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This male infant was born at 29 0/7 weeks of gesta-
tion to a 34-year-old G1/P1. At 28 3/7 weeks of
gestation, polyhydramnion had been diagnosed
and a fetal ultrasound examination had revealed an
atrioventricular septal defect. Three days later, preterm
contractions started and increased despite the admi-
nistration of tocolytic agents. Due to a non-reassuring
CTG tracing an emergency Caesarean section was per-
formed. Apgar scores were 6, 9 and 9 at 1, 5 and 10
minutes, respectively, and the arterial umbilical cord
pH was 7.26. Due to severe respiratory distress, the
infant was intubated and surfactant was administered
before admission to our neonatal intensive care unit.
His birth weight was 1100 g (P 25-50), his length
39 cm (P 50-75) and his head circumference 27 c¢cm
(P 25-50).

Clinical examination revealed a number of anomalies:
a singular umbilical artery, hypertelorism, lateral tur-
ning up of the lower eyelids, blue sclerae, depressed
nasal tip, a long and flat philtrum, a submucosal cleft
palate, prominent ears with bilateral preauricular fistu-
lae, a bipartite clavicle on the right side (Fig. 1), short
fingers and clinodactyly. Furthermore, mild muscular

hypotonia was present on neurological examination.

During the first few weeks of life, repeated episodes
of invasive (14 days) and non-invasive (51 days) respi-
ratory support were necessary and consequently,

severe bronchopulmonary dysplasia was diagnosed at



Chest X-ray on the first day of life with evidence of

hyaline membrane disease and a right-sided bipartite

clavicle (arrow).




CT of the chest: bilateral eventration of the dia-

phragm (asterisks).




36 weeks’ postmenstrual age. The respiratory course
was further complicated by the presence of bilateral
eventration of the diaphragm (Fig. 2) and compression
of the left main bronchus (most likely caused by the
descending aorta) causing intermittent symptoms of

airway obstruction.

Echocardiography demonstrated a dysplastic and
moderately stenotic mitral valve and mild coarctation
of the aorta. Due to an increasing pressure gradient
across the coarctation, surgical resection was perfor-
med at 39 0/7 postmenstrual weeks. Abdominal ultra-
sound showed right-sided renal agenesis, but duplex

kidneys with normal function on the left side (Fig. 3).

Cerebral imaging by repeated cerebral ultrasound
examinations and cerebral MRI at term revealed no
malformations. However, delayed myelination consi-
stent with preterm birth and a small subependymal
hemorrhage in the right caudothalamic groove were

noted.

Feeding problems secondary to the above-mentioned
respiratory difficulties, muscular hypotonia and the
submucosal cleft led to a prolonged hospital stay.
Nasogastric tube feedings were necessary until a
corrected age of 3 months. He developed postnatal
growth deficiency (weight at discharge 4.8kg (P <3,
down from P 25-50 at birth), length 59 cm (P 3-10,
down from P 50-75 at birth), head circumference



Abdominal ultrasound revealing duplex kidneys on
the left side.



38.5cm (P 3-10, down from P 25-50 at birth)). The
infant was discharged home almost 6 months after

birth at a corrected age of 3 months.

Developmental follow-up examinations showed cogni-
tive and gross motor developmental delay. At the
most recent examination at 9 months corrected age,
the infant presented with significant developmental
delay with a developmental age of approximately 5 to
6 months (developmental quotient 50 -60). On neuro-
logical examination, generalized muscular hypotonia
was noted. Subsequently, he developed severe sleep
apnea syndrome, which, in combination with chro-
nic lung disease, led to a requirement for nocturnal
supplemental oxygen. Early intervention therapy was
initiated at the age of 9 months.

Because of multiple congenital anomalies affecting
various organ systems, a dysmorphic syndrome was
suspected. Differential diagnosis included Ritscher-
Schinzel syndrome and Kabuki syndrome. High-reso-
lution microarray was normal, but exome sequencing
identified a heterozygous mutation in KMT2D, which is
a known cause of Kabuki syndrome. Since his parents
tested negative, the syndrome was due to a de novo

mutation in our infant.



Kabuki syndrome (also known as Niikawa-Kuroki
syndrome) was first described in Japan in 1981 (1).
It was named after a traditional Japanese dance-drama
because the typical facial features of patients with
Kabuki syndrome are reminiscent of the characteristic

make-up used in Kabuki theatre (Fig. 4 and 5) (2).

The incidence of the disorder is estimated at 1:32°000
in Japan (2). There is no data on the incidence outside
of Japan, but as Kabuki syndrome has been reported
in almost all ethnic groups, the incidence may be
similar across the world (3). Niikawa et al. listed five
cardinal manifestations of Kabuki syndrome (table 1)
(2), which were all present in our case. Other typical
malformations associated with Kabuki syndrome are

summarized in table 2.

Table 1. Cardinal signs of Kabuki syndrome (1-4)

Typical facial features Up to 100% Elongated palpebral
fissures, eversion of the
lateral third of the lower
eyelid, arched eyebrows
with sparse lateral third,
depressed nasal tip,
prominent ear lobes

Skeletal anomalies 50-75% Spinal column abnor-
malities, brachydactyly,
clinodactyly of fifth
digits, joint laxity,
patella dislocation, hip
dislocation

Dermatoglyphic 50-80% Persistence of fetal
anomalies fingertip pads
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Organ system Incidence Specific features
Postnatal growth 35-80% Including feeding and
deficiency drinking difficulties
Mild to moderate 70-90%

intellectual disability

Table 2. Malformations commonly associated with
Kabuki syndrome (2-38)

Organ system Specific features Incidence
Head region Eyes
e blue sclerae, strabismus, 33%
coloboma
Ears
e external malformations nearly all
e chronic otitis media frequent
e hearing loss up to 40%

e preauricular pits
Lips and palate

e cleft lip and/or palate 33%
e high-arched palate 75%
e submucosal cleft palate under-
diagnosed
Dental anomalies inclu- 50-80%
ding hypodontia
Cardiovascular Congenital heart disease 40-60%
system e coarctation of the aorta

e septal defects

Urogenital system Kidneys > 25%
¢ hydronephrosis
e ectopic kidneys
e renal dysplasia

Gastrointestinal Intestines uncommon
system e imperforate anus

e malrotation of the colon

Other

e diaphragmatic hernia

e biliary atresia
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Neuromuscular e muscular hypotonia 25-90%

system ® seizures 10-40%
e structural brain anoma- rare
lies
Endocrine system e premature thelarche 7-50%

Apart from the above-mentioned malformations,
patients with Kabuki Syndrome can present with a
variety of rare findings and complications. Respiratory
problems due to bilateral eventration of the diaphragm
have previously been described in patients with Kabuki
syndrome (9, 10). This may be an important cause of
respiratory distress and increased respiratory morbi-
dity in affected newborns. In addition, stenosis of the
central airways has been described as a rare compli-
cation of Kabuki syndrome in a case review (10), and
should be considered in patients with acute respira-
tory symptoms. In 40-60% of individuals with Kabuki
syndrome, congenital heart defects are present, with
coarctation of the aorta most commonly observed
(6). Bipartite clavicles are also associated with the

syndrome and have been reported previously (11).

Two gene mutations have been identified as causes
of Kabuki syndrome. In around 75% of individuals
with Kabuki syndrome, a mutation in the KMT2D
gene on chromosome 12 has been reported (12,
13). The second gene mutation causing Kabuki syn-
drome is in the KDM6A gene, however, this mutation

is only responsible for about 6% of all cases (14).



a

Traditional Japanese Kabuki theatre make-up (source:

Google). Note the elongation of palpebral fissures
and the prominent eyebrows, both typical facial

features of Kabuki syndrome.



Typical facial features of children with Kabuki syn-

drome: note the elongated palpebral fissures and

the arched eyebrows, reminiscent of Kabuki theatre
make-up. Other typical facial features are eversion
of the lateral lower eyelid, depressed nasal tip and

prominent ears (source: Google).
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In the remaining 20% of patients, the genetic etiology
of Kabuki syndrome has remained unclear. KMT2D-
related Kabuki syndrome is inherited in an autosomal
dominant manner. Hence, each child of an individual
with KMT2D-related Kabuki syndrome has a 50% risk
to inherit the syndrome. However, the vast majority
of cases are caused by de novo mutations (3). The
gene product of KMT2D is MLL2, a histone-lysine-
methyltransferase, which regulates gene transcription
and chromatin structure in early development (15).
A recent study demonstrated abnormalities in craniofa-
cial structures, heart and brain in KMT2D and KDM6A
knockout zebrafish, providing further evidence of the

important role of these genes in organogenesis (16).

To our knowledge, there is no data regarding long-
term mortality and morbidity risks in patients with
Kabuki syndrome. However, they are likely to be rela-
ted to the highly prevalent and often severe cardiac
anomalies, respiratory problems and compromised
neuromuscular function (10). Developmental delay
and intellectual disability, usually ranging from mild
to moderate, are present in nearly all individuals with
Kabuki syndrome (2). Vaux et al. reported that child-
ren with Kabuki syndrome are able to walk unassisted
at 20 months on average (range 15 to 30 months) and
are able to speak single words at 21 months of age
(range 10 to 30 months) (17).
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Kabuki syndrome is a rare congenital genetic disor-
der, in most cases caused by heterozygous mutation
in the KMT2D gene on chromosome 12. It is characte-
rized by typical facial features, skeletal abnormalities,
persistence of fetal finger pads, mild to moderate
developmental deficiency, and postnatal growth defi-
ciency. Other findings may include congenital heart
defects, genitourinary malformations and cleft palate.
Kabuki syndrome is one of those rare congenital
disorders that affect a various number of organs.
Therefore, routine screening of all major organ
systems is of particular importance in all patients with
the characteristic dysmorphic features. Additionally,
long term care of affected patients is complex and
involves many different medical disciplines. Effective
case management provided by the general pediatri-
cian is crucial to the quality of life of affected patients

and their families.
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