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Abstract

Kleefstra syndrome (chromosome 9q34.3 deletion) is a rare genetic disorder with less than 110
patients reported till date. We report a 4-month-old Caucasian girl with Kleefstra syndrome
and Shone’s complex, an association which has not been previously reported. Surgical planning
for patients with Kleefstra syndrome and complex CHD can pose challenges due to an
uncertain natural history and a risk of post-operative pulmonary hypertension.

Case report

A 4-month-old Caucasian girl was detected to have hypoplastic left ventricle, moderately
enlarged right ventricle with mild right ventricular dysfunction, severely hypoplastic arch, and
a conoventricular ventricular septal defect on a fetal echocardiogram performed at 24 weeks’
gestation. She was closely followed in utero with frequent fetal echocardiograms and was
delivered at 36 weeks’ gestation. Notable findings on examination included intrauterine
growth restriction, hypotonia, hypertelorism, and slight midfacial hypoplasia. Postnatal
echocardiogram showed aortic arch hypoplasia with coarctation of aorta (Fig 1), parachute
mitral valve with mitral stenosis where chordal insertion was predominantly into poster-
omedial papillary muscle, left ventricular outflow tract narrowing, and borderline left ventricle
(Shone’s complex) (Fig 2), a moderate-sized conoventricular ventricular septal defect which
was partially filled in with aneurysmal tricuspid valve tissue and a moderate-sized atrial septal
defect. She had a stormy neonatal course and required intubation and inotropic support in the
setting of severe right ventricle dysfunction and low cardiac output. She, however, rapidly
improved and underwent palliation with patent ductus arteriosus stenting and bilateral pul-
monary artery bands on day 12 of life. The post-operative period was complicated by atrial
arrhythmias which were controlled with digoxin and hypertension which eventually improved.
Additional problems included feeding difficulty which gradually improved permitting her to
be discharged after a month. Her other problems include bilateral hydronephrosis, oral food
aversion requiring nasogastric feeding, and milk protein allergy.

A chromosomal microarray was sent after birth and revealed a large region (3.7Mb) of loss
of genomic material at 9q34.2q34.3 locus, which is associated with Kleefstra syndrome.

She is currently doing well and gaining weight. Her most recent echocardiogram shows a
patent ductal stent, appropriately restrictive bilateral pulmonary artery bands, mild left ventricle
dysfunction, and mild-to-moderate right ventricle dysfunction. Given the current echocardio-
graphic findings and uncertain long-term prognosis, she is not deemed to be a suitable candidate
for single-ventricle palliation or heart transplant. A decision regarding offering the family
biventricular repair will be taken soon after discussion with the surgical team.

Discussion

Kleefstra syndrome, also known as chromosome 9q chromosome subtelomeric deletion syn-
drome (STDS), is a rare genetic syndrome which is characterised by a loss of genetic material on
the long arm of chromosome 9 (9q34.3). Less than 110 cases of Kleefstra syndrome have been
reported till date.1 This syndrome is characterised by severe developmental delay, learning
disability, hypotonia, microcephaly, seizures, and CHD. The first patient with this syndrome was
reported in 1994 by Shimmenti et al.2 This male infant had characteristic facial and skeletal
features and supraventricular tachycardia because of a concealed accessory pathway. Since then,
several cases have been reported and the associated cardiac abnormalities include ventricular
septal defects, atrial septal defects, tetralogy of Fallot, pulmonary hypertension, hypoplastic
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pulmonary arteries, coarctation of aorta, hypoplastic left heart
syndrome, and double-outlet right ventricle.1,3–10 Association of
this syndrome with Shone’s complex, as seen in our patient, has
not been reported. Cardiac abnormalities are noted in approxi-
mately 41–50% of affected individuals.1,11,12

Kleefstra syndrome is caused by haplo-insufficiency of
euchromatic histone methyltransferase-1 gene (EHMT1), a gene
whose protein product (Eu-HMTase1) is a histone H3 Lys 9 (H3-
K9) methyltransferase. H3-K9 histone methylation is restricted to
the euchromatin of mammals and functions to silence individual
genes. Deletion size does not correlate with the severity of the
9q STDS since patients with mutations in EHMT1 are as severely
affected as those with sub-microscopic deletions.11 A majority
(85%) of cases of Kleefstra syndrome are accounted for by
microdeletions.9

Surgical management of patients with Kleefstra syndrome and
complex CHD poses a challenge as insufficient information is

available about the natural history of this syndrome. However, a
43-year-old woman has been reported with this syndrome,13

suggesting that a select group of patients with this syndrome and
complex CHD could be candidates for complex procedures such
as univentricular repair and cardiac transplantation. An addi-
tional problem that has been reported in these patients after
complete repair of cardiac defects is persistent pulmonary
hypertension which carries a poor long-term prognosis.9 Surgical
planning in our patient is further complicated by the presence of
biventricular dysfunction. The Pediatric Advanced Care Team
was consulted soon after birth and continues to be involved in the
care of our patient.

To conclude, Kleefstra syndrome is a rare genetic disorder
which is often associated with CHD. To the best of our knowl-
edge, association of this syndrome with Shone’s complex has not
been reported. However, there is a single report of association
with hypoplastic left heart syndrome, which includes some of the
abnormalities seen in Shone’s complex. Surgical planning in these
patients, those with complex CHD, can be quite difficult due an
uncertain long-term prognosis and a risk of post-operative pul-
monary hypertension.
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Figure 2. Hypoplastic left ventricle, which is almost apex forming, is noted in apical
four-chamber view. The right ventricle appears moderately dilated and moderately
hypertrophied. The mitral valve appears moderately hypoplastic.

Figure 1. Hypoplastic aortic arch with retrograde flow in diastole is seen in suprasternal sagittal view.
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