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Abstract
Although the role of liver biopsies is changing with the development of new diagnostic methods and advances 
in imaging techniques, non-invasive biomarkers, proteomic and genomic studies, a liver biopsy performed at the 
right time and with appropriate indications continues to be an important tool for assessment and diagnosis of 
children with cholestasis. This is equally true in the neonatal period, in early childhood, and in late childhood not 
only for determination of an etiology and establishing a prognosis, but also for guiding treatment of the patient (1). 

There are multiple causes and morphological patterns that may be related to a genetic defect in aspects 
of hepatic metabolism including synthesis of bile acids, formation and function of membrane transporters, 
and alterations in the development of the bile ducts. Many of these may overlap and should be interpreted 
in conjunction with clinical, genetic and laboratory findings. Inherited syndromes that produce intrahepatic 
cholestasis and biliary atresia are the most common causes of chronic liver disease and the leading indication 
for liver transplantation in children. 

The approach we present here emphasizes the close cooperation that should exist between pediatricians, gas-
troenterologists, pediatric surgeons and pathologists for proper identification of many of the cholestatic diseases 
that can affect this age group. Subsequent surgical or medical management may include liver transplantation (2, 3). 
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INTRODUCTION

In children, diseases manifested with cholestasis are often 
the result of pathological processes that begin in utero or 
in early postnatal life when the liver has not yet reached 
full functional maturity. This favors susceptibility to both 
exogenous and endogenous aggressions.  Recent studies 
have provided the molecular basis of clinical phenotypes 
and have identified candidate genes which modify disease 
and associated genetic mutations which can explain many 
of the entities causing cholestasis in infancy.

NEONATAL CHOLESTASIS

Neonatal jaundice that lasts more than 14 days after birth is 
unusual. The incidence of neonatal cholestasis is approxi-

mately 1 in 2,500 live births, so most providers of primary 
health care for children rarely see these cases (4).

It is essential to establish whether newborn jaundice is 
non-cholestatic or cholestatic h (defined as the presence 
of more than 2.0 mg/dl conjugated hyperbilirubinemia, 
or more than 20% of total bilirubin).  Jaundice occurs 
in the first 90 days of life, especially in the first 2 weeks. 
There are many causes, both intrahepatic and extrahe-
patic. Establishing the correct etiology is urgent as hyper-
bilirubinemia is associated with a high risk of death or com-
plications, so early diagnosis is necessary in order to initiate 
treatment that may save a life (5).

The differential diagnosis of neonatal cholestasis is very 
broad and requires a gradual approach based on clinical his-
tory, physical examination, laboratory tests and imaging to 
quickly identify the underlying etiology. Early recognition of 
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neonatal cholestasis is essential to ensure timely treatment, 
improve the prognosis and determine the need for special-
ized complementary studies of the patient and/or family (2).

In Table 1 we list only some of them, and in this article we 
will refer to the most common: atresia of the extrahepatic 
bile duct, idiopathic neonatal hepatitis, alpha-1 antitrypsin 
deficiency and ductopenia.

Is it possible to differentiate biliary atresia from 
idiopathic neonatal hepatitis?

These two entities constitute 70% to 80% of all childhood 
cholestasis but they require very different kinds of man-
agement. Since there is no specific test that is the key to 
differentiating between them, the clinical history, imag-
ing studies and sometimes s liver biopsy performed by an 
experienced pathologist must can provide the information 
used. In more than 90% of cases an accurate diagnosis is 
established (6).

BILIARY ATRESIA 

The most common cause of neonatal cholestasis is atresia 
of the extrahepatic bile duct which accounts for nearly a 
third of all cases of neonatal cholestasis. Its incidence is 
1:15,000 live births.  It is an idiopathic, inflammatory and 
destructive process in the extrahepatic and intrahepatic 
bile ducts which leads to progressive fibrosis and ductal 
obstruction and then to biliary type cirrhosis. In this con-
dition the appropriate surgical treatment is performance of 
a hepatoportoenterostomy (also known as a Kasai proce-
dure) within the first 100 days of life before the course of 
the disease is set. This disease’s natural history varies unpre-

dictably, but it is the reason for 50% of all pediatric liver 
transplants and can be fatal if untreated (1, 4, 7-9).

Its pathogenesis is unclear, but two different forms have 
been described.
1. The fetal/embryonic form is the most severe. It has 

been suggested that it is secondary to an adverse event 
during embryogenesis. It is characterized by cholestasis 
at birth and the absence of remnant bile ducts.  Fetal 
cholestasis accounts for 10% to 35% of all cases, and up 
to 20% of these are accompanied by other malforma-
tions such as polysplenia, cardiovascular defects, situs 
inversus, and intestinal malrotation.

2. In postnatal or perinatal cholestasis it is postulated that 
an acquired ductal obliteration occurs unaccompanied 
by malformations. In these cases bile duct remnants 
are observed in the porta hepatis and there is no later 
development of cirrhosis.  It has been postulated that 
viral infections such as reovirus type 3, rotavirus and 
cytomegalovirus or genetic factors may play roles in 
this type of cholestasis, but these hypotheses have not 
been confirmed. However, there is increased risk of this 
condition in some families (3, 10).

3. None of the histopathological features are pathogno-
monic of biliary atresia, so correlation with clinical 
and laboratory data, preoperative imaging studies and 
intraoperative cholangiography is absolutely essential 
to help confirm the ductal obliteration and the absence 
of the gallbladder.

The most frequently observed morphological changes in 
biliary atresia are:
•	 Proliferation of ducts, and the presence of abnormal 

ducts with anastomoses that has the appearance of a 

Table 1. The Most Frequent Causes of Neonatal Cholestasis

Extrahepatic Intrahepatic
Atresia of the extrahepatic bile duct Idiopathic giant cell or idiopathic neonatal hepatitis (INH), syndromic and non-syndromic such 

as Alagille syndrome, Caroli disease, Byler disease, congenital hepatic fibrosis, benign recurrent 
cholestasis.

Choledochal cyst Toxic: parenteral nutrition or drugs
Bile duct stricture, neonatal sclerosing cholangitis Genetic - Chromosomal trisomy 18 and trisomy 21
Cholelithiasis Infectious: neonatal hepatitis, sepsis,  TORCH complex (Toxoplasmosis/Toxoplasma gondii, 

Other infections, Rubella, Cytomegalovirus, Herpes simplex virus-2)r neonatal herpes simplex , 
chickenpox, Coxsackie virus, Echo virus, tuberculosis, syphilis, HIV, parvovirus, hepatitis B and C

Spontaneous perforation of the bile duct Metabolic: idiopathic neonatal hepatitis (INH), Alpha-1 antitrypsin deficiency, galactosemia, 
type IV glycogen storage disease, tyrosinemia, fructosemia, Niemann-Pick disease, Gaucher’s 
disease, cystic fibrosis

Extrinsic compression Miscellaneous: histiocytosis X, neonatal lupus, neonatal hemochromatosis, shock and 
hypoperfusion, intestinal obstruction.

Thick bile or mucus plugs
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Figure 1C. Immunohistochemical study for cytokeratin 7, 40X. 
Cholangiolar proliferation with irregular, angled and anastomosing 
structures is very evident. 

Figure 2A. H & E. 20X. Cholestasis with bile plugs in proliferating ducts

Figure 2B. H & E. 40X. Cholestasis with formation of bile plugs

chain (Figures 1 A, B and C). This has been most often 
described in the fetal/embryonic form and is consid-
ered to be an indicator of poor prognosis. (11)

•	 Intracanalicular cholestasis with bile plugs within bile 
ducts and canaliculi (Figures 2 A and B)

•	 Extramedullary hematopoiesis which is related to stress 
during the intrauterine and neonatal period.

•	 Edema and portal fibrosis
•	 Advanced stages of biliary type cirrhosis (Figure 3) 

Figure 1A. H & E 20X. Proliferation of irregular anastomosing ductiles.

Figure 1B. H & E x 40 Proliferation of ductiles resembles a chain.

When a biopsy is taken before 6 weeks of age these fea-
tures may not be present, so that intraoperative cholan-
giography with new biopsies may be required to confirm 
the diagnosis (5).
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strated (as happens in approximately 35% to 40% of all 
cases of prolonged neonatal cholestasis). At this point diag-
nosis is made by exclusion. 15% to 20% are familial cases. 
The remaining cases occur sporadically, but one third are 
develop as fulminant hepatitis, and cases of hepatocellular 
carcinoma have been reported in late stages (14). Table 2 
summarizes the behavior of INH.

Table 2. Clinical course of neonatal hepatitis (NH)

 Sporadic NH  Family NH
Recovery 60% 30%
Persistent inflammation, chronicity 
and progression to cirrhosis

10% (2% cirrhosis) 10%

Death 30% 60%

Children with INH have progressive jaundice and a per-
sistent cholestatic pattern with choluria, acholia, decreased 
bile secretion and hepatomegaly. Depending on the degree 
of impairment of hepatic synthesis, coagulopathy will 
appear until fulminant hepatic failure occurs (15).

Many possible etiologies have been considered for this dis-
ease including infectious agents considered to be congenital 
infections such as TORCH microorganisms, paramyxovi-
ruses, HIV and papillomavirus (PVH).  This pattern is also 
seen in hepatitis associated with hemolytic anemia, in total 
parenteral nutrition, and in some metabolic diseases (16, 17).

It is difficult to establish a diagnosis solely on the basis 
of morphology, and there are no pathognomonic changes, 
and some of the histopathological features of INH are 
shared with other entities causing cholestasis especially 
with biliary atresia. The most common are:
•	 Panlobular compromise with giant cell transformation 

in which hepatocytes are very large with many nuclei 
(between 3 and 20 nuclei). This  represents a hepatic 
response to damage and is seen especially in this age 
group (Figures 5 A and B). It is unusual in adults.

•	 Ductal or cholangiolar proliferation
•	 Presence of bile deposits forming plugs in bile ducts
•	 Lobular inflammation with lymphocytes, neutrophils, 

and extramedullary hematopoiesis (Figure 6)
•	 Iron deposits within hepatocytes
•	 Hepatocellular ballooning with pseudo-acinar transfor-

mation (Figure 7)
•	 Portal fibrosis leading to subsequent formation of bridges

ALPHA 1 ANTITRYPSIN (α1AT) DEFICIENCY

This entity is not only the most common genetic cause of 
liver disease in children, but also has significantly predis-
poses the development of chronic liver disease and hepato-
cellular carcinoma in adulthood. Its incidence is 1 in 2,000 

Figure 3. Masson’s Trichrome Stain 10X. Advanced biliary cirrhosis. 
Note the irregular cirrhotic nodules with peripheral halos of light.

All patients develop fibrosis which progresses until it 
becomes cirrhosis. 35% of patients survive an average of 
10 years after a hepatoportoenterostomy and before they 
need liver transplantation. One of the major complications 
in patients with biliary atresia who undergo a hepatopor-
toenterostomy is recurrent cholangitis. In addition they 
have high a risk of hepatocellular carcinoma and in rare 
cases even develop cholangiocarcinoma or hepatoblastoma 
(Figure 4) (12, 13).

Figure 4. Macroscopic image of cholangiocarcinoma found incidentally 
in explant removed because of cirrhosis secondary to biliary atresia (13)

NEONATAL HEPATITIS, NEONATAL GIANT CELL 
HEPATITIS AND IDIOPATHIC NEONATAL HEPATITIS (INH)

A diagnosis of idiopathic neonatal hepatitis (INH) should 
be considered when a specific etiology cannot be demon-
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between 80% 90% of the population. There are PiS variants 
in which α1AT concentrations are less than 60% and PiZ 
variants in which α1AT concentrations are less than 15%. 
These are found especially in Europe and the USA. Other 
variants are dysfunctional and can  all cause respiratory 
and/or liver diseases (18, 19).

Clinical disease occurs most frequently in patients who 
are homozygous null, SS and ZZ, and less frequently in 
patients who are heterozygous SZ or MZ. There are also 
variations in the speed of electrophoretic mobility of 
α1AT including fast  (α1AT-F), medium (α1AT- M), slow 
(α1AT-S) and very slow (α1AT-Z).  Table 3 summarizes the 
different phenotypes of α1AT (20).

to 5,000 live births. It has an autosomal codominant pattern 
(recessive) and is not sex-linked. Alpha 1 antitrypsin defi-
ciency is caused by changes in the α1ATZ protein found in 
the endoplasmic reticulum of hepatocytes.  α1AT is secreted 
into the blood circulation as a monomer. Mutations of the 
SERPINA1 (serpin peptidase inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 1) gene are gene 
responsible for these changes. The cytogenetic location 
of SERPINA1 is 14q32.1 (molecular location on chromo-
some 14: base pairs 94,376,746 to 94,390,691).  Although 
it has more than 100 variants, the majority have no clini-
cal significance and are called normal gene variants or PiM 
phenotype. Of its 6 subtypes (M1 to M6) M1 is found in 

Figure 5A. H & E. 10X. Giant cell transformation in neonatal hepatitis 
with many giant multinucleate cells observable.

Figure 5B. H & E 40X. Hepatocytes with multiple nuclei. The arrows 
indicate cells with more than 3 nuclei surrounded by inflammatory cells.

Figure 6. H & E 20X. Lobular inflammation (arrow indicates rows of 
sinusoidal lymphocytes) and extramedullary hematopoiesis (asterisk).

Figure 7. H & E 20X. Pseudoacinar transformation or rosetoid 
appearance of hepatocytes around a dilated canaliculus with the 
presence of bile pigment.
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located in the cytoplasm of hepatocytes in the peripor-
tal region. (Figure 8)

•	 Other findings are shared with other etiologies. Portal 
inflammation and fibrosis begin in the portal spaces 
until regeneration nodules or cirrhosis develops.

Figure 8. PAS diastase 40X. Presence of numerous eosinophilic 
PAS positive cells localized in the cytoplasm of hepatocytes in the 
periportal area.

In infants under 12 or 13 weeks of age the number of α1AT 
globules may be insignificant, or they may not even be pres-
ent, so diagnosis should aim at determining serum levels of 
α1AT and establishing its phenotype. The diagnostic accu-
racy PAS diastase stain (Pas-D) that is positive for globules 
is close to 99% for PiZ phenotypes in children with severe 
disease and close to 60% when the disease is moderately 
severe, but these globules cannot be found in less severe 
cases (1, 26).

DUCTOPENIA

Ductopenia includes a heterogeneous group of diseases 
characterized by the reduced number of small intrahepatic 
bile ducts. It has received other names such as hypoplasia 
and paucity of intrahepatic bile ducts.

One well-defined condition is known as Alagille syn-
drome or arteriohepatic dysplasia. It is associated with car-
diac, facial, ocular and skeletal abnormalities but can also 
occur as a nonsyndromic entity that is frequently associ-
ated with other conditions. These include infections, espe-
cially CMV and rubella, metabolic diseases such as Alpha 
-1 antitrypsin deficiency, and chromosomal abnormalities 
such as Down’s syndrome.

The pathogenesis of ductopenia is uncertain, although it 
is considered to be an entity that progressively destroys the 

Table 3. Frequent α1AT phenotypes

Normal 
phenotype MM

No deficiency or disease Does not carry 
altered gene. Six  
subtypes:  M1 to M6

MZ Carrier 
phenotype

Mild or moderate α1AT 
deficiency; may
develop disease

Carries an altered 
gene, heterozygous

MS Carrier 
Phenotype

Mild α1AT deficiency; 
exceptional development of 
disease 

Carries an altered 
gene, heterozygous

ZS ZZ deficient 
phenotype

Moderate or severe 
α1AT deficiency with 
development of disease

Carries two altered 
genes, homozygous

SS Deficient 
Phenotype

Mild to moderate 
α1AT deficiency, it is unclear 
whether the disease develops

Carries two altered 
genes, homozygous

The variants most frequently associated with liver disease 
are homozygous PiZZ, PiM and PiS and heterozygous PiSZ 
and PiMZ. Up to 15% of those born with homozygous PiZZ 
develop disease before the age of 20. The spectrum of liver 
disease manifested in the neonatal period with cholestasis 
and a clinical picture of neonatal hepatitis is very broad. They 
are one of the main causes of liver transplantation in this age 
group. Subsequently it presents as acute hepatitis or chronic 
cholestasis with decreased intrahepatic bile ducts and cirrho-
sis with or without hepatocellular carcinoma.

The mutant Z gene directs the synthesis of large amounts 
of mutant protein Z in the liver, and it accumulates within 
cells rather than being secreted into circulation. This 
accumulation within the hepatocytes causes liver damage 
through a cascade of hepatocellular apoptosis, regeneration 
and death (21).

If only 30% of homozygous patients progress to cirrho-
sis or liver failure, when should we suspect the presence of 
α1AT deficiency? The answer is in every child with neona-
tal cholestasis, in every patient with cirrhosis in childhood 
or adolescence, and whenever liver function tests show per-
sistent alterations (22-25).

Histopathological findings are usually underestimated, 
but a correct diagnosis should be based on a proper cor-
relation of clinical and laboratory studies including pathol-
ogy and biopsy. In the first 12 weeks of life morphological 
alterations are subtle, so more than 80% of cases of α1AT 
deficiency are similar to INH. Consequently, a biopsy 
alone is insufficient to establish the diagnosis.
•	 Diagnosis is based on finding eosinophilic globules 

through histochemical and/or immunohistochemi-
cal studies. These globules are glycoproteins that have 
accumulated in the endoplasmic reticulum. They are 
PAS positive, resistant to diastase digestion and are 
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CONCLUSION

Cholestatic disease in newborns and children are difficult 
to diagnose from both the clinical point of view and the 
histopathological point of view. They require analysis of a 
complete set of medical records, knowledge of family his-
tory, and imaging studies and usually require specialized 
laboratory, molecular biology and genetic studies. In some 
cases, diagnosis requires a liver biopsy to allow appropriate 
clinical correlation.
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