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KEY POINTS

� Pediatric cholestasis is a common manifestation with wide-ranging etiologies.

� Advances in genetic andmolecular understandings of bile formation, processing, and flow
have enabled improved diagnostic capabilities.

� A systematic diagnostic approach to the jaundiced child can be beneficial in identifying
the etiology.

� Management of cholestasis with genetic causes is generally supportive; however, identifying
INTRODUCTION

Cholestasis often results from mechanical obstruction of the biliary tract or a genetic
defect with subsequent absent or dysfunctional protein critical to the process of forming,
processing, or excreting bile. The phenotypic homogeneity, commonly manifesting as
jaundice, should not distract from the etiologic heterogeneity that is reflected in the large
and growing number of identified disorders affecting infants and children. Importantly, iso-
lated jaundice in the neonatal period is often the product of normal physiologic adaption
and results in transient elevation of the unconjugated bilirubin fraction. Conversely, jaun-
dice associated with conjugated hyperbilirubinemia and serum bile acid elevation is never
physiologic, reflecting an underlying pathology within the hepatobiliary system. Several
frameworks have been used to classify cholestatic diseases, including anatomic (intrahe-
patic or extrahepatic), pathophysiologic (eg, infection, inflammatory, metabolic, toxin/
drug), and age-based (neonatal-, childhood-, adolescent-onset). Although overlap may
exist as it relates to various demographic and clinical features, common to all is the
expansion in understanding of how malfunctions within pathways regulating bile produc-
tion and flow drive the development of cholestasis in children. The goal of this article was
to present a practical review of pediatric cholestatic syndromes, with a focus on those
with known molecular mechanisms of disease.

the underlying etiology and implementing appropriate treatment may be life-saving in some.
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Abbreviations

AGS Alagille syndrome
CFTR Cystic fibrosis transmembrane conductance regulator
DCDC2 Doublecortin domain containing protein 2
MRP2 Multidrug resistance–associated protein 2
NISCH Neonatal ichthyosis and sclerosing cholangitis syndrome
PFIC Progressive familial intrahepatic cholestasis
Pi Protease inhibitor
UDCA Ursodeoxycholic acid
UGT Uridine diphosphate-glucuronyl transferase
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GENERAL MANAGEMENT OF CHILDREN WITH CHOLESTASIS

Critical to management of all children with cholestasis, particularly with conjugated
bilirubin elevations, is the early recognition and implementation of appropriate inter-
ventions that can dramatically impact outcomes. Vital factors, such as the age of pre-
sentation, clinical and family histories, extrahepatic symptoms, comorbidities, and
exposure history, will help form the differential diagnosis and guide initial investiga-
tions. Importantly, there is often an acute focus on the infant with cholestasis, as spe-
cific, timely interventions can dramatically decrease morbidity in this population. This
has resulted in specific guidelines that are available.1 A general approach to the chole-
static child is presented in Table 1.
Table 1
General diagnostic approach to cholestasis in children

Clinical history � Symptoms of non-hepatic disease
� Infection/Sepsis
� Panhypopituitarism

� Drug/Toxin exposure
� Comprehensive medication history

� Family history
� 1 consanguinity 5 [ risk of recessive conditions
� 1 history of neonatal cholestasis 5 [ suspicion for genetic condition
(eg, AGS, PFIC, A1AT, CF)

� Prenatal history
� Prenatal ultrasound for structural abnormalities
� 1 cholestasis of pregnancy: suspect PFIC
� 1 acute fatty liver of pregnancy: suspect LCHAD
� 1 maternal infection: suspect TORCH

Physical
examination

� Assess for overall ill appearance, palpate for HSM
� Visualization of stool. 1 acholic – suspect BA, obstruction
� Assess for findings of chronic liver disease:

� Ascites
� Prominent, superficial abdominal vessels
� Palmar erythema
� Spider nevi
� Digital clubbing
� Pruritic excoriations

� Syndromic features:
� 1 facial features: suspect AGS
� Skeletal/bone malformations: suspect ARC

� Cardiac defects: suspect AGS, BA
� Laterality defects: suspect BA
� Pulmonary symptoms: suspect CF, TJP2 deficiency

(continued on next page)
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Table 1
(continued )

Laboratory tests � First-line testing:
� Blood: CBC, culture,

PT/INR, AST, ALT,
ALP, GGT, TB, DB,
albumin. Glucose,
TSH, T4, review
NBS, A1AT levels
and phenotype

� Urine: urinalysis,
culture, reducing
substances

� Second-line considerations:
� General: serum and urinary bile acids, cortisol
� Metabolic: NH3, lactate, cholesterol, RBC

galactose-1-phosphate, urine SA and OA,
ceruloplasmin, 24-h urine copper

� Infectious: HAV, HBV, HCV, EBV, HSV,
enterovirus

� Sweat chloride testing
� Autoimmune markers: ANA, Anti-Sm, LKM

Ab, IgG
� Genetic testing

Radiographic
tests

� Abdominal/Liver ultrasound (to include Doppler and spleen
examination)

� CXR (to assess heart and vertebral bodies)
� Echocardiogram
� HIDA scan/Cholangiogram (if suspect BA)

Additional
considerations

� Liver biopsy when BA is suspected
� Comprehensive/Targeted genetic testing

Abbreviations: A1AT, Alpha-1 antitrypsin; AGS, Alagille syndrome; ALP, alkaline phosphatase; ALT,
alanine aminotransferase; ANA, antinuclear antibodies; Anti-SM, Anti-Smooth Muscle; ARC,
arthrogryposis-renal dysfunction-cholestasis; AST, aspartate aminotransferase; BA, biliary atresia;
CBC, complete blood count; CF, cystic fibrosis; CXR, chest X-ray; DB, Direct bilirubin; EBV, Epstein-
Barr virus; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIDA, hepatobiliary;
HSM, hepatosplenomegaly; HSV, herpes simplex virus; GGT, gamma glutamyl transferase; Ig, immu-
noglobulin; LCHAD, L-3 hydroxyacyl-CoA dehydrogenase deficiency; LKM, Liver Kidney Microsomal
Antibody; NBS, newborn screen; OA, organic acids; PFIC, progressive familial intrahepatic chole-
stasis; PT/INR, prothrombin time/international normalized ratio; RBC, red blood cell; SA, succinylace-
tone; TB, total bilirubin; TJP2, tight-junction protein 2; TORCH, toxoplasmosis, other, rubella,
cytomegalovirus, herpes; TSH, thyroid-stimulating hormone; [, increased; Y, decreased.
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Although targeted therapies may be available to only a minority of children once a
diagnosis is established, those who are found to have chronic or progressive disease
processes will benefit from intensive nutritional management and support with sec-
ondary benefits on development and growth.2

ETIOLOGY, MECHANISM OF INJURY, CLINICAL CHARACTERISTICS, AND TREATMENT
Progressive Familial Intrahepatic Cholestasis

Progressive familial intrahepatic cholestasis (PFIC) refers to a group of disorders that
cause hepatocellular cholestasis secondary to the disruption of bile formation. Specific
genetic defects have been identified that are associated with defective bile acid trans-
port3–8 (Table 2). Several of these diseases have been discriminated due to recent ad-
vancements in next-generation sequencing technologies and it is likely that additional
causative defects will be identified in the future. Collectively, these efforts to expand the
understanding of the genetic basis of cholestatic disease in the neonate has enabled
the identification of an expanded role for mutations in these genes in the development
of phenotypic manifestations in older individuals, such as recurrent cholestasis, cryp-
togenic cirrhosis, and intrahepatic cholestasis of pregnancy.9

Symptomatic improvement in pruritus, optimization of nutritional status, and man-
agement of complications of chronic liver disease constitute the main medical ave-
nues of treatment for patients with disorders of bile acid transport.10 Supportive
treatment requires aggressive supplementation of fat-soluble vitamins (A, D, E, and
K) and administration of medium-chain triglycerides, which are absorbed
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Table 2
Defects in bile acid or phospholipid transport

Etiology
Genetic
Defect Histology Mechanism of Disease Clinical Characteristics Treatment

FIC1 Deficiency
(PFIC1, Byler
syndrome)8

ATP8B1 � Bland cholestasis, mild
lobular fibrosis, varying
degrees of
hepatocellular
ballooning and giant cell
transformation

� Uncertain
� Possibly involved in

maintenance of
canalicular membrane
integrity

� Possible effect on FXR
with resultant BSEP
downregulation

� [ AST/ALT/bilirubin.
Y/normal GGTP

� 1 extrahepatic symptoms:
diarrhea/malabsorption

� Symptom onset in infancy
with progression over first
decade

� Supportive care
� Biliary diversion
� Liver transplantation

� Diarrhea may worsen
after transplant

� Allograft
steatohepatitis can
occur

BSEP deficiency
(PFIC2)8

ABCB11 � Nonspecific giant cell
hepatitis, IHC staining for
BSEP available

� Dysfunctional secretion
of bile acids from
hepatocyte into
canalicular space

� [ AST/ALT/bilirubin.
Y/normal GGTP

� Symptom onset in infancy
with rapid progression over
first few years of life

� High risk of development of
hepatocellular malignancy

� Supportive care
� Biliary diversion
� Liver transplantation

� Antibody-mediated
recurrent disease can
occur

MDR3 deficiency
(PFIC3)8

ABCB4 � Ductular proliferation � Decreased excretion of
cytoprotective biliary
phospholipids with
resultant bile duct
damage from the
detergent activity of bile
acids

� [ AST/ALT/bilirubin. [[[
GGTP

� Symptom onset ranges from
late infancy to early
adulthood with more
gradual disease course

� Supportive care
� Biliary diversion
� Liver transplantation

TJP2 deficiency6 TJP2 � Giant cell
transformation,
micronodular cirrhosis

� Absent expression of
TJP2 with IHC

� Impairment of
hepatocyte tight
junctions with resultant
leakage of biliary
components into liver
parenchyma

� [ AST/ALT/bilirubin.
Y/normal GGTP

� Liver disease if often
refractory, requiring liver
transplantation

� Supportive care
� Liver transplantation
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FXR3 NR1H4 � Ductular reaction, giant
cell transformation and
ballooning

� Intralobular cholestasis
� Absent BSEP expression

� Loss of FXR function
results in decreased BSEP
promoter activation and
absent BSEP expression in
the canaliculus

� [ AST/ALT/bilirubin.
Y/normal GGTP

� Neonatal onset with rapid
progression to ESLD

� Coagulopathy is common
� [[ AFP

� Supportive care
� Liver transplantation

Myosin VB4,5 MYO5B � Giant cell
transformation,
intralobular cholestasis

� Abnormal BSEP
distribution, coarse
granular dislocation of
MYO5B

� Impaired targeting of
BSEP to the canalicular
membrane with
decreased bile acid
excretion

� [ AST/ALT/bilirubin.
Y/normal GGTP

� Presentation in the first
months of life

� Liver disease has been
reported to be transient,
recurrent, and/or progressive

� Supportive care

Arthrogryposis,
renal dysfunction
and cholestasis
(ARC)15

VPS33 B
(75%) or
VIPAR

� Bland cholestasis and
ductopenia

� Abnormal BSEP
distribution

� Missorting of canalicular
proteins involved in bile
secretion

� [AST/ALT/bilirubin.
Y/normal GGTP

� Poor growth
� Polyuria and proteinuria
� Usually fatal in the first year

of life but occasional long-
term survivors

� Supportive care

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BSEP, bile salt exporter pump; ESLD, End-stage liver
disease; FIC, familial intrahepatic cholestasis; FXR, Farnesoid X receptor; GGTP, gamma-glutamyl transpeptidase; IHC, immunohistochemistry; TJP2, tight-
junction protein 2; [, increased; Y, decreased.
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independently of bile acids. Antipruritic agents, such as ursodeoxycholic acid, rifaxi-
min, hydroxyzine, cholestyramine, naloxone, and sertraline have demonstrated vary-
ing degrees of success.11 Surgical interruption of the enterohepatic circulation
through approaches such as ileal exclusion and partial biliary diversion has been
shown to be well tolerated, and generally, although not uniformly, results in improve-
ment of pruritus and cholestasis.12 However, the presence of cirrhosis at the time of
diversion has been associated with poor outcomes, and recurrent, self-limited chole-
stasis episodes can occur.10 If all else fails, liver transplantation can lead to good over-
all outcomes, with normalization of bile acid synthesis and growth, even in patients
who receive a live-donor organ from a potentially heterozygous parent.8 However,
extrahepatic manifestations of FIC1 deficiency, such as diarrhea, can worsen after
transplantation. The development of fatty infiltration of the graft liver is concerning,
as this can progress to the development of cirrhosis and require re-transplantation.
In these rare cases, internal and external biliary diversions have demonstrated some
success in ameliorating the disease process.13 Additionally, de novo blocking anti-
BSEP (bile salt export pump) antibody may cause phenotypic BSEP deficiency
following transplant for BSEP disease, particularly in patients with severe truncating
or early deleterious mutations.14
Disorders of Development

An improved understanding of genes associated with normal hepatobiliary develop-
ment has led to the identification of several disease processes whereby defects in
these genes result in cholestasis (Table 3).
The autosomal dominant Alagille syndrome (AGS) is perhaps the most well recog-

nized of these diseases. Disordered cell fate signaling during development can result
in bile duct paucity on liver biopsy with cholestasis. The hepatic phenotype in AGS is
variable, and although the overall prognosis is relatively good, long-term outcomes are
directly linked to the severity of liver or cardiac involvement with approximately one-
third of patients requiring a liver transplant.20

Neonatal sclerosing cholangitis, with and without ichthyosis, are severe cholangio-
pathies of neonates. The neonatal ichthyosis and sclerosing cholangitis syndrome
(NISCH) is a rare autosomal recessive disorder of sclerosing cholangitis accompanied
by scalp hypertrichosis, alopecia, and ichthyosis.19 In confirmed cases of NISCH, the
hepatic phenotype is variable and progression unpredictable. Ursodeoxycholic acid
(UDCA) therapy may have some benefit in slowing disease progression, and liver
transplantation should be reserved for those with severe disease, as most extrahe-
patic manifestations persist following surgery.21 The application of whole-exome
sequencing to individuals with the sclerosing cholangitis phenotype, but without ich-
thyosis revealed novel doublecortin domain containing protein 2 (DCDC2) mutations,
expanding not only the molecular spectrum of neonatal sclerosing cholangitis, but
also the clinical spectrum of DCDC2 mutations, which had previously been reported
in dyslexia, deafness, and nephronpothisis.18 The resultant ciliopathy in DCDC2-
associated sclerosing cholangitis is unlikely to fully explain the severe hepatobiliary
phenotype. This is supported by the disparity between the cholestasis and duct
destruction seen in DCDC2 disease and other ciliopathies that can involve the liver,
such as autosomal recessive polycystic kidney disease (PKHD1 mutations) and auto-
somal dominant polycystic liver disease (PRKCSH mutations). Subsequently, it has
been proposed that the absence of DCDC2 may enable the formation of “cytotoxic”
bile or dysregulated cholangiocyte homeostasis, which contributes to the more severe
phenotype.22
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Table 3
Disorders of development

Etiology
Genetic
Defect Histology Mechanism of Disease Clinical Characteristics Treatment

Alagille
syndrome
(AGS)16

JAG1 (>90%)
or NOTCH2

� Bile duct paucity (may
not be present during
infancy)17

� Disruption of Notch
signaling pathway, which is
involved in regulating cell
fate during embryogenesis

� Cholestasis, [[ GGTP
� Hypercholesterolemia with

cutaneous xanthomas
� Cardiovascular malformation

� Peripheral pulmonic stenosis
� Tetralogy of Fallot

� Posterior embryotoxon
� Unique facial features
� Vertebral arch defects (butterfly

vertebrae)
� Cerebrovascular anomalies

(Moyamoya)

� Supportive care
� Antipruritics
� Biliary diversion
� Liver transplant

Neonatal
sclerosing
cholangitis18

DCDC2 � Fibrosis, cirrhosis,
tortuous bile ducts
inserted into the fibrosis

� Electron microscopy may
show cholangiocytes
without cilia

� Normal DCDC2 is part of
the microtubule structure
involved in ciliary function

� DCDC2 mutations lead to
failure of primary cilia
development

� How loss of cilia leads to
inflammation and
cholestasis is not clear, as it
is not typical of
hepatorenal ciliopathies

� Neonatal cholestasis
� Variable manifestations

including pale stools,
hepatosplenomegaly,
coagulopathy, ascites

� [ALT, GGTP
� Extrahepatic renal disease

� Supportive care
� Liver transplantation

Neonatal
ichthyosis-
sclerosing
cholangitis
(NISCH)19

CLDN1 � Hepatocellular
cholestasis, canalicular
bile plugs.

� Portal fibrosis, steatosis,
ductular proliferations
and ductopenia have
been reported

� Absent Claudin-1
expression

� Defect in the tight-junction
protein Claudin-1

� Results in increased
paracellular permeability
and subsequent
paracellular bile leakage

� Neonatal cholestasis
� [ALT, GGTP
� Ichthyosis
� Alopecia
� Portal hypertension

� Supportive care
� Ursodeoxycholic acid

(UDCA)
� Liver transplant (has

shown to improve skin
lesions in some cases, but
most extrahepatic
manifestations do not
improve)

Abbreviations: ALT, alanine aminotransferase; GGTP, gamma-glutamyl transpeptidase; [, increased.
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Disorders of Bile Acid Synthesis

Bile acids are the natural detergents made by the liver, which promote bile-induced bile
flow and enable fat and fat-soluble vitamin absorption. The primary bile acids, cholic
acid and chenodeoxycholic acid, are synthesized by the liver from cholesterol through
a series of 17 enzymatic steps. There are 2 principal causes of morbidity in disorders of
bile acid synthesis: (1) the failure tomake “normal” bile acids results in impaired bile flow
with attendant reduction of biliary excretion of individual components, including choles-
terol and other fats, proteins, drugs, and environmental toxins out of the liver; and (2) the
production and accumulation of “toxic” intermediary metabolites produced because of
the block in the bile acid production. Because each of the enzymes in the pathway is
regulated by a gene, it is believed that abnormalities in any of the steps of the pathway
can be inherited. The clinical phenotype of these disorders are variable with hyperbilir-
ubinemia, liver transaminase elevations, and hepatosplenomegaly being common in in-
dividuals with defects in the enzymes responsible for catalyzing reactions in the steroid
nucleus.23 Mild liver disease is seen in those with defects that involve modifications to
the cholesterol side with phenotypic manifestations dominated by fat-soluble vitamin
malabsorption and/or neurologic disease23 (Table 4). Diagnosis of these disorders is
often made with liquid secondary ionization mass spectrometry, formerly known as
fast atom bombardment mass spectrometry, or genetic-based testing.

Disorders of Bilirubin Metabolism and Transport

Bilirubin is formed by the breakdown of heme, most notably from red blood cells into
carbon monoxide and biliverdin. Biliverdin is then metabolized to bilirubin by the
enzyme biliverdin reductase. Most bilirubin is bound to albumin and transported to
the liver where it is taken up by hepatic cells for secretion into the biliary ductal system
via the multidrug resistance–associated protein 2 (MRP2) after undergoing conjuga-
tion via the enzyme uridine diphosphate-glucuronyl transferase (UGT). Defects of
this process at various steps can lead to the clinical manifestation of jaundice with a
wide spectrum of morbidity and mortality (Table 5).

Metabolic Disorders

Several inherited metabolic liver diseases present with cholestasis as major clinical
manifestation. Although the phenotype of chronic intrahepatic cholestasis may be
shared by these syndromes, the molecular basis for the disease processes as well
as prognosis and treatment courses vary (Table 6).
Defective cystic fibrosis transmembrane conductance regulator (CFTR) in the chol-

angiocytes results in a varied spectrum of hepatobiliary manifestations collectively
referred to cystic fibrosis associated liver disease (CFLD). A joint National Institutes
of Health and Cystic Fibrosis Foundation Clinical Research Workshop on CFLD sug-
gested criteria to diagnose progressive liver disease in patients with cystic fibrosis
(CF)44 (Box 1).
CFLD constitutes a significant disease burden, reflective in the fact that it is the third

leading cause of mortality in CF.44 The manifestations of CFLD most commonly
become apparent in early childhood; however, cholestasis associated with CF has
been reported to be causative in 2% of neonates with jaundice.45

Nutritional support and liver health optimization constitute the major management
strategies for individuals with CFLD. UDCA therapy is commonly prescribed; however,
few trials have assessed its effectiveness and evidence to justify its routine use in CF is
insufficient.46 Monitoring and mitigating the complications of portal hypertension is
crucial. Synthetic liver function often remains intact; thus, liver transplantation is often
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Table 4
Disorders of bile acid synthesis in children

Etiology
Genetic
Defect Histology Mechanism of Disease Clinical Characteristics Treatment

3b-HSD
deficiency24

HSD3B7 � Giant cell hepatitis
� Can have chronic

hepatitis

� Failure to convert
7a-hydroxycholesterol is to
7a-hydroxy-4-cholesten-3-
one

� Most common defect
� Presents in infancy or later

childhood
� Neonatal jaundice, poor

growth, 1HSM
� [AST/ALT, low/normal GGTP
� Fat-soluble vitamin deficiency
� Clinical features like PFIC ([ CB),

but usually low serum bile acids
and without pruritic

� Oral cholic acid25

D4-3-oxosteroid
5b-reductase
deficiency24

AKR1D1 � Lobular disarray with
giant cell and
pseudoacinar
transformation of
hepatocytes

� Bile stasis
� Extramedullary

hematopoiesis

� Failure to convert the
intermediates 7a-hydroxy-4-
cholesten-3-one and
7a,12a-dihydroxy-4-
cholesten-3-one to the
corresponding 3-oxo-5b(H)
intermediates

� Neonatal jaundice, poor
growth, 1HSM

� Fat-soluble vitamin deficiency
� Clinical features similar to PFIC

([ CB), but usually without
pruritic and low serum bile acids

� [AST/ALT, and GGTP

� Oral cholic acid25

Oxysterol
7a-hydroxylase
deficiency24

CYP7B1 � Cholestasis
� Bridging fibrosis
� Giant cell transformation
� Proliferating ductules

� Accumulation of high
concentrations of hepato-
toxic monohydroxy bile acids
with the 3b-hydroxy-D5
structure

� Progressive cholestasis
� [AST/ALT, low/normal

GGTP, 1HSM
� Synthetic liver dysfunction

� Supportive care
� Cholic acid ineffective

but chenodeoxycholic
may be effective26

� Liver transplant

27-hydroxylase
deficiency
(aka CTX)27

CYP27A1 � Lobular disarray
� Giant cell transformation
� Portal tract fibrosis
� Ductular reaction

� Reduced synthesis of the
primary bile acids leads
classically to accumulation of
C27 sterol intermediates

� 1 neurologic dysfunction
� Neonatal cholestasis27

� Diarrhea

� Liver transplant for those
with severe neonatal
disease

� Oral cholic acid25

(continued on next page)
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Table 4
(continued )

Etiology
Genetic
Defect Histology Mechanism of Disease Clinical Characteristics Treatment

2-methylacyl-CoA
racemase
deficiency24

AMCAR � Cholestasis
� Giant cell transformation
� Modest inflammation

� Defects have profound
effects on both the bile acid
and the fatty acid pathways

� Neonatal cholestasis and fat-
soluble vitamin deficiency

� Adult presentation with sensory
motor neuropathy

� Oral cholic acid25

Amidation
defects28

BAAT � Bile plugs and lobular
cholestasis

� Giant cell transformation
� Periportal fibrosis

� Defect in the final step in bile
acid synthesis, which
normally results in glycine
and taurine conjugates

� Without conjugation, bile
acids are less efficient at
absorbing fats

� Neonatal cholestasis
� Fat-soluble vitamin deficiency
� Growth failure
� Hepatomegaly can occur
� Liver failure has been reported
� AST/ALT can be elevated or

normal

� Glycocholic acid29

� Liver transplant in severe
cases

Zellweger
spectrum
disorder30

PEX genes � Nonspecific changes of
hepatocyte degeneration

� EM with lack of
peroxisomes

� Impaired peroxisomal
assembly

� Multiorgan dysfunction
� 1 neurologic dysfunction
� Hepatomegaly
� Cholestasis
� Abnormal VLCFA
� [Phytanic and/or pristanic acids

� Supportive care
� Multidisciplinary

approach to extrahepatic
manifestations

� Oral cholic acid (no effect
on extrahepatic
manifestations)25

Abbreviations: 3b HSD, 3b-Hydroxy-C27-steroid oxidoreductase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTX, cerebrotendinous xanthomatosis;
CYP7A1, cholesterol 7a-hydroxylase; CB, conjugated bilirubin; EM, electron microscopy; GGTP, gamma-glutamyl transpeptidase; HSM, hepatosplenomegaly; PFIC, pro-
gressive familial intrahepatic cholestasis; VLCFA, very-long-chain fatty acids; [, increased.
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Table 5
Disorders of bilirubin metabolism and transport

Etiology
Genetic
Defect Histology Mechanism of Disease Clinical Characteristics Treatment

Crigler-Najjar31 UGT1A1 � Classically described
as normal

� Fibrosis can be seen,
generally in older
individuals32

� Severely dysfunctional or
deficient UGT1A1 results in
pathologic elevation in
unconjugated bilirubin (UB)

� 2 described phenotypes
� Type I: severe congenital

nonhemolytic jaundice (UB
level >20 mg/dL) with
kernicterus

� Type II: less severe than type I
(UB level 10–20 mg/dL),
kernicterus is less common

� Intensive phototherapy
� Avoidance of

medications that displace
bilirubin

� Phenobarbital for Type II
� Plasmapheresis
� Albumin infusions
� Liver transplant is

curative

Gilbert
syndrome31

UGT1A1
(often in
the TATA
promoter
region)

� Normal � Promoter region mutations
result in reduced expression, but
normal function, of UGT1A1

� Other exonal mutations have
been described with resultant
mild effects on protein function

� Mild UB elevation (usually UB
level <3 mg/dL) without
bilirubinuria or hemolysis

� Often with mild scleral icterus

� No specific therapy
needed

� Avoidance of
unnecessary testing

Rotor
syndrome33

SLCO1B1
and
SLCO1B3

� Normal � Dysfunctional organic anion
transporting polypeptides
(OATP) 1B1 and 1B3, which act
to normally reuptake bilirubin
conjugates

� Mild conjugated and
unconjugated
hyperbilirubinemia (total
bilirubin levels 2–5 mg/dL)

� Scleral icterus
� Normal AST/ALT
� Increased urine coproporphyrin

� No specific therapy
needed

� Avoidance of
unnecessary testing

Dubin-
Johnson34,35

ABCC2 � Accumulation of dark
melaninlike pigment
in lysosomes

� Pigment may be
absent in infants

� Normal hepatic
architecture

� Absent or dysfunctional
multidrug resistance–associated
protein 2 (MRP2)

� Abnormal excretion of
conjugated bilirubin across the
canalicular membrane

� Usually presents in young
adulthood with elevated
conjugated bilirubin

� Can present in neonatal period

� No specific therapy
needed

� Avoidance of
unnecessary testing

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 6
Metabolic disorders

Etiology
Genetic
Defect Histology Mechanism of Disease Clinical Characteristics Treatment

CFLD36 CFTR � Pathognomonic focal biliary
cirrhosis

� May progress to multilobular
biliary cirrhosis

� 50% may have steatosis

� Complex; thought to result from
defective CFTR protein with
resulting small duct obstruction,
inflammation, bile duct
proliferation, and portal fibrosis

� Variable phenotype that can
include
� [AST/ALT, rare to have

synthetic dysfunction
� Neonatal cholestasis
� Portal hypertension (d/t

biliary cirrhosis)

� Supportive care
� Surgical porto-

systemic shunt
placement

� Liver transplantation

A1AT37 SERPINA1 � Can change with age
� In infancy: paucity or

proliferation, intracellular
cholestasis, inflammation,
giant cell transformation

� Characteristic periodic acid-
Schiff (PAS)-positive, diastase
resistant globules

� Misfolded A1AT Z protein is
retained in hepatocyte

� Gain-of-function defect with
several proposed mechanisms:
� Impaired endoplasmic reticulum-
associated degradation

� Abnormal unfolded protein
response (UPR) activation

� Decreased autophagy

� Wide variability
� [ AST/ALT/GGTP in minority

(w20%) of PiZZ individuals
� Sever phenotype is possible

with neonatal cholestasis and
liver disease progression

� Hepatocellular carcinoma can
occur

� Supportive care
� No disease-specific

therapy
� Future targets:

� Autophagy
enhancers

� Decreasing Z
protein production

� Liver transplantation

Wilson
disease38

ATP7B � Wide range of patterns
� Most show steatosis, portal

and lobular inflammation,
and fibrosis

� Elevated hepatic copper
content

� Due to abnormal copper transport
� Normal biliary copper excretion is

reduced and copper accumulates in
the liver

� Degree of liver disease and
timing on symptom onset is
variable due to:
� Difference in dietary copper
� Genetic susceptibility
� Comorbidities

� Extrahepatic copper
deposition occurs: CNS/
symptoms, K-F rings

� Y Ceruloplasmin
� Anemia is common
� [ Hepatic copper content
� [ Urinary copper
� ALF can be initial presentation

� Chelation therapy
(D-penicillamine or
trientine) 1/� zinc

� Guidelines are
available39

� Low-copper diet
� Management of

disease complications
such as portal
hypertension and CNS
symptoms
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Niemann-Pick
type C40

NPC1 � Giant cell transformation
� Neonatal hepatitis
� Storage material and fibrosis

is prominent in more
progressive disease

� EM with whorled and
irregular lamellar
inclusions41

� Abnormal endosomal-lysosomal
trafficking results in accumulation
of multiple lipids in lysosomes

� Age-based presentation:
� Pre-perinatal (<2 mo)
� Early infantile (2 mo to <2 y)
� Late infantile (2–6 y)
� Juvenile (6–15 y)
� Adult (>15 y)

� Cholestasis associated with
perinatal and early infantile
forms:
� Prolonged jaundice
� Mild HSM
� Neurologic morbidity is

severe
� ALF can be manifestation

� Mainstay of therapy is
symptom
management, often
with multidisciplinary
team

� Miglustat may slow
neurologic
deterioration.

� Clinical guidelines are
available40

NICCD42 SLC25A13 � Classic “tetralogy” of
steatosis, necrotic
inflammation, cholestasis,
and fibrosis43

� Citrin is a mitochondrial solute
carrier protein

� Functions as Ca21-binding
aspartate-glutamate carrier

� Involved in glycolysis,
gluconeogenesis, and urea cycle
functions

� Neonatal intrahepatic
cholestasis

� Variable liver dysfunction
� Hepatomegaly
� [ NH3, hypoglycemia
� Most cases resolve by 12 mo
� Minority of disease progresses

to liver failure

� Supportive care
� Liver transplant in

severe, progressive
cases

Abbreviations: A1AT, Alpha-1 antitrypsin; ALF, Acute Liver Failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CFLD, cystic fibrosis associated
liver disease; CFTR, Cystic fibrosis transmembrane conductance regulator; CNS, central nervous system; EM, electron microscopy; GGTP, gamma-glutamyl transpep-
tidase; HSM, hepatosplenomegaly; K-F, Kayser-Fleischer rings; [, increased; Y, decreased.
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Box 1

Diagnostic criteria for cystic fibrosis associated liver disease (CFLD)

Requires �2 of the following:

� Hepatomegaly (eg, liver edge palpable >2 cm below the costal margin) and/or splenomegaly,
confirmed by ultrasonography.

� Abnormalities of alanine aminotransferase, aspartate aminotransferase, and gamma-glutamyl
transpeptidase above the laboratory upper limits of normal for more than 6 months, after
excluding other causes of liver disease.

� Ultrasonographic evidence of coarseness, nodularity, increased echogenicity, or portal
hypertension.

� Liver biopsy showing focal biliary cirrhosis or multilobular cirrhosis (if performed).

Squires & McKiernan934

Dow
reserved for those with severe complications related to their portal hypertension. A
portosystemic shunt can be an effective treatment in select patients with variceal
bleeding; long-term outcomes are comparable to those for patients who undergo liver
transplantation.47

A1AT liver disease is the most frequent genetic cause of liver disease in children and
the most common indication for liver transplantation.48 The A1AT protein is a protease
inhibitor (Pi) that is produced in the liver and primarily acts in the lung to degrade
neutrophil elastase and regulate inflammation. Thus, in deficiency states, A1AT dis-
ease can cause unmitigated inflammation in the airway with resultant emphysema.
Unlike this loss of function mechanism driving lung pathology, the liver disease is a
gain-of-function process in which abnormal protein folding results in aberrant reten-
tion in the hepatocyte and subsequent cirrhosis.49,50 More than 100 variants of the
Pi protein have been identified, with PiMM representing the normal phenotype.
Most of the disease burden is manifest in PiZZ individuals; however, other rarer vari-
ants have been associated with morbidity. There is a wide spectrum of liver disease
among patients with the classic form of A1AT (PiZZ) deficiency and very little is known
about what predisposes those affected to a severe, progressive decline in hepatic
function.51 There are no current disease-specific therapies for the hepatic manifesta-
tions in A1AT deficiency and the initial treatment remains symptomatic care. The
importance of providing fat-soluble vitamins when indicated, adequate nutrition,
and counseling to avoid obesity, alcohol, smoking, and second-hand smoke cannot
be overemphasized. However, as the pathophysiology is increasingly elucidated,
more and more therapeutic targets are being identified.37

Wilson disease is due to defective copper transport and can result in excessive he-
patic copper accumulation and subsequent damage.38 The cholestasis associated
with Wilson disease is often the result of substantial liver damage, and can be severe
in those who develop acute liver failure. Importantly, other cholestatic liver disease,
especially sclerosing cholangitis, can have evidence of systemic copper overload
and laboratory abnormalities indicating dysfunctional copper metabolism.52,53 Low
ceruloplasmin, high 24-hour urinary copper, and D-penicillamine challenge have
been shown to be specific for Wilson.53,54 Treatment strategies in Wilson disease
are aimed at chelation and/or preventing copper absorption with zinc. Symptomatic
patients are recommended to receive higher dosages of medications to stabilize
and then reverse hepatic damage, whereas asymptomatic patients are dosed lower
with the goal to prevent additional copper accumulation and damage. A low-copper
diet, as well as the management of portal hypertension and neurologic morbidity,
are important considerations.38
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SUMMARY

Cholestasis in children, while the result of disparate etiologies, is increasingly being
recognized to result from specific defects in many of the processes that regulate
the normal formation and flow of bile. Identification of the causative molecular abnor-
mality can prove highly beneficial for those individuals in whom precise, disease-
altering therapies or interventions can be implemented. Furthermore, the recognition
of specific abnormality may enable future efforts aimed at gene replacement or protein
augmentation therapies. Finally, an understanding of the genetic and molecular basis
for disease may be beneficial as it relates to prognosis and family planning.
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