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acceptor sites, exon skipping, and point mutations that introduce
premature stop codons or alter critical amino acids. Their common
feature is that they all encode proteins with absent or, at most, traces of
bilirubin-UDP-glucuronosyltransferase enzymatic activity.
Prior to the availability of phototherapy, most patients with CN-I
died of bilirubin encephalopathy (kernicterus) in infancy or early
childhood. A few lived as long as early adult life without overt neurologic damage, although more subtle testing usually indicated mild
but progressive brain damage. In the absence of liver transplantation,
death eventually supervened from late-onset bilirubin encephalopathy,
which often followed a nonspecific febrile illness. Although isolated
hepatocyte transplantation has been used in a small number of cases
of CN-I, early liver transplantation (Chap. 368) remains the best hope
to prevent brain injury and death.

Disorders of the Gastrointestinal System

Crigler-Najjar Syndrome, Type II (CN-II) This condition was recognized as
a distinct entity in 1962 and is characterized by marked unconjugated
hyperbilirubinemia in the absence of abnormalities of other conventional hepatic biochemical tests, hepatic histology, or hemolysis. It
differs from CN-I in several specific ways (Table 359-1): (1) Although
there is considerable overlap, average bilirubin concentrations are
lower in CN-II; (2) accordingly, CN-II is only infrequently associated
with kernicterus; (3) bile is deeply colored, and bilirubin glucuronides
are present, with a striking, characteristic increase in the proportion of monoglucuronides; (4) UGT1A1 in liver is usually present at
reduced levels (typically ≤10% of normal) but may be undetectable by
older, less sensitive assays; and (5) while typically detected in infancy,
hyperbilirubinemia was not recognized in some cases until later in life
and, in one instance, at age 34. As with CN-I, most CN-II cases exhibit
abnormalities in the conjugation of other compounds, such as salicylamide and menthol, but in some instances, the defect appears limited
to bilirubin. Reduction of serum bilirubin concentrations by >25%
in response to enzyme inducers such as phenobarbital distinguishes
CN-II from CN-I, although this response may not be elicited in early
infancy and often is not accompanied by measurable UGT1A1 induction. Bilirubin concentrations during phenobarbital administration do
not return to normal but are typically in the range of 51–86 μmol/L
(3–5 mg/dL). Although the incidence of kernicterus in CN-II is low,
instances have occurred, not only in infants but also in adolescents and
adults, often in the setting of an intercurrent illness, fasting, or another
factor that temporarily raises the serum bilirubin concentration above
baseline and reduces serum albumin levels. For this reason, phenobarbital therapy is widely recommended, a single bedtime dose often
sufficing to maintain clinically safe serum bilirubin concentrations.
Over 77 different mutations in the UGT1 gene have been identified
as causing CN-I or CN-II. It was found that missense mutations are
more common in CN-II patients, as would be expected in this less
severe phenotype. Their common feature is that they encode for a
bilirubin-UDP-glucuronosyltransferase with markedly reduced, but
detectable, enzymatic activity. The spectrum of residual enzyme activity explains the spectrum of phenotypic severity of the resulting hyperbilirubinemia. Molecular analysis has established that a large majority
of CN-II patients are either homozygotes or compound heterozygotes
for CN-II mutations and that individuals carrying one mutated and
one entirely normal allele have normal bilirubin concentrations.
Gilbert Syndrome (GS) This syndrome is characterized by mild unconjugated hyperbilirubinemia, normal values for standard hepatic biochemical tests, and normal hepatic histology other than a modest
increase of lipofuscin pigment in some patients. Serum bilirubin
concentrations are most often <51 μmol/L (<3 mg/dL), although both
higher and lower values are frequent. The clinical spectrum of hyperbilirubinemia fades into that of CN-II at serum bilirubin concentrations of 86–136 μmol/L (5–8 mg/dL). At the other end of the scale,
the distinction between mild cases of GS and a normal state is often
blurred. Bilirubin concentrations may fluctuate substantially in any
given individual, and at least 25% of patients will exhibit temporarily normal values during prolonged follow-up. More elevated values
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are associated with stress, fatigue, alcohol use, reduced caloric intake,
and intercurrent illness, while increased caloric intake or administration of enzyme-inducing agents produces lower bilirubin levels. GS
is most often diagnosed at or shortly after puberty or in adult life
during routine examinations that include multichannel biochemical
analyses. UGT1A1 activity is typically reduced to 10–35% of normal,
and bile pigments exhibit a characteristic increase in bilirubin monoglucuronides. Studies of radiobilirubin kinetics indicate that hepatic
bilirubin clearance is reduced to an average of one-third of normal.
Administration of phenobarbital normalizes both the serum bilirubin
concentration and hepatic bilirubin clearance; however, failure of
UGT1A1 activity to improve in many such instances suggests the possible coexistence of an additional defect. Compartmental analysis of
bilirubin kinetic data suggests that GS patients have a defect in bilirubin uptake as well as in conjugation. Defect(s) in the hepatic uptake of
other organic anions that at least partially share an uptake mechanism
with bilirubin, such as sulfobromophthalein and indocyanine green
(ICG), are observed in a minority of patients. The metabolism and
transport of bile acids that do not utilize the bilirubin uptake mechanism are normal. The magnitude of changes in the serum bilirubin
concentration induced by provocation tests such as 48 hours of fasting
or the IV administration of nicotinic acid have been reported to be of
help in separating GS patients from normal individuals. Other studies
dispute this assertion. Moreover, on theoretical grounds, the results of
such studies should provide no more information than simple measurements of the baseline serum bilirubin concentration. Family studies indicate that GS and hereditary hemolytic anemias such as hereditary spherocytosis, glucose-6-phosphate dehydrogenase deficiency,
and β-thalassemia trait sort independently. Reports of hemolysis in up
to 50% of GS patients are believed to reflect better case finding, since
patients with both GS and hemolysis have higher bilirubin concentrations, and are more likely to be jaundiced, than patients with either
defect alone.
GS is common, with many series placing its prevalence at ≥8%.
Males predominate over females by reported ratios ranging from 1.5:1
to >7:1. However, these ratios may have a large artifactual component
since normal males have higher mean bilirubin levels than normal
females, but the diagnosis of GS is often based on comparison to
normal ranges established in men. The high prevalence of GS in the
general population may explain the reported frequency of mild unconjugated hyperbilirubinemia in liver transplant recipients. The disposition of most xenobiotics metabolized by glucuronidation appears to
be normal in GS, as is oxidative drug metabolism in the majority of
reported studies. The principal exception is the metabolism of the antitumor agent irinotecan (CPT-11), whose active metabolite (SN-38) is
glucuronidated specifically by bilirubin-UDP-glucuronosyltransferase.
Administration of CPT-11 to patients with GS has resulted in several
toxicities, including intractable diarrhea and myelosuppression. Some
reports also suggest abnormal disposition of menthol, estradiol benzoate, acetaminophen, tolbutamide, and rifamycin SV. Although some
of these studies have been disputed, and there have been no reports of
clinical complications from use of these agents in GS, prudence should
be exercised in prescribing them, or any agents metabolized primarily by glucuronidation, in this condition. It should also be noted that
the HIV protease inhibitors indinavir and atazanavir (Chap. 226) can
inhibit UGT1A1, resulting in hyperbilirubinemia that is most pronounced in patients with preexisting GS.
Most older pedigree studies of GS were consistent with autosomal
dominant inheritance with variable expressivity. However, studies of
the UGT1 gene in GS have indicated a variety of molecular genetic bases
for the phenotypic picture and several different patterns of inheritance.
Studies in Europe and the United States found that nearly all patients
had normal coding regions for UGT1A1 but were homozygous for the
insertion of an extra TA (i.e., A[TA]7TAA rather than A[TA]6TAA) in
the promoter region of the first exon. This appeared to be necessary, but
not sufficient, for clinically expressed GS, since 15% of normal controls
were also homozygous for this variant. While normal by standard criteria, these individuals had somewhat higher bilirubin concentrations
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