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An 8-week-old boy presents with 2 days of worsening jaundice, lethargy, and poor
feeding, without fever, vomiting, or diarrhea. At term he weighed 3,400 g (43rd
percentile), had hypoglycemia on day 1, and received hyperbilirubinemia phototherapy
for 5 days. Physical examination is noteworthy for a lethargic and jaundiced boy
weighing 4,300 g (8th percentile). The liver edge is 4 cm below the costal margin. The
phallus is 1.7  0.7 cm, with no hypospadias, normal scrotum, and descended testes.
Initial laboratory results are as follows: blood glucose, less than 20 mg/dL
(<1.11 mmol/L); total/direct bilirubin, 17.8/13.5 mg/dL (304.4/230.9 mmol/L);
alanine aminotransferase/aspartate aminotransferase, 258/686 U/L (4.31/11.46
mkat/L); free thyroxine, 0.96 ng/dL (12.4 pmol/L); and thyrotropin, 4.36 mIU/mL
(4.36 mIU/L).
An intravenous glucose infusion is started, and the patient is admitted to the
hospital. Liver ultrasonography reveals nonspeciﬁc coarse echogenicity with
gallbladder wall thickening. Liver biopsy shows marked hepatocellular cholestasis, disarray and giant cell transformation, mild portal inﬂammation and portal
ﬁbrosis with early bridging ﬁbrosis, and no abnormal storage material. Testing for
herpes simplex virus types 1 and 2, enterovirus, Epstein-Barr virus, cytomegalovirus, adenovirus, human immunodeﬁciency virus, and hepatitis viruses is
negative; levels of urine succinylacetone and organic acids are normal, as are
plasma galactose-1-phosphate uridylyltransferase (GALT) and acylcarnitine levels.
He is tested for ATP8B1, ABCB11, ABCB4, and JAG1 mutations. Hypoglycemia
continues despite an intravenous glucose infusion rate of 16 mg/kg per minute.
After stopping his infusion for 30 minutes, the serum glucose level is 23 mg/dL
(1.3 mmol/L). Concurrent laboratory results include insulin, 0.8 mIU/mL (5.6
pmol/L); b-hydroxybutyrate, 0.1 mmol/L; free fatty acids, 0.56 mg/dL (0.02
mmol/L); and growth hormone, 1.55 ng/mL (1.55 mg/L). A low-dose cosyntropin
test and brain magnetic resonance imaging (MRI) (Figure) are performed.

DISCUSSION
Differential Diagnosis
Neonatal cholestasis can be caused by obstructed bile ﬂow or functionally
impaired hepatic bile secretion secondary to structural, infectious, genetic,
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Figure. Brain magnetic resonance imaging. A. Sagittal T1-weighted image. The pituitary gland (yellow arrowhead) is diminutive in size and hypointense.
A normal pituitary stalk is not visualized, indicating an ectopic neurohypophysis. B. Coronal T2-weighted image showing optic nerve hypoplasia (red
arrows).

metabolic, or endocrine abnormalities. Biliary atresia is a
ﬁbro-obliterative disease of the extrahepatic biliary tree that
presents with persistent jaundice, pale stools, and dark
urine. Key diagnostic ﬁndings include ultrasonographic
features of abnormal gallbladder size and shape, the "triangular cord" sign, poor gallbladder contractility, and
absence of the common bile duct. Hepatobiliary scintigraphy shows lack of tracer excretion from liver to intestines,
and liver biopsy demonstrates bile duct proliferation, a small
cell inﬁltrate, portal ﬁbrosis, and absence of sinusoidal
ﬁbrosis. (1)
Metabolic conditions such as galactosemia, long-chain
3-hydroxyacyl-CoA dehydrogenase deﬁciency (fatty acid oxidation defects), and tyrosinemia type 1 can cause hypoglycemia along with cholestasis; these are usually detected by
newborn screening in the United States. Galactosemia
may present with vomiting and jaundice within a few days
of milk ingestion. Hepatomegaly is often present, and
Escherichia coli sepsis occurs frequently. Galactosemia is
diagnosed by reduced activity of GALT. (2) Long-chain
3-hydroxyacyl-CoA dehydrogenase deﬁciency can present
with hypoglycemia and liver disease along with elevated
levels of long-chain acylcarnitines. (3) Tyrosinemia type 1,
resulting from deﬁciency of fumaryl acetoacetate hydrolase,
usually presents in infancy with severe liver dysfunction,
growth failure, rickets, and renal tubular dysfunction. It is
characterized by elevated tyrosine, methionine, and phenylalanine levels in plasma; increased succinylacetone levels in
the blood and urine; and elevated tyrosine metabolite and daminolevulinic acid levels in urine. Deﬁnitive diagnosis is
made by measuring fumaryl acetoacetate hydrolyase activity
in liver biopsy specimens or cultured ﬁbroblasts. (4)
Progressive familial intrahepatic cholestasis is a group of
rare autosomal recessive disorders presenting with intrahepatic cholestasis and features such as hearing loss,

diarrhea, and growth failure, and it is caused by mutations
in the ATP8B1, ABCB11, or ABCB4 gene. (5) Alagille syndrome is an autosomal dominant disorder characterized by
conjugated hyperbilirubinemia owing to bile duct paucity;
vertebral anomalies; congenital cardiac defects, particularly
pulmonary stenosis; ophthalmologic abnormalities such as
posterior embryotoxon; and characteristic facial features.
Heterozygous inactivating mutations in the JAG1 gene are
found in 94% to 96% of patients. (6)
Biliary atresia was ruled out by liver ultrasonography. A viral
hepatitis panel was negative; normal urine succinylacetone
and organic acid levels and plasma GALT and acylcarnitine
levels ruled out metabolic diagnoses. There were no mutations in the ATP8B1, ABCB11, ABCB4, or JAG1 genes.

Actual Diagnosis
The infant was diagnosed as having hypopituitarism.

The Condition
The brain MRI (Figure) showed a diminutive pituitary gland
(yellow arrowhead), nonvisualization of the normal pituitary
stalk, and an ectopic neurohypophysis. The optic chiasm
and optic nerves were markedly diminutive (red arrows),
and the olfactory bulbs were absent. The cortisol level
increased from 1.3 mg/dL (36 nmol/L) to only 6 mg/dL
(166 nmol/L) (reference range, >18 mg/dL [>497 nmol/L])
after low-dose cosyntropin stimulation.
Hypoglycemia is best evaluated with additional concurrent blood testing. Patients with hypopituitarism have low free
fatty acid, lactate, insulin, cortisol, and growth hormone levels
in the setting of hypoglycemia. Hypocortisolism can then be
conﬁrmed with a low-dose cosyntropin stimulation test. A
brain MRI delineates anatomical causes of hypopituitarism.
A microphallus (ie, penile length <2.5 cm [7]), blunted
growth hormone response to hypoglycemia, poor cortisol
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response to cosyntropin, and abnormal MRI ﬁndings conﬁrmed the diagnosis of hypopituitarism owing to septooptic dysplasia. Septo-optic dysplasia is a rare congenital
syndrome deﬁned by the presence of at least 2 of 3 features:
1) midline forebrain defects such as absence of septum
pellucidum or corpus callosum, 2) optic nerve hypoplasia,
and 3) hypopituitarism. (8) Hypopituitarism should be
suspected in children with hypoglycemia and midline
defects such as cleft palate, midface hypoplasia, hypertelorism or hypotelorism, or central incisor; optic nerve hypoplasia presenting with wandering nystagmus or poorly
reactive pupils; and microphallus. Newborn boys with hypopituitarism usually have microphallus rather than ambiguous genitalia because in the ﬁrst trimester, placental human
chorionic gonadotropin stimulates testosterone secretion,
which promotes differentiation of the external genitalia.
Testosterone secretion and consequent penile growth after
the ﬁrst trimester depend on luteinizing hormone secreted
by the fetal pituitary gland.
Cholestasis can rarely be a feature of hypopituitarism, (9)
the mechanism of which remains unclear. (10) Cortisol
modulates bile ﬂow and bile acid synthesis (11); cortisol
deﬁciency might affect hepatic transport of bile acids across
bile canaliculi. Growth hormone plays an important role in
bilirubin glucuronidation and modulates the biosynthesis
and secretion of bile acid in rats (12); and growth hormone
deﬁciency can lead to abnormal biliary cell and bile duct
formation. (13) Untreated hypopituitarism has also been
linked to congenital hepatic ﬁbrosis. (14) Thyroxine deﬁciency (not present in this patient) delays maturation of
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hepatic UDP-glucuronosyltransferase activity and causes
unconjugated hyperbilirubinemia. (15)

Patient Course
The patient was treated with hydrocortisone, growth hormone, and testosterone and was closely monitored for
diabetes insipidus and hypothyroidism. The cholestasis
resolved with growth hormone and hydrocortisone
replacement.

Lessons for the Clinician
• Hypopituitarism should be suspected in children with
hypoglycemia and midline defects such as cleft palate,
midface hypoplasia, hypertelorism or hypotelorism, or
central incisor; optic nerve hypoplasia presenting with
wandering nystagmus or poorly reactive pupils; or
microphallus.
• Cholestasis can be a rare presentation of hypopituitarism.
• Patients with hypoglycemia and conjugated hyperbilirubinemia should undergo endocrine evaluation for
hypopituitarism.
• Cholestasis resolves with growth hormone and hydrocortisone replacement.
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