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Abstract

Crigler-Najjar syndrome (CNS) type 1 is a rare autosomal recessive disorder caused by mutations in the UGT1A1 gene, leading to
a complete deficiency of the enzyme uridine diphosphate-glucuronosyltransferase (UGT1A1). This enzyme deficiency results in
severe unconjugated hyperbilirubinemia, which poses a high risk of neurological complications, particularly kernicterus, if left
untreated. While phototherapy provides temporary relief in early childhood, its diminishing effectiveness over time requires liver
transplantation (LT) as the only definitive treatment. In this report, we present three pediatric cases of CNS type 1 treated success-
fully with living donor liver transplantation (LDLT). The first case, an 11-year-old girl, presented severe jaundice and neurological
impairment but showed significant improvement in bilirubin levels and neurological symptoms after transplantation. The second
case, a 12-year-old boy, had persistently high bilirubin levels despite phototherapy, which normalized after LDLT. The third case, an
11- month-old infant without prior treatment, also achieved complete normalization of bilirubin levels after transplantation. These
cases demonstrate that LDLT is highly effective in preventing kernicterus, normalizing bilirubin levels, and improving clinical out-
comes in patients with type 1 CNS. Long-term post-transplant care, including immunosuppressive therapy and regular follow- up,
remains essential for optimal management and patient well-being.
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rigler-Najjar syndrome (CNS) is a rare autosomal reces-
Csive disorder characterized by elevated levels of un-
conjugated bilirubin due to mutations in the UGT1A1 gene
located on chromosome 2.

The syndrome is classified into two types: CNS type 1 and
CNS type 2. CNS type 1, the more severe form of the CNS,
manifests shortly after birth and leads to persistently high
bilirubin levels throughout life. Patients with CNS type 1 are
at high risk for bilirubin-induced neurological dysfunction

(BIND), ranging from mild reversible impairments to severe
irreversible encephalopathy known as kernicterus.

The primary cause of CNS type 1 is the complete absence
of hepatic uridine diphosphate- glucuronosyltransferase
(UGTTAT) activity, leading to accumulation of unconju-
gated bilirubin in the bloodstream. This condition is typi-
cally diagnosed by detecting elevated unconjugated bili-
rubin levels in serum or by genetic analysis that identifies
mutations in the UGT1A1 gene.** The global incidence of
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CNS type 1 is estimated at 1 in 1,000,000 live births, with a
higher prevalence in populations where consanguineous
marriages are common.!?

Treatment Options

For patients with CNS type 1, daily phototherapy (PT) is
the main initial treatment, particularly in the neonatal pe-
riod. Phototherapy helps convert unconjugated bilirubin
into a more water-soluble form, allowing it to be excreted
through the bile. However, the effectiveness of photother-
apy decreases as the skin thickens with age, leading to a
reduced ability to lower bilirubin levels. Plasmapheresis
and exchange transfusions can provide temporary relief
by mechanically removing unconjugated bilirubin from
the circulation, but these are not long-term viable options.
Pharmacological approaches, such as enzyme inducers
such as phenobarbital, are ineffective in CNS type 1 due to
a complete lack of enzyme activity.

Liver transplantation (LT) is the only definitive treatment
for CNS type 1.5 Transplanted livers provide the missing
UGT1A1 enzyme, allowing for proper conjugation and ex-
cretion of bilirubin. Studies have shown that liver transplan-
tation not only normalizes bilirubin levels, but also reduces
the risk of long-term neurological complications. However,
LT is associated with lifelong immunosuppressive therapy
and the risk of posttransplant complications.

This report presents three cases of pediatric patients with
CNS type 1 who successfully underwent living donor liver
transplantation (LDLT), resulting in significant clinical im-
provements.

Case Report

Case 1 — An 11-year-old Palestinian girl, weighing 30 kg
and measuring 131 c¢cm in height, presented persistent
jaundice, delayed speech, and walking difficulties. Labora-
tory results showed an indirect bilirubin level of 21.1 mg/
dL, while liver function tests, thyroid function tests, and uri-
nalysis were normal. No glucose-6-phosphate dehydroge-
nase (G6PDH) or pyruvate kinase deficiency was detected,
and there was no ABO or Rh incompatibility between the
mother and the patient. Genetic analysis revealed a homo-
zygous mutation in the UGT1A1 gene, confirming the diag-
nosis of Crigler-Najjar syndrome type 1 (CNS1).

The patient had been receiving 8 hours of home photo-
therapy daily for 10 years, but bilirubin levels remained el-
evated at 24.7 mg/dL (indirect bilirubin: 24.1 mg/dL, direct
bilirubin: 0.6 mg/dL) when admitted for liver transplanta-
tion. Abdominal CT and brain magnetic resonance imaging
did not show pathological findings. She underwent a living
donor left lobe liver transplantation (LDLT) from her moth-

er. The surgery involved duct-to-duct anastomosis of the
bile duct and placement of a 5F trans-cystic feeding cath-
eter. The patient was discharged on postoperative day 11.
She experienced postoperative bacterial cholangitis, which
was successfully treated with antibiotics. At the 4-month
follow-up, the biliary catheter was removed and her total
bilirubin level had decreased to 0.5 mg/dL (direct bilirubin:
0.2 mg/dL, indirect bilirubin: 0.3 mg/dL). Her bilirubin lev-
els remained stable under immunosuppressive treatment.

Case 2 — A 12-year-old Turkish boy, weighing 37 kg and
standing 153 cm tall, presented with an indirect bilirubin
level of 28.2 mg/dL. Liver and thyroid function tests were
normal, and no G6PDH or pyruvate kinase deficiency was
found. There was ABO and Rh incompatibility between the
patient and his mother. Despite long-term phototherapy,
patient bilirubin levels remained elevated. Genetic testing
revealed a homozygous mutation in the UGT1A1 gene,
confirming the diagnosis of CNS1.

The patient underwent LDLT from his aunt, a blood-matched
donor.During surgery, twoarteries and a single bile duct were
identified. The bile duct was duct-to-duct anastomosed, and
a trans- coledochal 5F feeding catheter was placed. He was
discharged on postoperative day 8. At 4 months of follow-
up, the biliary catheter was removed and his total bilirubin
level had decreased to 0.9 mg/dL (direct bilirubin: 0.3 mg/dL,
indirect bilirubin: 0.6 mg/dL). His bilirubin levels remained
stable under immunosuppressive treatment.

Case 3 — An 11-month-old Jordanian boy, weighing 9.8 kg
and measuring 72 cm in height, had a history of persistent
indirect hyperbilirubinemia since birth. The older sister of
the patient had died at the age of 6 years due to jaundice,
although the cause was not determined. Liver enzymes
were normal, but total bilirubin was elevated at 28 mg/dL
(direct bilirubin: 0.8 mg/dL). The patient had not received
phototherapy or plasma exchange therapy prior to trans-
plantation. Genetic testing identified a homozygous muta-
tion in the UGT1A1 gene, confirming CNS1.

He underwent a reduced-size LDLT from his father. The sur-
gery was uneventful, and the patient was discharged on
postoperative day 10. At 4 months of follow-up, the biliary
catheter was removed and his total bilirubin had decreased
to 0.5 mg/ dl (direct bilirubin: 0.3 mg / d|, indirect bilirubin:
0.2 mg/dL). His bilirubin levels remained stable under im-
munosuppressive treatment.

Discussion

Crigler-Najjar syndrome (CNS) is a rare congenital condi-
tion that results in severe unconjugated hyperbilirubine-
mia due to the absence or severe reduction of UGT1A1 en-
zyme activity. The distinction between CNS type 1 and type
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2 is critical, as it dictates treatment approaches. CNS type 1
patients lack any UGT1A1 enzyme activity, leading to dan-
gerously high levels of bilirubin that can cause irreversible
neurological damage if not managed appropriately. In con-
trast, patients with CNS type 2 retain partial enzyme activ-
ity and respond well to pharmacological treatments, such
as phenobarbital, which effectively reduces bilirubin levels
in CNS type 2 but does not have an effect in CNS type 1.

The management of CNS type 1 is complex, with photo-
therapy being the mainstay of treatment during early child-
hood. Although phototherapy can significantly reduce bili-
rubin levels, its efficacy decreases as the skin thickens with
age, making it less effective in older children. Furthermore,
prolonged use of phototherapy is not without its compli-
cations, including skin damage and the risk of develop-
ing resistance to phototherapy.*” For these reasons, liver
transplantation (LT) is the only definitive treatment for CNS
type 1, providing the missing enzyme necessary for biliru-
bin conjugation and excretion.

All three cases presented in this report underwent living
donor liver transplantation (LDLT) with favorable out-
comes. Posttransplant, bilirubin levels normalized in all pa-
tients and none required further phototherapy. Although
LT is curative for the metabolic defect, long-term manage-
ment of CNS type 1 patients includes monitoring for poten-
tial complications related to immunosuppressive therapy,
such as infection and graft rejection. It is important to note
that while LT corrects the metabolic defect, the underlying
genetic mutation remains and affected individuals may
pass the mutation to their offspring.’®

Neurological outcomes in CNS type 1 patients who devel-
oped kernicterus prior to transplantation remain a topic
of debate."” In some cases, LT has been shown to stop the
progression of neurological symptoms, while in others, ex-
isting neurological damage may persist despite successful
transplantation. In our 11-year-old patient, mild improve-
ment in speech and gait was observed after transplanta-
tion, suggesting some degree of neurological recovery.
However, more research is required to fully understand the
potential for neurological improvement in patients with
CNS type 1 after LT.

Conclusion

Crigler-Najjar syndrome type 1 is a rare but severe genetic
disorder that requires early diagnosis and intervention to
prevent irreversible neurological damage, such as kernic-
terus. While phototherapy provides temporary relief in
early childhood, liver transplantation remains the only de-
finitive treatment, as it restores the enzyme necessary for
bilirubin conjugation.
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