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Abstract

Aneuploidy is a category of chromosomal abnormalities involving a numerical abnormality of the
chromosomes. The most common type seen in live-born babies is trisomy. Double aneuploidy that leads to
trisomy of two different chromosomes occurs due to accidental meiotic nondisjunction events; both can
have the same or a different parental origin. Other frequently found double aneuploidies include

48 XXX,+21; 48,XXY,+18, and 48,XXX,+18. Here, we report the case of double aneuploidy (Down-Klinefelter
syndrome) in a Saudi newborn with the clinical features of Down syndrome, along with hypothyroidism and
congenital heart disease, who was admitted to our neonatal intensive care unit. To our knowledge, this is the
first case of its kind reported from the Kingdom of Saudi Arabia.
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Introduction

The incidence of Down syndrome is approximately 1 in 732 newborns in the United States [1]. The risk of
having a child with Down syndrome increases with maternal age [2]. In Saudi Arabia, the prevalence of Down
syndrome is 6.6 per 10,000 children [3].

Trisomy 21 is present in around 94% of people with Down syndrome because of meiotic nondisjunction, the
failure of homologous chromosomes or sister chromatids to separate during cell division. This
nondisjunction is characterized by various dysmorphic features, such as a round face, short neck, low-set
ears, upslanting eyes, depressed nasal bridge, and micrognathia with a protruding tongue.

Klinefelter syndrome is a chromosomal disorder characterized by an extra X chromosome in male cells [4].
Normal cells in males contain 46 chromosomes (46,XY karyotype), and the extra X chromosome results in a
total of 47 chromosomes (47,XXY karyotype). Klinefelter syndrome is the most common human sex
chromosome disorder worldwide, with an estimated prevalence of approximately 1 in 500 males [5].

Aneuploidy is the category of chromosome mutations related to numerical abnormalities of the
chromosomes. It can involve somatic chromosomes (e.g., 13, 18, or 21) and sex chromosomes, and each
mutation can manifest as monosomy, trisomy, or even tetra or pentasomy [6]. Double aneuploidy (Down-
Klinefelter syndrome) is rare, with an estimated incidence of 0.4-0.9 cases per 10,000 male births and 11.7
cases per 10,000 cases of trisomy 21 [7]. It is characterized by the presence of a third copy of chromosome 21
plus an extra X chromosome, resulting in 48 chromosomes (48,XXY,+21). The rate of double aneuploidy
(Down-Klinefelter syndrome) in the same individual is approximately 0.098% [8].

The first case of double aneuploidy (Down-Klinefelter syndrome) was reported in 1959 by Ford et al. [9], and
many cases have been reported since then. In this report, we present a rare case of double aneuploidy in a
Saudi boy. To our knowledge, our case is the first to be reported from Saudi Arabia.

Case Presentation

An early-term baby boy was born to a 42-year-old Saudi female (gravida 16, para 14 with one abortion) at
37+1 weeks gestational age. The mother was booked at our hospital. She was known to have hypothyroidism
(on medication) and gestational diabetes mellites (on insulin). Antenatal ultrasound of the infant showed
polyhydramnios and small kidneys bilaterally, with no other anomalies. All maternal antenatal serology test
results were unremarkable. Her family history was positive for a first-degree cousin. One sibling had a cleft
lip and palate. The family had no known history of chromosomal abnormalities or other syndromes.
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The mother had a history of prolonged rupture of the membrane for 18 hours before delivery. She was taken
for an emergency cesarean section due to a breech presentation. At the time of delivery, Apgar scores were 7
and 9 at one and five minutes, respectively. Immediately after birth, the infant developed respiratory distress
and desaturation and was transferred to the neonatal intensive care unit (NICU) and placed on a low-flow
nasal cannula with a fraction of inspired oxygen of 25%.

The infant’s birth weight was 3,490 g (20th percentile), length 53 cm (55th percentile), and head
circumference 34 cm (6th percentile). His vital signs were stable (temperature, 36.8°C; heart rate, 152
beats/minute; respiratory rate, 62 breaths/minute; blood pressure, 55/30 mmHg; and oxygen saturation, 94%
on a 25% fraction of inspired oxygen). An initial newborn physical examination revealed dysmorphic
features in the form of a broad forehead, upward slanting eyes, infraorbital crease, hypertelorism, depressed
nasal bridge, flat philtrum, low-set malformed ears with attached ear pinnae, and micrognathia with a large
tongue and high arched palate. The neck was short and webbed. No simian crease or clinodactyly was noted
(Figure I).

FIGURE 1: Facial features of the newborn: a broad forehead, upslanting
eyes, infraorbital crease, hypertelorism, depressed nasal bridge, flat
philtrum, and low-set and malformed ears with attached ear pinnae.

The infant had mild hypotonia, with intact neonatal reflexes. A soft systolic ejection murmur of grade 2/6
was heard, with good perfusion and capillary refill. The abdomen was soft and lax, with no organomegaly.
Both testes were descended, and the anus was normal. A partial sepsis evaluation was initiated, and the
infant was administered ampicillin and gentamicin.

A chest X-ray showed a small lung volume, cardiomegaly, and increased bronchovesicular markings. An
echocardiogram showed moderate patent ductus arteriosus (PDA) and two ventricular septal defects
(anterior and posterior). Renal ultrasound showed bilateral small kidneys with no hydronephrosis. The
thyroid function test showed a mild increase in thyroid-stimulating hormone TSH (13.8 mIU/L) with normal
free T4 (20.7 pmol/L).

The chromosomal analysis confirmed 48,XXY,+21, with an abnormal male chromosome complement in all
cells examined, along with the presence of an extra X chromosome and an extra chromosome 21 (trisomy
21) (Figure 2).
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FIGURE 2: G-banded karyotype shows a double aneuploidy
(48,XXY,+21), Down-Klinefelter syndrome. The arrows indicate the extra
chromosome and X chromosome.

This result was consistent with the diagnosis of a rare double aneuploidy, Down-Klinefelter syndrome.

The baby stayed in the NICU in stable condition, and the respiratory support was discontinued by the age of
three days and full feeding was initiated. He was discharged at the age of nine days in stable condition, with
outpatient clinic follow-up with multiple subspecialties (genetics, pediatric endocrine, pediatric ENT, and
pediatric cardiologist). He subsequently had three admissions to the pediatric intensive care unit due to
bronchiolitis. The first was due to rhinovirus/enterovirus and parainfluenza virus type 4 pneumonia, for
which he required mechanical ventilation for a few days. He was discharged in stable condition after 21
days. He was admitted again due to respiratory infection secondary to pertussis and required continuous
positive airway pressure for a few days, and was then weaned to nasal cannula oxygen. He was discharged on
home oxygen after approximately one month. He was admitted again due to pneumonia with congestive
heart failure and required intubation and mechanical ventilation. During this admission, PDA ligation was
done, which improved his heart failure with concomitant medical therapy, following which he was weaned
off oxygen. Postoperatively, he developed stridor due to left vocal cord palsy and subglottic stenosis. The
patient improved clinically and was discharged home after 38 days with scheduling for a multidisciplinary
team clinical follow-up. He is currently doing well, as per his last outpatient visit, with no active concerns.

Discussion

Trisomy 21, or Down syndrome, is one of the best-recognized and most common chromosome disorders
caused by the presence of all or part of a third copy of chromosome 21 [10]. It is the single most common
genetic cause of mental retardation [11]. This extra copy of the chromosome changes how the neonate’s
body and brain develop, resulting in multisystem conditions that include but are not limited to neurological
diseases (e.g., Alzheimer’s disease), cardiovascular system defects (e.g., atrioventricular septal defect),
gastrointestinal system defects (e.g., duodenal atresia), endocrine diseases (e.g., hypothyroidism), and
hematologic diseases (e.g., leukemia) [12].

The most prevalent sex chromosomal condition linked to male hypogonadism and infertility is Klinefelter
syndrome. It is caused by the presence of an additional X chromosome in a male. 47,XXY is the most
common karyotype, accounting for 80-90% of all cases. Mosaicism (46,XY/47,XXY; 46,XY/48,XXXY; and
47,XXY/48,XXXY) is observed in about 10% of cases [13]. It is characterized by small testes, a small penis, a
taller than average height, and behavioral concerns. In late puberty, affected individuals develop
gynecomastia, decreased facial and body hair, and azoospermia [4].

Double aneuploidy with Down-Klinefelter syndrome, as seen in our case, usually presents in the neonatal
period with the clinical features of Down syndrome alone, while features characteristic of Klinefelter
syndrome appear later.
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The prenatal mortality rate of Down-Klinefelter syndrome has not been extensively studied. One study
reported two miscarriages out of 10 cases of prenatally diagnosed Down-Klinefelter syndrome, with a
mortality rate of 20%. The study reported that the risk for 48,XXY,+21 was age-dependent, with a mean
maternal age of 33 years and a mean paternal age of 38 years [8]. However, the parents of our case were
older, as the mother was 42 and the father was 50 years old.

Only some of the reported cases of 48,XXY,+21 are associated with cardiac defects [7,8,14,15]. Most cases
present with typical features of Down syndrome but without recurrent chest infection or congenital heart,
thyroid, or digestive problems. They also have normal stature [16]. Another study described a patient with no
cardiovascular or digestive system anomalies but with a history of recurrent chest infection and short
stature [17]. A case was also reported of an infant who had undescended testis and clinical features of Down
syndrome associated with hypothyroidism [18]. Another case reported a child with double aneuploidy
associated with a double aortic arch [15].

Our case report of Down-Klinefelter syndrome was characterized by the clinical features of Down syndrome
and accompanying heart defects, including PDA and ventricular septal defects, as well as hypothyroidism
and recurrent chest infection. To our knowledge, including our case, only 67 cases of double trisomy with a
48,XXY,+21 chromosome pattern have been reported (Table 1), but only 12 of the 67 cases had congenital
heart disease (Table 2).
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Karyotype

48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21

48,XXY,+21

47 XXY/48,XXY,+21

48,XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21
48, XXY,+21
48,XXY,+21
48, XXY,+21
48,XXY,+21
48, XXY,+21
48,XXY,+21
48,XXY,+21
48,XXY,+21

48, XXY,+21

TABLE 1: Previously reported cases of Down and Klinefelter syndrome.

Phenotype

Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome

Klinefelter/Down syndrome

Klinefelter/Down syndrome-mosaic

Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome
Klinefelter/Down syndrome

Klinefelter/Down syndrome

Reference
(1]
[19]
[20]
(21]
[22]
(23]
(24]
(29]
(26]
[27]
(28]
(29]
(14]
(30]
(31]
(32]
(33]
(34]
(8]
(18]
(7]
(14]
(39]

[36]
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Number Congenital heart disease Reference

1 Moderate patent ductus arteriosus, two ventricular septal defects (anterior and posterior), and CoA Our case

2 Atrial septal defect, ventricular septal defect, and patent ductus arteriosus [37]

3 C.ompl.ex congenital h-eall‘t disease with an ostium secundum atrial septal defect, enlarged right ventricle, and mild (4]
tricuspid valve regurgitation

4 La-rge .atrial.septal d(?fe(?t and ventricular septal defect with patent ductus arteriosus, pulmonary hypertension, and 7]
mild tricuspid regurgitation

5 Twins: first, cardiac anomalies; second, an open ductus and a septum anomaly [21]

6 Cardiac anomalies [38]

7 Mild aortic stenosis with possible coexistent pulmonary stenosis [39]

8 A surcharge of the right auricle and ventricle compatible [40]

9 A systolic murmur, and generalized cyanosis developed during exercise [41]

10 Atrioventricular septal defect with pulmonary stenosis [42]

11 A small atrial septal defect (secundum type) and a double aortic arch [15]

12 Atrioventricular canal defect [8]

TABLE 2: Reported cases of Down and Klinefelter syndrome with congenital heart disease.

Conclusions

The described case of double trisomy with 48,XXY,+21 chromosomes could be a challenging diagnosis as the
only manifestation at birth are features typical of Down syndrome. In our case, the karyotype incidentally
showed an additional X chromosome. This finding is important for counseling parents about the possible
additional presentations of Klinefelter syndrome later during puberty.

In the presence of typical features of Down syndrome, we highly recommend proceeding with chromosomal
analysis in each case of phenotypic Down syndrome. Cytogenetic testing would confirm the diagnosis.
Moreover, excluding additional, albeit rare, chromosomal abnormalities, such as double aneuploidies, is
important.

Additional Information
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compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
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submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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