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Cytogenetic causes for recurrent spontaneous abortions —
an experience of 742 couples (1484 cases)
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BACKGROUND: First trimester pregnancy loss is a very
common complication and a matter of concern for couples
planning pregnancy. Balanced chromosomal
rearrangements in either parent is an important cause of
recurrent pregnancy loss particularly in the first trimester.
AIMS: In this study an evaluation of the contribution of
chromosomal anomalies in causing repeated spontaneous
abortions was made.

METHODS AND MATERIALS: A review of the cytogenetic
data in 742 couples (1484 individuals) with recurrent
spontaneous abortions who were examined for
chromosomal aberrations in the period 1990-2003 is
presented. Women who had at least two abortions, or
spontaneous abortions preceded or followed by fetal deaths
or birth of a malformed child, and patients who had recurrent
spontaneous abortions (> 3) with normal live issue/s were
studied.

RESULTS: Chromosomal rearrangements were found in
31 individuals (2%). These abnormalities included 22
(2.9%) structural aberrations, 9 (1.2%) numerical
anomalies. In addition to these abnormalities, 21 (3.2%)
chromosomal variants were also found.

CONCLUSION: Chromosomal analysis is an important
etiological investigation in couples with repeated
spontaneous abortions as it helps in genetic counseling
and deciding about further reproductive options.

Key words: Chromosomal abnormalities; reciprocal
translocation; recurrent spontaneous abortion;
Robertsonian translocation.

Early pregnancy loss in the first trimester is the most
common complication affecting at least 15-20% of the
clinically recognized pregnancies.!!! Recurrent
spontaneous abortion (RSA) is historically defined as

three or more consecutive pregnancy losses before 20—
22 weeks of gestation.? However, some investigators
feel that even two spontaneous losses constitute
recurrent miscarriage and deserve evaluation. In a
patient with a history of two miscarriages, the
subsequent risk of pregnancy loss rises to about 25%,
whereas three abortions raise the risk of a fourth
miscarriage to 33%. To date, however there is no clear-
cut threshold for the number of spontaneous abortions
that unequivocally warrants evaluation. It is not unusual
for perfectly healthy couples to experience three
consecutive spontaneous pregnancy losses, each for a
different reason and it has been seen that more than
half of recurrent abortions are due to nonrecurrent
causes.Fl Determining the cause of RSA can be
extremely difficult. Losses during the first trimester
usually are due to fetal genetic defects. The causes of
RSA can be often related to factors associated with
implantation, genetics, autoimmunity, endocrine
abnormalities, infection, alloimmunity and anatomic
uterine defects .The analysis of aneuploidies,
translocations and other gross structural aberrations of
the chromosomes have greatly helped to determine the
etiology in majority of cases of RSA. Pregnancies lost
in late gestations also have a high rate of chromosomal
abnormalities, roughly 30% in the second trimester and
5% in the third trimester./ In the present article we have
tried to analyze the cytogenetic causes in the couples
with spontaneous abortions.
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Methods and materials

In the present study 742 couples (1484 individuals)
with not less than two spontaneous abortions were
analyzed for the chromosomal abnormalities from the
year 1990 to 2003 in tertiary care hospital. These
couples were categorized as (1) couples only with
repeated spontaneous abortions (RSA), (2) couples
with RSA preceded by stillbirth (SB) or malformed child
(MC), and (3) couples with RSA and normal live issue/
s (NC). All the couples were in the age group ranging
from 19 to 39 years and number of abortions ranged
from 2 to 9. Consent was taken from each couple
informing them about the purpose of the study and was
counseled accordingly.

Peripheral blood (2 ml) was collected in heparin
vacutainers (Becton Dickinson, USA). For every subject
whole blood (0.5 ml) cultures was set up in 5 ml RPMI
1640 media (GIBCO BRL, USA) containing 15% fetal
calf serum (Biological Industries, KBH, Israel), antibiotic
mixture and phytohemagglutinin P (DIFCO Lab, USA)
for 72 h.B®l Giemsa trypsin banding (GTG) of metaphase
chromosomes was performed using standard
methodology.® In each case minimum of 25 complete
metaphase plates were scored and karyotypes
prepared. A minimum of 50 metaphases were further
analyzed for confirmation of mosaicism.

Results

Among 742 couples (1484 cases) studied,
chromosomal abnormalities were found in 31 (2%)
subjects including 24 females and seven males. Among
31 subjects, 22 (71%) showed structural aberrations,
and 9 (29%) carried numerical abnormalities. In
addition, 21 (1.4%) individuals were found to have
chromosomal variants. Among structural abnormalities
that formed the largest group of chromosomal
anomalies, reciprocal translocations were seen in 15
(68.2%),
chromosomes 6, 8, 11, and 18. Robertsonian
translocations were found only in four cases (18.1%)
involving chromosome 22;22, 21;22, and 13;14. Two
(9%) subjects showed deletions, one each in
chromosome 3 (pter — g 25) and 10 (pter — g22). The

cases which frequently involved

deleted portions of these chromosomes were present
in all the metaphases appearing as marker. Since both
these subjects were clinically normal, it was assumed
that there was no loss of chromatin following deletions
and these markers were actually the deleted part of
the chromosomes which otherwise was quite evident
from their banding pattern. One case of multiple
translocation involving chromosomes 6, 12, and 13 was
also reported in a woman [Table 1]. Inversion involving
chromosome 4 was observed only in one (4%) subject.
Numerical anomalies were found in 9 (17.3%) subjects
out of these, 3 (33.3%) subjects were mosaics with
monosomy 45, X along with normal cell line, 3 (33.3%)
subjects had 46, XXX karyotype with normal cell line
whereas 46, XXY karyotype was observed only in one
(13.2%) subject. Three cell lines showing 47, XXX,

Table 1: Structural chromosomal abnormalities

S. No. Reciprocal translocation Age Sex
1 46,XX t(1;5) (p33:935) 30 F
2 46,XX 1(2;11) (9q21:924) 22 F
3 46,XX 1(3;11) (q26:11pter) 28 F
4 46,XX t(3;17) (p22:p13) 26 F
5 46,XX 1(6;X) (g32:q22 27 F
6 46,XX 1(6;12;13)

(922:921:923:q12) 25 F
7 46,XX 1(6;18) (q27:921) 22 F
8 46,XY t(7;8) (q11:p1l) 25 M
9 46,XY t(7;13) (pter:ql3) 32 M

10 46,XX t(8;15) (q12:p11) 35 F

11 46,XY (8;18) (q23:p23) 30 M

12 46,XX 1(8;19) (p22:p13.3) 35 F

13 46,XX t(11;12) (p15:q22) 27 F

14 46,XX t(15; 8) (p13:022) 26 F

15 46,XX t(16;X) (q28:924) 30 F

Robertsonian translocation

1 1(13;14) 22 F
2 46,XX 1(13;14) 31 F

3 46,XX 1(21;22) 30 F

4 46,XX 1(22;22) 25 F
Deletion + marker

1 46,XYdel (10) (pter — q 22) + marker 30 M
2 46,XYdel (3) (pter — g25) + marker 36 MO
Inversion

1 46,XY inv (4) (p15:q13) 22 M
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45,X, and 46,XX were observed in two (22.2%) subjects
[Table 2].

Apart from these major chromosomal abnormalities,
chromosomal variants were found in 21 cases, which
included those with particularly large paracentromeric
constitutive heterochromatic blocks, large 1gh and 9gh,
inversion of chromosome 9 and variations in Y
chromosome [Table 3]. Three cases having fragile sites
involving 2q, 9q, 1p, and 16q were also observed.

[Table 4] shows the correlation of the patients with
chromosomal abnormalities according to their obstetric
history. Chromosomal anomalies were found to be
(4.1%) in couples with only RSAs. This frequency
decreased with the number of abortions per couple. The
maximum frequency was observed in cases with 2-5
abortions. In couples with history of SB or MC along

Table 2: Numerical chromosomal abnormalities

S. No Numerical % age Age Sex
42:5
1 47, XXX : 46,XX 8 35 F
2 47, XXY : 46,XY 5 36 M
45:5
26:52:
3 47, XXX 1 46,XX : 4 22 24 F
5,X0
25:7
47, XXX : 46,XX 5 25 F
5 47, XXX : 46,XX : 4 20:56: 30 F
5,X0 24
94 :
6 46,XX : 45,XO 6 27 F
80 :
7 46,XX : 45,X0O 20 30 F
72
8 46,XX : 45,X0O 28 28 F
62 :
9 47, XXX 1 46,XX 38 25 F

Table 3: Polymorphic chromosomal variants

S.No. Variants Number of cases Percentage
1 9gh+ 4 19.04
2 Pericentric inv (9) 3 14.28
3 22p+ 3 14.28
4 Fragile sites 3 14.28
5 16gh+ 2 9.52
6 15p+ 2 9.52
7 Yo+ 2 9.52
8 Yo- 1 4.76
9 1gh+ 1 4.76

Table 4: Major chromosomal anomalies according to
obstetric history

Indications  Number of couples Major Percentage (%)
chromosomal
anomalies

RSA * 480 20 4.1

RSA *

+MCT+SB#t 190 7 3.6

RSA *

+ NC § 72 4 5.5

* Repeated spontaneous abortions.
1 Malformed child.

1 Stillbirth.

§ Normal child.

with RSA, the frequency of chromosomal aberrations
observed was 3.6%, while in couples with RSA and NC,
this frequency was the highest at 5.5%.

Discussion

The evaluation of patients with a history of repeated
spontaneous abortions requires careful consideration
of potential genetic, anatomic, endocrine, infectious, and
immunologic factors. Assigning proper etiological role
to each of these contributing factors is often unclear,
however the specific information about the cytogenetic
makeup of the couples and if possible of the abortus,
still remains a primary focus during evaluation of such
cases. In this study, the incidence of chromosomal
abnormalities among the couples with RSA was 4% (2%
of individuals), and chromosomal variants were detected
in 1.4% individuals. The frequency reported in literature
varies from 2.9 to 5%~ except few studies,*%1Y in
which higher frequencies have been reported but the
number of subjects studied were less. The incidence of
chromosomal abnormality in couples with recurrent
abortions reported in one cumulative study was 2.86%
on an average,*? which is quite less than that of the
present study.

In this study, 31 cases (24 women and seven men)
had chromosomal abnormalities, and the female: male
ratio is 2.1 : 1. The predominance of females appears
to be due to the fact that chromosomal abnormalities
that are compatible with fertility in females may be
associated with sterility in males.3

The mean maternal age of subjects carrying
chromosomal anomalies was 30.2 years. There was no
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positive correlation of advanced maternal age with the
number of abortions observed in these subjects
indicating that the chromosomal abnormalities could
arise because of some reasons other than advanced
maternal age. According to this data about 78.3% of
the abortions were in the first trimester, 20% in the
second and 1.7% in the third trimester showing a positive
correlation between the number of abortions and the
gestational age. There was no increase in the rate of
chromosomal abnormalities relative to the number of
abortions in this study. This is in consonance with earlier
reports.'4 High frequency (5.5%) of chromosome
rearrangements in couples with RSA and NC [Table 4]
was also observed and this finding is similar to previous
reports. 416l

Robertsonian translocations were less frequent with
a frequency of 12.9%. Two cases with t(13q;14q) and
one each with t(22q;22q) and t(21q;22q) were observed.
Studies indicate that when the Robertsonian
translocation is maternal, there is greater risk that the
fetus will exhibit an unbalanced phenotype.*” Inversions
were very rare. Only one case was found involving
pericentric region of chromosome 4. The risk of
pregnancy loss with a chromosome inversion is not
known. It has been estimated that the risk of miscarriage
in couples with reciprocal translocations is approximately
25-50% whereas with Robertsonian translocation it is
approximately 25%.“ Deletions were observed in two
cases but there was no loss of deleted fragment as it
was retained in all the metaphases analyzed. It is thus
assumed that gain or loss of this fragment during
gametogenesis could have led to the chromosomal
imbalance in the fetus resulting in spontaneouse
abortion. But since the abortus material was not available
for analysis, the exact cause of fetal loss could not be
confirmed. Numerical aberrations were found in nine
cases, which included mosaics with two or three cell
lines. Turner mosaics were the most frequent (55.6%)
followed by mosaicism of polysomy of sex chromosomes
(44.4%).

In the present study a number of minor polymorphic
chromosomal variants were observed [Table 3]. In four
cases pericentric inversion of chromosome 9 was
identified but in most of the studies pericentric inversion
of chromosome 9 has been observed in cases without
any history of RSA.*® |n two cases the same inversion

was also observed in their live issues with facial
dysmorphism and other malformations. This indicates
the possibility of inversion nine to have a role in the
etiology of RSA. But more data and molecular genetic
studies are needed to confirm this possibility. Other
variants like quantitative (1gh, 9gh, 16gh, and Ygh) and
qualitative (15p and 22p)
polymorphisms, large satellites and fragments, have
been implicated in mitotic instability and a tendency
towards an increased risk for aneuploidy.*9

heterochromatic

Ideally chromosomal studies should be done on the
abortus material to know the contributory cause for that
abortion. But since most of the abortions were carried
out in the native places, where the patient belonged to,
it was not possible to collect the abortus samples.
Prenatal diagnosis was carried out in further pregnancies
in three couples with balanced reciprocal translocations.
Fetal karyotype in a couple with father having 46, XY
t(7;8) and in another case mother having 45, XX t(21;22)
was done. In both the cases the fetus was found to be a
carrier of the same translocation. Therefore the
pregnancies were continued and on follow up no
phenotypic abnormality was detected. In the third case,
the couple had eight abortions with the mother having
multiple translocations 46, XX, t(6;12;13). Although no
cytogenetic study was carried on the abortuses of this
subject, it was reasonable to associate her spontaneous
abortions due to unbalanced karyotypes in the fetus.?"
The proband conceived the ninth time after this
evaluation. The couple did not give consent for any
prenatal testing in view of bad obstetric history. She
delivered a full-term normal male baby without any
malformations. The karyotype of the baby was done for
balanced rearrangement and the baby was found to
have 46XY karyotype.

A collaborative study involving 71 European prenatal
diagnosis centers found a rate of 3.4% unbalanced fetal
karyotypes in couples in which a parent had a balanced
structural rearrangement.” Therefore all the couples
with balanced translocations should be strongly advised
to monitor their future pregnancies by prenatal diagnosis
to exclude the possibility of a chromosomally unbalanced
zygote. Cytogenetic studies give considerable
information about the genetic make up leading to RSA
and still remain an important tool. In the coming years,
newer advanced techniques will help to increase our
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understanding of RSA resulting in new and expedient
diagnosis and potential treatment.
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