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Introduction

Complete tetraploidy can be defined as four chromo-
some sets in one cell and usually occurs secondary to
nondisjunction during the first mitosis in a zygote [1].
It has been reported in spontaneous abortions, but is
rare in live-born infants [2]. Affected patients have sev-
ere congenital anomalies and a limited life expectancy
[2]. Most surviving patients are tetraploid—diploid
mosaics. Such patients are an example of mixoploidy, a
condition characterized by the coexistence of normal
diploid cells with cells containing a multiple of the nor-
mal haploid chromosome number [3]. Tetraploid—
diploid mosaicism in living patients has been reported
in at least 28 cases since 1967 [2-22]. Common clinical
features described in the literature include low birth-
weight, hypotonia, craniofacial abnormalities, and intel-
lectual disability. Dermatologic manifestations of this
genetic abnormality have only been reported in seven
cases [2, 3, 8, 10, 21, 23].

Key Clinical Message

Tetraploid—diploid mosaicism in humans is exceedingly rare. We present an
11-year-old boy with tetraploid—diploid mosaicism and coexistent hair hypopig-
mentation with skin hypo- and hyperpigmentation. This case expands the current
literature as we are not aware of previous documentation of this unique combina-
tion of pigmentary anomalies.

Diploid/tetraploid, hyperpigmentation, hypopigmentation, mosaicism, pigmen-

We present a patient with tetraploid—diploid mosai-
cism: an 11-year-old boy who has coexistent hypo- and
hyperpigmentation of his skin and hypopigmented gray
streaks throughout his hair. This combination has not
been described previously in tetraploid—diploid mosai-
cism.

Clinical Report

Our patient is an 11-year-old boy who has profound
intellectual disability, severe developmental delays, and
multiple congenital anomalies. This infant male was born
at 33 weeks’ gestation via cesarean section to a gravida 5
now para 4, 33-year-old mother and 39-year-old father
with no consanguinity. Maternal ethnicity is unknown,
and paternal ethnic background is of Mexican ancestry.
Both parents were in good health, and mother was with-
out medical problems and denied medication use or
known exposures during pregnancy. This is the first child
of this union; however, the patient has three maternal
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half-siblings who are of good health and without dysmor-
phic features.

The pregnancy was complicated by IUGR and oligo-
hydramnios discovered at 30 weeks. The delivery was
uncomplicated, and the patient did not require respira-
tory support but was admitted to the NICU due to
gestational age and very low birthweight (1280 g).
Birthweight, occipital-frontal circumference and length
were less than the 3rd centile. An initial examination
was notable for adducted thumbs with clinodactyly of
the fifth digits, bilateral cryptorchidism, and facial dys-
morphism, spurring an evaluation for Cornelia de
Lange syndrome. NIPBL and SMCIA gene sequencing
were normal. Initial chromosome analysis from periph-
eral blood lymphocytes demonstrated a normal male
complement, 46,XY. Newborn screens numbers 1 and 2
were normal. FSH and LH levels were normal at
1 week of age. Facioscapulohumeral dystrophy deletion
mutation testing was negative. He passed his newborn
hearing screen. An echocardiogram showed normal
findings except for PFO and benign pulmonary branch
stenosis. Initial ophthalmologic evaluation was normal.
Renal US showed three cortical renal cysts bilaterally
and mild left-sided pelviectasis. VCUG showed Grade 3
vesicoureteral reflux into a partially duplicated collecting
system with a partial ectopic ureter on the right and a
dilated posterior urethra. He had normal renal function.
Head ultrasound showed choroid plexus cysts. He
remained in the NICU for roughly 1 month due to dif-
ficulty feeding and difficulty gaining weight. He was
discharged on amoxicillin for urinary tract infection
prophylaxis.

Following NICU discharge, the patient continued to
have poor growth and global developmental delay.
Height, weight, and OFC were well below the 1st centile
despite increased caloric intake. He was also noted to
have continued bilateral cryptorchidism. A skin tag
above his gluteal crease was discovered prompting spinal
US which showed findings concerning for a tethered
cord. He was noted to have mild asymmetry with a lar-
ger diameter of his left leg and a slightly longer left
arm. He had left-sided torticollis with a left-sided stern-
ocleidomastoid nodule. He also kept his fists clenched
with his fingers wrapped around his thumbs. He would
grab at objects with his fingers, but would keep his
thumbs against his palms, requiring corrective braces.
He was referred to physical therapy and neurology
(Figs 1-5).

At age of 4 months, neurology noted microbrachy-
cephaly, hypertonic lower extremities, and bilateral thumb
contractures concerning for a central etiology. They also
noted dysmorphic facial features including low set ears,
flattened and elongated philtrum, downturned corners of
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Figure 1. Coexistent hyper- and hypopigmentation, most prominent
on the abdomen and trunk.

the mouth, and a flat nasal bridge. He had midline hair
whorls and hirsutism of his bilateral arms. He was also
noted to have an abnormally low posterior hairline and
bilateral inverted nipples. Cervical spine series showed no
vertebral abnormalities. MRI of the lumbar spine to eval-
uate for tethered cord showed the conus medullaris ter-
minating abnormally low at the superior endplate of 14,
without any dermal sinus. This finding was thought to
represent a tethered cord versus low conus, and he was
followed clinically. He is being evaluated by neurosurgery
at the time of this writing. An accessory spleen just ante-
rior to the spleen was incidentally identified, and it was
discovered that the patient actually had a horseshoe
kidney.

His torticollis continued despite physical therapy and
he was noted to have significant right-sided positional
plagiocephaly. Computed tomography of his head to
rule out craniosynostosis at age of 7 months showed
severe plagiocephaly with a right-sided positional
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component that was inadequate to explain the degree
of plagiocephaly. Multiple wormian bones were visual-
ized. All sutures appeared patent but the bilateral coro-
nal sutures appeared relatively uniformly smooth and
narrow compared with the sagittal and lambdoid
sutures. Other notable findings included possible partial
absence of the splenium of the corpus callosum, slightly
enlarged ventricular system, especially the 3rd ventricle,
temporal tips, and lateral ventricles. He required a cor-
rective helmet for his plagiocephaly. He was noted to
have bilateral passively correctable foot deformities con-
sisting of neutral hindfeet, supinated forefoot, valgus
midfoot, and flexion of the 4th and 5th rays attributed
to muscular spasticity. He required bilateral ankle foot
orthoses. Pelvic imaging showed coxa valga of both
hips. As he aged, he developed a thoracolumbar dex-
troscoliosis.

Bilateral blue-gray sclera was noted at 6-month visit, a
condition that can be seen in several syndromes but can
also be a normal variant. Chest X-ray to rule out osteoge-
nesis imperfecta (OI) showed 13 rib pairs, partial poste-
rior fusion of the right 10th and 11th ribs, and multiple
mildly osteopenic ribs bilaterally. The cardiothymic sil-
houette and lung fields were normal. Skeletal survey to
rule out OI showed bilaterally shallow acetabuli with
abnormally small acetabular angles, a nonspecific finding,
and no evidence of fractures.

Repeat hearing test via optoacoustic emissions was nor-
mal at 7 months. Sedated ABR at 12 months showed
mild bilateral sensorineural hearing loss. Repeat sedated
ABR with toneburst at 25 months showed severe bilateral
sensorineural hearing loss. He was evaluated by ENT for
recurrent episodes of acute otitis media and noted to have
stenotic bilateral external auditory canals and required
bilateral pressure equalizing tubes to be placed multiple
times.

At 9 months of age, emesis with feeds prompted an
upper GI series to rule out pyloric stenosis, tracheoe-
sophageal fistulas, and other anatomic abnormalities; the
study showed gastroesophageal reflux, but no anatomic
abnormalities. Nuclear medicine imaging showed moder-
ate-to-severe gastric emptying delay. Videofluoroscopic
speech swallow study for recurrent nasal reflux demon-
strated oropharyngoesophageal dysphagia with aspiration,
and a feeding regimen for the patient was created per
speech therapy recommendations. The patient also had
significant constipation possibly secondary to a small anus.
His reflux and severe atopic dermatitis were concerning
for milk protein intolerance, and he was switched to
hypoallergenic formula. He eventually required gastros-
tomy tube secondary to multiple aspirations leading to
pneumonia. He continued to have a markedly low weight
despite adequate caloric intake.

Tetraploid-diploid mosaicism with pigmentary anomalies

At age of 15 months, he was referred to pediatric
endocrinology due to concerns for poor sexual develop-
ment, notably a flattened scrotum and thin phallus.
Endocrinology workup showed normal TSH, free T4, and
IGF-1. His growth velocity was also normal at age of
25 months at 10 cm/year.

As an infant, skin examination showed diffuse hyper-
pigmented macules of varying sizes, hyperpigmented
patches with swirl patterns on his bilateral flanks, hypo-
and hyperpigmented whorls, and patches of hypo- and
hyperpigmentation on all four extremities. He was also
noted to have hypopigmented swaths of skin on his
torso and arms that subsequently evolved into streaky
brown hyperpigmentation. He was noted to have multi-
ple gray scalp hairs, thick eyebrows, and hypertrichosis
on his back and arms. At 2 years, a repeat chromosome
analysis with a skin biopsy sample revealed 8% of cells
with a tetraploid configuration 92,XXYY/46,XY. In 3/50
cells, there were two missing chromosomes 15 and 20,
and one cell had an extra chromosome 7.

Other features that became prominent as he grew older
included a short neck, pectus excavatum, right-sided
polythelia, bilateral microtia, synophrys, mild soft tissue
syndactyly of fingers 3—4, broad finger tips, and short
middle palmar creases. His testicles failed to descend, and
he required bilateral orchiopexy.

At age of 6 years, he had staring episodes and abnor-
mal head and hand movements. An EEG showed gener-
alized spike and polyspike slow wave complexes as well
as focal spike and polyspike slow waves, placing him at
risk for focal and secondarily generalized seizures. Back-
ground activity was also excessively low for age suggest-
ing encephalopathy. His hamstrings and gastrocnemius
muscles were hypertonic but his other peripheral and
central muscle groups were hypotonic. He had diffuse
hyperreflexia. MRI of the brain showed focal cortical
dysplasia of the left inferior temporal gyrus, significant
microcephaly with prominence of the 3rd greater than
4th ventricles, a small corpus callosum with underdevel-
oped body and splenium, mild funnelling of the aque-
duct of Sylvius, and a developmental venous anomaly of
the right posterior occipital lobe. The cerebellar vermis
was hypoplastic and the enlarged 4th ventricle commu-
nicated with a moderate-sized infra- and retrocerebellar
CSF space or cyst, findings consistent with Dandy
Walker malformation. MRI of the cervical spine to eval-
uate for bony abnormalities due to torticollis showed
narrowing of the cervical spinal cord, acute dextrocurva-
ture, and at the craniocervical junction, craniocervical
stenosis. The dens created a mass effect on the cervi-
comedullary junction and caused flattening and defor-
mity of the ventral cord near the cervicomedullary
junction. The articulation between Cl1 and C2 on the
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Figure 2. Hair and skin pigmentary dysplasia, along with hypertrichosis
and synophrys. (All photographs show patient at age 7).

Figure 3. Prominent hypertrichosis covering patient’s back.

J. P. Schacht et al.

Figure 4. Right thumb contracture.

Figure 5. Foot deformity.

left was abnormal with a more vertical than horizontal
orientation. C2 and C3 had partial fusion of posterior
left elements. The thoracic and lumbar spinal cord were
relatively narrow compared with the cervical cord. Dex-
trocurvature of the thoracic spine was noted. The horse-
shoe kidney was incidentally noted to have increased in
size with an increase in the number of cysts and fea-
tured a complex cyst. A renal and bladder ultrasound
demonstrated that the cysts had actually decreased in
size, while the testicles were atrophied bilaterally.

At 11 years old, the patient has profound intellectual
disability with global developmental delays, epilepsy,
moderate-to-severe sensorineural hearing loss, spastic
diplegic cerebral palsy, and persistent poor growth requir-
ing gastrostomy tube feedings. Other medical issues
include severe obstructive sleep apnea, lagophthalmos,
high myopia, constipation, chronic bronchitis, recurrent
pneumonias, and persistent asthma. He was briefly hyper-
tensive early in life and required pharmacologic therapy,
but is now normotensive. He makes nonspecific mama
and dada sounds. He is able to roll and sit-up on his
knees unassisted.

The content of this manuscript is not considered
research at our institution and instead falls in the realm
of routine clinical care.
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Discussion

The phenotype of tetraploid—diploid mosaicism is variable
and often consists of developmental delays, intellectual
disability, and growth retardation. Other documented fea-
tures include hypotonia, skin pigmentary dysplasia, sei-
zures, and body asymmetry. Our patient had a similar
presentation but in addition had pigmentary dysplasia of
his hair.

Pigmentary skin changes have been associated with
chromosomal mosaicism [24]. At least two cases of
hypopigmentation with tetraploid—diploid mosaicism
have been documented, both of which were described as
hypomelanosis of Ito [10, 23]. In both cases, the patients
had blood karyotypes that were normal with subsequent
skin biopsy chromosome analysis demonstrating tetra-
ploid mosaicism. Our patient is a rare survivor of tetra-
ploid mosaicism with scalp hair hypopigmentation and
combined dermatologic hypopigmentation and hyperpig-
mentation. Signs of pigmentary dysplasia, especially the
presence of coexistent hypo/hyperpigmentation, should
initiate an evaluation with chromosome analysis in skin
fibroblasts.

In conclusion, we report on the first case of tetra-
ploid/diploid mosaicism with pigmentary changes involv-
ing both hair and skin. Our report supplements the
literature with a new phenotypic expression of
tetraploid—diploid mosaicism. Our report also character-
izes the wide variety of pathology affecting multiple
organ systems in this patient, demonstrating the necessity
of intensive multidisciplinary and subspecialty support to
optimize care for patients with tetraploid—diploid mosai-
cism.
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