(breast milk jaundice). Alternatively, there may be increased entero- 2001
hepatic circulation of bilirubin in these infants. A recent study has
correlated epidermal growth factor (EGF) content of breast milk with
elevated bilirubin levels in these infants; however, a cause-and-effect
relationship remains to be established. The pathogenesis of breast
milk jaundice appears to differ from that of transient familial neonatal
hyperbilirubinemia (Lucey-Driscoll syndrome), in which there is a
UGT1A1 inhibitor in maternal serum.

Impaired Conjugation • Physiologic neonatal jaundice Bilirubin produced by the fetus is cleared by the placenta and eliminated by the
maternal liver. Immediately after birth, the neonatal liver must assume
responsibility for bilirubin clearance and excretion. However, many
hepatic physiologic processes are incompletely developed at birth.
Levels of UGT1A1 are low, and alternative excretory pathways allow
passage of unconjugated bilirubin into the gut. Since the intestinal
flora that convert bilirubin to urobilinogen are also undeveloped,
an enterohepatic circulation of unconjugated bilirubin ensues. As a
consequence, most neonates develop mild unconjugated hyperbilirubinemia between days 2 and 5 after birth. Peak levels are typically
<85–170 μmol/L (5–10 mg/dL) and decline to normal adult concentrations within 2 weeks, as mechanisms required for bilirubin disposition
mature. Prematurity, often associated with more profound immaturity
of hepatic function and hemolysis, can result in higher levels of unconjugated hyperbilirubinemia. A rapidly rising unconjugated bilirubin
concentration, or absolute levels >340 μmol/L (20 mg/dL), puts the
infant at risk for bilirubin encephalopathy, or kernicterus. Under
these circumstances, bilirubin crosses an immature blood-brain barrier and precipitates in the basal ganglia and other areas of the brain.
The consequences range from appreciable neurologic deficits to death.
Treatment options include phototherapy, which converts bilirubin
into water-soluble photoisomers that are excreted directly into bile,
and exchange transfusion. The canalicular mechanisms responsible
for bilirubin excretion are also immature at birth, and their maturation
may lag behind that of UGT1A1; this can lead to transient conjugated
neonatal hyperbilirubinemia, especially in infants with hemolysis.

HEREDITARY DEFECTS IN BILIRUBIN CONJUGATION
Three familial disorders characterized by differing degrees of unconjugated hyperbilirubinemia have long been recognized. The defining
clinical features of each are described below (Table 359-1). While these
disorders have been recognized for decades to reflect differing degrees
of deficiency in the ability to conjugate bilirubin, recent advances in
the molecular biology of the UGT1 gene complex have elucidated their
interrelationships and clarified previously puzzling features.

The Hyperbilirubinemias

Acquired conjugation defects A modest reduction in bilirubin conjugating capacity may be observed in advanced hepatitis or cirrhosis.
However, in this setting, conjugation is better preserved than other
aspects of bilirubin disposition, such as canalicular excretion. Various
drugs, including pregnanediol, novobiocin, chloramphenicol, and
gentamicin, may produce unconjugated hyperbilirubinemia by inhibiting UGT1A1 activity. Bilirubin conjugation may be inhibited by
certain fatty acids that are present in breast milk but not serum of
mothers whose infants have excessive neonatal hyperbilirubinemia

Crigler-Najjar Syndrome, Type I CN-I is characterized by striking unconjugated hyperbilirubinemia of about 340–765 μmol/L (20–45 mg/dL)
that appears in the neonatal period and persists for life. Other conventional hepatic biochemical tests such as serum aminotransferases and
alkaline phosphatase are normal, and there is no evidence of hemolysis. Hepatic histology is also essentially normal except for the occasional presence of bile plugs within canaliculi. Bilirubin glucuronides
are virtually absent from the bile, and there is no detectable constitutive expression of UGT1A1 activity in hepatic tissue. Neither UGT1A1
activity nor the serum bilirubin concentration responds to administration of phenobarbital or other enzyme inducers. In the absence
of conjugation, unconjugated bilirubin accumulates in plasma, from
which it is eliminated very slowly by alternative pathways that include
direct passage into the bile and small intestine. These account for the
small amounts of urobilinogen found in feces. No bilirubin is found
in the urine. First described in 1952, the disorder is rare (estimated
prevalence, 0.6–1.0 per million). Many patients are from geographically or socially isolated communities in which consanguinity is common, and pedigree analyses show an autosomal recessive pattern of
inheritance. The majority of patients (type IA) exhibit defects in the
glucuronide conjugation of a spectrum of substrates in addition to
bilirubin, including various drugs and other xenobiotics. These individuals have mutations in one of the common exons (2–5) of the UGT1
gene (Fig. 359-2). In a smaller subset (type IB), the defect is limited
largely to bilirubin conjugation, and the causative mutation is in the
bilirubin-specific exon A1. Estrogen glucuronidation is mediated by
UGT1A1 and is defective in all CN-I patients. More than 30 different
genetic lesions of UGT1A1 responsible for CN-I have been identified,

CHAPTER 359

DECREASED HEPATIC BILIRUBIN CLEARANCE
Decreased Hepatic Uptake Decreased hepatic bilirubin uptake is believed
to contribute to the unconjugated hyperbilirubinemia of Gilbert syndrome (GS), although the molecular basis for this finding remains
unclear (see below). Several drugs, including flavaspidic acid, novobiocin, and rifampin, as well as various cholecystographic contrast agents,
have been reported to inhibit bilirubin uptake. The resulting unconjugated hyperbilirubinemia resolves with cessation of the medication.

Table 359-1 Principal Differential Characteristics of Gilbert and Crigler-Najjar Syndromes
Crigler-Najjar Syndrome
Feature
Total serum bilirubin, μmol/L (mg/dL)
Routine liver tests
Response to phenobarbital
Kernicterus
Hepatic histology

Type I
310–755 (usually >345)
(18–45 [usually >20])
Normal
None
Usual
Normal

Type II
100–430 (usually ≤345)
(6–25 [usually ≤20])
Normal
Decreases bilirubin by >25%
Rare
Normal

Gilbert Syndrome
Typically ≤70 μmol/L (≤4 mg/dL) in
absence of fasting or hemolysis
Normal
Decreases bilirubin to normal
No
Usually normal; increased lipofuscin
pigment in some

Bile characteristics
Color
Bilirubin fractions

Pale or colorless
>90% unconjugated

Bilirubin UDP-glucuronosyltransferase
activity
Inheritance (all autosomal)

Typically absent; traces in some
patients
Recessive

Pigmented
Largest fraction (mean: 57%)
monoconjugates
Markedly reduced: 0–10% of normal

Normal dark color
Mainly diconjugates but monoconjugates increased (mean: 23%)
Reduced: typically 10–33% of normal

Predominantly recessive

Promoter mutation: recessive
Missense mutations: 7 of 8 dominant;
1 reportedly recessive
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