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Summary Neonatal cholestatic liver disease is rarely encountered by pathologists outside of specialized
pediatric centers and navigating the long list of potential diseases can be daunting. However, the dif-
ferential diagnosis can be rapidly narrowed through open conversations between the pathologist and
pediatric gastroenterologist. The dialog should ideally begin before obtaining the liver biopsy and
continue through the rendering of the final pathologic diagnosis. Such dialogs are necessary to first
ensure the proper handling of the precious sample and then to allow for synthesis of the clinical, lab-
oratory, imaging, and genetic data in the context of the histologic features seen in the liver biopsy. In
this review, we aim to provide a broad template on which such dialogs may be based and pitfalls that
may be encountered on both the clinical and pathologic sides. This review will focus on non-biliary
atresia etiologies of neonatal cholestasis, including select infectious, genetic, and metabolic entities.
© 2020 Published by Elsevier Inc.
1. Introduction

In the neonatal setting, liver biopsy is a recognized
recommendation from clinical practice guidelines in the
diagnostic workup of cholestasis. Although practices vary,
liver biopsy is often done before 8 weeks of age to assist in
the diagnosis of biliary atresia (BA), before confirmatory
edu (G.E. Kim).
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intraoperative cholangiography and hepatic portoenter-
ostomy, and to allow for early surgical intervention [1].
Ideally, a pathologic diagnosis of biliary obstructive pattern
of injury on liver biopsy is the most supportive test in the
evaluation of an infant with protracted conjugated hyper-
bilirubinemia for BA [2]. In addition to excluding the pos-
sibility of BA, other clinical scenarios exist when a liver
biopsy is needed to establish a diagnosis or determine the
severity of liver disease. Because of the infrequency of these
diseases/disorders and variable level of expertise of the
pathologist-pediatric gastroenterologist pair, this review will
cover how to triage the liver specimen from a neonate with
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medical liver disease. We will concentrate on non-BA eti-
ologies of neonatal cholestasis, emphasizing select infec-
tious, genetic, and metabolic diseases/disorders through the
lens of a pathologist collaborating with a pediatric gastro-
enterologist. The dialog between the pathologist and pedi-
atric gastroenterologist will address the appropriate
handling of the specimen and facilitate the final pathology
report, especially for the pathologist or gastroenterologist
who has less experience incorporating the array of clinical,
laboratory, and radiographic data that should be considered
when evaluating a liver biopsy from pediatric patients and
ultimately guide the care of the neonate.
2. Dialog before the liver biopsy

To optimize the analysis of the tissue acquired, a written
standard specimen processing protocol within the pathol-
ogy gross room and histology laboratory should be created
on how to handle pediatric liver needle biopsies. This pa-
thology protocol should be communicated to the pediatric
gastroenterologist along with its potential limitations. Then,
if the clinical differential diagnosis includes entities not
covered by the established protocol, the pediatric gastro-
enterologist should be encouraged to consult with the
pathologist in advance of the liver biopsy procedure to
determine if additional unique handling of the liver sample
is needed.

Although the guidelines published by the American
Association for the Study of Liver Diseases and Royal
College of Pathology recommend that evaluation of adult
medical liver disease ideally use a biopsy of 2e3 cm in
length, this may not always be attained in a neonate [3e5].
Therefore, proper triage of this precious specimen is
crucial. Most of the liver biopsy should be fixed in formalin
for light microscopy, while a small 1e2 mm piece of the
liver should be fixed in glutaraldehyde for electron micro-
scopy. While ultrastructural examination is not routinely
used in the diagnostic workup of pediatric medical liver
disease, in limited metabolic diseases, it may be an aid
(Table 5). Previously, pediatric pathologists routinely snap
froze a portion of the liver sample for enzymatic assays, but
now this is usually not necessary because molecular diag-
nostic testing is possible from DNA extracted from whole
blood to detect most metabolic disorders.

At UCSF, the established protocol is to submit all the
tissue into formalin except for a 1 mm length of tissue,
which is placed into glutaraldehyde then embedded and
held for further processing until after the initial assessment
of the hematoxylin and eosin (H&E) sections. Depending
on the length of the intact liver, the histology laboratory
will place at least two level sections on the slide stained
with H&E and one section on each slide for the following
histochemical stains: trichrome (Gomori), periodic acid-
Schiff with diastase (PASD), iron (Prussian blue). Two
additional unstained slides are prepared in case additional
stains are necessary.

3. Histologic patterns of liver injury

The liver biopsy in patients with neonatal cholestasis
show three main histologic patterns of injury. Recognition
of the dominant pattern of injury, combined with clinical
information, can be very helpful in narrowing the differ-
ential diagnosis (Fig. 1). Lobular cholestasis (canalicular
and hepatocellular) is seen in all patterns. Characteristic
features for each pattern of injury are as follows:

Biliary obstructive:

� Portal > lobular changes
� Expanded portal tracts with edema or fibrosis
� Ductular reaction � pericholangitis
� Bile plugs within ducts and ductules

Neonatal hepatitis:

� Lobular > portal changes
� Prominent giant cell transformation of hepatocytes
� Extramedullary hematopoiesis (portal and lobular)
� Variable hepatocyte necrosis
� Fibrosis infrequently seen

Paucity of intrahepatic bile ducts:

� Absent bile ducts in >50% of portal tracts (minimum of 10
portal tracts)

� Bile ducts may be hypoplastic or lost in <50% of portal tracts

While these patterns are often presented and discussed
as distinct, in reality, individual cases may show features of
multiple patterns.

4. Dialog after the liver biopsy

From the clinical perspective, most often, a liver biopsy
in a neonate with cholestasis is done for suspicion of BA.
The most common histologic pattern in infants with BA is a
biliary obstructive pattern. However, other conditions can
also present with this histologic pattern and additional
histologic findings can guide the next steps in etiologic
workup if an obstructive pattern is not seen. Combined
consideration of the clinical and histologic fin-
dingsdparticularly through dialog between the pediatric
gastroenterologist or other physicians and the patho-
logistdis very helpful for targeting diagnostic testing.

4.1. Infection

According to a recent meta-analysis that evaluated 17
studies encompassing 1692 infants, after idiopathic



Fig. 1 Select disorders and serum GGT levels with typical histologic patterns of injury. Adapted from a study by Cho and Kim [1].

Table 1 Infectious causes of neonatal cholestasis. Adapted
from a study by Gottesman et al. [6].

Cause % of total cases

CMV 33.5
Sepsis 24.7
Congenital syphilis (Treponema pallidum) 10.8
E. coli UTI 9.8
Rubella 6.2
Toxoplasmosis (Toxoplasma gondii) 3.6
Hepatitis B (HBV) 1.6
Herpes simplex (HSV) 1.0
Other 8.8

CMV, cytomegalovirus.
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neonatal hepatitis and BA, infections were the third most
common etiology of conjugated hyperbilirubinemia in in-
fancy (Table 1) [6]. Causative organisms include viruses as
well as bacteria and fungi. More specifically, cytomegalo-
virus (CMV) infection was the most common. Sepsis was
the second most common etiology, but included various
causes, including Epstein-Barr virus, Klebsiella urinary
tract infection (UTI), Enterovirus, tuberculosis, human
immunodeficiency virus, candidemia, pneumonia, and
culture-negative. After sepsis, congenital syphilis and
Escherichia coli UTI were third and fourth most common,
respectively.

The most common histologic pattern seen in patients
with neonatal cholestasis due to infectious etiologies is the
neonatal hepatitis pattern. However, other histologic pat-
terns may be seen, including a biliary obstructive pattern as
well as paucity of intrahepatic bile ducts, such that an in-
fectious etiology could be considered in the differential
diagnosis regardless of the histologic pattern of liver injury.

4.1.1. Cytomegalovirus
CMV infection can be particularly problematic with

regards to narrowing a differential diagnosis given that it
can result in any pattern of injury (i.e., neonatal hepatitis,
biliary obstructive, paucity of intrahepatic bile ducts).
Furthermore, CMV may be the causative agent, an aggra-
vating or superimposed factor, or a completely unrelated
finding (incidental) in neonatal cholestasis [7,8]. An asso-
ciation between CMV infection and BA has been reported,
but only a minority of patients with BA have positive
serology for CMV [9,10]. Nevertheless, BA and positive
CMV serology (IgM) have been reported to have worse
outcomes [11]. Paucity of intrahepatic bile ducts has been
rarely reported [12e15]. Given that viral cytopathic
changes may be rare and present only in a single cell, every
stained level section should be examined carefully for the
characteristic nuclear and/or cytoplasmic inclusions.

4.1.2. Sepsis
Patients with sepsis do not typically undergo liver bi-

opsy; the diagnosis is typically made on clinical grounds.
However, if biopsied, a biliary obstructive pattern of injury
is most commonly seen, which could also raise the



Table 2 Genetic/metabolic disorders [1,2,62,63].

Diseases/disorders Known genetic mutations

Alagille syndrome JAG1 and NOTCH2
Alpha-1 antitrypsin deficiency SERPINA1
Arthrogryposis-renal dysfunction-cholestasis (ARC) syndrome VPS33B and VIPAS39 (VIPAR)
Bile acid synthesis defects
- 3b-hydroxy-C27-steroid oxidoreductase deficiency (3b-HSD; most common) HSD3B7
- D4-3-oxosteroid 5b-reductase deficiency (5b-reductase deficiency) AKR1D1
- Defective amidation (bile acid-coenzyme A (CoA) ligase deficiency

and bile acid-CoA:amino acid N-acyl transferase deficiency)

SLC27A5 and BAAT

- 27-hydroxylase deficiency or cerebrotendinous xanthomatosis (CTX) CYP27A1
- Oxysterol 7a-hydroxylase deficiency CYP8B1
- 2-methylacyl- CoA racemase deficiency AMACR
- Side-chain oxidation defects (acyl-CoA oxidase and 3a,7b,12a-trihydroxy-

5b-cholestanoic acid-CoA oxidase deficiency)

ACOX2

CoA oxidase deficiency
- Adenosine trisphosphate (ATP) binding cassette subfamily D member 3 deficiency ABCD3
Biliary atresia splenic malformation (BASM) syndrome PKD1L1
Caroli disease and congenital hepatic fibrosis PKHD1
Chromosomal defects Trisomy 17, 18, 21; Turner syndrome
Crigler Najjar and Gilbert syndromes UGT1A1
Cystic fibrosis CFTR
Dubin-Johnson syndrome ABCC2
Fatty acid oxidation defects:
- Short-chain acyl-CoA dehydrogenase deficiency (SCAD) ACAD5
- Long chain acyl-CoA dehydrogenase deficiency (LCAD) ACADL
Fructosemia (most commonly fructose-1-phosphate aldolase) ALDOB
Galactosemia (classic/type 1) GALT
Glycogen storage diseases (GSD) G6PC and SLC37A4
- GSD type Ia (glucose-6-phosphatase) and Ib (glucose-6-phosphatase transporter) GAA
- GSD type II (lysosomal acid alpha-glucosidase) AGL
- GSD type III (debrancher enzyme) GBE1
- GSD type IV (glycogen debrancher) PYGL
- GSD type VI (hepatic phosphorylase) PHKA2 (X-linked); PHKB, PHKG2 (recessive)
- GSD type IX (phosphorylase kinase)

Gaucher disease (beta-glucocerebrosidase) GBA
HMG CoA lyase deficiency (3-hydroxy-3-methylglutaryl-CoA lyase deficiency) HMGCL
Lysosomal acid lipase deficiency (Wolman disease) LIPA
Methylmalonic acidemia (MMA)
- Isolated MMA MMUT, MMAA, MMAB, MMADHC, MCEE
- MMA with homocystinuria MMACHC, MMADHC, LMBRD1, ABCD4, HCFC1
Mitochondrial respiratory chain disorders (mitochondrial DNA depletion

syndromes)
DGUOK, MPV17, POLG

Neonatal ichthyosis-sclerosing cholangitis (NISCH) syndrome CLDN1
Neonatal sclerosing cholangitis DCDC2
Niemann-Pick disease
- Types A and B SMPD1
- Type C NPC1 and NPC2
Peroxisomal disorders (Zellweger spectrum) PEX1-3, PEX5-7, PEX10-14, PEX16, PEX19,

PEX26
Progressive familial intrahepatic cholestasis (PFIC)
- PFIC type1 (FIC1 deficiency) ATP8B1
- PFIC type 2 (BSEP deficiency) ABCB11
- PFIC type 3 (MDR3 deficiency) ABCB4
- PFIC type 4 (TJP2 deficiency) TJP2
- PFIC type 5 (FXR deficiency) NR1H4
- MYO5B deficiency MYO5B
Tyrosinemia (fumarylacetoacetate) FAH
Urea cycle defects

(continued on next page)
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Table 2 (continued )

Diseases/disorders Known genetic mutations

- Citrin deficiency SLC25A13
- Citrullinemia (type I) ASS1
- Ornithine trans-carbamylase deficiency OTC
Wilson disease ATP7B
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possibility of BA, the most important differential diagnosis
to exclude given the narrow window for optimal surgical
intervention in patients with BA. In one study, among pa-
tients with blood culture-positive sepsis, approximately
54% had hepatobiliary dysfunction with cholestatic jaun-
dice seen in 42.5% [16]. Eighty percent of patients showed
cholestasis by day 3 with peak in direct bilirubin seen by
day 10 in 90% of patients. However, only 15% continued to
have cholestatic jaundice beyond day 20, with resolution by
day 60. In this study, Klebsiella pneumoniae was the most
common etiologic organism (95.4%). Other studies noted
similar findings, with neonatal cholestasis being a frequent
finding in Gram-negative sepsis (due to E. coli, Klebsiella
species, Pseudomonas aeruginosa, Serratia marcescens,
Acinetobacter baumannii), but one that is typically mild,
transient, and with early onset [17e19].

4.1.3. Syphilis
Congenital syphilis, due to transplacental transmission

of Treponema pallidum, can result in liver disease that
ranges from mild nonspecific hepatitis with a neonatal
hepatitis pattern of liver injury to fulminant hepatic failure.
A sinusoidal pattern of inflammation has been reported,
with areas of necrosis in a miliary distribution [20] that
subsequently leads to diffuse sinusoidal fibrosis. Ultra-
structural examination has shown the presence of organ-
isms within the space of Disse [21]; they are rarely seen in
hepatocytes. Paucity of intrahepatic bile ducts has also been
reported [22].

4.1.4. Rubella
Congenital rubella is relatively rare given the wide-

spread use of vaccination. The most frequently reported
pattern of injury is that of neonatal hepatitis [23e26],
although a biliary obstructive pattern [27] and bile duct
paucity [28] have also rarely been reported.

4.1.5. Other infections
Other rare infectious etiologies include toxoplasmosis,

Varicella zoster, Echovirus, Coxsackie virus, hepatitis B
virus, hepatitis C virus (HCV), Parvovirus B19, and bac-
teria such as Listeria monocytogenes, although some of
these organisms may cause acute liver failure rather than
cholestatic jaundice [20].

4.1.6. Pathologist-pediatric gastroenterologist Q&A
Pathologist: When do you typically initiate the workup

for infectious etiologies?
Gastroenterologist: Usually urine cultures, CMV

testing, and often testing for other TORCH infections (i.e.,
toxoplasmosis, other (Varicella zoster, syphilis), rubella,
CMV, herpes simplex virus) are included in our first-line
testing at a baby’s presentation with neonatal cholestasis.
We often see infectionsdparticularly UTIs and
CMVdwithout fever in these infants.

Pathologist: In a patient with high suspicion for an in-
fectious etiology, would you consider a liver biopsy? And if
so, when and why?

Gastroenterologist: If patients have clear symptoms of
infection such as fever, a culture-proven source, or clinical
sepsis, then we usually try to identify and treat the infection
before pursuing a liver biopsy. If the cholestasis resolves
with the infection, then we may not need the liver biopsy.
But if the infection is something more rare that we do not
identify in first-line screening, or if we’re trying to establish
treatment course based on end-organ involvement like with
CMV, then a liver biopsy can be helpful. In addition, if the
child has acholic stools, which can occur in cholangitis, but
are not usually seen in other infections, this might prompt
us to do a liver biopsy once the child is clinically stable.

Pathologist: What do you do in situations where initial
testing (e.g., serologies or polymerase chain reaction (PCR)
testing) is negative, but repeat testing later on in the disease
course is positive?

Gastroenterologist: This is challengingdPCR testing
helps, as we can be surer that the child has circulating
virus; serologies can be more difficult to interpret because
the antibodies could be maternal. Characteristic findings of
infection, or positive immunostaining, in the liver biopsy
can be helpful in determining need for treatment and
treatment course if this occurs.

Pathologist: What do you when you are suspicious
clinically of an infectious etiology but there is no histologic
confirmation (e.g., clinically suspicious for CMV but CMV
immunohistochemistry is negative)?



Table 3 Dialog with the gastroenterologist to avoid reliance on a single test to narrow the differential diagnosis.

Disease Test Typical Limitations and pitfalls of test

Biliary atresia (BA) Age Term Time course for developing cholestasis
can vary, but almost always occurs by 6
e8 weeks of age. Timing may be more
variable in premature infants.

Stool color Acholic Stools may be intermittently acholic,
and/or color may be obscured by color
of oral medications or by bile-tinged
mucous or urine in jaundiced babies.
No acholic stools in 18% of neonates
with confirmed BA; acholic stools in
34% of non-BA confirmed neonates
[64]. Can also be seen in ALGS.

GGTa High 12.3% of infants with BA had normal
GGT in a large, multi-center cohort
[65].

Histologic pattern Biliary obstructive pattern Ductular reaction can be absent or mild,
portal tracts not expanded by edema or
fibrosis, and rarely bile duct paucity
even at <12 weeks [66].

Liver ultrasound Abnormal gallbladder and
positive triangular cord
sign

High positive predictive value for
diagnosis of biliary atresia, but not
definitive and can depend on operator
[67,68].

Alpha-1 antitrypsin
(A1AT) deficiency

A1AT phenotype PiZZ or PiSZ Rarely inconclusive, usually about 1
week to result.

Histologic pattern Varies Can be biliary obstructive or neonatal
hepatitic pattern, or have paucity of
intrahepatic bile ducts.

Cytoplasmic globules Not readily detectable on light.
microscopy at <12 weeks [30].

Alagille syndrome
(ALGS)

Clinical presentation Characteristic facies,
peripheral pulmonic
stenosis, butterfly
vertebrae, posterior
embryotoxon in eye

Features variably present, not required
for diagnosis [39].

Histologic pattern Paucity of intrahepatic
ducts

25%e40% may not have paucity of
intrahepatic ducts; can exhibit neonatal
hepatic or biliary obstructive pattern
[42,43].

Cholangiogram Normal May show biliary tree hypoplasia [42
e44].

Genetics JAG1 or NOTCH2
mutations

Can be detected on genetic cholestasis
panels, but not always full coverage
particularly of the NOTCH2 gene [69].

a Gamma-glutamyl transferase.
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Gastroenterologist: It depends on the child’s clinical
findings and other testing. For example, we will treat a
child for CMV if they have a positive CMV urine culture or
characteristic calcifications on head ultrasounddand blame
their cholestasis on the infectiondeven if CMV immuno-
histochemistry is negative. We recognize that the liver bi-
opsy is a tiny sample of the liver and disease might be
patchy.
4.2. Genetics

The list of genetic causes of neonatal cholestatic disease
continues to expand (Table 2). These individually uncom-
mon, inherited cholestatic disorders collectively comprise
about one-quarter of the causes of neonatal cholestasis [1].
The increased accessibility of molecular tests (e.g.,
comprehensive cholestatic next-generation sequencing
panels offered by laboratories) and their less invasive



Fig. 2 Alpha-1 antitrypsin deficiency. (A) Biliary obstructive pattern of injury with minimal ductular reaction. (B) Lobular cholestasis.
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nature, performed on a blood or even saliva specimen, has
led to more frequent and earlier utilization of genetic
testing by pediatric gastroenterologists. However, in the
setting of neonatal cholestasis, the limitation is that these
tests can take 2e4 weeks to result; yet the main decision
point is whether the neonate with persistent hyper-
bilirubinemia requires timely surgical intervention for
possible BA. Therefore, the neonate presenting to the pe-
diatric gastroenterologist between the ages of 6e8 weeks
will likely be biopsied if BA is clinically suspected. If the
cholestatic neonate, thought to have BA, has other con-
cerning features (e.g., hypoglycemic, laboratory test
demonstrating severe hepatitis in addition to the chole-
stasis, low gamma-glutamyl transferase (GGT), stools are
not classically acholic), genetic testing may be simulta-
neously sent even though it is recognized that genetic
testing results will not arrive in time to influence the de-
cision to do a liver biopsy.

The biliary obstructive histologic pattern is classically
ascribed to BA in the neonate with hyperbilirubinemia.
Histologically, this is manifested as ductular reaction in
expanded portal zones that have intact ducts accompanied
by bile plugs in duct or ductules, and hepatic cholestasis
without significant giant cell transformation [1]. This pa-
thology, along with acholic stool and elevated GGT will
lead the pediatric gastroenterologist to recommend intra-
operative cholangiogram and, depending on the findings to
potential surgical hepatoportoenterostomy (HPE).
Fig. 3 Alagille syndrome. (A) This portal tract demonstrates an intact
for a diagnosis of paucity of intrahepatic bile ducts. (B) Biopsy from a p
cell transformation.
Of importance, however, is that other inherited disorders
can have similar histologic findings. This most notably
includes alpha-1 antitrypsin (A1AT) deficiency, Alagille
syndrome, cystic fibrosis (CF), progressive familial intra-
hepatic cholestasis (PFIC), and bile acid synthetic defect
(BASD) (Fig. 1). A dialog to discuss limitations of each test
as well as the histologic overlap among the entities may be
critical in arriving at a final diagnosis (Table 3).

4.2.1. A1AT deficiency
If clinically suspected, the diagnosis of A1AT deficiency

can be established by a combination of low serum con-
centration of A1AT and either detection of a functionally
deficient A1AT protein variant by protease inhibitor (Pi)
typing or identification of biallelic pathogenic variants in
SERPINA1 by molecular genetic testing [29]. Phenotyping
is rapidly resulted, typically within a week, while the
genotyping could take several weeks. Therefore, in the
setting of a liver biopsy performed on a neonate under the
age of 12 weeks to exclude possible BA, if biliary
obstructive pattern of injury is observed and the Pi typing
status is not known, A1AT deficiency must remain in the
differential diagnosis (Fig. 2A and B). Utilizing histology
alone for a neonate less than 3 months of age has limita-
tions, as the characteristic PASD positive periportal intra-
hepatic eosinophilic cytoplasmic globules may not be
readily present at that age [30]. Caution should be exercised
in interpreting finely granular PASD staining because it
bile duct, but sufficient duct loss was seen elsewhere in the biopsy
atient with NOTCH2 mutation revealing duct loss and more giant



Fig. 4 Cystic fibrosis. Expanded portal zone with ductular re-
action. The dilated ductules contain characteristic amorphous
eosinophilic material.

Fig. 5 MDR3 deficiency. Biliary obstructive pattern of injury
can mimic the histology of biliary atresia.

Fig. 6 Bile acid synthesis defect (delta4-3-oxosteroid 5beta-
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could represent incomplete digestion of the stain or partial
staining of lipochrome or bile rather than accumulation of
A1AT [1]. Therefore, at this age, without phenotype
determination, periportal coarse granular positivity for
PASD or A1AT immunohistochemical stain should be
accompanied by convincing globular inclusion staining or
characteristic ultrastructural morphology of amorphous
homogeneous material within dilated endoplasmic reticu-
lum for a diagnosis of A1AT deficiency [1,31,32].

4.2.2. Alagille syndrome
Alagille syndrome (ALGS) is caused by heterozygous

mutations in one of the two genes of the Notch signaling
pathway, JAG1 and NOTCH2 [33e35]. A mutation in JAG1
or NOTCH2 is found 94%e96% and 2%e3% of patients,
respectively, when they have a clinical diagnosis of ALGS;
however, the causative mutation is not identified in the
remaining 2%e4% of patients [36]. Diagnostic challenges
remain because no link has been established between mu-
tation type and clinical manifestation in this autosomal
dominant inherited disease which is highly penetrant at
94% [37,38]. A systematic review of the literature up until
2015 focusing on the liver component of ALGS empha-
sized that mutational analysis should include both genes,
given the variable phenotypic expressivity of the clinical
features [39].

Paucity of intrahepatic bile ducts with an absence of
interlobular ducts in at least 50% of portal tracts, when a
minimum of 10 portal zones are present (Fig. 3A and B) is
most often demonstrated in the liver of patients with ALGS.
The use of CK7 immunohistochemical stain aids in high-
lighting the bile duct epithelium. However, the criterion of
paucity of intrahepatic bile duct on liver biopsy is not
mandatory in the revised diagnostic criteria for the diag-
nosis of AGLS. In fact, the diagnosis can be achieved with
fewer major clinical criteria depending on the status of
ALGS family history and identification of pathogenic JAG1
or NOTCH2 mutation [40]. The major criteria includes
consistent cardiovascular, ophthalmologic, renal or skeletal
abnormalities or dysmorphic facies. Because the presence
of cholestasis is acceptable as the hepatic manifestation
raising the possibility of ALGS, liver biopsy is not neces-
sary; however, hypocholic stools can occur in ALGS and
result in a liver biopsy to rule out BA [41,42]. In addition to
finding paucity of intrahepatic bile ducts, Subramaniam
et al. [42] showed one-quarter of ALGS patients at <16
weeks of age had a neonatal hepatitis (15.5%) or biliary
obstructive (7.8%) pattern of injury on liver biopsy.
Emerick et al. [43] showed bile duct paucity was less
apparent (60%) in infants with statistically significant
prevalence of paucity at an older age compared with in-
fancy; 15% of patients with ALGS in their series had a
biliary obstructive pattern of injury even though the age
range was 3.8 monthse40 years of age.

The mimicry of BA is not only at clinical presentation
and pathology but also on cholangiogram. Small or hypo-
plastic common bile, extrahepatic or intrahepatic ducts on
cholangiogram in a patient with ALGS interpreted as a
reductase deficiency). Neonatal hepatitis pattern of injury.



Fig. 7 Glycogen storage disease, type IV. (A) Characteristic basophilic to colorless cytoplasmic inclusions in hepatocytes. (B) Electron
microscopy demonstrates cytoplasmic fibrillar glycogen in a hepatocyte.

Fig. 8 Glycogen storage disease, type I or III. Electron micro-
scopy demonstrates abundant glycogen that expands the hepato-
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finding supportive of BA has resulted in unnecessary HPE
[42e44]. Compounding the diagnostic dilemma, an ALGS
case report of focal extrahepatic bile duct hypoplasia on
cholangiogram in conjunction with other clinicopathologic
features led to HPE; even the histology of the porta hepatis
specimen depicted diminutive biliary structure in fibro-
vascular tissue consistent with BA [45]. Therefore,
comprehensive clinical data is critical in distinguishing BA
from ALGS.

4.2.3. Cystic fibrosis
Because newborn screening tests only identifies new-

borns at risk for cystic fibrosis (CF), the gold standard is a
sweat chloride test. If sweat chloride value is in the inter-
mediate range, DNA analysis for CFTR mutation helps
establish the diagnosis [46]. However, premature or small
for gestational age babies may not produce enough sweat
for accurate results, limiting the utility of this test. The
newborn screen is also less reliable in this group. Pancreatic
elastase from the stool can be a helpful screening testdif a
sample not diluted with urine can be collected. The pa-
thology of CF will have a biliary obstructive pattern with
dilated ductules with inspissated secretion (Fig. 4).

4.2.4. Progressive familial intrahepatic cholestasis
Presently, the nomenclature of PFIC, a growing group of

inherited cholestatic diseases, is based on the dysfunctional
protein. The most common known forms are FIC1 defi-
ciency (FIC1 [ATP8B1] disease, PFIC1), bile salt export
pump (BSEP) deficiency (BSEP [ABCB11] deficiency,
PFIC2), and multidrug resistance (MDR3) deficiency
(MDR3 [ABCB4] disease, PFIC3) [21e25]. The newer
forms are tight junction protein 2 (TJP2) deficiency (TJP2
[TJP2] disease, PFIC4), farnesoid X receptor (FXR) defi-
ciency (FXR [NR1H4] disease, PFIC5) and myosin 5B
(MYO5B) deficiency (MYO5B [MYO5B] disease, which
some have designated PFIC6 but is not universally
accepted) [47e49]. PFIC may be subdivided by serum
GGT levels. Neonatal patients with FIC1, BSEP, TJP2, and
FXR deficiencies characteristically have low GGT levels
(<100 U/L) and can be grouped as low GGT familial
intrahepatic cholestasis [47]. In contrast, patients with
MDR3 deficiency can be older at presentation and have an
association with higher GGT [50e52], yet this is not al-
ways a consistent presenting finding and a patient with
MDR3 deficiency can have GGT levels of <100 U/L.
Therefore, only MDR3 deficiency primarily enters the
clinical and pathologic differential diagnosis of BA because
it shows a biliary obstructive pattern of injury (Fig. 5)
[49,53]. While loss of expression of BSEP and MDR3 by
immunohistochemistry can be seen in BSEP deficiency and
MDR3 deficiency, respectively, loss of protein expression is
not universal [54e56].

The reported pathologic findings of TJP2 and MYO5B
deficiencies are limited. An 11 month old with TJP2 defi-
ciency exhibited chronic hepatitis with minimal activity
and bridging fibrosis accompanied by lobular disarray with
hepatocyte multinucleation and rosette formation contain-
ing canalicular cholestasis on light microscopy [57].
Cholestasis, ductular reaction, and diffuse giant cell
cyte cytoplasm and pushes organelles to the periphery.



Fig. 10 Niemann-Pick disease. (A) Histiocytes (center) and hepatocytes with accumulation of cytoplasmic material lending a foamy
appearance. (B) Electron microscopy demonstrates concentrically laminated inclusions within the cytoplasm of a histiocyte.

Fig. 9 Gaucher disease. (A) PAS-D stain demonstrates accumulation of cytoplasmic material in Kupffer cells and macrophages. (B)
Electron microscopy demonstrates lysosomes containing elongated tubular structures arranged in bundles.
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transformation and ballooning of hepatocytes was
described in the liver of all four pediatric patients with FXR
deficiency [47].
Table 4 Metabolic diseases leading to neonatal cholestasis.
Adapted from a study by Gottesman et al. [6].

% of total cases

Galactosemia 36.5
Glycogen storage disease 9.5
Tyrosinemia 8.1
Iron storage disease 8.1
Niemann-Pick disease 5.4
Zellweger disease 4.0
Fat storage disease 2.7
Hereditary fructose intolerance 2.7
HMG CoA lyase deficiency 1.35
Citrullinemia 1.35
Methylmalonic acidemia 1.35
Gaucher disease 1.35
Unknown 17.6
4.2.5. Bile acid synthetic defects
BASDs are diagnosed definitively with mass spectros-

copy of urine and blood samples; critically, they can also be
treated with oral replacement of primary bile acids (cholic
acid), which can reverse the liver disease [58]. Total serum
bile acids may assist in this diagnostic workup, as they
should be low in BASD, but elevated in PFIC and other
cholestatic diseases and the test may result as quickly as
1e2 days. Low GGT cholestasis is also seen in neonates
with BASD [59]. These show a range of liver pathology
with cholestasis and mostly a neonatal hepatitis pattern that
is accompanied by fibrosis if disease progresses (Fig. 6)
[59e61].
4.3. Metabolic

The list of rare metabolic diseases that can present with
neonatal cholestasis, often in addition to other findings, is
extensive (Table 3). Among these, the most common dis-
ease is galactosemia, followed by glycogen storage dis-
eases, tyrosinemia, gestational alloimmune disease (“iron
storage disease” in Table 4), and Niemann-Pick disease
(Table 4) [6]. As genetic testing and analysis becomes more



Table 5 Light microscopic and ultrastructural findings in metabolic liver diseases. Features considered diagnostic of the disease are italicized. Adapted from data by Snover and
Kim [70,71].

Disease Clinical features Light microscopic findings Ultrastructural findings

Glycogen storage disease
(GSD) type IV

Hepatomegaly, cirrhosis, cardiomyopathy,
myopathy

Basophilic cytoplasmic inclusions
(PAS-positive, partially digestible)
(Fig. 7A); fibrosis (including
intracellular collagen) with eventual
cirrhosis

Filamentous, non-branched
cytoplasmic aggregates; glycogen
rosettes (Fig. 7B)

GSD type II Infantile-onset form with cardiomyopathy;
muscle weakness or rhabdomyolysis

Increased glycogen accumulation;
diffuse vacuolation of cytoplasm with
only mild enlargement of hepatocytes
(lacks mosaic pattern)

Lysosomally bound monoparticulate
glycogen

GSD types I and III Hepatomegaly; ketotic hypoglycemia
Type Ia: [lactate, Yglucose, [uric acid;
Type Ib: Acidosis, Yglucose, Yneutrophils;
Type III: Muscle weakness, Yglucose

Enlarged hepatocytes compressing
sinusoids leading to “mosaic” pattern,
steatosis (type I > III), glycogenated
nuclei (type I > III); fibrosis (type III,
including intracellular collagen,
delicate septa)

Increased cytoplasmic glycogen
separating/pushing aside other
organelles, lipid droplets, glycogenated
nuclei (Fig. 8)

GSD type VI Hepatomegaly, slow growth, ketotic
hypoglycemia

“Mosaic” pattern; fibrosis (delicate
septa)

Cytoplasmic monoparticulate glycogen
and glycogen rosettes displace
organelles (resembles “starry-sky” of
GSD IX)

GSD type IX Hepatomegaly, hyperlipidemia May have irregular “mosaic” pattern;
steatosis (less than GSD I)

“Starry-sky” appearance of dense areas
of cytoplasmic glycogen alternating
with organelle-free zones; displacement
of organelles to cell margin; glycogen
is mixture of monoparticulate and
multiparticulate forms

Gaucher disease Infantile disease (type II): Hepatosplenomegaly,
thrombocytopenia, osteopenia, hydrops fetalis,
ichthyosis or collodion skin

Enlarged Kupffer cells and portal
macrophages with “crinkled paper”
cytoplasm (Fig. 9A)

Intralysosomal tubular inclusions
(Fig. 9B)

Niemann-Pick disease Type A: hepatosplenomegaly, neurologic decline,
macular “cherry red spots”
Type B: hepatosplenomegaly, variable
neurologic involvement, macular “cherry red
spots”
Type C: highly variable, hepatosplenomegaly
and liver dysfunction, lung disease, hypotonia,
loss of motor skills in infants

Foamy Kupffer cells and hepatocytes
(Fig. 10A)

Intralysosomal myelin-like inclusions
(Fig. 10B)

Galactosemia Vomiting, hepatosplenomegaly, jaundice that
correlate with consumption of milk products

Hepatocellular degeneration with focal
steatosis (particularly in regenerative
nodules), pseudorosette formation,
cholestasis, fibrosis (initially
pericellular)/cirrhosis

Cholestasis, lipid droplets, increased
endoplasmic reticulum, abnormal
mitochondria
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accessible, this list continues to expanddalong with our
ability to diagnose these diseases without liver biopsy.
Early suspicion and prompt ordering of blood and urine
testing for specific inborn errors of metabolism can also
lead to diagnosis and prevent the need for liver biopsy in
many cases. Multiorgan dysfunction, hypoglycemia,
hyperammonemia, and seizures or other suspected central
nervous system involvement should raise concern for
inborn errors of metabolism.

As noted previously liver biopsy is often performed in
neonates with cholestasis between 4 and 8 weeks of age to
aid in evaluation for BA. In this scenario, if BA is ruled out,
the biopsy may provide insight into other diagnoses and
other tests can be carried out to confirm the diagnosis.
Historical practices included snap freezing of liver tissue
for possible enzymatic assays and other studies. However,
the use of snap frozen liver tissue has diminished in this age
of widely available genetic testing as well as other blood
and urine tests.

Ultrastructural examination (electron microscopy),
however, still remains a valuable tool in select cases. Some
of the metabolic diseases have diagnostic findings on light
microscopic and/or ultrastructural examination (Figs 7e10;
summarized in Table 5). In some cases, characteristic fea-
tures may be seen on light and electron microscopy, albeit
not entirely specific or diagnostic; in most cases, however,
the light and electron microscopic features may be entirely
nonspecific or have significant overlap with other condi-
tions. Electron microscopy, in particular, may be most
useful when the differential diagnosis includes glycogen
storage diseases (particularly types II and IV) and storage
disorders such as Gaucher disease and Niemann-Pick dis-
ease. Thus, understanding which pathologic findings are
diagnostic or characteristic versus nonspecific, and further
communicating the utility or limitations to the pediatric
gastroenterologist will allow for effective triage of the
precious liver sample and resources.
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