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Abstract: Children with cholestatic liver diseases are increasingly
living into adulthood, thanks to innovations in medical and surgical
therapies. The excellent outcomes observed in pediatric liver
transplantation for diseases, such as biliary atresia, have trans-
formed the life trajectory of children born with once-fatal liver
diseases. The evolution of molecular genetic testing, has helped
expedite the diagnosis of other cholestatic disorders, improving the
clinical management, disease prognosis, and family planning for
inherited disorders, such as progressive familial intrahepatic cho-
lestasis and bile acid synthesis disorders. The expanding list of
therapeutics, including bile acids and the newer ileal bile acid
transport inhibitors, has also helped slow the progression of disease
and improve the quality of life for certain diseases, like Alagille
syndrome. More and more children with cholestatic disorders are
expected to require care from adult providers familiar with the
natural history and potential complications of these childhood dis-
eases. The aim of this review is to bridge the gap between pediatric
and adult care in children with cholestatic disorders. The present
review addresses the epidemiology, clinical features, diagnostic
testing, treatment, prognosis, and transplant outcomes of 4 hall-
mark childhood cholestatic liver diseases: biliary atresia, Alagille
syndrome, progressive familial intrahepatic cholestasis, and bile
acid synthesis disorders.
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C holestatic liver disease is a major cause of morbidity
and mortality in infants and children, affecting 1 in

2500 live births in North America.1 Pediatric cholestasis is
often caused by inherited defects of bile metabolism or
obstructions of the biliary tract. Many children born with
cholestatic liver disease go on to develop chronic liver dis-
ease by young adulthood and a significant portion will
require liver transplantation (LTx) during their lifetime.
Indeed, cholestatic disorders account for nearly one-half of
the roughly 600 pediatric LTx performed annually in the
United States.2 With improvements in medical and surgical

therapies, children with cholestatic liver diseases are now
increasingly living into adulthood. The 15-year to 20-year
patient survival rate after pediatric LTx is 75%,3 and the
survival rate with one’s native liver into adulthood is 25% to
50% depending on the type of pediatric cholestatic
disorder.4–6 Given the growing number of adults with a
history of congenital cholestatic liver disease, it is important
for adult providers to have an understanding of the most
common pediatric cholestatic disorders and their implica-
tions in adulthood. This review article highlights four hall-
mark causes of pediatric cholestasis—biliary atresia (BA),
Alagille syndrome (ALGS), bile acid synthesis disorders
(BASDs), and progressive familial intrahepatic cholestasis
(PFIC)—which represent the vast majority of pediatric
cholestatic disorders and the most likely to persist into
adulthood. The aim is to highlight their etiology, diagnostic
workup, clinical course, management, and transplant out-
comes, while providing pertinent insight to adult gastro-
enterologists who will eventually care for these patients.

BILIARY ATRESIA
BA is an idiopathic, progressive, fibroinflammatory

cholangiopathy of the intra- hepatic and extrahepatic bile
ducts. BA is the most common cause of neonatal cholestasis,
presenting typically in the first few weeks of life with jaun-
dice and acholic stools. BA affects an estimated 1 in 12,000
live births in the United States, 1 in 5000 in Taiwan, and 1 in
18,000 in Europe, with a slight female preponderance.7,8 If
not recognized and intervened in the first months of life, the
disease rapidly progresses to biliary cirrhosis with the need
for LTx in infancy.

The etiology of BA is multifactorial, caused by a
combination of genetic factors, vascular, infectious, and
toxic insults. Viral infections have frequently been impli-
cated. One theory is that certain viruses initiate chol-
angiocyte apoptosis and release antigens that trigger an
exagerrated host inflammatory response against biliary
epithelia, resulting in progressive bile duct injury and biliary
cirrhosis.9 The most extensively studied viruses in the
development of BA are reovirus type 3, rotavirus type C,
and cytomegalovirus. There are animal models showing that
viruses can induce BA, yet there is not consistent data to
support these viruses as causative of BA in humans.10–12

The typical neonate with BA develops jaundice with
conjugated hyperbilirubinemia that persists and progresses
beyond 2 weeks of age. One of the more common symptoms
in infants with BA is the development of progressively
acholic stools. If no intervention is performed in the first
3 months of life, other signs manifest, including failure to
thrive, muscle wasting, hepatosplenomegaly, ascites, pruri-
tus, coagulopathy, and cirrhosis. 10% to 15% of patients
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with BA have other extrahepatic congenital anomalies
including polysplenia or asplenia, intestinal malrotation,
abdominal situs inversus, intestinal atresia, annular pan-
creas, renal anomalies, cardiac defects, and vascular
abnormalities, such as preduodenal or absent portal vein,
interrupted retrohepatic vena cava, and anomalous hepatic
arterial circulation.13–18

Serum transaminases are typically mildly elevated in
patients with BA, whereas alkaline phosphatase and
gamma-glutamyl transpeptidase (GGT) levels are sig-
nificantly elevated. Ultrasound findings of BA may include
an atretic or absent gallbladder, abnormal shape and
thickness of the gallbladder, and the triangular cord sign,
which is an echogenic fibrous tissue representing a remnant
of the extrahepatic bile duct.19,20

Technetium 99–labeled hepatoiminodiacetic acid scans
can be performed as part of the diagnostic workup.21 If
excretion of the tracer is observed into the intestine, then BA
is essentially ruled out. Liver biopsy can be a very sensitive
and specific test to delineate BA from other causes of neo-
natal cholestasis.22 The procedure is a cornerstone of the
diagnostic workup for many cholestatic diseases in infancy,
and it can be performed safely and percutaneously with
timely results. Liver biopsies in BA clasically reveal an
obstructive biliary pattern with hepatocellular and canal-
icular cholestasis and eventually proliferation of the biliary
ductules in the portal tracts. As the unrelieved obstruction
progresses, other signs may develop, including focal hep-
atocyte necrosis, multinucleated giant hepatocytes, portal
tract edema, and intralobular fibrosis. If the biopsy findings
are consistent with BA, the infant will undergo definitive
testing with an intraoperative cholangiogram followed by a
Kasai hepatoportoenterostomy. More recently, matrix
metallopeptidase-7, a protein involved in fibrosis, liver
remodeling, and regeneration, has been shown to be a reli-
able biomarker for the diagnosis of BA with high sensitivity
and specificity.23

Medical management of children with BA aims to
prevent and treat potential complications of end-stage liver
disease, including failure to thrive, fat-soluble vitamin
deficiencies, pruritus, ascites, portal hypertension, and
cholangitis. Kasai and Suzuki first introduced the hep-
atoportoenterostomy in 1959, and the procedure gradually
gained acceptance as the optimal therapy to restore bile flow
in affected infants.24 The early success of the Kasai proce-
dure is measured clinically by the re-establishment of bile
flow into the intestine based on the presence of pigmented
stools and the normalization of serum bilirubin levels. A
summary of key clinical characteristics, diagnosis, and
management is provided (Table 1).

The most common complication after portoenter-
ostomy is ascending cholangitis, which occurs in 30% to
60% of children.25 Episodes of cholangitis must be recog-
nized promptly and treated aggressively because of the
increased risk of accelerated cirrhosis.25,26 Prophylactic oral
antibiotics after a Kasai have demonstrated a benefit in
preventing cholangitis.27 Meanwhile, corticosteroids after
portoenterostomy have not been shown to improve suc-
cessful bile drainage or transplant-free survival after a Kasai
procedure.28

Most major series have confirmed the relationship
between age at the time of hepatoportoenterostomy and res-
olution of cholestasis. Kasai procedures performed before
60 days of life, ideally between 30 and 45 days of life, seem to
produce the best opportunities at reversing cholestasis and TA
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achieving transplant-free survival.29,30 Other significant fac-
tors that predict a successful Kasai are the extent of hepatic
fibrosis at the time of surgery and the number of post-
operative episodes of cholangitis. Even when a hep-
atoportoenterostomy restores bile drainage, intrahepatic dis-
ease often progresses and by early adulthood, roughly 75% of
children with BA will have required LTx.31 Nonetheless, a
Kasai procedure allows for the opportunity for continued
growth and development, sometimes for several years, before
needing LTx. This additional time provides access to more
potential donors and lowers the risk of technical complica-
tions seen more frequently in infants and toddlers undergoing
LTx. Along these lines, the Kasai should be viewed not as a
cure for BA, but rather, as a bridge and a means of preventing
rapid progression of disease.

LTx is the only option once the liver damage becomes
irreversible. The first attempted LTx in humans was per-
formed in 1963 by Dr Thomas Starzl on a 3-year-old child
with BA.32 Today, BA is the leading indication for pediatric
LTx accounting for 40% of all pediatric LTx and up to 75%
of transplants in children under the age of 2.33 BA has been
responsible for innovations and technical advancements in
the field of LTx over the past 60 years.

Signs and symptoms of a failing portoenterostomy
should prompt referral for LTx. The specific indications for
LTx in children or young adults with BA are persistent
cholestasis, failure to thrive, recurrent cholangitis, portal
hypertension, hepatopulmonary syndrome, portopulmonary
hypertension, hepatorenal syndrome, intractable ascites,
hepatocellular carcinoma, and hepatic encephalopathy.

Improvements in surgical techniques, intraoperative
management, critical care, and long-term medical manage-
ment have combined to yield ever-improving results for
children with BA who undergo LTx. Specifically, 5-year
patient and graft survival for children with BA are 97% and
90%, respectively,34 and 20-year survival rates are 75%.3 In
a recent analysis of nearly 1500 children with BA under-
going LTx, significant risk factors for patient or graft loss
include technical variant graft, re-transplantation, and
donor age < 6 months.34

For the adult provider, BA is an ongoing disease that
requires close management throughout life. Even after suc-
cessful treatment with the Kasai operation in infancy, less

than 25% of adult patients survive with their native livers.4

Biochemical liver function tests should be checked at least
every 6 months. Nutritional markers, such as fat-soluble
vitamins, iron, calcium, phosphate, and alkaline phospha-
tase, should be assessed if poor growth or cholestasis are
present. BA patients with signs and symptoms of portal
hypertension, including splenomegaly and thrombocytope-
nia, should undergo regular endoscopic surveillance for
esophageal varices with potential variceal ligation and
treatment with non-selective beta blockers. Given that up to
25% of explants of patients undergoing LTx for BA have
demonstrated pre-malignant or malignant nodules, careful
surveillance for hepatocellular carcinoma with monitoring
of alpha-fetoprotein and either abdominal ultrasound or
magnetic resonance imaging with gadoxetic acid (Eovist in
the United States) should also be part of routine care.35,36

Medical management of ascites and hepatic encephalopathy
and screening for hepatopulmonary syndrome, and porto-
pulmonary hypertension are also essential parts of long-
term care for patients with BA who survive long-term with
their native livers. Recommended surveillance and special
considerations for adult gastroenterologists are summarized
(Table 2).

ALAGILLE SYNDROME
ALGS is an autosomal dominant, multisystem disorder

that can manifest with liver, cardiovascular, facial, ocular,
skeletal, and renal anomalies (Table 1 and Table 3). The
phenotype was first described in 1969 by Daniel Alagille.
The incidence of ALGS is estimated between 1 in 30,000 to
50,000 live births.37 Ninety-five percent of ALGS cases
result from heterozygous mutations in JAG1 on chromo-
some 20, which encodes the ligand JAGGED1 in the Notch
signaling pathway. The remaining 5% of ALGS cases are
due to NOTCH2 mutations on chromosome 1. As signals
originating from the NOTCH receptors are involved in the
development of multiple organ systems, mutations in these
genes yield the pleiotropic manifestations observed in
ALGS. Interestingly, the same mutations often have varia-
ble expression and different phenotypic characteristics
within the same family.

TABLE 2. Surveillance of Adult Patients (≥18 Y Old) With Pediatric Cholestatic Liver Disease

Disease
% Native liver
by adulthood Surveillance Special considerations

Biliary
atresia

23 LFT, GGT, AFP, abdomen US/MRI High index of suspicion for cholangitis with
unexplained fever, abdominal pain, and elevation
in liver tests

ALGS 24-40 LFT, GGT, AFP, abdomen US/MRI
Echo and/or electrocardiogram as needed (cardiac)
Urinalysis, blood pressure, creatinine (renal)
Brain/neck MR angiography (cerebrovascular)

Genetic counseling before conception due to AD
inheritance; prenatal testing has little clinical
utility due to variable penetrance

BASD ? LFT, GGT, AFP, abdomen US/MRI
Urinary bile acids

Bile acid dosing adjusted according to urinary bile
acid levels

PFIC-1 44 LFT, GGT, AFP, abdomen US/MRI Possible prenatal diagnosis
PFIC-2 28 LFT, GGT, AFP, abdomen US/MRI Possible prenatal diagnosis;high index of suspicion

for cancer due to increasd risk
PFIC-3 ? LFT, GGT, AFP, abdomen US/MRI Possible prenatal diagnosis;high index of suspicion

in unexplained adult-onset cholestasis

AD indicates autosomal dominant; AFP, alpha-fetoprotein; ALGS, Alagille syndrome; BASD, bile acid synthesis disorder; GGT, gamma-glutamyl
transpeptidase; LFT, liver function tests; MRI, magnetic resonance imaging; PFIC, progressive familial intrahepatic cholestasis; US, ultrasound;
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Approximately 89% to 95% of patients with ALGS have
hepatic involvement.38 ALGS tends to present with neonatal
cholestasis with an elevated GGT and direct bilirubin. His-
tologically, patients with ALGS demonstrate a paucity of bile
ducts, with fewer than one-half of the portal tracts containing
bile ducts. To accurately make the diagnosis of ALGS, many
pathologists prefer to have at least 10 portal tracts present for
evaluation. Of note, paucity of intrahepatic bile ducts in
infancy is not exclusive to ALGS, as this can be a transient
and nonspecific finding associated with other conditions,
including prematurity, metabolic liver disease, infection,
drug-induced liver injury, and inflammatory disorders. The
progression of liver disease in ALGS is variable, with spon-
taneous resolution of mild cholestasis in some children, but
development of cirrhosis and liver failure in others.

Most children who have ALGS and chronic cholestasis
will accumulate bile acids systemically, causing intractable
pruritus by 6 months of life.39 Severe cholestatic pruritus can
lead to debilitating excoriations, lichenification of the skin,
secondary infections, significant sleep deprivation, and
reduced health-related quality of life. Medical therapy for
cholestatic pruritus in ALGS includes ursodeoxycholic acid
(ursodiol), antihistamines (diphenhydramine, hydroxyzine),
bile acid-binding resins (cholestyramine), hepatic enzyme
inducers (phenobarbital, rifampin), opioid antagonists
(naltrexone), selective serotonin reuptake inhibitors (sertra-
line), and ileal bile acid transport inhibitors (maralixibat).
Biliary diversion can also help interrupt enterohepatic cir-
culation of bile acids, although long-term efficacy is uncer-
tain and the burden of a lifelong stoma is less than ideal for
many patients and families.40,41

Severe refractory pruritus is an accepted indication for
LTx and is recognized as a reason for children in the United
States with ALGS awaiting LTx to receive PELD exception
points. Other leading indications for patients with ALGS
needing a LTx include the development of biliary cirrhosis,
which can manifest with severe portal hypertension and liver
synthetic function failure.42 Recent reports indicate that up
to 30% of children with ALGS will progress to end-stage
liver disease requiring LTx by 5 years old, and 60% to 76%
by the age of 18.43–45 Recent Scientific Registry of Trans-
plant Recipients analysis of over 150 children with ALGS
who received LTx demonstrated the mean age at LTx was
3 years old, mean weight 14 kg, and mean PELD score 22,
with the 1-year and 5-year patient survival at 95% and 94%,
respectively.46

Extrahepatic manifestations of ALGS consist of
abnormal facial features, including triangular facies, which
becomes especially evident later in childhood, hyper-
telorism, and deep-set eyes. Ocular features include poste-
rior embryotoxin, a clinical term referring to displacement
and prominence of Schwalbe’s line anterior to the limbus in

the cornea, without impairment in visual function. Butterfly
vertebrae due to a fusion defect of the anterior arches is the
most commonly observed skeletal anomaly in ALGS,
whereas spina bifida occulta, short ulna, and hypoplastic
phalanges may also be seen. Importantly, patients with
ALGS are at higher risk of fractures due to chronic cho-
lestasis and impaired vitamin D absorption, higher preva-
lence of chronic kidney disease, and impairments in the
Notch signaling pathway that is important in osteoblast and
osteoclast activity. As a result, these patients require close
monitoring of vitamin D levels and careful attention to post-
LTx steroid dosing to prevent exacerbation of osteopenia.

ALGS is often associated with growth retardation,
with over half of patients< 5th percentile for height and
weight for their age. The etiology is multifactorial, due to a
combination of poor caloric intake, especially in the setting
of organomegaly and ascites, malabsorption from choles-
tasis, and genetics. Although post-LTx catch up growth is
observed in ALGS, this is somewhat limited. Cardiac
manifestations of ALGS vary in severity and include tet-
ralogy of fallot, double outlet right ventricle, valvular pul-
monic stenosis, and most commonly, peripheral pulmonic
stenosis. Involvement of colleagues from cardiology and
anesthesia in the multidisciplinary LTx selection committee
discussion is essential in the peri- LTx and post-LTx care of
ALGS patients. Neurological anomalies, including cere-
brovascular aneurysms and moyamoya, are not uncommon
and can be an important cause of morbidity and mortality in
these patients. Magnetic resonance angiography of the brain
and neck vessels should be obtained pre-LTx and periodi-
cally post-LTx. Colleagues from neurosurgery and inter-
ventional radiology may also need to be involved. Other
important vascular anomalies to the aorta, renal vessels,
celiac artery, and hepatic artery can also be seen in ALGS.
Dyslipidemia is another manifestation of ALGS due to
cholestasis and cholesterol dysregulation. The cholestatic
hypercholesterolemia seen in ALGS leads to the formation
of an abnormal lipoprotein, called liproprotein X.47

Although it is not atherogenic, it is a predisposing factor to
xanthomas, which can be cosmetically disfiguring, bother-
some to patients and their families, and problematic when
they occur over the joints.

NOTCH2 is expressed in renal tubular and glomerular
epithelia, whereas JAG1 is expressed in the endothelium of
glomeruli and collecting tubules.48,49 Thus, patients may
present with structural renal disorders, such as renal agen-
esis/hypoplasia, cysts, hydronephrosis, collecting system
anomalies, and renal vascular anomalies. In addition, they
may have functional renal disorders, including renal tubular
acidosis, nephritis, and diminished glomerular filtration
rates, which require long-term renal follow-up and careful
attention, particularly in the post-LTx setting due to the
routine use of calcineurin inhibitors. A summary of key
features in ALGS is listed (Table 3).

For the adult provider, lifelong multidisciplinary follow-
up care of ALGS patients is crucial (Table 2). The cardiac
manifestations are generally established in childhood, but the
renal and vascular anomalies may develop throughout life
making periodic surveillance necessary. Other manifestions,
such as growth and pruritis, also need to be carefully moni-
tored with adjustment of nutritional supplements and medi-
cations. Standard laboratory evaluations should be serially
monitored. Given the risk of hepatocellular carcinoma,
annual ultrasound and serum alpha-fetoprotein testing is also
recommended. Finally, as ALGS is inherited in an autosomal

TABLE 3. Prevalence of Clinical Manifestations in Alagille
Syndrome

System involved Proportion of patients (%)

Hepatic 89-95
Cardiac 94
Facial 92
Ocular 80
Skeletal 61
Renal 44
Vascular anomalies 4-38
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dominant manner, genetic counseling should be provided
before conception to assist with family planning. Prenatal
testing can be considered, but the variable clinical phenotype
and lack of genotype-phenotype correlation preclude its
utility in clinical practice.

BILE ACID SYNTHESIS DISORDERS
BASDs are a heterogeneous group of autosomal

recessive disorders caused by defects in bile acid production.
Mutations in any of the bile acid synthesis enzymes result in
a deficiency in primary bile acids and an overproduction of
intermediary bile acids. Accumulation of these atypical bile
acid metabolites in the liver causes progressive hepatocyte
injury and inflammation. Left untreated, BASDs eventually
culminate in cirrhosis and liver failure.

As a group, BASDs are rare. Of the 17 known bile acid
synthesis enzymes, only 11 distinct defects have been reported
to date.50 The estimated incidence is 1 per 50,000 to 100,000
in the general population50 and 1 per 50 in infants and chil-
dren with unexplained cholestasis.51,52 However, the inci-
dence is likely to increase given the rise in genetic testing.53

The phenotype of BASDs is highly variable, due in large
part to the number of enzyme defects and the lack of genotype-
phenotype correlation.54 The age of onset, specific symptoms,
and rate of progression can vary from early infancy to adult-
hood. Most BASDs present as neonatal cholestasis, but milder
forms of the diseasemay not present until adulthood.55–57 The 2
most frequently reported BASDs are 3β-Hydroxy-Δ5-C27-ste-
roid oxidoreductase (HSD3B7) deficiency and Δ4-3-oxoste-
roid-5β-reductase (5β-reductase deficiency). HSD3B7deficiency
is the most prevalent type, whereas 5β-reductase deficiency is
the most lethal form, with a mortality rate as high as 50% if not
treated within the first few months of life. Information on other
specific bile acid defects is described elsewhere.50,58

Regardless of the defect, all BASDs share three clinical
features that distinguish them from other cholestatic liver
diseases58 (Table 1). First, pruritis is usually absent in
BASDs, but it is often the predominant symptom in other
inherited cholestatic disorders, like ALGS and PFIC.
Instead, the main clinical manifestations of BASDs are
jaundice, failure to thrive, diarrhea, and fat-soluble vitamin
deficiency; less common symptoms include rickets, areflexia,
and renal cysts.59,60 Second, the serum GGT, typically ele-
vated with hepatobiliary injury, is characteristically normal
or even low-normal in BASDs. Third, the total serum bile
acid concentrations are low in BASDs, but high in other
cholestatic disorders. The presence of all three features
should raise suspicion for a BASD.

The gold standard for diagnosis is mass spectrometry of
urine or serum to identify specific bile acid profiles associated
with known enzyme defects.51,61 In general, the intermediary
bile acids are high, whereas the primary bile acids, cholic acid
(CA) and chenodeoxycholic acid (CDCA), are low. The rapid
turnaround time for urine fast atom bombardment ionization
mass spectrometry (FAB-MS) makes it the preferred initial
test when a BASD is suspected—but it is important that
ursodeoxycholic acid be stopped for at least 5 days before
urine collection to avoid contamination of test results. Newer
diagnostic technologies, such as next-generation sequencing
with multigene panels or whole-exome sequencing, are
proving beneficial for the evaluation of unexplained choles-
tasis because of the high-throughput analysis for a large
number of genes.53 A typical cholestasis genetic panel, for
example, tests ~70 genes, of which, 9 are specific to BASDs

(AKR1D1, AMACR, BAAT, CYP7A1, CYP8B1, CYP27A1,
DJCR7, HSD3B7, SLC27A5). Unfortunately, high cost and
long wait times (up to 4 wk turnaround) limit their wide-
spread usage. However, as the technology and availability of
these tests continue to improve, multigene panels can redefine
the clinical algorithm for diagnosing not only BASDs but also
cholestatic disorders in general. Finally, there is only a limited
role for liver biopsy in diagnosing BASDs. The histopatho-
logic features of BASDs, which include periportal inflam-
mation, intralobular cholestasis, and giant cell trans-
formation, are nonspecific.62 The times when liver biopsymay
be helpful are stratification of disease severity and exclusion
of other possible etiologies.

When it comes to management, the type of defect in the
BASD is less important.Most BASDs are treated with an oral
primary bile acid medication to bypass the defect causing the
block in bile acid synthesis. Treatment not only restores the
missing primary bile acid but also inhibits the synthesis of the
hepatotoxic intermediary metabolites by negative feedback
regulation. CA is the bile acid of choice because of its excel-
lent safety profile.63–65 CA is started at a dose of 10 to 15 mg/
kg/day and titrated by 10% increments according to the
reduction or disappearance of atypical bile acid metabolites in
urine on FAB-MS analysis. CDCA is an alternative if CA is
unavailable,66 but contraindicated during pregnancy due to
hepatotoxicity risk. Both CA and CDCA therapies are safe,
efficacious, and well-tolerated long-term solutions allowing
very favorable outcomes into adulthood.63–66 In the largest
follow-up study to date, all 15 patients on prolonged CA
therapy (median period of 21.4 y) were alive with their native
livers and maintained normal serum liver biochemistry.64 In
the rarer bile acid amidation defects, such as those caused by
bile acid-CoA ligase deficiency and bile acid-CoA:N-acyl
amino acid transferase deficiency, CA is not an effective
therapy because the defects are in the final steps of bile acid
synthesis in which primary bile acids are conjugated to glycine
or taurine before secretion into bile. In these cases, glyco-
cholic acid is needed.67 Ursodeoxycholic acid offers little
benefit to BASDs; it may stimulate bile flow and temporarily
improve liver enzyme levels, but fails to downregulate the
synthesis of hepatotoxic bile acid intermediates. If undiag-
nosed or untreated, LTx will inevitably be required. Although
it is curative, published data on the long-term outcomes of
transplantation are lacking.

For the adult provider, lifelong oral bile acid replace-
ment therapy should guarantee successful transition into
adulthood and excellent quality of life without the need for
LTx.64 Surveillance testing should be performed annually
with serum transaminases, alpha-fetoprotein and liver
ultrasound for hepatocellular carcinoma screening, and
urinary bile acid analysis with FAB-MS for medication
optimization (Table 2).

PROGRESSIVE FAMILIAL INTRAHEPATIC
CHOLESTASIS

PFIC is a rare class of inherited disorders caused by
defects in bile canalicular transport that result in abnormal
bile formation and progressive liver disease. Twelve subtypes
of PFIC have been identified, each with a different genetic
defect.68 The most common subtypes are PFIC-1 (FIC1
deficiency/ATP8B1mutation), PFIC-2 (bile salt export pump
deficiency/ABCB11 mutation), and PFIC-3 (multidrug
resistance protein-3 deficiency/ABCB4 mutation). In PFIC-1
and PFIC-2, bile acid secretion is impaired, whereas in
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PFIC-3, bile phospholipid secretion is disrupted. PFIC-1 and
PFIC-2 account for two-third of PFIC cases, and PFIC-3
one-third of cases.69 Together, PFICmakes up 10% to 15% of
neonatal cholestasis cases.70–72

All the PFIC subtypes share many common clinical
features, but differ in certain respects73,74 (Table 1). PFIC-1
and PFIC-2 tend to present in the first months of life, whereas
PFIC-3 may arise later, sometimes even during young
adulthood. The hallmark signs and symptoms of all forms of
PFIC are cholestasis, jaundice, and pruritis. Often, pruritis is
the most debilitating part of the disease and thus the primary
target of early intervention. PFIC-1 is unique because of its
propensity to develop extrahepatic complications because of
the multiorgan tissue expression of ATP8B1. Extrahepatic
symptoms may include diarrhea, pancreatitis, hearing loss,
delayed puberty, and short stature.75,76 Of the 3, PFIC-2 has
the most aggressive liver phenotype, with a significant risk for
early liver failure and hepatobiliary malignancy (up to 15%
with hepatocellular carcinoma or cholangiocarcinoma). Bio-
chemically, they all have elevated serum bile acid levels; but
PFIC-3 is differentiated from PFIC-1 and PFIC-2 by persis-
tently high GGT levels, a consequence of biliary epithelium
injury from the detergent effects of bile salts in the absence of
biliary phospholipids.77 Histologically, PFIC-2 generally
presents with the most severe features, including extensive
lobular inflammation, fibrosis, ductular reaction, bile plugs,
and giant cell transformation. Both PFIC-1 and PFIC-2 can
show bile duct paucity, whereas PFIC-3 is more likely to
demonstrate bile duct proliferation.

PFIC is diagnosed only through genetic testing. Next-
generation sequencing and cholestasis sequencing panels
have led to the identification of novel gene variants asso-
ciated with PFIC,53 particularly in adults with late-onset
liver disease. In one report, targeted genomic sequencing
revealed ABCB4 variants in up to 50% of adults with
unexplained cholestasis or recurrent gallstones.78 It is
expected that the expanding use of genetic testing will con-
tinue to uncover new PFIC variants.

PFIC is managed medically and surgically for both
definitive therapy and bridge to transplantation.73 Urso-
deoxycholic acid therapy is recommended in all cases to
slow the progression of liver damage. In select cases, long-
term therapy can even reverse advanced liver fibrosis.79

Other medical treatments include supplementation of
medium-chain triglycerides and fat-soluble vitamins, as well
as antipruritic therapies. A combination of different anti-
pruritics is frequently required to target the various mech-
anisms of pruritis. Recently, the first drug in the class of ileal
bile acid transporter inhibitors (Odevixibat, Albireo
Pharma, Boston, MA) has been approved in the United
States, United Kingdom, and Germany for treatment of
pruritis in all subtypes of PFIC.80 So far, the results are
promising. A second drug (Maralixibat, Mirum Pharma-
ceuticals, Foster City, CA) is now also in clinical trial.81

These medications decrease serum bile acids by interrupting
the enterohepatic circulation.44

In medically refractory cases, surgical options should
be considered. Biliary diversion procedures may reduce
pruritis and decelerate liver injury. However, liver trans-
plantation is the only cure. The primary indications for LTx
are refractory cholestatic pruritis and end-stage liver disease.
Given the disease’s natural course, most PFIC cases require
LTx by early adulthood. According to global consortium
data, native liver survival at 18 years of age is 44% and 28%
for PFIC-1 and PFIC-2, respectively.5,6

For the adult provider, the management of PFIC can
be divided between LTx patients and those still with their
native livers. For LTx recipients, providers should provide
the same post-transplant care as they usually would for any
other diagnosis, but be privy to 2 issues unique to PFIC.67

First, extrahepatic complications may persist and even
exacerbate after transplantation in PFIC-1 due to the
widespread tissue distribution of ATP8B1 expression.
Chronic diarrhea occurs in 93% and liver steatosis in 73% of
cases.71 In one series, 25% required re-transplantation for
steatohepatitis.82 Second, there is a risk for disease recur-
rence after transplantation in PFIC-2.83,84 The median time
to disease recurrence was 37-month post-transplant,
according to 1 report.83 Recurrent disease develops due to
the formation of de novo autoantibodies against the bile salt
export pump, a response likely triggered by changes in
immunosuppression, infection, and acute rejection. Treat-
ment is targeted against antibody mediated rejection and
consists of higher immunosuppression, rituximab, bortezo-
mib, intravenous immunoglobulin, and plasmapheresis to
remove the antibodies. Rarely, liver re-transplantation or
hematopoietic stem cell transplantation is needed.85

For non-transplanted patients, providers should rou-
tinely monitor for signs and symptoms of worsening liver
disease. They should refer patients for LTx if pruritis
becomes unbearable or signs of decompensated liver disease
develop. Given the heightened risk for malignancy with
chronic liver disease, especially in PFIC-2, providers should
also regularly screen for hepatocellular carcinoma with
yearly serum alpha-fetoprotein levels and liver ultrasounds.

Finally, for patients with unexplained liver disease,
providers should have a high index of suspicion for PFIC.
Milder phenotypes of PFIC-3 can be misdiagnosed or
overlooked in childhood.77,86 These may present in adult-
hood as drug-induced liver injury, intrahepatic cholestasis of
pregnancy, and cholesterol choledocholithiasis.87 Unfortu-
nately, undiagnosed cases can present with portal hyper-
tensive bleeding as the first symptom. Early diagnosis and
timely treatment may prevent or delay the progression to
end-stage liver disease. Thus, providers should have a low
threshold to pursue genetic testing when the cause of cho-
lestasis is unclear (Table 2).

CONCLUSION
Advances in medical and surgical care have sub-

stantially improved the prognosis of children with choles-
tatic liver diseases, particularly BA, ALGS, BASD, and
PFIC. As a significant proportion of these children are now
surviving into adulthood, adult gastroenterologists should
be cognizant of the natural history and long-term outcomes
of these diseases. As young adults, they will need smooth
transition of care to adult providers familiar with their
underlying condition and unique issues that might come up
post-transplant. Successful transition of care requires prep-
aration and collaboration between pediatric and adult pro-
viders that starts with knowledge about the diseases. Adult
gastroenterologists will play pivotal roles in the long-term
health of patients with congenital cholestatic liver disease.
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