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Crigler-Najjar (CN) syndrome is a congenital inborn error of
hepatic bilirubin metabolism caused by the deficiency of bili-
rubin uridinediphosphate glucuronosyltransferase activity. The
2 types of CN can be distinguished based on their response to
phenobarbital treatment. CN type I patients have profound
unconjugated hyperbilirubinemia that does not respond to
phenobarbital; they are at permanent risk for life-threatening
bilirubin encephalopathy. Treatment of CN-1 disease relies on
daily prolonged phototherapy (10-12 h/day). We report on a
pregnancy in a CN-1 mother treated with intensive photother-
apy and semimonthly albumin infusions. The mother gave
birth to a healthy baby. Intensive management of pregnancy in
CN-1 patients may result in a successful pregnancy.

C rigler-Najjar (CN) syndrome is a congenital inborn error
of hepatic bilirubin metabolism caused by the deficiency
of bilirubin uridinediphosphate glucuronosyltransferase activ-
ity (UGT1A1; EC 2.4.1.17). The 2 types of CN can be distin-
guished based on their response to phenobarbital treatment.!
Although CN type I (CN-I; MIM#218800) patients have pro-
found unconjugated hyperbilirubinemia that does not respond
to phenobarbital, in CN type II (CN-II; MIM#143500) patients,
phenobarbital significantly decreases hyperbilirubinemia. This
difference is caused by the total loss of UGT1A1 activity in
CN-I, whereas the loss is only partial in CN-II. CN-1 patients are
at permanent risk for life-threatening bilirubin encephalopathy
(kernicterus); a threshold accumulation of bilirubin in some
brain regions may lead to neural dysfunction followed by cell
death and permanent dysfunction. Treatment of CN-1 disease
relies on daily prolonged phototherapy (10-12 h/day). To date,
liver transplantation is the only curative treatment available.

Pregnancy in CN patients is an exceptional event. It has been
reported only once in a CN-1 mother? and 3 times in CN-2
mothers.#-¢ It is a therapeutic challenge because of the risk of
bilirubin neurotoxicity for both mother and fetus. We report on
a successful pregnancy in a young CN-1 mother treated with
intensive phototherapy and semimonthly albumin infusions
until delivery.

Case Report

A 28-year-old woman was regularly followed-up in our
unit since birth for CN-1 syndrome. She was admitted on her
first day of life for severe isolated unconjugated hyperbiliru-
binemia that required exchange transfusion. Daily photother-

apy then was necessary to maintain the bilirubin serum con-
centration below the neurotoxic threshold; phenobarbital
therapy was ineffective. At 4 months, the diagnosis of CN-1 was
confirmed by enzymatic assay performed on liver tissue ob-
tained by needle biopsy examination, showing a total deficiency
of UGT activity. The patient then was discharged with home
phototherapy for 10-12 hours per day with scheduled fol-
low-up evaluation. After the identification of the UGT1A1 gene,
molecular studies showed that the patient was homozygous for
the ¢.923G>A mutation, which leads to the replacement of a
glycine by a glutamic acid (p.Gly308Glu)7; the patient was
found to have a wild-type promoter region (TA6/TA6) for the
UGT1A1 gene. Except for cutaneomucous jaundice, physical
examination proved normal throughout the evolution. Psy-
chomotor development always proved normal. After graduating
from high school, she went to the university where she suc-
ceeded in her studies and became a high-school Spanish
teacher. At the age of 28 years, her first pregnancy began while
her bilirubin serum concentration was 400 umol/L (23.5 mg/
dL), with a bilirubin/albumin molar ratio of .52. Given the
likelihood of unconjugated bilirubin toxicity on the fetal brain,
it was decided to intensify bilirubin reduction therapy. The
number of phototherapy lamps was increased from 20 to 36
(with 20 blue-light lamps underneath the patient and 16 lamps
above the patient). To maintain the free unconjugated fraction
of serum bilirubin as low as possible, albumin infusions were
performed every 2 weeks (1 g/kg body weight in 3 h). Bilirubin
serum concentrations and bilirubin/albumin molar ratios were
studied every 2 weeks, and bilirubin levels were monitored at
home using a transcutaneous bilirubinometer. The evolution of
biological data is shown on Figure 1; briefly, this combination
of intensive phototherapy and semimonthly albumin infusions
maintained the bilirubinemia between 230 and 280 umol/L
(13.5 and 16.5 mg/dL), and the bilirubin/albumin ratio
remained less than .45 for the duration of the pregnancy
(Figure 1).

At 12, 18, 22, and 32 weeks, fetal ultrasound examinations
proved normal. At 32 weeks, fetal brain magnetic resonance

Abbreviations used in this paper: CN, Crigler-Najjar; CN-l, Crigler—-
Najjar type I; CN-ll, Crigler-Najjar type Il; UGT, uridinediphosphate
glucuronosyltransferase.
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Figure 1. Follow-up evaluation of maternal bilirubin/aloumin ratio
during pregnancy and after delivery.

imaging was performed and found to be normal (not shown).
At 39 weeks, the duration of daily phototherapy was increased
to 14 hours a day. At 40 weeks and 3 days, an infant girl was
born by cesarean section because of failure to progress. Her
weight, height, and head circumference were 3460 g (60th
percentile), 50 cm (50th percentile), and 35 cm (50th percen-
tile), respectively. The Apgar score was 8 at 1 minute and 10 at
3 minutes. Except for jaundice, the physical examination
proved normal. Because the bilirubin level was 250 umol/L
(14.7 mg/dL) at 1 hour of life, the neonate was placed under
intensive phototherapy for 9 hours, resulting in a marked
decrease of bilirubin serum concentration to 187 wmol/L (11
mg/dL). A second session of intensive phototherapy was pre-
scribed at 22 hours of life for 4 hours because of another
increase in bilirubin concentration to 230 umol/L (13.5 mg/
dL). During the following days, the infant’s bilirubin levels
continued to decrease: 215 wmol/L (12.6 mg/dL) on day 1, and
200 umol/L (11.7 mg/dL) on day 2. The mother’s bilirubin level
increased slightly after birth to 315 umol/L (18.5 mg/dL). The
child was exclusively formula-fed since birth. On day 3, both
automatic auditory-evoked potentials and a brain ultrasound
were found to be normal in the infant. Mother and child (whose
bilirubinemia was 165 umol/L; 9.7 mg/dL) were discharged on
day 6. On day 13, the infant weighed 4000 g; her height was
52.5 cm and her head circumference was 36 cm. The infant was
drinking 6 bottles of 120 mL milk per day and, except for mild
jaundice, had an entirely normal physical examination. The
infant’s serum bilirubin concentration was 118 umol/L (6.9
mg/dL). The mother was jaundiced but normal otherwise, with
a serum bilirubin level of 305 wmol/L (17.9 mg/dL) and a
bilirubin/albumin ratio of .45. At the age of 7 weeks, physical
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examination of the infant proved entirely normal; weight and
height were 5100 g (60th percentile) and 57.5 cm (60th percen-
tile), respectively. The infant’s bilirubin serum concentration
was 21 uwmol/L (1.2 mg/dL), and the mother’s bilirubin serum
concentration was 360 wmol/L (21.1 mg/dL) and the bilirubin/
albumin molar ratio was .49. A magnetic resonance image of
the brain was performed when the infant was 2 months of age,
showing no abnormalities and normal basal ganglia and central
nuclei. At the age of 4 months, physical examination of the
child is still entirely normal, with normal psychomotor devel-
opment (smile, tonus, and so forth).

Materials and Methods

At birth, the amniotic fluid was sampled. Blood was
sampled at the same time in the mother, in the umbilical vein,
in one of the umbilical arteries, and in the neonate. Serum total
and conjugated bilirubin levels were measured using routine
methods of the biochemistry department; total bilirubin con-
centrations in samples other than serum (amniotic fluid, meco-
nium, colostrum) were measured by direct spectrophotometry.
In all samples, the presence of bilirubin monoglucuronides and
diglucuronides was assessed by high-performance liquid chro-
matography after alkaline methanolysis.®

Placental histologic examination was performed, including
Hall staining (specific for bilirubin).

Results

The results of high-performance liquid chromatogra-
phy blood analysis (in both the mother and the neonate) are
shown in Table 1.

In the amniotic fluid, the bilirubin concentration was 2
pmol/L. In the first meconium (obtained at 2 hours), the
bilirubin concentration was 840 nmol/g, (with 98.23% of un-
conjugated bilirubin, 1.72% of monoglucuronides, and .05% of
diglucuronides); similar values were observed in a control meco-
nium, sampled at 2 hours of life in a full-term healthy neonate
whose mother was not jaundiced (940 nmol/g with 94.53% of
unconjugated bilirubin, 5.07% of monoglucuronides, and .40%
of diglucuronides). The bilirubin concentration in colostrum
was 30 nmol/g (100% unconjugated) on day 0, and 10 nmol/g
on day 2 (100% unconjugated).

The placental examination was normal.

Discussion

We report on a treatment regimen combining intensive
phototherapy with albumin infusions every 2 weeks that suc-
cessfully reduced the unconjugated bilirubin levels in a preg-
nant patient with CN-1 and prevented the development of

Table 1. Serum Bilirubin Concentrations at Birth in the Mother, the Umbilical Vessels, and the Neonate

Total bilirubin, Unconjugated bilirubin, Unconjugated bilirubin Monoglucuronides Diglucuronides
umol/L wmol/L HPLC, % HPLC, % HPLC, %
Mother 242 242 100 0 0
Umbilical artery 222 222 99.80 .20 0
Umbilical vein 222 222 99.83 A7 0
Neonate 247 247 99.80 .20 0

NOTE. Bilirubin in mg/dL X 17.1 = bilirubin in pwmol/L.
HPLC, high-performance liquid chromatography.
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kernicterus in the infant. This regimen was designed to decrease
total body exchangeable bilirubin and prevent its movements to
extravascular sites. The fraction of bilirubin deposited in the
brain and other tissues depends on its molar relationship with
albumin binding sites and the dissociation rate of the bilirubin-
albumin complex.® Furthermore, the use of the bilirubin/albu-
min molar ratio to monitor CN-1 patients has been shown to be
useful and safe,® and, in our practice, we have been using it for
more than 10 years in such patients. We wished to maintain
this ratio at less than .6 because this value proved to be safe in
neonates,® and, because of the poor knowledge regarding the
potential neurotoxicity of bilirubin on the fetal brain, we tried
to stay lower than .6 during the pregnancy. Because of the very
low incidence of CN-1, we did not study the coding sequence of
the UGT1A1 gene in the father and only found that he was
homozygous for the wild-type promoter region (TA6/TA6). In
connection with this, after discussion with both parents, we
decided not to perform prenatal diagnosis. Fetal blood sam-
pling was not considered to assess the eventual risk for ker-
nicterus because of the absence of reliable data in such situa-
tions. At birth, the baby was icteric and both the baby and the
mother had similar bilirubin serum concentrations. High-per-
formance liquid chromatography analysis of bilirubin conju-
gates in the serum of the neonate, the mother, the umbilical
artery, and the umbilical vein at birth were all similar. Jaundice
slowly cleared in the baby after birth with minimal photo-
therapy.

Such an event is very rare and it has been reported only once
previously®: phototherapy was not used for the mother, who
had a grand mal seizure during labor and the baby was deliv-
ered by cesarean section. At birth, the baby was markedly icteric
and treated with phototherapy. The child was said to be quad-
riplegic at 18 months. Successful outcomes of pregnancies (ie,
healthy babies) have been reported in CN-2 mothers whose
serum bilirubin concentrations were much lower*-6; further-
more, in 2 of these women, phototherapy and phenobarbital
were used.>¢

Only a few reports have concerned infants who have been
exposed in utero to high maternal bilirubin levels. Furhoff'©
reported normal outcomes in 133 children born to 58 mothers
with either cholestasis or hepatitis-related jaundice during preg-
nancy; even though neither maternal nor infant bilirubinemias
were specified in the report, it is likely that the majority of cases
were related to conjugated hyperbilirubinemias. Similar results
were reported by Roszkowski and Pizarek-Miedzinska.!! In
1982, Waffarn et al'? reported on a neonate born at 37 weeks to
a mother with severe hyperbilirubinemia on the day before
delivery (500 wmol/L with 220 uwmol/L of unconjugated). The
bilirubin concentration in the umbilical vein was 320 wmol/L
(with 185 wmol/L of unconjugated). The neonate had severe
neurologic manifestations and several exchange transfusions
were performed. At the age of 2 years, the child was considered
normal. This clinical report was highly suggestive of a potential
neurotoxicity of bilirubin in the neonate.

In animals, data are scarce. An experimental study was con-
ducted in pregnant heterozygous Gunn rats (the animal model
of CN-1) who underwent bile duct ligation.'® Two groups were
separated: one was used as a control group and the other group
received daily intraperitoneal injections of bilirubin from days
9-15 of pregnancy. In the control group, the conjugated hyper-
bilirubinemia had no adverse effects on fetal survival, whereas
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in the other group significant embryotoxicity was observed,
suggesting that unconjugated bilirubin was likely to be toxic
during fetal life.

In the fetus, unconjugated bilirubin can either cross the
placenta to reach the maternal circulation or pass through the
fetal liver before being excreted into the fetal bile.'# Unconju-
gated bilirubin can diffuse across placental membranes,
whereas bilirubin glucuronides cannot. In pregnant monkeys,
the intravenous injection of bilirubin gave the following results:
rapid transfer to the fetus, rapid transfer of bilirubin to the
amniotic fluid then a rapid removal of bilirubin from the
amniotic fluid.'S Another study showed that the bilirubin con-
centration in the umbilical artery was twice that of the umbil-
ical vein, indicating that bilirubin was cleared from fetal blood
when crossing the placental®; in the same study, the gradient of
bilirubin from fetus to mother was 10:1; in another study, this
gradient was 5:1.17 Our results are different, showing that there
was no gradient either between mother and fetus, or between
umbilical vein and artery. Our data also showed that a very
small amount of bilirubin monoglucuronides was present at
birth in the serum of the neonate, possibly suggesting that fetal
UGT1AL1 activity had been stimulated by chronic hyperbiliru-
binemia.

In normal circumstances, the amniotic fluid near term does
not contain measurable bilirubin!®;, amniotic bilirubin is
thought to come from the fetus itself because amniotic fluid is
mostly a fetal product. In our patient, the bilirubin concentra-
tion was also very low in the amniotic fluid.

Colostrum from our CN-1 mother contained very small
amounts of bilirubin, and, to the best of our knowledge, there
are no control values available. Finally, in the neonate, the
bilirubin meconium concentration was similar to that of a
control baby.

A recent report® showed that hyperbilirubinemia could be
managed safely in CN-1 patients to prevent kernicterus. Our
report shows that, providing intensive treatment that combines
intensive phototherapy and albumin infusions, fetal outcome
may be favorable in a CN-1 mother, thus indicating that fetal
bilirubin toxicity is not an ineluctable event.
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