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Abstract
Objective: To report a case of maternal Crigler-Najjar syndrome (CNS) type II in pregnancy, systematically review the
literature for similar case reports, and to evaluate whether
pregnancy is safe in patients with the disease. Data sources
included the PubMed and uptodate databases. Results: A
37-year-old mother with CNS type II was treated with phenobarbital during her pregnancy and her bilirubin levels were
monitored. Her newborn had mild direct hyperbilirubinemia, did not require any treatment and his postnatal followup showed normal growth and development as well as normal hearing. Conclusion: CNS type II is rare, and only a few
pregnancies with this condition have been reported. Maternal treatment with phenobarbital lowers the unconjugated
bilirubin and avoids fetal and newborn sequelae.
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Introduction

Crigler-Najjar syndrome (CNS) is a rare autosomal recessive condition caused by complete (type I) or incomplete deficiency (type II) of hepatic microsomal bilirubin
uridine 5ⴕ-diphosphate-glucuronosyltransferase (UDPGT) activity. It is characterized by congenital unconjugated
hyperbilirubinemia [1, 2]. The severe (type I) condition
was reported initially by Crigler and Najjar in 1952 [3]
and results in severe unconjugated hyperbilirubinemia
and thus neurologic impairment (kernicterus). Type II,
first described by Arias in 1962 [4], causes milder unconjugated hyperbilirubinemia and responds to phenobarbital treatment [5, 6]. The gene coding for UDPG-T,
UGT1A1, has been mapped to 2q37 and mutations associated with both type I and type II have been reported
[7–9]. Maternal CNS type II is a rare situation and little
is known about the effects of the condition on the mother and her fetus/newborn. We report a case with maternal
CNS type II, the pregnancy management and the favorable outcome associated with this condition, and give a
short overview of the literature about similar cases.
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Fig. 1. Maternal serum bilirubin levels and
phenobarbital dosage throughout pregnancy.
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Fig. 2. Newborn’s serum bilirubin levels.

Methods
We first searched the PubMed database for case reports of
CNS in pregnancy (key words: Crigler-Najjar syndrome and/in
pregnancy). For background information about CNS we used
both the PubMed and the uptodate database (keywords: CriglerNajjar syndrome and review). After comparing the reported options of treatment of CNS in pregnancy, we specifically searched
for evaluations of (1) phenobarbital treatment in pregnancy (key
words: phenobarbital and pregnancy), and (2) hyperbilirubinemia and neonatal outcomes (key words: prenatal exposure, neonatal outcome, bilirubin, hyperbilirubinemia).
Case Report
The patient was a 37-year-old primigravida woman of Russian-German descent and her husband was 42 years old and of
German descent. The couple was not consanguineous and their
family histories were noncontributory. Specifically, there was no
history of congenital abnormalities, mental retardation, neonatal/infant death, hepatic disease, jaundice, or neurological disorders in their families. The patient was referred to the Department
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for Ultrasound and Prenatal Medicine at 34/6 weeks of gestation
for sonographic evaluation. She had jaundice and was diagnosed
with CNS type II a few years ago based on past medical history of
mild icterus which started in childhood, occasional fatigue and
pruritus as well as investigations which showed unconjugated hyperbilirubinemia, normal liver enzymes and negative anti-HAV,
anti-HBc and anti-HCV antibody titers. Antinuclear antibodies,
antimitochondrial antibodies including anti-M2 and anti-M4,
smooth muscle antibodies and antibodies to liver/kidney microsomes were also negative ruling out an autoimmune condition.
Abdominal ultrasound showed no abnormalities, and thus a decision was made not to perform liver biopsy. She had been treated
with phenobarbital 100–150 mg/day for 9 years prior to her pregnancy and this resulted in a decrease in bilirubin levels (typical
for CNS type II). Apart from that she was healthy, had no neurological abnormalities and had a university degree. Her pregnancy
was initially uncomplicated. Her obstetrician decided to decrease
her phenobarbital dosage to 25 mg/day to reduce the risk of teratogenicity. Her bilirubin level was stable at around 4–6 mg/dl and
never went above 9 mg/dl (fig. 1).
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Fig. 3. Transcutaneous bilirubin levels in a
normal newborn population of 135 weeks’
gestation [12]. SD = Standard deviation.

DNA analysis of the UGT1A1 gene showed that the patient is
a compound heterozygote for the IVS1 + 5 G1T (c.864 +5) and
c.C1175T mutations. Additionally, she was found to carry the
A(TA)6TAA/A(TA)7TAA polymorphism (known to be associated
with Gilbert syndrome [10]). The couple was counseled regarding
the husband’s very low chance of being a carrier and a decision
was made not to have DNA analysis of the UGT1A1 gene.
The pregnancy was initially uncomplicated. First trimester
screening showed normal nuchal translucency (1.6 mm) and her
adjusted risk for having a baby with Down syndrome was 1/1,289.
Detailed fetal ultrasound done at 19/6 weeks gestation and repeated during the 3rd trimester of pregnancy showed no detectable fetal abnormalities. The couple declined amniocentesis
[11].
Gestational diabetes was noted at 34 weeks gestation and was
treated with insulin. Oxytocin stress test was done at 38 weeks
gestation and was normal. The patient developed increasing pruritus and thus labor was induced at 40.1 weeks gestation. Delivery
was spontaneous, vaginal and uncomplicated at 40.2 weeks’ gestation and resulted in a healthy newborn girl. Her birthweight was
3,100 g (10th percentile) and her Apgar scores were 9, 10 and 10 at
1, 5 and 10 min, respectively; the umbilical cord arterial blood pH
was 7.37. The maternal and newborn bilirubin levels were monitored (fig. 1, 2) and the final newborn bilirubin level measured
upon discharge was 0.44 mg/dl. Figure 3 shows the normal distribution of bilirubin levels in newborn children [12].
No abnormalities were detected on the newborn’s physical examination apart from a nonsuspicious cardiac murmur. Hearing
studies as well as brainstem auditory evoked potential performed
at 1 month of age were normal. The baby was followed during her
1st year of life and had normal growth and development. DNA
analysis of the UGT1A1 gene done on the newborn showed that
she inherited the c.C1175T but not the A(TA)7TAA variant, from
her mother.
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Systematic Review of Case Reports

To date, CNS in pregnancy has been reported only
four times in CNS type II mothers (one with two pregnancies; table 1) [14–17] and twice in a CNS type I mother [13, 18].
In 2 cases [13, 17], the maternal condition was unknown during pregnancy, so there was no monitoring or
therapy until upon delivery. In the other 4 cases, treatment with phenobarbital/phototherapy in CNS type I vs.
phototherapy and albumin infusions in CNS type II was
performed. Delivery was spontaneous, vaginal, in 2 cases, and by cesarean section in 3 cases; we have no information of two deliveries.
Pregnancy in CNS patients is a therapeutic challenge
because of the risk of fetal kernicterus and rising bilirubin levels of the mother, who is exposed to the stress of
pregnancy. Maternal-derived unconjugated bilirubin
crosses the placental barrier by passive diffusion, so the
fetus is at risk for bilirubin-induced neuronal degeneration leading to permanent neurologic impairment such
as plegia, ataxia, deafness, spasticity, mental retardation,
choreoathetosis, seizures, or death [19]. These complications have been described in a case of untreated hyperbilirubinemia in a pregnant CNS type I patient [13], leading to quadriplegia of the neonate. In all other reported
cases, the neonates had a good outcome without treatment [14–16] or required only phototherapy [18]; one case
required blood transfusion along with phenobarbital and
phototherapy [17].
Fetal Diagn Ther 2009;26:121–126
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Table 1. Literature review of CNS in pregnancy

Author, year

Disease type

Maternal serum
bilirubin, mg/dl

Maternal
treatment

Delivery

Newborn treatment/outcome

Taylor et al.,
1991 [13]

CNS type I

17–21.8

none

caesarean section

phototherapy/quadriplegic
at 18 months

Smith et al.,
1994 [14]

CNS type II

5.3–9.6

none

spontaneous, vaginal,
at term

no treatment required/normal

Ito et al.,
2001 [15]

CNS type II
(2 pregnancies)

NA

phototherapy,
phenobarbital

NA

normal

Holstein et al.,
2005 [16]

CNS type II

4.2–8.9

phototherapy,
phenobarbital

primary caesarean
section

no treatment required/normal

Pinkee et al.,
2005 [17]

CNS type II

10.8
(at delivery)

none

spontaneous, vaginal,
at term

blood transfusion, phototherapy, phenobarbital/
normal

Gajdos et al.,
2006 [18]

CNS type I

13.5–23.5

phototherapy,
albumin infusions

caesarean section

phototherapy/normal

NA = Not available to the authors.

Discussion

Regarding the evaluation of whether pregnancy is safe
in patients with CNS, we can say that the good outcome
noted in our patient and her newborn should act as a positive message for other cases affected with this rare condition, preconditioning close monitoring of the maternal
bilirubin serum levels.
To support our statement, we will substantiate it by
means of some background information. CNS is a rare
autosomal recessive disorder of bilirubin metabolism.
Type I CNS is associated with severe jaundice and permanent neurologic damage (kernicterus). Type II CNS is associated with a lower serum bilirubin concentration and
responds to phenobarbital treatment. Incidence of CNS
is probably less than 1 case per 1,000,000 births. Only a
few hundred cases have been described in literature, including 6 cases of CNS in pregnancy (table 1), and the
exact prevalence is unknown.
CNS is caused by mutations of the bilirubin-uridineglucuronosyltransferase (UGT1A1) gene, resulting in either a complete absence of UGT (CNS type I) or a decreased enzymatic activity of UGT (CNS type II). To
date, more than 70 mutations have been found (Human
Gene Mutation Database at the Medical Genetics Institute in Cardiff). Genetic lesions in any of the five exons
constituting the bilirubin UGT mRNA can abolish (CNS
type I) or reduce (CNS type II) bilirubin-UGT activity.
124
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In the case of CNS type I, the genetic lesions may result
in a premature stop codon or a single amino acid substitution. The sequence abnormalities can be located in the
region encoding the signal peptide or other domains of
the enzyme, or even in the introns at the splice donor or
splice acceptor sites. CNS type II is caused by point mutations that result in substitution of a single amino acid
[20, 21].
Molecular analysis of the UGT1A1 gene of the patient
revealed two different mutations which have not been reported previously. One allele was found to be changed at
c.864 +5 (IVS1 +5) with a guanine to adenine change. The
other allele was mutated at c.1175 (C1175T). Both mutations are compound heterozygous and have not been listed in databases but seem to be causative for the enzymatic defect in the patient. Additionally, an A(TA)7TAA variant was detected. This variant is frequently observed in
Gilbert-Meulengracht syndrome [10, 22] and might further impair the enzymatic activity.
Despite the severity of the disease, there are options
for treatment of CNS [23–25] which include:
– Phototherapy: acts by converting a portion of bilirubin in a hydrophilic isomer, which can be excreted in
the bile without the need for further conjugation in the
liver. This technique involves exposure to light and
heat 10–12 h per day [26].
– Phenobarbital: inducts the residual UGT1A1 activity
present in CNS type II patients.
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– Liver transplantation: an efficacious therapy but the
number of donor organs is limited and it requires lifelong immune suppression [27].
– Plasma exchange transfusion: acts by removing the
bilirubin-saturated albumin and provides free albumin, which draws bilirubin from the tissues.
– Advances in gene therapy: introduction of a normal
UGT1A1 gene has the potential for curing the defect
leading to CNS [28]. Gene and cell transfer techniques
are largely experimental at present, though animal experiments (Gunn rats) have been encouraging [29].
Of these, only phenobarbital treatment, phototherapy
and albumin infusions have been reported in pregnancy
with good neonatal outcomes [15, 16, 18].
There are several reports regarding placental bilirubin
metabolism. To date, observations in animal studies and
case reports of pregnant women with conjugated hyperbilirubinemia show that conjugated bilirubin does not
cross the placenta from the maternal to the fetal circulation [30–32]. These findings contrast markedly with animal studies and observations of mothers with unconjugated hyperbilirubinemia, where the plasma concentrations of bilirubin are roughly the same between newborn
and mother [18, 19, 31–33]. This suggests a placental barrier for conjugated bilirubin. In contrast, passive diffusion seems to be the predominant mechanism for the bidirectional placental flux of unconjugated bilirubin, although some authors report active transport in in vitro
studies [34, 35]. This means that maternal unconjugated
hyperbilirubinemia (as in CNS) is of concern, whereas
direct hyperbilirubinemia is not [19, 30].
Therefore, efforts in pregnant CNS patients should go
towards keeping the maternal bilirubin at a stable/low
level; in our case, this has been achieved with phenobarbital treatment. We were aware of the controversial findings regarding the teratogenic risk in phenobarbital treatment [36], but all studies refer to therapy of epileptic
women in pregnancy who frequently take more than one
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drug. An increased risk for major congenital malformations has been reported by some authors [37–39], though
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safe option (with a maximum of 60 mg/day reported).
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which exact bilirubin level kernicterus will develop. Any
studies so far referred to neonates but the objective of intrauterine tolerance to bilirubin has not been addressed
yet. On the other hand, it is well-known that premature
and sick neonates are more susceptible to hyperbilirubinemia than mature neonates [44, 45]. We therefore
monitored bilirubin levels closely, accepting levels of not
more than 10 mg/dl, because no case of kernicterus has
been reported within these margins.
In conclusion, summarizing up the reports in world
literature, we can postulate that (1) pregnancy in CNS
patients is still a rare event; (2) maternal bilirubin serum
levels should be kept below 8–10 mg/dl; (3) in CNS type
II pregnant patients, phenobarbital treatment seems to be
a safe option, and (4) neurologic follow-up including sensitive hearing tests of these children is strongly recommended, as hearing disorders are among the commonest
sequelae of kernicterus [46, 47] and, though well treatable, are frequently underdiagnosed.
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