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(ALP), Gamma glutamyle transpeptidase (GGT) and imag-
ing studies such as abdominal ultrasound, computerized 
tomography (CT) scan and endoscopic retrograde cholan-
giopancreatography (ERCP) as shown in figure 1 below.

 

Figure 1. Classification of cholestasis according to biochemi-
cal data, image information obtained by abdominal echography, 
endoscopic retrograde cholangiopancreatography (ERCP) and 
computed tomography scan (CT-Scan), and the anatomical loca-
tion of the cause. ALP: alkaline phosphatase; GGT: γ- glutamyle 
transferase.[6]

Introduction
Neonatal cholestasis (NC) is a life threatening, patholog-
ical condition that results from reduction or obstruction of 
the bile flow. It can affect all body systems and organs. So, 
early diagnosis is crucial to detect and refer patients to spe-
cialized medical centers to improve their management and 
prognosis [1,2]

NC should be suspected when prolonged jaundice occurs 
in formula fed infants who remain jaundiced at 2 weeks of 
age and breastfed ones who remain jaundiced at 3-4 weeks 
of age [3] In the past, NC can be defined as conjugated bili-
rubin >1 mg/dL (if total <5 mg/dL) or >20% of total serum bil-
irubin (if total >5 mg/dL) with passage of dark colored urine 
staining the diapers with or without acholic stools.

NC is never physiologic and should always promptly eval-
uated to determine the specific etiology. Certain etiologies, 
including galactosemia, tyrosinemia, choledochal cyst, bac-
terial and viral sepsis, and biliary atresia (BA), are amena-
ble to medical or surgical interventions that may prevent 
progression to liver failure or the development of serious 
extrahepatic manifestations. Regardless of etiology, infants 
with cholestasis benefit from optimizing nutrition with fat sol-
uble vitamin supplementation and preventing complications 
of liver disease. including cholangitis, pruritus, portal hyper-
tension, and ascites [4,5].

Definition and Classification
Recently, according to North American Society of Pediat-
ric Gastroenterology, Hepatology, Nutrition and European 
Society of Pediatric Gastroenterology, Hepatology and Nu-
trition (NASPGHAN, ESPGHAN Guidelines 2022). NC can 
be defined as conjugated (direct) bilirubin > 1 mg/dL (17.1 
mcmol/L) in an infant regardless of the total bilirubin level or 
conjugated bilirubin > 20% of total when total serum bilirubin 
level > 5 mg/dL (85.5 mcmol/L). In practice, lower thresh-
olds are used for considering a diagnosis of cholestasis in 
the first 5 days of life including conjugated bilirubin level 
meeting any of the following:

•Within 0.3 to 0.4 mg/dL (5.1–6.8 mcmol/L).

•The laboratory specific upper limit of normal for newborns

•10% of total bilirubin.

NC can be classified into either obstructive or hepatocellu-
lar in origin depending on certain laboratory investigations 
such as direct bilirubin level (DBL), Alkaline phosphatase 
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(PNAC) in preterm infants and those with intestinal failure. 
All the previous causes can be summarized in table 1 below 
[9]

According to a meta-analysis, published in 2015 and an-
alyzed data of 1,692 cases of NC from 17 studies, biliary 
atresia (BA) was the most common cause worldwide (26%); 
other etiologies include infection (12%), total parenteral nu-
trition (6%), metabolic disease (4.3%), alpha-1 antitrypsin 
deficiency (4.1%), and perinatal hypoxia/ischemia (3.6%). 
Much of the literature to date originated from Caucasian 
and Asian populations, thus the epidemiology and pattern of 
NC remain unclear among Arabs. This missing information 
would have a great impact on the diagnostic algorithm used 
and the choice of laboratory tests in real clinical practice as 
shown in figure 2 below.

 

Figure 2: Epidemiology of Neonatal Cholestasis worldwide. [10]

Pathophysiology
Cholestasis occurs when bile flow is impaired, leading to 
accumulation of bile acids in the liver and bloodstream as 
mentioned in figure 3 below [11]. Key pathophysiological 
mechanisms:

Hepatic Level

1.	 Impaired bile acid transport: Reduced function of trans-
port proteins (e.g., BSEP, MRP2) disrupts bile acid ef-
flux.

2.	 Intrahepatic bile duct obstruction: Inflammation, fibro-
sis, or structural abnormalities hinder bile flow.

3.	 Hepatocyte injury: Damage to hepatocytes impairs bile 
production and secretion.

Extrahepatic Level

1.	 Bile duct obstruction: Blockage of extrahepatic bile 
ducts (e.g., bile duct stones, tumors).

2.	 Sphincter of Oddi dysfunction: Abnormalities in the 
sphincter regulating bile flow.

Molecular Mechanisms

1.	 Nuclear receptor dysregulation: Altered expression of 

Anatomic obstruction
Biliary atresia, choledochal cyst, cholelithiasis, biliary sludge, 
inspissated bile syndrome and bile duct tumors.
Infections
Viral, bacterial, parasitic, spirochete
Toxins
Drugs as ceftriaxone, erythromycin, rifampicin, TPN
Endocrine
Hypothyroidism- panhypopituitarism
Immune
Gestational alloimmune liver disease (neonatal hemochroma-
tosis previously)
Genetic and inborn errors of metabolism
ἀ1-antitrypsin deficiency (A1AT)
Alagille syndrome (ALGS)
Arthrogryposis-renal dysfunction-cholestasis (ARC syndrome)
Congenital hepatic fibrosis
Citrin deficiency
Cystic fibrosis (CF)
Bile acid synthesis defect
Bile acid conjugation defect
Fatty acid oxidation defect
Galactosemia
Tyrosinemia
Glycogen storage disease type IV
Mitochondrial respiratory chain disorders
Neonatal ichthyosis-sclerosing cholangitis
Neonatal sclerosing cholangitis
Niemann pick type C disease

Table 1. Causes of Neonatal Cholestasis. 

Epidemiology
The overall incidence of neonatal cholestasis is approxi-
mately 1 in 2,500 live births. For extremely premature ba-
bies it is much higher, due to the combination of several 
risk factors such as immaturity, lack of enteral feedings, long 
term use of total parenteral nutrition, and frequent episodes 
of septicemia. [7]. Cholestatic jaundice can result from var-
ious causes, including infections, anatomic abnormalities 
of the biliary system, endocrinopathies, genetic disorders, 
metabolic abnormalities, toxin and drug exposures, paren-
teral nutrition (PN) administration, cardio vascular dysfunc-
tion, and neoplastic processes [8]

The most common identifiable causes include BA (25–40%), 
genetic and metabolic diseases, including α1 antitrypsin 
(A1AT) deficiency (10–20%), Alagille syndrome (ALGS 
2–14%), cystic fibrosis (CF), progressive familial intrahepat-
ic cholestasis (PFIC), hypopituitarism (5%), inspissated bile 
syndrome, idiopathic neonatal hepatitis (INH) or transient 
neonatal cholestasis (TNC); and PN associated cholestasis 
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nuclear receptors (e.g., FXR, PXR) disrupts bile acid 
homeostasis.

2.	 Cytokine imbalance: Pro-inflammatory cytokines (e.g., 
TNF-α, IL-1β) contribute to cholestasis.

3.	 Oxidative stress: Reactive oxygen species (ROS) dam-
age hepatocytes and disrupt bile production.

Clinical presentation

Infants with cholestasis often have olive green jaundice in-
distinguishable from that of infants with indirect hyperbiliru-
binemia; however, the presence of pale stools, dark yellow 
urine, or hepatomegaly should suggest cholestasis. More-
over, one must not be falsely reassured by improving jaun-
dice over the first few weeks after birth, as this can be the 
result of an improving indirect bilirubin portion (from phys-
iologic jaundice, breast milk associated jaundice, or a re-
solving cephalohematoma), while the direct portion remains 
high or even rises. Acholic stools signify biliary obstruction 
and should always prompt further evaluation [12].

Specific clinical findings that suggest cholestatic disorders 
include bleeding or bruising results from vitamin K induced 
coagulopathy (ie, vitamin K malabsorption in A1AT deficien-
cy or ALGS) or from liver failure (eg, in gestational alloim-
mune liver disease, tyrosinemia, or mitochondrial respira-
tory chain disorders) [13]. Splenomegaly can result from 
cirrhosis with associated portal hypertension, storage dis-
eases, hemolytic disorders, or congenital hemophagocytic 
lympho-histiocytosis. Neurologic abnormalities, including ir-
ritability, lethargy, poor feeding, hypotonia, or seizures, can 
be found in infants with infection, intracranial hemorrhage, 
metabolic (eg, Zellweger syndrome) and mitochondrial dis-
orders, or hyperammonemia from liver failure. Infants with 
congenital infection may have low birthweight, thrombocy-
topenia, petechiae and purpura, and chorioretinitis. Facial 
dysmorphisms can be observed in chromosomal disorders 
or ALGS [14].

Cardiac murmurs, particularly those associated with the pul-
monary artery, are frequent in patients with ALGS or BA. 
It is critical to keep in mind that many infants with BA will 
appear healthy during the first month of age, and hepato-
splenomegaly, poor growth, and even acholic stools may 
escape early identification [15].

Different Types of Neonatal Cholestasis Surgi-
cally correctable causes
Biliary atresia
BA is the most common cause of liver transplantation in pe-
diatric patients and needs urgent management to prevent 
liver cirrhosis. BA is a unique disease to the neonatal peri-
od representing the end result of a damaging inflammatory 
process with unclear a etiology affecting both intra and ex-
trahepatic bile ducts [16]. Four different variants of BA can 
be distinguished based on clinical or laboratory features, 
isolated disease, cystic BA, virally associated BA especially 
with cytomegalovirus infection and BA with splenic malfor-
mation syndrome. NC is the key feature of BA especially 
when associated with pale stool and dark urine in a healthy 
infant. The biochemical features of the disease include di-
rect hyper bilirubinemia, raised liver transaminases, raised 
alkaline phosphatase and γ-glutamyl transpeptidase how-
ever, these findings may overlap with many other causes of 
NC. Non-dilatation of biliary tract, absent or non-contractile 
gallbladder, positive triangular cord and sub capsular hepat-
ic flow, and right hepatic hypertrophy are the main findings 
by abdominal ultrasound that help in the diagnosis of BA. 
The presence of bile duct proliferation, bile plug, a small cell 
infiltrate, and portal fibrosis and the absence of sinusoidal 
fibrosis and giant cells are the major histopathological find-
ings in BA. [17]. Duodenal aspiration and analysis for bile 
have been used for diagnosis of BA. Because of the poor 
differentiating rule of technetium labelled iminodiacetic acid 
derivatives, this technique now is less commonly used. En-
doscopic retrograde cholangiopancreatography is another 
recent tool for diagnosis of BA, but it highly invasive. On 
table cholangiography remains the gold standard for diag-
nosis [18].

The usual management of BA is a surgical attempt to re-
store bile flow using the Kasai portoenterostomy technique. 
Recent studies on BA have been focused on non- invasive 
methods to predict liver fibrosis progression A 2023 study 
published in Frontiers in pediatrics explored the predictive 
value of APRI (aspartate aminotransferase to platelet ratio 
index) and FIB 4(four factor-based fibrosis index) score in 
diagnosing progressive liver fibrosis in children with BA. 
APRI had 52% sensitivity and 83% specificity while FIB4 
had 83% sensitivity and 67% specificity. These markers can 
be used as follow up for progressive fibrosis in BA patients.
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Figure 4: Kasai operation for biliary atresia (BA). [19].

Choledochal malformation (choledochal cyst)

It is a congenital dilation of the biliary tree not secondary to 
an obstruction. It is a benign condition but can be complicat-
ed by cholestasis, cholelithiasis, cholangitis, biliary cirrhosis, 
pancreatitis, and malignant transformation [20]. Abdominal 
ultrasound demonstrates abnormal dilatation of the CBD. 
Laboratory results reveal conjugated hyperbilirubinemia, 
increased γ-glutamyl transpeptidase (GGT) level, and mild 
elevation of liver transaminase levels. Albumin and globulin 
levels are normal. It is essential to differentiate it from cystic 
BA; Surgical cyst excision is the treatment of choice. Lap-
aroscopic hepaticojejunostomy is a new feasible treatment 
option achieving better outcome than traditional treatment 
modalities with fewer complications. [21].

Inspissated bile syndrome (IBS)

IBS is a rare cause of NC resulting from the obstruction of 
the EHBDs by either bile plugs or sludge without chemical 
defects of the bile, anatomical abnormalities, or liver cell 
damage. IBS accounts for 8% of the surgically treatable 
causes of NC, with an estimated incidence of 1/175,000 
live births [22]. Systemic infection, hemolysis, total parental 
nutrition (TPN), rapid weight loss, progressive familial in-
trahepatic cholestasis (PFIC), citrine deficiency, and drugs 
(ceftriaxone) can cause IBS. IBS can resolve spontaneous-
ly with or without the administration of oral ursodeoxycholic 
acid (UDCA) (10–20 mg/kg). Failed medical management 
indicates the need for endoscopic retrograde cholangiopan-
creatography, percutaneous transhepatic cholangiography, 
or irrigation of the biliary tree with saline or a mucolytic agent 
through a cholecystostomy. Co- administration of N-acetyl-
cysteine and glucagon can effectively treat IBS. Omega- 
three polyunsaturated fatty acids (500 mg four times per 
day) can be used as an alternative to surgical intervention 
[23].

Spontaneous perforation of the bile duct (SPBD)

It is a rare condition that affects children under four years 
old, with most cases reported in six-month-old infants [1]. 

The exact cause of SPBD is still unclear, but research sug-
gests it may be linked to pancreaticobiliary malunion (PBM) 
and congenital weakness of the bile duct wall. Clinically, it 
can present with fever, nausea and vomiting, abdominal 
pain and distension. Diagnosing (SPBD) can be challeng-
ing due to its non-specific clinical manifestations. Laborato-
ry tests, imaging modalities such as abdominal CT scan and 
paracentesis are essential for diagnosis.

Treatment is either conservative medical or surgical (Roux-
en-Y anastomosis) for severe cases [24].

Non-surgical causes
Idiopathic Neonatal Hepatitis

Idiopathic neonatal hepatitis (INH) is a condition character-
ized by inflammation of the liver in newborns, with unknown 
causes. It’s also known as idiopathic neonatal cholestasis, 
it is usually presented with prolonged conjugated jaundice, 
poor weight gain (failure to thrive), fat soluble vitamins de-
ficiency and pale or clay colored stool. It is diagnosed after 
exclusion of other causes of cholestasis such as BA, cho-
ledochal cyst, alpha-1-antitrypsin deficiency, Alagille syn-
drome, Progressive familial intrahepatic cholestasis (PFIC), 
Congenital infections and Cystic fibrosis [25].

Infection

Sepsis Inflammatory mediators (i.e., bacterial endotoxin 
and lipopolysaccharides) cause NC by triggering the re-
lease of cytokines. NC is considered to be a severe con-
dition that may complicate neonatal septicemia. Prolonged 
NC will aggravate liver dysfunction, leading to liver failure 
and the failure of other organs. Management of neonatal 
sepsis-associated NC at the early stage is mandatory to 
prevent its sequelae and maintain normal growth and de-
velopment [26].

Metabolic disease
ἀ1 antitrypsin deficiency (A1ATD)

Alpha-1 antitrypsin deficiency (AATD) is a genetic disorder 
affecting the production of alpha-1 antitrypsin, a protein pro-
tecting lungs and liver from damage. It is usually presented 
with pulmonary manifestation such as chronic obstructive 
pulmonary disease (COPD), emphysema and bronchiecta-
sis. Hepatic manifestations such as chronic liver disease, 
hepatitis and cholestasis. Diagnosis includes AAT measure-
ment, pulmonary functions test and genetic testing for SER-
PINA 1 gene [27].

Galactosemia

Galactosemia is a rare genetic metabolic disorder affecting 
the body’s ability to metabolize galactose, presented with 
jaundice, vomiting, failure to thrive, diarrhea. Developmen-
tal delay (speech language and cognitive function). Re-
cently, its diagnosis depends mainly on neonatal screening 
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program to detect enzyme deficiency early. In addition to, 
urinary galactose test and genetic testing. Treatment is ga-
lactose free diet and avoidance of dairy products and use of 
soy-based or elemental formula [28].

Tyrosinemia

Tyrosinemia is a rare genetic disorder affecting tyrosine me-
tabolism.

Types

1.	 Tyrosinemia Type I (TTI): Most severe form, caused by 
fumarylacetoacetate hydrolase (FAH) deficiency.

2.	 Tyrosinemia Type II (TTII): Caused by tyrosine amino-
transferase (TAT) deficiency.

3.	 Tyrosinemia Type III (TTIII): Caused by 4-hydroxyphen-
ylpyruvate dioxygenase (HPD) deficiency [29].

Clinically, it can be presented with hepatic dysfunction 
(cholestasis, liver cirrhosis, hepatocellular carcinoma), 
renal manifestation (Fanconi syndrome, aminoaciduria), 
neurological (seizures and intellectual disabilities) and oc-
ular manifestations (corneal ulcers, glaucoma). Diagnosis 
occurs by early neonatal screening (blood test for tyrosine 
and succinyl acetone), biochemical tests (urinary succinyl 
acetone and plasma amino acids) and recently genetic test-
ing for mutated enzymes. It should be diagnosed as early 
as possible due to possibility of hepatocellular carcinoma 
(Masurel-Paulet, 2023).

Progressive familial intrahepatic cholestasis (PFIC)

Progressive familial intrahepatic cholestasis is a rare genet-
ic disorder characterized by impaired bile flow and accumu-
lation of bile acids in the liver It’s classified into three main 
types:

Types of PFIC

•PFIC Type 1 (FIC1 deficiency): Caused by mutations in the 
ATP8B1 gene, leading to severe liver disease, often pre-
senting with jaundice, failure to thrive, and delayed puberty.

•PFIC Type 2 (BSEP deficiency): Resulting from mutations 
in the ABCB1 gene, causing severe liver disease with rapid 
progression to cirrhosis.

PFIC Type 3 (MDR3 deficiency): Caused by mutations in the 
ABCB4 gene, leading to mild to moderate liver disease with 
variable progression [30]. Clinically, PFIC can be present-
ed with pruritus, jaundice, and failure to thrive. Laboratory 
tests reveal elevated bile acids, low gamma glutamyl trans-
ferase (GGT), and abnormal liver function tests. Diagnosis 
is confirmed by genetic testing and liver biopsy. Treatment 
is supportive to prevent liver damage, ursodeoxycholic acid 
(UDCA) for pruritis, biliary diversion and finally liver trans-
plantation is the last option for severe refractory cases [31].

Genetic Disease

Cystic Fibrosis (CF)

Cystic fibrosis is a genetic disorder that affects the respira-
tory, digestive, and reproductive systems. It’s characterized 
by thick, sticky mucus that obstructs the alveoli of the lungs 
and the pancreas [32].

CF is caused by mutations in the CFTR gene, with the p. 
Phe508del mutation being the most common. It affects ap-
proximately 1 in 50,000 to 100,000 births. Clinically, it can be 
presented with persistent cough, wheezing, poor growth or 
weight gain, and frequent respiratory infections. Gastro-in-
testinal manifestations (recurrent vomiting, meconium plug 
syndrome, steatorrhea due to pancreatic insufficiency, mal-
absorption of fat-soluble vitamins (A, D, E, K) and cholesta-
sis. Diagnosis is typically made through sweat chloride test, 
genetic testing, and newborn screening. Treatment options 
include CFTR modulators, which target the defective pro-
tein, antibiotic therapy, nutritional support, and lung trans-
plantation in severe cases. Recent studies have focused on 
understanding the mutations and their effects on CFTR pro-
tein function, leading to personalized medicine approaches. 
The introduction of CFTR modulators has been a significant 
advancement in CF therapy, offering improved lung function 
and quality of life for many patients [33].

Citrin deficiency

Citrin deficiency is a rare genetic disorder caused by mu-
tations in the SLC25A13 gene, leading to impaired citrin 
protein function. Citrin plays a crucial role in mitochondrial 
aspartate-glutamate transport. [34].

Clinically, presented with early cholestasis and liver dys-
function, poor weight gain (failure to thrive), developmental 
delay and specific laboratory parameters in the form of hy-
poglycemia, increased ammonia level and lactic acidosis. 
Diagnosis is made by Plasma amino acid, urine organic 
acid analysis and newborn screening (blood test for citrul-
line and arginine). Recently, genetic testing via SLC25A13 
gene sequencing and liver biopsy. Treatment includes low 
protein diet, arginine supplementation to reduce ammonia 
level and finally liver transplantation is the last option in se-
vere cases [35].

Alagille Syndrome

Alagille syndrome (ALGS) is a rare genetic disorder affect-
ing multiple systems, primarily the liver, heart, skeleton, 
face, and eyes. It is characterized by AD inheritance. Its 
prevalence is reported to be approximately 1 in 30,000 in-
fants (Kamath, 2022). Clinically, presented with cholestatic 
jaundice, facial features (triangular face, prominent fore-
head, deep set eyes, pointed chin, and straight nose), car-
diac defects (peripheral pulmonary artery stenosis), skeletal 
abnormalities (butterfly vertebrae), ophthalmological (pos-
terior embryotoxic) and renal defects.

According to the Guidelines of the American Association 
for Study of Liver Diseases 2022[36], diagnosis is mainly 
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through genetic testing by identifying mutations or deletions 
in the JAG1 gene on chromosome 20p11.2-20p12, respon-
sible for approximately 98% of cases. Treatment is mainly 
supportive until end stage liver disease occurs at which liver 
transplantation is mandatory.

Bile acid synthesis disorders (BASDs)

BASDs are disorders of primary bile acid (cholic and che-
nodeoxycholic acid) synthesis that result in liver injury due 
to the accumulated toxic intermediate metabolites. Abnor-
malities in bile excretion result in the retention of other toxic 
metabolites within the liver. BASDs should be included in 
the differential diagnosis of NC [37]. The effects of BASDs 
on the liver range from persistent cholestasis to acute hep-
atitis or liver failure.

Clinically, patients present with NC, FTT, hepatosplenomeg-
aly, rickets, evidence of fat malabsorption, and bleeding. 
Neurologic effects include seizures, developmental delay, 
deafness, blindness, and neuromuscular weakness [38]. 
UDCA disrupts serum bile acid levels, and liver transam-
inases are elevated with normal GGT. Urinary bile acids 
should be measured to identify the synthetic defect. Liver 
biopsy is not diagnostic. Treatment with cholic acid, not ur-
sodiol, suppresses the production of toxic metabolites and 
maintains normal growth and development

Total Parenteral Nutrition-Associated 
Cholestasis (TPN-AC)
NC is a frequently reported complication of TPN. TPN-AC 
is diagnosed if there is persistent conjugated hyperbiliru-
binemia greater than 2 mg/dL for at least two consecutive 
tests during TPN, with the absence of any other causes 
of NC [39]. The exact aetiology is not known; risk factors 
associated with TPN-related cholestasis are very low birth 
weight, prematurity, the duration of TPN, sepsis, the ab-
sence of enteral feeding, the quality or quantity of amino 
acid intake, male sex, trace mineral or phytosterol toxicity, 
and perinatal depression or shock. Intestinal resection and 
its complications have also been associated with the occur-
rence of TPN-AC. The severity of the disease varies from 
mild to severe, and it can lead to significant hepatic injury 
and end stage liver disease. The histopathological changes 
are correlated with the duration of TPN. A shortened TPN 
course and early initiation of enteral feeding can effectively 
decrease the frequency of NC. UDCA (10–30 mg/kg/day) is 
the most widely used drug in the treatment of TPN-AC [40].

Diagnostic Work UP

If cholestasis is present, further evaluation should be com-
pleted with a sense of urgency to identify or exclude BA 
and other treatable conditions (e.g., hypothyroidism, urinary 
tract infection, sepsis, galactosemia, and tyrosinemia). A 
careful family history and physical examination should be 
performed that might point to a specific etiology. All infants 
with cholestasis should initially undergo testing for A1AT de-
ficiency which is a common cause of cholestasis with an 

A1AT serum level and/or electrophoresis/genotype testing 
(a level of <50 mg/dL [9.2 μmol/L] or a ZZ/SZ genotype sug-
gests disease). The newborn screen should be reviewed 
or specific testing ordered to evaluate for hypothyroidism, 
tyrosinemia, or galactosemia, which are all treatable condi-
tions. If the infant has a fever, abnormal urine analysis find-
ings, or other clinical signs of infection, appropriate blood, 
urine, and/or spinal fluid cultures should be performed. Ab-
dominal ultrasonography can identify physical obstruction of 
the biliary tree (ie, a gallstone, choledochal cyst, or mass) 
or gall bladder abnormalities associated with BA. If these 
tests do not reveal an etiology for the infant’s cholestasis, 
and if a liver biopsy can be performed safely, biopsy should 
be performed to evaluate for BA. If red flags for individual 
diseases are present then specific diagnostic tests should 
be done [41] as mentioned in figure 3 below. In the past, 
multiple individual blood and urine tests were used simul-
taneously to evaluate for various genetic/metabolic causes 
of cholestasis after A1AT deficiency and BA were excluded; 
these tests include

•	 Immunoreactive trypsinogen on the newborn screen to 
assess for CF

•	 Urinary reducing substances or red blood cell galac-
tose-1-phosphate uridyl transferase to assess for ga-
lactosemia

•	 Urine succinyl-acetone to assess for hereditary tyrosin-
emia

•	 Total serum bile acid level and urine bile acid profile to 
assess for disorders of bile acid synthesis

•	 JAGGED testing to assess for ALGS

•	 Serum amino acids and urine organic and amino acids 
to assess for citrine deficiency, fatty acid oxidation de-
fects, and other metabolic diseases

•	 Very long chain fatty acid levels to assess for peroxiso-
mal disorders [42].

Unfortunately, this single test approach was timely and ex-
pensive. So, the paradigm for evaluating cholestasis has 
now changed at many institutions where next generation 
sequencing (NGS) targeted genetic panels, whole exome 
sequencing (WES), and/or whole genome sequencing 
(WGS) are clinically available in a relatively rapid, cost-ef-
fective manner. This testing can identify all known gene 
mutations associated with cholestatic diseases and also 
uncover new genetic abnormalities resulting in cholestasis. 
(Karpen et al., 2017).

Imaging

All infants with cholestasis should undergo abdominal ultra-
sonography as part of their initial evaluation to assess liver 
structure, size, intra-abdominal position, composition and 
to identify number of spleens (asplenia or polysplenia can 
occur in BA, splenic malformation syndrome); evaluate for 
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the presence of ascites; and identify findings of an extrahe-
patic obstructive lesion (choledochal cyst, mass, gallstone, 
obstructing sludge). Although ultrasound findings such as 
the absence of the gallbladder, presence of a triangular cord 
sign (a cone-shaped fibrotic mass cranial to the bifurcation 
of the portal vein), interrupted inferior vena cava, preduo-
denal portal vein, situs inversus, and heterotaxia, may sug-
gest BA, none of these findings are diagnostic for BA, and 
conversely, some infants with BA have normal hepatobiliary 
ultrasonography. [22].

In the past, hepatobiliary scintigraphy with a technetium 
labeled iminodiacetic acid analogue (HIDA) was used to 
assess biliary patency and rule out BA. However, its spec-
ificity is low (33%–80%); non-excretion by a HIDA scan is 
observed not only in infants with BA, but also in those with 
intrahepatic cholestasis, including infants with ALGS and 
INH, or those receiving PN. (Nievlstein et al., 2021). It is rec-
ommend reserving the HIDA scan for preterm infants with 
cholestasis in whom the suspicion of BA is low (ie, an in-
fant with pigmented stool who is receiving PN) and in those 
for whom liver biopsy would be high risk. (Kiamifar et al., 
2013). Cholangiography is ultimately required to establish 
the diagnosis of BA, and this is most commonly performed 
as an intraoperative cholangiography (IOC) by a surgeon 
experienced in performing HPE during the same surgical 
procedure if the IOC shows BA. At this time, endoscopic 
retrograde cholangiopancreatography, magnetic resonance 
cholangiopancreatography, and transhepatic cholecystog-
raphy are of limited usefulness in the evaluation of neonatal 
cholestasis, except in specialized centers [43].

Liver Histology

Percutaneous liver biopsy remains a critical tool in evaluat-
ing neonatal cholestasis. Several studies have found that 
a diagnosis of BA was correctly suggested by liver biopsy 
histology in 85% to 95% of cases (including preterm and 
term infants). The histologic features that distinguish cases 
of BA from other causes include:

•	 Bile plugs in portal bile ducts or ductules.

•	 Portal stromal edema

•	 No bile duct paucity

•	 Absent to rare giant cell transformation

•	 Absent to rare extramedullary hematopoiesis

Also, liver biopsy is valuable in diagnosis of other causes of 
NC such as:

•	 A1AT deficiency (intrahepatocyte globules).

•	 ALGS (bile duct paucity)

•	 Neonatal sclerosing cholangitis (necro-inflammatory 
duct lesions)

•	 Viral infection (cytomegalovirus or herpes simplex virus 

inclusions)

•	 Metabolic liver diseases (steatosis and pseudo-acinar 
formation of hepatocytes) PFIC and storage disease 
(electron microscopy findings [44].

•	 INH (multinuclear giant cells, extramedullary hemato-
poiesis, hepatocellular cholestasis).

•	 Noninvasive Liver Stiffness Evaluation

Although liver biopsy is the investigation of choice in diag-
nosis of NC, it is an invasive maneuver that many complica-
tions can result from it. In BA, hepatic fibrosis is a universal 
feature, and biliary cirrhosis occurs early in life, its precise 
timing varies depending on the child clinical condition. Re-
cently, noninvasive methods to evaluate liver stiffness and 
fibrosis (ie, acoustic radiation force impulse, transient elas-
tography, or sheer wave elastography) could be used to ac-
celerate suspicion of BA and shorten the time to IOC and 
HPE [45].

Novel Biomarkers

Recent studies have suggested that elevated serum lev-
els of matrix metalloproteinase 7 (MMP7) at 1 to 2 months 
of age may reliably discriminate BA from other causes of 
cholestasis, with positive predictive values exceeding 90% 
and negative predictive values exceeding 95% [46].

Further studies are needed to determine the earliest age at 
which MMP7 can be used, to clarify whether MMP7 is re-
liable in unique populations of cholestatic infants, including 
preterm infants and infants with congenital heart disease, 
and finally, to assess whether MMP7 levels can prognosti-
cate which BA infants will ultimately need liver transplanta-
tion [47].

The algorithm for evaluation of neonatal cholestasis (includ-
ing different causes, their laboratory investigations) can be 
summarized in figure 5 below.

 

Figure 5: Algorithm for evaluation of neonatal cholestasis.
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(BA, A1AT, and treatable causes of cholestasis (choledo-
chal cyst, infection, galactosemia, tyrosinemia, hypothyroid-
ism) are excluded in a timely fashion through blood tests, 
imaging, potential liver biopsy, and intraoperative cholan-
giography to determine if biliary atresia is present. If there 
is a “red flag” based on maternal history, family history, or 
physical examination suggesting a specific diagnosis, the 
infant should be promptly evaluated for that disease. If a 
cause is not identified, targeted gene panels, WES or WGS 
can be used to efficiently and effectively evaluate for both 
known genetic/metabolic causes of cholestasis as well as 
novel genetic causes [48].

Treatment of Neonatal cholestasis General 
Medical Management
Most infants with NC are underweight and need nutritional 
support. The goal is to provide adequate calories to com-
pensate for steatorrhea and to prevent or treat malnutrition. 
The calorie requirement is approximately 125% of the rec-
ommended dietary allowance (RDA) based on ideal body 
weight [49]. In breastfed infants, breastfeeding should be 
encouraged and medium chain triglyceride (MCT) oil should 
be administered in a dose of 1-2 mL/kg/d in 2-4 divided dos-
es in expressed breast milk. In older infants, a milk cereal 
mix fortified with MCT is preferred. Adding puffed rice pow-
der and MCT to milk can make feeds energy dense. Essen-
tial fatty acids should constitute 2- 3% of the energy provid-
ed. Vegetable protein at 2-3 g/kg/ d is recommended [50].

According to the updated guidelines of Indian Academy of 
Pediatrics (IAP) 2022 for treatment of neonatal cholestasis, 
the following table 2 summarizes the supportive treatment 
of neonatal cholestasis in the form of administration of fat- 
soluble vitamins, calcium, magnesium and trace elements 
and drugs used for treatment of pruritis.

Drug 
supplementation Dose Side effects/ com-

ments

Vitamin K
2.5 mg twice/week to 5 

mg/ day oral or IV/IM: 2–5 
mg/month 

None (To be given if 
coagulopathy is pres-
ent or till conjugated 
jaundice is existing) 

Vitamin D 
(cholecalciferol) Oral 2,500–4,000 IU/day 

or One sachet 
(60,000 IU) per 

month 

Hypercalcemia, nephro-
calcinosis  (To be given if 
coagulopathy is present 

or till conjugated jaundice 
is existing). May monitor 
vitamin D levels every 3 

monthly and treat accord-
ingly). 

Vitamin A Oral 5,000–25,000 IU/day 

Hepatotoxicity, hyper-
calcemia Pseudotu-
mor cerebri if higher 
dose is used. Avoid 
hypervitaminosis as 
it can enhance liver 

fibrosis 

Vitamin E Oral 50–400 IU/day 

Potentiation of 
vitamin K deficien-
cy coagulopathy, 

diarrhea 

Water-soluble 
vitamins

Twice the recommended 
daily allowances None 

Calcium supple-
mentation Oral 25–100 mg/kg/day 

Medium chain 
triglycerides 

(MCT
15–20% of calories 

Oral supplementation 
in the form of oil/ 

powder/formula feeds 
containing desired 

MCT content 

Pruritus (oral 
drugs) 

Ursodeoxycholic 
acid 10–20 mg/kg/day Diarrhea, hepato-

toxicity 

Rifampicin 10 mg/kg/day Hepatotoxicity, drug 
interactions 

Phenobarbitone 3–10 mg/kg/day Sedative effect, be-
havioral changes 

Cholestyramine 0.25–0.5 g/kg/day 
Constipation, steator-
rhea, hyperchloremic 

metabolic acidosis 

Table 2: General supportive treatment of neonatal cholestasis. 
[51].

The specific therapy and different types of investigations 
either screening or confirmatory for different aetiologies of 
neonatal cholestasis are mentioned below in table 3.

Disease entity
Specific investigations Specific treat-

mentscreening confirmatory

Biliary atresia 
(BA)

Pale colored 
stool, high 

GGT, USG: GB 
rudimentary/
poor contrac-
tility, triangular 

cord sign+; 
liver biopsy fea-

tures of BA

Peroperative 
cholangiogram

Surgical: Por-
toenterostomy 

in the large ma-
jority of cases 
or Hepaticoje-
junostomy in a 
few with patent 
confluence at 

porta

Galactosemia

Urine for 
non-glucose 

reducing sub-
stances +

Galactose-1 
phosphate urid-

yltransferase 
(GAL1-PUT)

Lactose-free 
diet

Tyrosinemia High AFP

Urinary suc-
cinyl acetone 
present (being 
highly volatile 

substance 
sample should 

be quickly 
analysis)

Drug treatment 
with NTBC 

[2-(2-nitro-4- 
trifluoromethyl 

benzoyl)-1, 
3-cyclohex-
anedione] 

and restricted 
tyrosine and 

phenylalanine 
diet Alterna-
tively liver 

transplantation
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Gestational 
alloimmune 
liver disease 

(earlier named 
as neonatal 

hemochroma-
tosis)

High serum 
ferritin median 
2,448 (415– 

100,000) μg/L

Lip biopsy 
(submucosal 
gland): Iron 

deposition on 
staining Or MRI 

pancreas for 
iron deposition

High dose of 
intravenous 

immunoglobu-
lin ± exchange 

blood trans-
fusions. If no 

response, then 
liver transplan-

tation

Bile acid trans-
porter defects 
(PFIC types 

1-VI; types I-III 
being common)

GGT Normal/
low, high, Liver 
biopsy features

Genetic 
evaluation 

(clinical exome 
sequencing)

Medical 
treatment for 
pruritus. May 
need surgical 

biliary diversion 
to control 

pruritus. Liver 
transplantation, 

if indicated

Alagille syn-
drome

High GGT; high 
triglycerides; 
eye, cardiac, 
and skeletal 

specified 
defects; paucity 
of bile ducts on 

liver biopsy

Genetic eval-
uation JAG 1 
or NOTCH 2 

mutation

Same as that 
of bile acid 

transporter de-
fects with some 

exceptions 
in managing 

disease compli-
cations

Table 3: Specific therapy and investigations for different types of 
neonatal cholestasis. [51].

Liver transplantation

It is considered as the last option or choice for treatment of 
NC when end stage liver disease occurs (massive fibrosis 
and lost synthetic liver functions) or after failure of medical 
conservative manageme[52].

Potential Future Therapeutics

New Advances in our understanding of bile formation and 
secretion, bile acid signaling, and pathogenesis of many 
cholestatic disorders have spurred a great deal of interest in 
the development of new therapies which include:

•	 Gene therapy with RNA interference is being explored 
in cholestasis with monogenic aetiologies.

•	 nor-UDCA (nor-ursodeoxycholic acid which is a side 
chain shortened derivative of UDCA with relative re-
sistance to amidation which enables its chole-hepatic 
shunting).

•	 Farnesoid X receptor (FXR) agonists. It is a bile acid 
transcription factor which prevents bile acid accumula-
tion inside hepatic cells).

•	 Apical sodium bile acid transporter inhibitors.

•	 Small molecule chemical chaperones.

For infants with BA and other fibroinflammatory diseases, 
antifibrotic and anti-inflammatory medications may be of 
theoretical benefit, unfortunately, no benefit was demon-
strated with initial trials of high dose corticosteroid or intra-
venous immunoglobulin for infants with BA [53].

Screening and Prevention

Early diagnosis of NC is considered of great importance to 
prevent liver cell fibrosis, damage and subsequent mortality 
especially in cases with BA which should be diagnosed as 
early as possible.

In Taiwan, Japan, and Switzerland, a national stool color 
screening system has been implemented in which parents 
are given an infant stool color card at birth. They are in-
structed to notify care providers if their infant passes an 
acholic stool and to bring the stool color card to the 1-month 
well child visit to review with the provider. This program has 
significantly reduced the average age at diagnosis and time 
of

HPE. In addition, it has improved the 3-month post-HPE 
jaundice-free rate and the 5-year overall survival rate [54].

•	 A mobile health application using a smartphone camera 
and color recognition software to identify acholic stools, 
might offer a way to screen an infant’s stool without re-
quiring a 1 month well child visit [55].

•	 Another screening modality is measurement of direct 
bilirubin level for all neonates within the first 72 hours 
after birth for early diagnosis or even before hospital 
discharge.

•	 Another approach for identification of BA among infants 
with cholestasis is the measurement of serum MMP7, 
which appears to be 95% to 99% sensitive and 93% to 
95% specific for identifying infants with BA [56].

Conclusion and Summary
Neonatal cholestasis can affect all body systems. Although, 
it is multifactorial, biliary atresia remains the most common 
cause. Other causes include genetic, metabolic, infections, 
drug induced, immune mediated and TPN associated. Clin-
ically, presented with cholestatic jaundice, hepatospleno-
megaly, ascites, purpura or bleeding manifestations, cardi-
ac manifestation (murmur of pulmonary artery stenosis as 
in Alagille syndrome). Full history taking and physical ex-
amination is mandatory to discover key points that help in 
diagnosis. Recently, new modalities of investigations can be 
used in diagnosis such as ERCP, MRCP, liver biopsy and 
genetic testing (WES). Treatable causes of NC should be 
managed early to prevent long term complications.
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cholestasis; INH: Idiopathic neonatal hepatitis; TNC: Tran-
sient neonatal cholestasis; PNAC: Parenteral nutrition as-
sociated cholestasis; CBD: Common bile duct; TJs: Tight 
junctions; ABC: ATP binding cassette; BSEP: Bile salt 
export pump; BADF: Bile acid dependent fraction; GSH: 
Glutathione, sulphate, hyaluronic acid; MRP2: Multi drug 
resistance protein 2; BAIF: Bile acid independent fraction; 
LCHAD: Long chain hydroxy acyl- dehydrogenase; GALD: 
Gestational allo-immune liver disease; JAGGED: JAG1 
gene protein of Alagille syndrome; NGS: Next generation 
sequencing; WES: Whole exon sequencing; WGS: Whole 
genome sequencing; HIDA: Hepatobiliary iminodiacetic 
acid analogue; PN: Parenteral nutrition; IOC: Intra-opera-
tive cholangiography; HPE: Hepatobiliary endoscopy; IBS: 
Inspissated bile syndrome; EHBD Extrahepatic bile duct; 
UDCA: Ursodeoxycholic acid; SPBD: Spontaneous perfo-
ration of bile duct; PBM: Pancreaticobiliary malunion; TNFἀ: 
Tumor necrosis factor alpha; IL1ᵝ: Interleukin 1 beta; CFTR: 
Cystic fibrosis transmembrane regulator; AQP1: Aquaporin 
channel protein 1; TAT: Tyrosine aminotransferase; FAH: 

Fumaryl acetoacetate hydrolase; HPD: Hydroxyoxyphenyle 
dioxygenase; AD: Autosomal dominant; AASLD: Amer-
ican Association for Society of Liver Diseases; FTT: Fail-
ure to thrive; TPN-AC: Total parenteral nutrition associated 
cholestasis; RDA: Recommended daily allowance; MCT: 
Medium chain triglycerides; AFP: Alpha fetoprotein; NTBC: 
Nitro-trifluoromethylphenyl cyclohexanedione; IAP: Indian 
academy of Pediatrics; MMP7: Matrix metalloproteinase 7; 
FXR: Farensoid X receptor

Recommendations
Early identification and diagnosis of NC is mandatory espe-
cially for BA, which needs early surgical intervention to im-
prove morbidity and mortality. Many screening tools are rec-
ommended such as acholic stool monitoring, mobile health 
application and MMP-7 measurement which is increased in 
cases with BA. In addition to the ordinary neonatal screen-
ing programs that can diagnose early genetic, metabolic 
causes of NC which prevent progression to liver cell failure. 
It is also recommended to refer a case of cholestasis to a 
specialized hospital when diagnosed to be under supervi-
sion of multidisciplinary team.
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