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ABSTRACT

Background. Tetrasomy 9p is a rare genetic condition which usually results from a supernumerary
isochromosome derived from the short arm of chromosome 9. Phenotypic findings include multiple congenital
anomalies, facial dysmorphism, growth and developmental delays, and also vary according to the presence and
degree of mosaicism.

Case. We report on a newborn with tetrasomy 9p who deceased in the newborn period. She had facial features
including low-set and anteverted ears, hypertelorism, prominent nasal bridge, and microretrognathia. Bilateral
ventriculomegaly, vermian hypoplasia and corpus callosum agenesis were detected on magnetic resonance
imaging and double outlet right ventricle (tetralogy of Fallot type), secundum atrial septal defect, and persistent
left superior vena cava were displayed by echocardiography. Microarray analysis revealed 38,584 kb tetrasomic
region at 9p24.3p13.1. We also present a review of the literature suggesting that there is a recognizable phenotype
for this condition and an assessment of cardiac manifestations based on the size and the localization of the
breakpoints.

Conclusions. We conclude that cardiac manifestations do not differ according to the localization of the
breakpoint. Persistent left superior vena cava seems to be consistent with breakpoints distal to q12, but the
present case is different from them by breakpoint p13.1.
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Tetrasomy 9p is a rare genetic condition  heart defects, joint dislocations, hypoplasia of
which usually results from a supernumerary

isochromosome derived from the short arm

the digits and nails have also been reported.!

o .
of chromosome 9 and also demonstrates About 30% of the tetrasomy 9p cases are in

. ) .
cytogenetic and phenotypic variability. mosaic state.” Although mosaic cases may be
phenotypically normal or mildly affected,
features include most cases in non-mosaic constitution are

Phenotypic multiple

congenital anomalies, facial dysmorphism,
growth and developmental delay. Most

common dysmorphic traits are hypertelorism,

lethal in the early postnatal period due to
severe malformations.** Herein, we report
on a newborn with tetrasomy 9p who died at

low-set abnormal ears, bulbous nose postnatal 22nd day due to severe cardiovascular
and microretrognathia. Intrauterine collapse.
growth restriction (IUGR), Dandy-Walker
malformation, cleft lip and/or palate, congenital
pand/forp & Case Report
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third pregnancy of the 44-year-old mother
as the first liveborn child. At birth, the child
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weighed 2320 g, and her head circumference
was measured at 33 cm (both values below
the third percentile). First and fifth minute
Apgar scores were 6 and 7, respectively. The
parents were not consanguineous. Antenatally
the second-trimester triple screen yielded
a risk of higher than 1 in 50 for trisomy 18,
and detailed fetal ultrasonography showed
hydrocephalus and cardiomegaly. The parents
refused amniocentesis. The family history was
unremarkable except the two spontaneous
miscarriages.

The newborn was transferred to our hospital
on postnatal day 7 because of hypotonia. She
was admitted to the neonatal intensive care unit
and intubated because of increased work of
breathing and placed on mechanical ventilator.
On physical examination, anterior and posterior
fontanel measurements were 3.5x4 cm and
2x2 cm, respectively. Metopic suture was not
ossified and was palpable. She had low-set and
anteverted ears, hypertelorism, prominent nasal
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bridge, microretrognathia, 3/6 systolic murmur,
labial hypoplasia, and bilateral metatarsus
adductus (Fig. 1). There were also bilateral
single palmar creases, and besides, there were
single digital flexor creases on bilateral fifth
fingers and a second finger on the right.

Ophthalmological ~ examination = revealed
no retinal or lenticular pathology. Cranial
ultrasonography showed bilateral
ventriculomegaly, vermian hypoplasia
and corpus callosum agenesis. In addition,
hypoplasia of brain stem was detected on
cranial magnetic resonance imaging (Fig.
2). Echocardiography showed presence of
double outlet right ventricle (tetralogy of
Fallot type), secundum atrial septal defect, and
persistent left superior vena cava. Abdominal
ultrasonography revealed renal bilateral pelvic
dilatation and abnormal superior mesenteric
arteriovenous drainage. Hypoplasic first rib
and costal scalloping was observed on X-rays

(Fig. 2).

Fig. 1. Overall appearance and facial features of the patient. Hypertelorism, prominent nasal bridge, bulbous
nose, low-set and poorly formed ears, microretrognathia, and single palmar crease were remarkable.

172

The Turkish Journal of Pediatrics * January-February 2022



Turk | Pediatr 2022; 64(1): 171-178

A Case of Tetrasomy 9p and Literature Review

Fig. 2. (a) Magnetic resonance imaging revealed inferior vermian hypoplasia and ventriculomegaly. (b) Agenesis

of corpus callosum. (c¢) Echocardiography displayed presence of double outlet right ventricle.

The baby was fed with an orogastric
catheter and was supported parenterally.
She received meropenem, vancomycin,
amikacin and fluconazole for catheter-related
thrombophlebitis and late neonatal sepsis. The
newborn’s general health condition deteriorated
progressively and she died at the 22nd day due
to severe cardiovascular collapse.

After informed consent was taken from the
parents, peripheral blood was obtained to isolate
genomic DNA using standardized protocols for
salt precipitation. Microarray procedure was
performed using the GeneChip® CytoScan
Optima Array (Affymetrix, Santa Clara, USA)
following the manufacturer’s recommendations.
Chromosome Analysis Suite (ChAS®) software
(Affymetrix, Santa Clara, USA) was utilized
for the analysis, using in-house data and
public databases like Database of Genomic
Variants (DGV) and Database of Chromosomal
Imbalance and Phenotype in Humans using
Ensemble Resources (DECIPHER). Microarray
analysis revealed 38,584 kb tetrasomic region at
9p24.3p13.1, encompassing 492 genes and 165
OMIM genes (arr hg[19] 9p24.3p13.1 (203,861-
38,787,480)x4).

Her family provided written informed
consent for publication of this report and the
accompanying images.
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Discussion

Autosomal tetrasomies are rare
conditions most commonly caused by
isochromosomes and very seldomly by
intrachromosomal amplifications.> The most
commonly  encountered  isochromosomes
are i(8p), i(9p), i(12p) , i(18p) and i(22q).!
The isochromosomes of the short arms of
chromosomes 5, 10 and 20 have also been
reported as individual cases.®® U-type exchange
is the proposed underlying mechanism for
the formation of isochromosomes.’ Tetrasomy
9p wusually results from a supernumerary
isochromosome derived from the short arm
of chromosome 9. This isochromosome can be
grouped into one of the three types: those that
originate from 9p alone, those that involve
entire 9p with additional heterochromatic band
from 9q, or those that involve the entire 9p with
additional heterochromatic and euchromatic
bands from 9q.""

genetic

Tetrasomy 9p was first reported in 1973 by
Ghymers and 72 cases have been reported
since then."*”*1215 Clinical manifestations of the
disease include psychomotor retardation (%73),
ear deformity (69%), skeletal anomalies (57%),
hypertelorism (56%), microretrognathia (46%),
urogenital-renal anomalies (43%), eye anomalies
(43%), bulbous nose (40%), congenital heart
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disease (40%), cleft lip and/or palate (33%),
clino-camptodactyly (26%), down slanting lips
(24%) and microcephaly (20%) (Table I).">!*1620
Although mostisochromosomes are maternal in
origin, no correlation between maternal age and
this chromosomal pathology seems to exist. In
the reported study the mean maternal age was
found to be 33.9 years. The present patient had
lots of these clinical findings and her maternal
age was 44 years.

Sometimes, tissue-specific mosaicism for
isochromosomes is observed; such as i(12p)
found in skin fibroblasts in Pallister-Killian
syndrome or i(9p) in lymphocytes with a
lower level in fibroblasts. Mosaicism causes
diagnostic difficulties, especially prenatally.”
It is recommended to study fetal blood samples
with uncultured prenatal specimens, to
prevent missed diagnosis, until noninvasive
prenatal screening using cell-free fetal DNA
from maternal blood presents data from all
set of chromosomes, and becomes widely
available.!*

On the other hand, prenatal ultrasonographic
findings are valuable for the morphological
diagnosis, and most frequent findings in
tetrasomy 9p are ventriculomegaly, Dandy-
Walker malformation, intrauterine growth
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retardation, genitourinary anomalies, and cleft
lip and/or palate.'>'"?'*> The present patient had
ventriculomegaly detected prenatally, consistent
with these reports. Facial dysmorphic features
were also consistent with the condition, such
as open sutures, wide fontanels, hypertelorism,
prominent nasal bridge and microretrognathia.

According to the already existing literature,
78% of patients have central nervous system
malformations, with ventriculomegaly and
Dandy-Walker malformation being the most
frequently detected anomalies.!>!¢1%2%* The
present patient had bilateral ventriculomegaly,
vermian hypoplasia, corpus callosum agenesis
and brain stem hypoplasia.

This condition is very rarely encountered, and
affected individuals do not survive, particularly
when in non-mosaic condition. Therefore, a
clear delineation of the phenotype is difficult to
establish. The degree of mosaicism and the size
of the isochromosome expectedly contribute to
the phenotype and survival rates.?! We consider
that the condition in the present patient was
non-mosaic, although no second tissue was
sampled for karyotype analysis.

During the last 20 years, researchers have
observed a wide variety of cardiac anomalies
in tetrasomy 9p patients. In the presented

Table I. Clinical findings of tetrasomy 9p and comparison of our patient’s findings with them.!41620

Literature n:73 Overall The Present Patient
Maternal age 33.9 (n:66) 33.9 44
Psychomotor retardation 24/33 73%
Low-set / malformed ears 47/68 69% +
Skeletal anomalies 38/67 57% +
Hypertelorism 32/57 56% +
Micro/retrognathia 31/68 46% +
Urogenital anomalies 29/67 43% +
Ophthalmological anomalies 23/54 43% -
Bulbous tip of nose 27/67 40% +
Cardiac defects 27/68 40% +
Cleft lip/ palate 22/67 33% -
Clino- camptodactyly 17/66 26% +
Down slanting lips 16/66 24% +
Microcephaly 13/66 20% +
174 The Turkish Journal of Pediatrics = January-February 2022
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case, echocardiography revealed pulmonary
stenosis, double outlet right ventricle (tetralogy
of Fallot type), secundum atrial septal defect
and persistent left superior vena cava. Lloveras
et al® and Leichtman et al* previously
reported atrial septal defect in tetrasomy
9p cases. Dhandha et al?' published three
patients with severe congenital heart disease.
The malformations included ventricular septal
defect, right ventricular outflow tract stenosis,
hypoplastic left ventricle, aortic stenosis, thick
tricuspid valve and also persistent left superior
vena cava. All three patients had isochromosome
9p with segmental euchromatic material from
9q. Cardiac findings have been reported mostly
associated with isochromosomes involving 9q
segments, but the patient presented here had
major heart defects despite being tetrasomic
only for segments from 9p. Persistent left
superior vena cava (PLSVC) is a noteworthy
cardiac finding in tetrasomy 9p and previously
reported cases have been associated with
isochromosomes additionally involving 9q
region.® Infundibular stenosis of the right
ventricular outflow tract and overriding aorta
were reported previously, but to the best of our
knowledge this is the first patient with double
outlet right ventricle (tetralogy of Fallot type)
with a tetrasomy 9p.*

Cardiac manifestations of tetrasomy 9p
according to the breakpoint are summarized in
Table II.#10111319, 2145 We conclude that cardiac
manifestations do not differ according to the
localization of the breakpoint. Persistent left
superior vena cava seems to be consistent with
breakpoints distal to q12, but the present case
is different from them such that the breakpoint
was p13.1. Besides, double outlet right ventricle
is being reported for the first time in tetrasomy
9p with a breakpoint at p13.1.

It is known that prognosis of tetrasomy 9p is
poor; almost half of patients died during the
first year of life, and most of deaths occurred
within the first 3 months of life.! The present
patient passed away at the 22nd day.
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In conclusion, tetrasomy 9p presents with a
recognizable constitution of facial dysmorphic
features and congenital anomalies. Cardiac
anomalies are frequent and diverse, also
including double outlet right ventricle (severe
form of tetralogy of Fallot type); however, no
genotype-phenotype correlation seems to exist.
Microarray analysis is useful in detecting the
degree of mosaicism as well as the exact size of
the copy number abnormality, thereby allowing
a more precise establishment of genotype-
phenotype correlations in further patients.
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Table II. Cardiac manifestations of tetrasomy 9p according to the breakpoint.

Cardiac manifestations

Number of reported patients Number of reported patients

-Breakpoint p10 or more
proximal

Present patient
-Breakpoint q12 or more

distal -Breakpoint p13.1

Atrial septal defect

Patent foramen ovale
Atrioventricular septal defect
Ventricular septal defect
Patent ductus arteriosus
Truncus arteriosus

Persistent left superior vena
cava

Juxtaductal aortic coarctation
Overriding aorta

Pulmonary hypertension
Septal hypertrophy
Biventricular hypertrophy

Asymmetry of the cardiac
ventricles

Hypoplastic left ventricle
Hypoplastic left atrium

Cardiac echogenic focus in
prenatal ultrasound

Infundibular stenosis of the
right ventricular outflow tract

Bicuspit aortic valve
Aortic stenosis
Thick tricuspid valve

Double outlet right ventricle
(tetralogy of Fallot type)

2
2

- +

[ N =
1
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