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Abstract

Pallister-Hall syndrome (PHS) is characterized by a spectrum of
anomalies, which include polydactyly, hypothalamic hamartoma, lar-
yngotracheal cleft, bifid epiglottis, imperforate anus, and renal abnor-
malities. Hypoplastic cochlea is a rare reported association of PHS.
A baby girl was born at 31 weeks gestation with birth weight of 1.2
kg. The endotracheal intubation was extremely difficult due to narrow
trachea. She was noted to be dysmorphic and have recurrent hypo-
glycemic episodes requiring high concentration of glucose infusion.
The investigations revealed an inappropriately high plasma insulin
and C-peptide level during hypoglycemia with low free fatty acids
and B-hydroxy butyrate suggestive of congenital hyperinsulinism
(CHI). MRI of the brain revealed the presence of a large hypothalam-
ic hamartoma. The cochlea was noted to be truncated bilaterally with
reduced number of turns. The cytogenetic analysis revealed GLI3
mutation consistent with diagnosis of PHS. This is the first reported
case of CHI in association with PHS. Our patient also had hypoplastic
cochlea, which is a unique but rarely reported feature of PHS.
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Introduction

Congenital hyperinsulinism (CHI) is the most common cause
of persistent and recurrent hypoglycemia in infancy [1]. It is
the result of unregulated insulin secretion from the pancreat-
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ic B cells leading to severe hypoglycemia [2]. CHI is caused
by genetic defects in key genes regulating insulin secretion.
The genetic basis of CHI involves mutations in nine different
genes (ABCC8, KCNJ11, GLUDI, GCK, HADH, SLCI16A1,
HNF4A, HNF1A and UCP2), which regulate insulin secretion
from the pancreatic B cells [2, 3]. It can also be secondary to
risk factors like birth asphyxia, intra-uterine growth retarda-
tion, Rh isoimmunisation and maternal diabetes mellitus or as-
sociated with various developmental syndromes [2, 3].

Pallister-Hall syndrome (PHS) is characterized by a spec-
trum of anomalies ranging from polydactyly, hypothalamic
hamartoma, laryngotracheal cleft, bifid epiglottis, imperforate
anus, and renal abnormalities [4]. This syndrome is caused by
the mutation of GLI3 and is inherited in an autosomal domi-
nant fashion [4]. We report a rare case of CHI in PHS. The as-
sociation of PHS with CHI has not been previously reported in
the literature. The patient was also found to have hypoplastic
cochlea, which has been reported only once in association with
PHS [5].

Case Report

A baby girl was born by elective section at 31 weeks of ges-
tation with a birth weight of 1.2 kg (-1.76 SDS) following
concerns regarding intra-uterine growth retardation and oli-
gohydramnios. She was the first child to non-consanguineous
Caucasian parents. The baby was born in a reasonable condi-
tion (APGAR scores of 5 and 8 at 1 and 10 min respectively).
Soon after the delivery, baby was noted to be pale with irregu-
lar respirations and desaturations. Endotracheal intubation was
extremely difficult with multiple unsuccessful attempts as the
trachea was described to be very narrow during attempted intu-
bation. The baby was stabilized on continuous positive airway
pressure (CPAP) and transferred to pediatric intensive care.
She was then intubated with difficulty with a size 2.0 endotra-
cheal tube. The examination of the upper airway showed a bi-
fid epiglottis, uvula and a funnel shaped trachea.

The baby had oligodactyly with three fingers and a thumb
on the right hand and four fingers and a thumb on the left hand.
She had short fingers and a single palmar crease bilaterally.
Toes were noted to be overlapping with slightly rocker-bot-
tom appearances to the feet. She also had a short nose with
a depressed nasal bridge and anteverted nares. She had two
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Figure 1. MRI of bilateral hypoplastic cochlea with reduced number of
apical and basal turns (white arrows).

umbilical vessels, an imperforate anus and a small urogenital
opening. An ileostomy pouch was created for the imperforate
anus. A cardiac echocardiogram revealed a small patent ductus
arteriosus but otherwise a structurally normal heart. High reso-
lution CT scan of the chest revealed a trachea of very small di-
ameter of 3.5 mm. A bronchogram demonstrated the right up-
per lobe bronchus arising from the trachea and small airways.
MRI scan of the brain revealed the presence of a large mass in
the suprasellar space measuring 25 x 17 x 22 mm in size with
imaging characteristics of a hypothalamic hamartoma (Fig. 1).
The cochlea was noted to be truncated bilaterally with reduced
number of turns (Fig. 2). The intensive care stay was further
complicated with the baby developing pneumothorax and re-
quiring a chest drain.

The baby was found to have recurrent hypoglycemia
(blood glucose < 2.6 mmol/L) from the first day of life requir-
ing high concentration glucose infusion to maintain blood glu-
cose greater than 3.5 mmol/L (glucose infusion rate 18 mg/kg/
min). The investigations undertaken to investigate hypoglyce-
mia showed inappropriately elevated plasma insulin level of
65 pmol/L and C-peptide of 775 pmol/L when the blood glu-
cose level was 1.4 mmol/L. The plasma free fatty acids (285
pmol/L) and 3-hydroxy butyrate (8 pmol/L) were suppressed
during hypoglycemia, all features confirming a diagnosis of

Table 1. Clinical Features of Pallister-Hall Syndrome [4]
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Figure 2. MRI of large hypothalamic hamartoma (white arrows).

CHIL

The baby was subsequently commenced on diazoxide at a
dose of 5 mg/kg/day along with chlorothiazide at 7 mg/kg/day.
The baby’s glucose requirement gradually reduced and nor-
moglycemia (blood glucose > 3.5 mmol/L) was subsequently
maintained on enteral feeds. The baby was found to tolerate
diazoxide well without side effects such as fluid retention.

A quantitative fluorescence-polymerase chain reaction
(QF-PCR) analysis was performed for trisomies 21, 18 and
13 and was negative. The microarray analysis did not identify
copy number variants. The phenotypic features of syndactyly,
airway malformation including bifid epiglottis, imperforate
anus, solitary kidney and the MRI evidence of hypothalamic
hamartoma and hypoplastic cochlea pointed towards a diagno-
sis of PHS. The sequencing of GLI3 revealed a pathogenic G
to T nucleotide substitution in exon 14 of GLI3, ¢.3439G>T,
which confirmed the diagnosis of PHS. The mutation was sub-
sequently confirmed to have arisen de novo.

Discussion

PHS (OMIM 146510) is a pleiotropic disorder of human de-
velopment that comprises hypothalamic hamartoma, central
polydactyly and other malformations (Table 1) [4]. It was first

Hypothalamic hamartoma
Mesoaxial polydactyly
Post axial polydactyly (PAP)

Non-enhancing mass in the floor of the third ventricle posterior to the optic chiasm
Presence of six or more well-formed digits with a “Y”’-shaped metacarpal or metatarsal bone

PAP-A is the presence of a well-formed digit on the ulnar or fibular aspect of the limb.

PAP-B is the presence of a rudimentary digit or nubbin in the same location

Bifid epiglottis

Other features

Midline anterior-posterior cleft of the epiglottis that involves at least two-thirds of the epiglottic leaf.

Imperforate anus, renal abnormalities including cystic malformations, renal hypoplasia, ectopic ureteral

implantation, genitourinary anomalies including hydrometrocolpos, pulmonary segmentation anomalies

including bilateral bilobed lung.
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Table 2. Syndromes Associated with Congenital Hyperinsulin-
ism [3]

Beckwith-Wiedemann

Kabuki

Trisomy 13

Mosaic Turner

Soto

Usher

Timothy

Costello

Central hypoventilation syndrome

Leprechaunism (insulin resistance syndrome)

described in 1980 in six newborn babies [6, 7]. Hypothalamic
hamartoma is often asymptomatic; however, it may be associ-
ated with pan hypopituitarism [8]. Renal agenesis or dysplasia
as well as other genitourinary anomalies has been reported,
including vaginal atresia, hydrometrocolpos, microphallus,
and cryptorchidism [9]. Neurological involvement can include
epilepsy. Precocious puberty has also been reported in patients
with PHS [10]. Generalized skeletal dysplasia with mesomelic
shortening and radial bowing of limbs has been reported [11].
The clinical features of PHS have been summarized in Table 1.

PHS is inherited in an autosomal dominant manner [6].
About 25% of cases are caused by de novo mutations and the
clinical presentation is generally more severe than the familial
cases [4]. PHS is caused by mutations in GLI3, which encodes
a 1590 amino acid zinc-finger transcription factor on chromo-
some 7pl4.1 [12]. It is an essential component of the Sonic
Hedgehog (SHH) signaling pathway in mammalian skele-
togenesis [13]. GLI3 has a dual function as a transcriptional
activator and a repressor of the SHH pathway, and plays a role
in limb development [12, 13]. The other autosomal dominant
skeletal dysplasia associated with GLI3 mutation is Graig
cephalopolysyndactyly syndrome (GCPS) (OMIM 175700),
caused by loss-of-function mutations spread across the gene
[12, 13]. This syndrome is characterized by preaxial poly-
dactyly, macrocephaly and other features including postaxial
polydactyly, syndactyly, and hypertelorism [12, 13].

Whilst abnormal cochleae have been identified in mouse
models of PHS [14], cochlear abnormalities in humans have
been described in the literature rarely. We identified one case
report describing a case of PHS in a girl with bilateral coch-
lear hypoplasia on MRI [5]. GLI3 mutation can cause cochlear
malformations as the GLI3 and SHH pathways play an impor-
tant role in the development of the cochlea [15]. Though the
MRI scan was aimed at evaluating the brain, cochlear hypo-
plasia was clearly demonstrated in our case. We believe that
a hypoplastic cochlea could represent a surrogate marker of
PHS in individuals without hypothalamic hamartomas or typi-
cal multiple congenital anomalies and dedicated MRI of the
cochlea can contribute to the diagnosis of these children.

Our patient also had CHI, which has been described in
the literature in association with various syndromes (Table 2)
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[3] such as Beckweth-Wiedemann syndrome [16], Soto’s syn-
drome [17], Usher’s syndrome [18], and Costello syndromes
[3]. However, the association of CHI in PHS has not been
previously reported in the literature. GLI3 is implicated in the
cochlear abnormality and the digital abnormalities described
in PHS. We have not been able to establish the exact genetic
link between GLI3 mutation and CHI, but SHH pathways that
are modified by GLI3 have been implicated in the early devel-
opment of the pancreas as well as subsequent insulin activity
in pancreatic f§ cells [19, 20]. Further studies are needed to es-
tablish the exact genetic link between GLI3 mutation and CHI.

Conclusion

PHS is a rare genetic disorder with many systemic abnormali-
ties reported in the literature. This is the first reported case of
CHI in association with this syndrome. The patient also had
the typical cochlear abnormality in PHS, which can be used as
a surrogate feature in the diagnosis of PHS.
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