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ABSTRACT Increase in chromosomal abnormalities is reported in patients referred with birth defects and infertility.
This study was aimed to carry out chromosomal analysis for the presence of cytogenetic abnormalities among
congenitally malformed children. The karyotypic status could be determined in 176 cases of the 195 malformed
children studied. Thirty (about 17%) children exhibited chromosomal anomalies. Among 85 cases with multiple
system malformations, 32 (37.6%) showed chromosomal abnormalities and all of them belonged to the category of
known syndromes. Chromosomal variants were observed in two children. Down syndrome was the most common
syndrome encountered. Evaluation of chromosomal abnormalities is important in understanding the etiology of
congenital malformations. Further, a correlation does exist between phenotypic features and the karyotype. Variants

are in general, not related directly to the phenotype.

INTRODUCTION

An increased awareness of the occurrence
of cytogenetic abnormalities in individuals
reporting infertility, mental retardation and/or
dysmorphism has increased the demand for
chromosoma analysis (Al Husainand Zaki 1999).
Several studies have documented anincreasein
chromosomal anomalies in newborn infants as
well asin children referred for cytogenetic eval ua-
tion (Miliaet al. 1984; Karukaya 1990; Panich
and Jinorise 1991; Kenueet al. 1995; Jung et al.
1999). The aim of this study was to determine
the frequency of chromosomal abnormalities
among children with congenital malformations
referred from varioushospitalsin thecity. Further,
an analysis of the frequency of system wise
malformations and chromosomal abnormalities
in the different categories would be helpful in
the establishment of phenotype-karyotype
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correlation, if any. Thus, the study would stress
thevalue of cytogeneticinvestigationin children
having abnormal clinical features.

MATERIALS AND METHODS

One hundred and three children (about 53%)
of thetotal 195 casesreferred had single system
malformations. Among the 92 children with
multiple congenital malformations, 52 (about 27%
of thetotal) were diagnosed to have known syn-
dromes and the rest 40 had unknown syndromes
(Teblel).

The study comprised of 195 children with
congenital malformationsreferred for cytogenetic
analysisfrom different sourcesduring the period
September 1994 to November 1999, Patientswere
referred from four major hospitals within the city
and by private practitioners. A questionnaire was
designed to document information on the clinical
features recorded by the respective pediatrician or
neonatol ogist. Dataon prenatal, materna obs-tetric
and family history were obtai ned through personal
interview of the parentsaccompanying the patients.
Clinica photographsweretaken when permitted.
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The age of the children ranged from one day
to 14 years. All thereferred patientswere broadly
classified into two groups based on malfor-
mation(s), namely single system malformations
and multiple system malformations. Multiple
system malformationswerefurther sub-classified
into known syndromes and unknown syndromes.
Known syndromes were those which were well
established (WHO 1989) whilethelatter werea
constellation of malformationsthat could not be
assigned to any previously known syndrome.

Peripheral blood sampleswere used to obtain
chromosomal preparations for analysis. Whole
blood cultureswere set up employing amodified
protocol (Hungerford 1965) Subsequently slides
were prepared and GTG- banded (Seabright 1971)
for analysis.

Twenty-five well-spread and well-banded
metaphases from each individua were analyzed
through oil immersion (100x). Chromosomal
abnormalities were designated according to
standard nomenclature (Mitelman 1995)

WEell-banded metaphases were photographed
using Nikon photomicroscope (L abophot-2).
NOVA (125ASA) black and whitefilm and K odak
(125ASA) colour film were used to photograph
banded metaphases and clinical features of
patients respectively.

RESULTS

The karyotype could be determined in 176
casesof the 195 malformed children subjected to
chromosomal analysis. Thirty two (about 18%)
children exhibited anomalieswhichincluded two
chromosomal variants. All 91 children who
exhibited single system malformations showed
normal karyotype. Among 85 caseswith multiple
system malformations, 32 (about 38%) showed
chromosomal abnormalities and all of them

belonged to the category of known syndromes
(Tablel). Twenty-ninechildrenwerereferred with
clinical features of Down syndrome (DS), of
whom twenty-seven showed an abnormal
karyotype (Table 2). Twenty-five DS children
exhibited trisomy for chromosome 21 of whom 16
weremalesand 9werefemales(Fig.1A). Onewas
a translocation Down carrying a Robertsonian
translocation between chromosomes 14 and 21
(Fig.1B) and the other wasamosaic withanormal
cell line besides the trisomic cell line. The
proportion of trisomic cellsin thelatter was 64%.
All the parents showed a normal karyotype.

Of the three patients who showed clinical
features typical of Turner syndrome (Fig. 2A),
only one showed atypical Turner karyotypewith
45,X chromosomal pattern (Fig. 2B) besides a
normal cell line. Theclinical featureswere short
stature, short and webbed neck, low hair line,
high arched palate, broad chest, widely placed
nipples and pulmonary valve regurgitation. The
only caseof Edward syndromewith characteristic
clinical features like low set ears, small chin,
prominent occiput, clenched hands with
overlappingindex andfifth fingers, single palmar
crease, rocker bottom feet, and ventricular septal
defect (Fig. 3A) was found to be trisomic for
chromosome 18 (Fig. 3B). A boy aged 10 years
with Cri-du-chat syndrome (Fig. 4A) exhibiting
short stature, microcephaly, downward slant of
eyes, facial asymmetry, mental retardation along
with ajolly appearance showed atermina deletion
at band 5p14 (Fig. 4B) (Table 2).

Chromosomal variantswere observed in two
children. The first was a boy with Ochoa syn-
drome with urofacial abnormalities, who
possessed a variant chromosome 14 showing a
prominent satellite (Fig. 5A). The father of the
boy who is also a carrier for this chromosomal

Table 1: Frequency of chromosomal abnormalities and variants in children with congenital malformations

System N n Chromosomal abnormalities / variants
No. %
Single System Malformations 103 91 0 0.0
Multiple Congenital Malformations 92 85 32 37.6
A. Known Syndromes 52 47 32 68.1
i. Down syndrome 29 29 27 93.1
ii. Other than Down syndrome 23 18 5 27.7
B. Unknown Syndromes 40 38 0 0.0
Total 195 176 32 18.2

N = number of malformed children referred

n = number of malformed children successfully karyotyped
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Fig. 1A. GTG-banded karyotype of female baby with Down syndrome: 47,XX,+21
Fig. 1B. GTG-banded karyotype of male baby with Down syndrome showing Robertsonian translo-cation:
46,xy,der (14;21)(q10;q10),+21
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Fig. 2A. Photograph of Turner child showing a short neck with a webbed appearance and low set ears.
Fig. 2B. GTG-banded karyotype of female child with Turner syndrome: 45,X

Table 2: Cytogenetic data in children with congenital malformations

System N n Karyotype Karyotype of carrier
parent(s)
Single System Malformations 91 - 46,XX  (36)
46,XY  (55)

Multiple Congenital Malformations 85
A. Known Syndromes 47 32
i. Down syndrome 29 16 47, XY +21 Normal

9 47, XX+21 Normal

1 46,XY,der(14;21) Normal

(q10;¢10),+21

1 47,XX,+21/46,XX Normal
ii. Other than Down syndrome 18 1 45,X/46,XX Normal

1 47,XX,+18 Normal

1 46,XY,del(5)(p14) Normal

1x* 46,XY,14ps+pat 46,XY,14ps+

1x* 46,X,inv(Y)(pl1lgl2) 46,X,inv(Y)(pllgl2)
B. Unknown Syndromes 38 46,XX  (20)

46,XY (18)
Total (I + 1) 176 32
18.20%

N = number of malformed children successfully karyotyped
n = number of children with chromosomal abnormalities / variants;
** Chromosomal variants

variant did not show any phenotypic abnormality. ~ phenotypic abnormalitieslike high forehead and
The other variant was a pericentric inversion ~ pear shaped skull, hypertelorism, high arched
involving thedistal heterochromaticregionof Y~ palate, hypotoniaand single palmar crease. This
chromosome (Fig. 5B) whichwasobservedina  inversion was inherited from his father who
child with Zellweger syndrome having  however, was phenotypically normal.
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Fig. 3A. Photograph of female baby with Edward syndrome showing low set ears, rocker bottom feet and

overlapping fingers

Fig. 3B. GTG-banded karyotype of the female baby with Edward syndrome: 47,XX,+18
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Fig. 4A. Photograph of the boy with Cri-du-chat syndrome showing microcephaly, small asymmetric
face, hypertelorism, low set ears and malocclusion of teeth.
Fig. 4B. GTG-banded karyotype of the male child with Cri-du-chat syndrome: 46,XY,del(5)(p14)

DISCUSSION

Single system malformations were found to
account for almost 53% of the total children
studied. This finding supports an earlier obser-
vation that isolated malformations account for
50% of the congenital anomalies (Winter 1996).
Down syndrome constituted the most common

syndrome, whichisin accordance with previous
reports (Navsariaet al. 1993; Kenueet a. 1995;
Al Husainand Zaki 1999).

About seventeen percent of the children
referred with malformations had chromosomal
abnormalities, excluding the chromosomal
variants. Thisisin agreement with earlier studies
reporting chromosomal abnormalitiesin 14.3%
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Fig. 5A. GTG-banded partial metaphase of boy with Ochoa syndrome showing a variant chromosome 14

(shown by arrow)

Fig. 5B. GTG-banded metaphase of the boy with Zellweger syndrome: 46,X,inv(Y)(p11g12). Insert shows

the inv(Y).

to 18% among the referred cases (Navsariaet al.
1993; Butler and Hamill 1995; Jung et al. 1999).
However, higher frequencies of about 21% to
27% of chromosomal abnormalities have been
observed in selected populations by other
investigators (Milia et al. 1984; Panich and
Jinorose1991) andit could beduetothedifferent
criteriaemployed in the selection of patients. An
increased rate of chromosomal abnormalitieswas
observed in a selected population with clinical
abnormalities in comparison to an unselected
population (Miliaet a. 1984).

None of the 91 children with single system
malformations showed any chromosomal
abnormality. Anomaiesinvolving asingle system
have beenrarely reported to carry sporadic chro-
mosomal abnormalities. Further, most of the
isolated malformations involving cardiac, ner-
vous and genito-urinary systems are known to
have multifactorial etiology (Mueller and Young
1995).

Trisomy 21 wasthe most common autosomal
trisomy observed in thisstudy. Similarly, various
investigators have recorded a high frequency of
trisomy 21 in a referred population and the
frequency varied from 5.7% t0 26.2% (Navsaria
etal. 1993; Kenueet d. 1995; Al Husainand Zaki
1999). Of 29 cases diagnosed to have Down
syndrome, 27 (93.1%) showed chromosomal
abnormalities- 25 exhibited trisomy 21, onehad a
Robertsonian transl ocation der(14; 21)(g10; q10)
and one was a mosaic - while two possessed a
normal karyotype. Previous studies havereported

asimilar frequency of chromosomal abnormalities
ranging between 82.6% to 97.6% among patients
with DS phenotype referred for cytogenetic
evaluation (Al Husain and Zaki 1999; Jung et al.
1999). A study of DS patientswith an apparently
normal karyotype but harboring small amount of
extra materia from chromosome 21, employing
molecular methods narrowed thecritical regionto
21g22.1to such adegreethat isfar below thelimit
of cytogenetic detection (Korenberg et a. 1990).

A single case of trisomy 18 was the other
autosomal trisomy registered in this study. Pre-
vious investigators have also reported such a
low frequency (Navsariaet al. 1993; Al Husain
and Zaki 1999). Of thethree patientsreferred with
Turner syndrome only one showed the typical
karyotypic abnormality, but in addition to the
normal cell line. In arecent study, 71% of the
Turner syndrome patientsreferred for cytogenetic
analysis had a normal karyotype (Ganguly and
Sahni 2003). Cri-du-chat syndrome was en-
countered in one patient and karyotypic analysis
revealed a terminal deletion at 5pl4. Various
molecular studies have mapped the break points
from distal 5p12.2 to 5p15.3 and significance of
5p14 deletion has been debated. It is pertinent to
note that the genotype-phenotype correlation
observed in our patient was comparableto other
patients (Mainardi et al. 2001).

A boy with Ochoa syndrome showed a
variant chromosome 14 that was paternally
inherited. A normal karyotype was shown in an
earlier report (Teebi et a. 1989). One patient with
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Zellweger syndrome showed an inversion of the
Ygh region inherited from his father who had a
normal phenotype. A variety of structural
aberrations involving the heterochromatic
segment of the Y chromosome without any
accompanying phenotypic effects have been
reported (Sumner 1990).

CONCLUSON

In conclusion, chromosomal abnormditiesare
animportant cause of congenital malformations,
emphasizing the need for cytogenetic evaluation.
Further, a correlation does exist between the
phenotypic features and the abnormal karyotype.
However, few cases with aclinical suspicion of
certain syndromes like Down syndrome and
Turner syndrome exhibited normal karyotype.
Molecular studies could have thrown light on
the precise genetic constitution of those patients.
Variantsarein general, not related directly to the
phenotype.

ACKNOWLEDGEMENTS

Y Risgrateful to The Directorate General of
Health Sciences, Government of India, New Delhi,
for providing scholarship during the study
period from 1994 to 1996. The authors thank all
the collaborating doctors from Government
R.S.R.M. Lying-in Hospital, Chennai, Perambur
Railway Hospital, Chennai, Institute of Social
Pediatrics, Stanley Medical College, Chennai,
Department of Pediatrics, Sri Ramachandra
Medical Collegeand Research Ingtitute, Chennai.
The authors thank all the patients and their
parentsfor their participation.

REFERENCES

Al Husain M, Zaki OK 1999. A survey of 1,000 cases
referred for cytogenetic study to King Khalid
University Hospital, Saudi Arabia. Hum Hered, 49:
208-214.

Butler MG, Hamill T 1995. Blood specimens from
patients referred for cytogenetic analysis: Vanderbilt
University experience from 1985 to 1992. South
Med J, 88: 309-314.

Ganguly BB, Sahni S 2003. X chromosomal abnormalities
in Indian adolescent girls. Teratog Carcinog
Mutagen, 23 Suppl 1: 245-253.

Hungerford DA 1965. Leukocytes cultured from small
inocula of whole blood and the preparation of
metaphase chromosomes by treatment with
hypotonic KCI. Sain Technol, 40: 333-338.

Jung SC, Kim SS, Yoon KS, Lee JS 1999. Prevaence of
congenital malformations and genetic diseases in
Korea. J Hum Genet, 44: 30-34.

Karukaya S 1990. Chromosomal abnormalities in a
selected population in Kurume. Kurume Med J, 37:
23-36.

Kenue RK, Raj AK, Harris PF, el-Bualy MS 1995.
Cytogenetic analysis of children suspected of
chromosomal abnormalities. J Trop Pediatr, 41:
77-80.

Korenberg JR, Kawashima H, Pulst SM, lkeuchi T,
Ogasawara N, Yamamoto K, Schonberg SA, West
R, Allen L, Magenis E et al. 1990. Molecular
definition of a region of chromosome 21 that causes
features of the Down syndrome phenotype. Am J
Hum Genet, 47: 236-246.

Mainardi PC, Perfumo C, Cali A, Coucourde G, Pastore
G, Cavani S, Zara F, Overhauser J, Pierluigi M,
Bricarelli FD 2001. Clinical and molecular
characterisation of 80 patients with 5p deletion:
genotype-phenotype correlation. J Med Genet, 38:
151-158.

Milia A, Cardia S, Aste A, Santucci S, Genazzani AR,
Mameli M 1984. Cytogenetic study on 282 patients
with suspected chromosomal aberration. Eur J
Obstet Gynecol Reprod Biol, 18: 207-210.

Mitelman F 1995. ISCN - An International System for
Human Cytogenetic Nomenclature. Basel: Karger.

Mueller RF, Young ID 1995. Genetics and congenital
abnormalities. In: Emery’s Elements of Medical
Genetics. 9th Edition, Edinburgh: Churchill Living-
stone, pp. 193-204.

Navsaria D, Mathews T, Conte RA, Verma RS 1993. Chro-
mosomal anomalies in 1,000 children referred with
suspected genetic disorders. Hum Hered, 43: 137-140.

Panich V, Jinorose U 1991. Chromosome analysis of
894 patients. J Med Assoc Thai, 74: 136-144.

Seabright M 1971. A rapid banding technique for human
chromosomes. Lancet, 2: 971-972.

Sumner AT 1990. Chromosome Banding. USA: Umwin
Hymen Inc., pp. 187-205, 283-309.

Teebi AS, Farag T, el-KhadifaMY, Besisso M S, a-Ansari
AG 1989. Urofacial syndrome. (Letter) Am J Med
Genet, 34: 608.

WHO 1989. International Classification of Diseases and
Related Health Problems. Vol. 1, Tenth Revision.
Geneva: WHO, pp. 795-851.

Winter RM 1996. Analysing human developmental
abnormalities. Bioessays, 18: 965-971.





