days before performing the scan in an attempt to enhance
biliary excretion of the isotope and increase its discriminatory
value. This leads to unnecessary delay in the diagnosis of EHBA.40

Endoscopic retrograde cholangio-pancreatography (ERCP) has
beenproved effective andhashighpositive predictive value (PPV) and
negative predictive value (NPV) (sensitivity: 86e100%, specificity:
87e94%, PPV: 96%andNPV:100%).41,42However, it requires advanced
equipment and an experienced endoscopist, which are not available
readily at many centers. The diagnostic value of magnetic rasonance
cholangio-pancreatography (MRCP) for biliary atresia was evaluated
recently, and specificity of 36% and sensitivity of 99%were reported.43

9. Histopathology

Ultrasonography (USG)-guided liver biopsy is considered safe in
children with an estimated complication rate of 1.7%.44 It helps in
differentiating between obstructive and intrahepatic causes in
90e95% of cases.45 The classic histologic features of biliary atresia



Table 4
Medical management of neonatal cholestasis.

Malabsorption/Malnutrition:
Optimize calorie intake

MCT: 30e50% of total fat as MCT
Enteral tube feeding/parenteral nutrition

Fat-soluble vitamin
supplementation:
Vitamin A: 5000e25000 U/day
Vitamin D: 400e1200 IU/day
Vitamin E: 15e25 IU/Kg/day
Vitamin K: 2.5 twice a week
to 5mg once a day
Water-soluble vitamin:
1e2 times of RDA
Ca/P/Mg/Zn/Fe supplementation

Pruritis:
Ursodeoxycholic acid
Cholestyramine
Rifampicin
Naloxone
Partial external biliary diversion

Ascites:
Sodium restriction
Diuretic therapy:
Spironolactone and furosemide
Antibacterial prophylaxis
Albumin transfusion
Therapeutic paracentesis

Portal hypertension and
variceal hemorrhage

Endoscopic variceal ligation/sclerotherapy
Surgical shunt procedure
Liver transplantation

End-stage liver
disease/refractory symptoms
Liver transplantation

MCT, medium chain triglycerides; RDA, recommended dietary allowance.

Table 5
Specific management of cholestatic disorders.

Extrahepatic biliary atresia Kasai portoenterostomy

Hypothyroidism Thyroxine replacement
Hypopituitarism Hormone replacement therapy
Galactosemia Galactose-free diet
Tyrosinemia NTBC and low-tyrosine diet
Congenital CMV Ganciclovir
Herpes simplex infection Acyclovir
Neonatal hemochromatosis IVIg, Plasmapheresis,

and antioxidant cocktail
Intestinal failureeassociated

liver disease
Encourage enteral diet and
treatment of sepsis

CMV, cytomegalovirus; NTBC, nitro-trifluoromethylbenzoyl-cyclohexanedione.

J. Kaur, N. Wadhwa / Current Medicine Research and Practice 9 (2019) 18e24 21
are portal tract expansion, bile ductular proliferation, and bile plugs
with preserved hepatic lobular architecture. The liver biopsy find-
ings may be nonspecific if biopsy is performed very early in the
course of disease.46,47 Other disorders thatmaymimic biliary atresia
on liver biopsy are cystic fibrosis, alpha-1 antitrypsin deficiency, or
PN-induced hepatitis. In idiopathic neonatal hepatitis, there is
lobular disarray, inflammatory cells in the portal tract, and giant cell
transformation on liver biopsy.48 Giant cell transformationmay also
be seen in 20e50% of patients with biliary atresia. In PFIC 1, small,
tidily arrayed hepatocytes and pallid intracanalicular bile are seen,
and in PFIC 2, bile is khaki colored rather than greyish. Bile pigment
accumulates in hepatocytes and canaliculi, with hepatocellular gi-
ant cell change and necrosis. Portal tract changes or bile plugs are
not seen in both. Other significant features identified on liver biopsy
are bile duct paucity, cytomegalo virus (CMV) inclusion bodies,
steatosis, etc. The extent of fibrosis on liver biopsy also helps in
prognosticating the outcome after Kasai portoenterostomy.48

10. Intraoperative cholangiogram

Intraoperative cholangiogram and histological examination of
duct remnants are the gold standard for the diagnosis of extrahe-
patic biliary atresia.49 Intraoperative cholangiogram is carried out if
liver histopathology and clinical features are suggestive of biliary
atresia. It may be false positive (nonvisualization of the extrahe-
patic biliary tree) in up to 20% of cases, especially in patients with
AGS, cystic fibrosis, or hypoplastic biliary tree.50

11. Management of neonatal cholestasis

The primary objective in the management of neonatal chole-
stasis is to identify the diseases amenable to specific treatment such
as sepsis, urinary tract infection, hypothyroidism, galactosemia,
tyrosinemia, HSV, HLH, GALD, CMV, biliary atresia, and choledochal
cyst. In the remaining diseases, when there is no specific treatment,
the treatment is aimed at treating the complications of long-
standing cholestasis such as malnutrition, deficiency of fat-soluble
vitamins, pruritis, hypercholesterolemia, cirrhosis, portal hyper-
tension, and liver failure.

11.1. Nutritional management

Calorie intake should be 125% of the recommended dietary
allowance based on ideal body weight.3 In cholestasis, medium
chain triglycerides (MCT) are more readily absorbed than long
chain triglycerides (LCT) as they are water soluble, do not require
micelle formation by bile acids, and are directly absorbed into the
portal circulation. Similarly, bile acids are also required for the in-
testinal absorption of fat-soluble vitamins resulting in the de-
ficiencies. Doses of at least two to four times the recommended
daily allowances (Table 4) are to be given, and vitamin supple-
mentation should continue for at least 3 months after the resolu-
tion of jaundice (Table 5).

11.2. Management of pruritis

Ursodeoxycholic acid (UDCA) is a choleretic agent and is used as
first-line therapy for pruritis due to cholestasis. Its mode of action is
not exactly understood, but two main mechanisms are substitution
of hepatotoxic with nontoxic hydrophilic bile acids in the bile acid
pool and stimulation of bile flow. The recommended dose is
20e30mg/kg/dose in two to three divided doses.51 The only side
effect is diarrhea, which usually responds to dose reduction. Rifam-
picin is indicated in the treatment of pruritis as it induces hepatic
microsomal enzymes and inhibits bile acid uptake by hepatocytes.
Liver function should be monitored for potential hepatotoxicity, and
the recommended dose is 10mg/kg/day. Cholestyramine is useful in
resistant pruritis and severe hypercholesterolemia in cholestasis. It
binds with intestinal bile acids and cholesterol and prevents their
reabsorption. The recommended dose is 250mg/kg/day, and the
known side effects are metabolic acidosis, steatorrhea, and con-
stipation.7 Phenobarbital enhances bile acid synthesis, stimulates
bile acid flow, induces microsomal enzymes, and thus lowers circu-
lating bile acid pool. The recommended dose is 3e10mg/kg/day, but
sedation and behavioral side effects limit its use.

12. Specific diseases

12.1. Extrahepatic biliary atresia

EHBA is an idiopathic fibrosing cholangiopathy that leads to
obstruction of the extrahepatic bile duct leading to biliary cirrhosis.
It accounts for approximately one-third of the cases of neonatal
cholestasis.52 Most of the children with EHBA are born from a
normal pregnancy, show normal postnatal growth, generally have
prolonged jaundice, and develop acholic stools at 3e6 weeks of
age.8 There are two forms: 80% have isolated biliary atresia (peri-
natal) without any other congenital malformations, have normal
early growth, and develop or have persistent jaundice and the
remaining 20% of infants have embryonic form of biliary atresia,
these have congenital malformations (biliary atresia splenic mal-
formation syndrome, splenic and hepatic vascular anomalies, situs
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inversus, congenital heart disease etc.).53 These infants are jaun-
diced at birth and remain so. Biochemical findings, abdominal ul-
trasound, and hepatobiliary scintigraphy can be suggestive but are
not diagnostic. Liver biopsy is diagnostic but can be ambiguous in
10% of the patients, especially if performed before 6 weeks of age.10

The standard management is intraoperative cholangiogram fol-
lowed by Kasai portoenterostomy if the cholangiogram is
obstructive. The success rate depends on the age of the child at the
time of portoenterostomy and the expertise of the surgeon. The
success rate is up to 80% if the surgery is done at less than 30e45
days of age and is less than 20% if performed after 90 days of age.54

The extent of fibrosis in the liver histopathology can prognosticate
the success after portoenterostomy, and in children with extensive
fibrosis, where there are high chances of failure, primary liver
transplant (LT) can be planned.

Although Kasai hepatoportoenterostomy improves survival
with native liver, more than 70% of patients with biliary atresia will
ultimately require LT.55 Indications for listing for liver trans-
plantation include progressive cholestasis, recurrent episodes of
cholangitis, deterioration of hepatic synthetic function, and severe
portal hypertension. Current survival for liver transplantation in
children has achieved excellent short-term outcomes with 1-year
patient and graft survival in more than 95% for elective cases.56

After transplant, lifelong immunosuppressive therapy is required,
leading to increased risk of opportunistic and community-
acquired infections necessitating a close medical and surgical
supervision. Long-term complications include side effects of
immunosuppression, CMV or EBV infection, posttransplant lym-
phoproliferative disease (PTLD), late biliary stricture, late hepatic
artery or portal vein thrombosis, and acute or chronic rejection.
Most of the survivors have a good quality of life, attend school, and
have normal growth.

12.2. Idiopathic neonatal hepatitis

It accounts for 25e30% of the patients with neonatal chole-
stasis.2,3 It is not a specific pathology but represents an exclusion
diagnosis with liver histopathology showing lobular disarray, focal
hepatic necrosis, and giant cell transformation. The portal tracts are
relatively normal. These infants are more frequently preterm and
may have intrauterine growth restriction (IUGR). Cholestasis occurs
after a few weeks of birth and is associated with hepatomegaly,
mild to moderate transaminitis, and normal or low GGT. Acholic
stools are uncommon and, if present, indicate adverse prognosis.
Management is mostly supportive with nutritional supplementa-
tion and treatment of complications. Prognosis is fair with 90%
patients recovering by the age of 1 year. There is however 1%
recurrence rate in subsequent siblings.2

12.3. Progressive familial intrahepatic cholestasis

Progressive familial intrahepatic cholestasis (PFIC) is a group of
unrelated monogenic disorders characterized by mutations in one
of the genes involved in canalicular bile acid transport system,
leading to impaired bile formation, progressive intrahepatic
cholestasis, and liver injury. PFIC 1 is caused by mutation in the
ATP8B1 gene (FIC1 protein). Patients with PFIC 1 present in the first
months of life with severe pruritis, very high bile acids, low
cholesterol, and a low or normal GGT. Owing to the extrahepatic
expression of ATP8B1, these childrenmay also have severe diarrhea,
pancreatitis, or hearing impairment.57 Antipruritis medications are
required, and in cases with intractable pruritis, partial biliary
diversion provides some symptomatic relief.58 PFIC 2 is caused by a
defect in the canalicular bile salt excretory pump (BSEP) due to the
mutation in ABCB11 gene. Cholestasis is usually permanent from
the time of infancy and is associated with severe pruritis, low
cholesterol, and a normal or low GGT. There are no extrahepatic
manifestations. PFIC 3 can present anytime during childhood or
even in an adult. It occurs due to defect in the canalicular phos-
pholipid transporter MDR3 (mutations in ABCB4 gene). GGT is
markedly elevated, and pruritis is relatively less.57 PFIC 4 was
recently identified in 12 children who had cholestasis with low
GGT, and truncating protein mutations were found in tight junction
protein 2 (TJP 2). Cholestasis develops early in infancy, and the
disease is progressive.24 Most patients with PFIC require liver
transplant in childhood due to progressive liver disease. For PFIC 2,
3, and 4, LT is curative, but for PFIC 1, the extrahepatic manifesta-
tions, especially diarrhea, may worsen after transplant.59

12.4. Alagille syndrome

AGS is a multisystem-inherited disorder (autosomal dominant).
It occurs due to mutations in either JAG1 (95% cases) or NOTCH 2
(5%) genes and is characterized by paucity of intralobular bile
ducts.60,61 Patients with AGS have a combination of characteristics
including chronic cholestasis; characteristic facial features (broad
forehead, deep-set eyes, and small pointed chin); skeletal abnor-
malities such as butterfly vertebrae, curved phalanges, and short
ulna; cardiac anomalies (peripheral pulmonic stenosis); and ocular
abnormalities such as posterior embryotoxon and optic nerve
drusen. Infants present with cholestasis with very high GGT. Liver
biopsy shows paucity of intralobular bile ducts (ratio <0.5). On
cholangiogram, the extrahepatic biliary tree is patent. The treat-
ment is supportive, and more than half of children progress to
cirrhosis requiring liver transplantation by 10 years of age.62

12.5. Cholestasis in preterm infants

Cholestasis is commonly seen inpretermbabies andoccurs due to
multiple factors such as immaturity of biliary excretion, perinatal
hypoxia, poorenteral feedings, parenteralnutrition (PN,drug toxicity,
and sepsis. It has been reported in 18e67% of infants receiving PN for
prolonged periods (>14 days).63 The occurrence of cholestasis due to
PN is inversely correlated to the birth weight of the child and directly
correlated with starvation or duration of PN.64,65 Soyabean-based
lipid emulsions used commonly in PN are known to have a role in
cholestasis due to their phytosterol contentwhich leads to decreased
bile secretion and omega-6 fatty acids, which are proinflammatory
hepatic agents. Fish oilebased lipid emulsions contain omega-3 fatty
acids and seem to be useful in preventing neonatal cholestasis.66 A
lipid emulsion containing a mixture of soy bean oil, medium-chain
triglycerides, olive oil andfish oil (SMOF lipid)with reduced omega-6
fatty acids with vitamin E was found to decrease GGT in preterm in-
fants as compared to soy-based lipids.67 The management of PN-
inducedcholestasis includesdiscontinuationofPNas soonaspossible
and promotion of enteral feeding which enhances gall bladder
contraction, bile flow, and intestinal motility.

13. Conclusion

A variety of disorders have neonatal cholestasis as their pre-
sentation. Any infant with jaundice after 2 weeks of age should be
evaluated for cholestasis. EHBA is one of the most common causes,
and it must be differentiated promptly from other intrahepatic
causes because early surgery at less than 2 months of age results in
a better outcome. Previously underdiagnosed, genetic and meta-
bolic disorders are more readily recognized nowadays because of
advanced genetic testing, and many of these disorders have specific
treatment as well. Systematic approach helps in early diagnosis and
management, thus reducing the complications.
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