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ABSTRACT

A neonate with a double aneuploidy associ-
ated with congenital heart defect (CHD) suffered 
from cyanosis after birth. He had typical features 
of Down syndrome (DS) including hypertelorism, 
slightly lowset ears with protruding pinna. Doppler 
echocardiography indicated complex congenital heart 
disease with an ostium secundum atrial septal defect, 
enlarged right ventricle, and mild tricuspid valve re-
gurgitation. Further chromosomal analysis showed 
a karyotype of 48,XXY,+21: a double aneuploidy of 
DS and Klinefelter syndrome (KS). Until now, only 
seven cases of double aneuploidy associated with 
CHD defect have been reported.
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INTRODUCTION

A chromosome abnormality reflects an atypical 
number of chromosomes or a structural abnormality 
in one or more chromosomes including autosomes 
and sex chromosomes. Trisomy 21, also named 
Down syndrome (DS), is caused by the presence of 
an additional autosome, affecting 1/700 live births 

[1]. Klinefelter syndrome (KS) is a genetic condi-
tion in which humans have an extra X chromosome, 
resulting in a 47,XXY karyotype [2]. This karyotype 
exists in roughly between 1/500 to 1/1000 live male 
births, while most people do not show symptoms 
[3]. Though trisomy 21 and numerical sex chromo-
some anomalies are both common chromosome dis-
orders, the cooccurrence of chromosomes 21 and X 
is rare [4]. Several cases of double aneuploidy of 
XXY and trisomy 21 have been published since the 
first report by Ford et al. [5] in 1959; only seven 
patients suffered from aneuploidy (DS + KS) as-
sociated with congenital heart defect (CHD) [5-7]. 
The effect of maternal age is certainly demonstrated 
in trisomy 21 and 47,XXY aneuploidy, respectively 
[4]. Herein, we described a case of 1-day-old boy 
who exhibited the karyotype of 48,XYY,+21 with 
CHD, who was born to young parents.

CASE REPORT

A 13-hour-old male infant, the first-born of a 
non consanguineous marriage to a 23-year-old fa-
ther and a 21-year-old mother, presented cyanosis 
half an hour after birth. The baby was delivered by 
Cesarean section at a local hospital at 38 weeks’ ges-
tation because the ultrasound assessment showed 
the amniotic fluid was less than normal. He was 
gravida 3, para 1, and born without asphyxia histo-
ry. His birth weight was 2750 g with an Apgar score 
of 10 at 1 min. Half an hour after birth, he exhibited 
cyanosis of the lips and face when taking a bath. He 
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was immediately administered oxygen inhalation 
using head hood and medicine treatment through 
an intravenous injection. He was transferred to our 
hospital due to the fact that his symptoms did not 
improve after therapy. On the way to our hospital, 
he was administered oxygen inhalation through a 
nasal catheter, and the cyanosis was relieved.

Physical examination showed that the child 
was 50 cm in height and his head circumference 
was 33.5 cm. The boy’s anterior fontanelle was 
patent and flat without broadening cranial sutures. 
The genitalia were normal immature male. On ad-
mission, he presented with tachypnea, cyanosis 
and slight hypertonia. The features of DS including 
hypertelorism, slightly lowset ears with protruding 
pinna, were obvious.

Chest radiography showed exudative lesions in 
the lungs. Two-dimensional echocardiography indi-
cated complex CHD with the presence of an ostium 
secundum atrial septal defect (diameter 0.6 cm, 
bidirectional shunt flow), enlarged right ventricle 
and mild tricuspid valve regurgitation (Figure 1). 
Cytogenetic study performed on peripheral blood 
samples using standard procedures revealed a com-
plement of 48 chromosomes with two extra chro-
mosomes in the G group. Fifty metaphases from 
PHA-stimulated peripheral blood lymphocytes 

demonstrated a karyotype of 48,XXY,+21 accord-
ing the International System for Human Cytogenet-
ic Nomenclature (ISCN) (2009) (Figure 2). There 
was no evidence of mosaicism and the diagnosis of 
double aneuploidy involving chromosome 21 and X 
was made. Chromosomal karyotypes of the parents 
were unknown due to their refusal to be tested, and 
they were counseled accordingly.

DISCUSSION

Double aneuploidy, the existence of two chro-
mosome anomalies in the same person, is rare, which 
can involve autosomes (chromosome 13, 18 or 21) 
and sex chromosomes. The causes of aneuploidy are 
not well-documented, however, it is known that the 
most common chromosomal mechanism is meiotic 
non disjunction. The cause of non disjunction is also 
uncertain. Non disjunction can occur during meio-
sis I when the chromosome pairs fail to separate or 
during meiosis II when chromatids fail to separate. 
Generally, the mother contributes the extra chromo-
some 21 in 85.0% and the father in 15.0%, of cases. 
However, the extra X chromosome is contributed by 
the parents contribution in 50.0% of cases.

Our patient is an infant, who exhibited typical 
DS features with a 48,XXY,+21 karyotype, born at 

Figure 1. Doppler sonogram showing (A) and (B) an ostium secundum atrial septal 
defect (diameter 0.6 cm, bidirectional shunt flow and C an enlarged right ventricle, (D) 
mild tricuspid valve regurgitation.
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term to a 21-year-old mother and 23-year-old father. 
It is evident that the risk for trisomy 21 in offspring 
increases with maternal age, and the maternal age ef-
fect was also demonstrated in the 47,XXY aneuploi-
dy [4]. A previous study also suggests women aged 
20 through 24 years have the lowest prevalence rate 
of DS (1/1400 births), and for women aged 35 years, 
the rate is approximately 1/350 births, and for wom-
en over 45 years old, the rate rises to 1/25 births [5-
6]. Thus, maternal age-related factors seem to play a 
more important role in the etiology of 48,XXY, +21 

than genetic predisposition. Kovaleva and Mutton [4] 
reported that the double aneuploidy of 48,XXY,+21 is 
age-dependent, with a mean maternal age of 33 and a 
mean paternal age of 37.9. However, in our case, the 
parents were very young. From the published cases, 
we can conclude that the paternal ages are remark-
ably different in patients with a double aneuploidy of 
48,XXY,+21 associated with CHD (Table 1) [7-13]. 
The exclusion of advanced maternal age as risk fac-
tor for chromosomal non disjunction in the present 
case suggests the existence of other risk factors.

Figure 2. Karyotype of the infant with 48,XXY,+21. The arrows indicate 
the extra chromosome and X.

Table 1. Characteristics of the double aneuploidy 48,XXY,+21 with congenital heart defect.

Sex-Age Characteristics of CHD Parental Ages References
Mother Father

M-8 mild aortic stenosis with possible coexistent pulmonary stenosis 26 29 8
M-15 a systolic murmur and generalized cyanosis developed during exercise NA NA 9
M-2 atrioventricular septal defect with pulmonary stenosis 25 28 10
M-14 months a small atrial septal defect, a double aortic arch 36 NA 14
M-3 months interatrial communication 13 24 11
Fetus atrioventricular canal defect 33 39 12

M-4 months large atrial and ventricular septal defect with patent ductus artriosus, 
pulmonary hypertension and mild tricuspid regurgitation 30 32 13 

M-1 day ostium secundum atrial septal defect, enlarged right ventricle, mild 
tricuspid valve regurgitation 21 23 this study

NA: not available.
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The occurrence of double aneuploidy of DS 
combined with KS is unclear, not to mention the 
double aneuploidy associated with CHD. Approxi-
mately 65 cases of double aneuploidy of XXY and 
trisomy 21 have been published since 1959, and 
there are only eight cases associated with CHD [12-
14], including our case (Table 1). It is well known 
that 40.0-50.0% of patients with DS and half the pa-
tients with KS have CHD [15]. The incidence of car-
diovascular anomalies in patients with 48,XXY,+21 
karyo-type is not clear. To the best of our knowl-
edge, only eight case reports of CHD in these pa-
tients have been published (Table 1). These patients 
have less vascular anomalies than the general popu-
lation, probably because of an increased inhibition 
of vascular endothelial growth factor, whose genes 
are located on chromosome 21 [16].

In conclusion, DS-KS syndrome is an extreme-
ly rare condition. We present a case of 48,XXY,+21 
karyotype with typical features of DS, whose par-
ents were very young. Together with the other seven 
cases of double aneuploidy associated with CHD, 
the maternal ages are different, which do not sup-
port the maternal age effect.
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