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Introduction

Recurrent pregnancy loss is classically defined as 

the occurrence of three or more consecutive abortions; 

however, the American Society of Reproductive 

Medicine has recently redefined recurrent pregnancy 

loss as two or more abortions.[1] Pregnancy loss is a 

clinically recognized pregnancy, involuntarily ending 

before 20 weeks of gestation.[1] About 10 and 15% of the 

clinically recognizable pregnancies result in spontaneous 

miscarriages, with an additional preclinical loss of 

22%.[2,3] Nearly, 50% of the cases, the etiology remains 

unknown, although numerous different factors have 

been suggested to be involved including parental genetic 

makeup, uterine abnormalities, hormonal imbalance, 

hematological and immunological disorders as well 

as a variety of other phenomena such as infections, 

environmental exposures and more.[4]

The frequency of chromosomal abnormalities among 

couples with recurrent miscarriage varies from 2% to 

8%.[3,5‑10] The most commonly observed rearrangements 

are either reciprocal or Robertsonian translocations,[9] 

which lead to an unequal dispersion of chromosome 

content during meiosis that predispose to genetically 

unbalanced gametes thus resulting in a non‑viable 

fetus. Studies of couples who are balanced translocation 
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carriers indicate that as many as 80% of the pregnancies 
may end‑up in spontaneous miscarriage. Furthermore, 
two‑thirds of balanced autosomal translocation carriers 
are observed in couples experiencing two or more 
pregnancy losses. This is 30 times more than the rate 
being detected in the general population as shown 
by Fryns and Van Buggenhout.[9] Therefore, parental 
chromosomal assessment is important to understand 
the etiology for recurrent miscarriage.[3]

In this study, we aim to identify the types of 
microscopically visible structural abnormalities and their 
frequencies in the parents with recurrent miscarriages 
and compare the findings with that present in the 
literature. Moreover, comprehensive characterization 
of variants and marker chromosome was carried out, 
which could help in providing precise recurrent risk for 
the subsequent pregnancy.

Materials and Methods

A 19  years retrospective study was carried out 
in couples with a clinical diagnosis of recurrent 
miscarriages from the period of January 1994 to 
December 2012. Institutional ethics approval as well 
as patient informed consent was obtained. A  total 
of 4859 individuals  (2428 couples and three single 
female parents) were investigated for chromosomal 
abnormalities. In all the cases, detailed reproductive 
case histories were taken and karyotypes were 
generated. Metaphase chromosome preparations from 
the peripheral blood cultures were made according to 
the standard cytogenetic protocols. Cytogenetic analysis 
was performed by GTG‑banding at approximately 
550‑band level. Molecular cytogenetic techniques such 
as fluorescence in  situ hybridization  (FISH) and/or 
array‑comparative genomic hybridization  (CGH) were 
performed to comprehensively characterize small 
supernumerary marker chromosomes  (sSMCs). FISH 
was performed using commercially available whole 
chromosome paint  (WCP) probes for chromosomes 
13, 14, 15, 20 and 22. Microdeletion was confirmed 
using probe set obtained from Kreatech. Further 
characterization of structurally altered chromosomes 
was carried out using a probe for Yq12, centromeric 
probes for chromosome 13/21, 14/22 and 15, as well 

as a homemade probes set called subcentromeric 
multicolor FISH  (subcenM‑FISH).[11] Besides bacterial 
artificial chromosome‑probes RP11‑446P9 in 15q12, 
RP11‑408F10 in 15q13.1 as well as a WCP15 probes 
were applied in one case. A  total of 30 metaphases 
were analyzed for all the patients, but in cases of 
abnormalities and mosaicism, the number was extended 
to 100 metaphases. Chromosomal abnormalities were 
reported according to the current International System 
for Human Cytogenetic Nomenclature.[12] Along with the 
structural rearrangements and aneuploidies, common 
chromosomal variants were also studied.

Results

This study comprises of 4859 parents with the history 
of repeated miscarriages. Constitutional chromosomal 
abnormalities were detected in 170  (3.5%) whereas 
variants were observed in 78 (1.6%) individuals. Among 
the 170 individuals with abnormal karyotype, 121 (71.2%) 
were females while 49 (28.8%) were males, producing 
female to male ratio of 2.1:1 as shown in Table  1. 
Ten patients out of total studied cases had one or two 
deliveries of congenitally abnormal child or fetal/child 
death preceding the episodes of repeated miscarriages 
at the time of this study.

The mean age and range of parents with recurrent 
miscarriages were 30.6 years and 19‑46 years, respectively. 
The mean age for females was 28.7 years and 32.9 years 
for males. Cytogenetically detected chromosomal 
rearrangements are shown in Table 1. Of the 170 abnormal 
cases, the predominant rearrangements detected were 
translocations (n = 72; 42.35%) with reciprocal (n = 42; 
24.70%) translocations being the majority. This is followed 
by sSMCs  (n  = 8; 4.70%), mosaicism  (n  = 7; 4.11%), 
inversions (n = 3; 1.76%) and one case each (0.58%) of 
interstitial microdeletion and polymorphism of chromosome 
20 centromeric region. Tables 2 and 3 show the detected 
chromosomal breakpoints involved in the reciprocal and 
Robertsonian translocations, respectively. Reciprocal 
translocations involving three chromosomes were also 
observed in two cases. Female to male ratio was 2:1 for 
being a reciprocal translocation carrier when compared 
with 1.6:1 in Robertsonian translocation carriers. In 
cases of mosaicism, involvement of only X chromosome 
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was observed. Out of eight cases with sSMC, four were 

comprehensively characterized using FISH and/or 

array‑CGH of which details of three sSMCs are described 

elsewhere.[13] The remaining four patients declined further 

analysis [Table 4]. Chromosome 13 and 14 were the most 

frequently observed acrocentric chromosomes, whereas 

chromosomes 3, 4, 8 and 11 predominated among the 

autosomes with non‑involvement of X chromosome 

amongst reciprocal translocations, as shown in Table 4 

and Figure 1.

Among variants, inversion Y was the most commonly 

seen polymorphism (n = 45; 57.70%) while chromosome 9 

heterochromatin inversion was observed in 32% (n = 25) 

of the cases. Remaining cases showed variations in the 

satellite regions of acrocentric chromosomes and in the 

pericentric heterochromatic region of chromosome 9 

[Table 5].

Three selected cases of this study, in which further 

molecular cytogenetic characterization was carried out, 

are described below.

Case 1

An elderly couple was referred for chromosomal 

analysis to rule out inheritance of Robertsonian 

translocation [t(13;15)] detected in one of the son who 

expired at the age of 15 years due to uncontrolled weight 

gain. In addition, the couple had three first trimester fetal 

losses and one child expired at the age of 9 months due 

to uncontrolled seizures. Mother was chromosomally 

normal, whereas Robertsonian translocation was detected 
Table 1: Summary of cytogenetically detected 
chromosomal rearrangements
Chromosomal pattern Female (%) Male (%) Total (%)
Mosaicism 7 0 7 (4.1)
Structural 1 0 1 (0.6)*

Translocations
Reciprocal 28 14 42 (24.7)
Robertsonian 16 14 30 (17.6)

sSMCs 7 1 8 (4.7)
Inversion 1 2 3 (1.8)
Microdeletion 1 0 1 (0.6)**
Variants 59 19 78 (45.9)

Total 120 (70.6) 50 (29.4) 170
*One of the #20 was of the size of #16 and the FISH using WCP20 confirmed 
to be #20 only. However, in absence of further analysis this case has been 
placed under structural anomalies as polymorphic #20. **Details under case 3 
in text. sSMCs: Small supernumerary marker chromosomes, 
FISH: Fluorescence in situ hybridization, WCP: Whole chromosome paint

Table 2: Cases with reciprocal translocation
Reciprocal translocation Reciprocal translocation
46, XY, t (1;13)(q32;q32) 46, XX, t (4;16)(p14;p13)
46, XX, t (1;19)(q21;p13.1) 46, XY, t (5;7)(q13;q22)
46, XX, t (1;21)(q11;p11.2) 46, XX, t (5;14)(p15.3;q32)
46, XX, t (2;8;3)(q31;q22;p25) 46, XX, t (6;15)(q15;q15)
46, XY, t (2;10)(p23;q22) 46, XX, t (6;20)(q21;q13.11)
46, XX, t (2;15)(p23;q13) 46, XX, t (7;12)(p21;q14)
46, XX, t (2;17)(p21;p13) 46, XX, t (7;20)(q11.2;p11.2)
46, XX, t (2;21;4)(p12;q21;q34) 46, X, inv (Y), t (7;21)

(q22.1;q22.3)
46, XY, t (3;6)(q23;p11.2) 46, XY, t (8;14)(q23;q21)
46, XY, t (3;7)(p24;p21) 46, XY, t (8;15)(p23;q22)
46, XX, t (3;8)(q21;q24) 46, XX, t (8;21)(q11.2;p11.2)
46, XX, t (3;9)(q12;p22) 46, XX, t (9;11)(q34;q23)
46, XX, t (3;10)(p21;q22) 46, XX, t (9;16)(q22;q22)
46, XX, t (3;11)(q21;q21) 46, XY, t (11;18)(q23;p11)
46, XY, t (3;11)(q12;q26) 46, XX, t (11;22)(q25;q13.1)
46, XX, t (4;8)(q31;q22) 46, XX, t (11;22)(q22;q13.1)
46, XY, t (4;9)(q25;q22) 46, XY, t (12;15)(p11.2;q11.2)
46, XX, t (4; 10)(p13; q21) 46, XY, t (12;18)(q23;q23.1)
46, XX, t (4;11)(p14;q23) 46, XX, t (16;18)(q13;q21)
46, XX, t (4;14)(q21.3;q24) 46, XX, t (16;21)(p11.2;q22)
46, XX, t (4;15)(q35;q15) 46, XY, t (Y;14)(q12;p12)**
**Details are under case 2 in text

Table 3: Cases with robertsonian translocation
Robertsonian translocation Frequency
45, XX, der (13;14)(q10;q10) 6
45, XY, der (13;14)(q10;q10) 6
45, XX, der (13;15)(q10;q10) 1
45, XY, der (13;22)(q10;q10) 1
45, XX, der (14;15)(q10;q10) 2
45, XX, der (14;21)(q10;q10) 3
45, XY, der (14;21)(q10;q10) 1
45, XX, der (14;22)(q10;q10) 1
45, XY, der (14;22)(q10;q10) 2
45, XX, der (15;22)(q10;q10) 1
45, XY, der (15;22)(q10;q10) 2
45, XY, der (21;22)(q10;q10) 1
45, XX, der (21;22)(q10;q10) 1
45, XY, der (22;22)(q10;q10) 1
45, XX, der (22;22)(q10;q10) 1

Table 4: Summary of cases having mosaicism and marker 
chromosomes
Karyotype Frequency
Mosaicism

mos 45,X/46,XX 3
mos 47,XXX/46,XX 3
47,XXX (10)/46,XX (90) 1

sSMC
mos 47,XX,+mar/46,XX 2
mos 47,XY,+mar/46,XY 1
47,XX,+mar 1
47,XX,+mar.ish der(3)(:3p11.1‑>q11.2:)(pAEO.68+, 
RP11‑631O4+)

1

47,XX,+mar.ish der(5)(:p13.2‑>p11:)
(cep5+,RP11‑19F12+).arr 5p13.2p11
(37,552,360‑46,136,124) x3

1

46,XX,der (14;21)(q10;q10),+mar.ish
der(14) t (14;21)(q11.1;p11.2)(cep13/21+)
mat (cep14/22+)

1

46,XY, t(13;15)(q10;q10),+mar.ish t(13;15)
(p11.2;q13.2)(CEP15+,RP11-446P9+,RP11-
408F10+,midi54++)

1

sSMC: Small supernumerary marker chromosome
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in the father along with a small marker chromosome 
presented in all cells [46,XY,der (13;15)(q10;q10), +mar]. 
Further characterization of sSMC was carried out using 
subcenM‑FISH for chromosome 13 and probes for 
chromosome 15 as mentioned above. FISH confirmed the 
sSMC to be a “by‑product” of a Robertsonian translocation 
involving chromosome 13 and 15. Breakpoints were 
located in 13p11.2 and 15q13.2 region and the karyotype 
redefined as 46,XY,t(13;15)(p11.2;q13.2). Although the 
second child was not investigated for chromosomal 
analysis, the uncontrolled seizure could be due to the 
proximal imbalance on #15 [15pter→15q13.2] as seen 
in 38% of the cases with Angelman syndrome.[14] Hence, 
rearranged chromosome t(13;15) and sSMC when found 
together in the fetus, no phenotypic features are likely to 
be seen as observed in the father. This further confirms 
the utility of various FISH probes in the comprehensive 
characterization of sSMCs.

Case 2

A young couple was studied to rule out chromosomal 
anomalies as one child expired soon after birth due 
to gastroesophageal reflux. Although the female was 
chromosomally normal, the karyotype of the male showed 
additional genetic material on one of the acrocentric short 
arms, i.e.,  a karyotype  46,XY,der(14)add(14)(p11.2). 
Various FISH probes such as subcenM‑FISH Mix for 
chromosome 14 and cep 15 with a probe for Yq12 were used 
to confirm the derivative chromosome 14 as a reciprocal 
translocation involving #14p and #Yq  [46,XY,t(Y;14)
(q12;p12)]. It is a known heteromorphism without any 
clinical significance. This possibly point toward a different 
underlying pathology resulting in neonatal death rather 
than the involvement of altered chromosomes.

Case 3

A young couple had a history of two stillbirths at 
25 weeks of gestation due to cardiac anomalies. Both 
parent karyotypes were apparently normal at 550‑band 
resolution. After analyzing the family history, a FISH 
study using the probe for DiGeorge syndrome critical 
region was carried out and was found to be positive in 
the mother. This couple carries 50% risk of having same 
anomalies during the subsequent pregnancy.

Figure 1: Breakpoint distribution is based on cytogenetic data shown in Table 3. Chromosomes are arranged 
according to the number except X chromosome as no break point was detected. Below each chromosome the black 

color numerical indicates the chromosome number and the break points are colored according to the number of 
break observed in the study. Each star represent on the left of chromosome indicates if a breakpoint was observed in 

more than one case

Table 5: Cases with other forms of chromosomal 
alterations (variants)
Chromosomal abnormalities Male (%) Female (%) Total (100%)
Inversion Y 45 0 45 (57.7)
Inv (9)(p12q13) 10 15 25 (32.1)
15ps+ 0 1 1 (1.3)
22ps+/22cenh+ 4 1 5 (6.4)
9qh+ 0 2 2 (2.6)
Total 59 (75.6) 19 (22.4) 78
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In 10  cases, parents had a child born with free 

trisomy 21 in addition to one structural rearrangement of 

chromosome other than 21. In these cases, one parent 

was carrying a structural rearrangement, which the child 

partly inherited. Thus, these children were bearing two 

types of chromosomal aberrations: One was free trisomy 

21 and the other type was inherited from either parent 

carrying that particular aberration.

Discussion

The prevalence of 3.5% of chromosomal abnormality 

detected in the present study is in the lower limit of the 

range of 2‑8% reported in most studies [Figure 2]. Such 

variability among different studies is likely to be related 

to the number of subjects analyzed and the different 

composition of the populations examined as well as 

referral bias. The low frequency obtained in this study 

may be due to the large number of subjects involved 

with recurrent pregnancy wastages. It could also be an 

indication that more subtle or submicroscopic molecular 

causes that can’t be detected by cytogenetic analysis 

could be responsible for such losses among the subjects. 

However, the finding of this study is in agreement 

with the study of Dubey et al.[5] on 742 couples, which 

showed 2% risk of chromosomal abnormalities in 

subjects with recurrent spontaneous abortions, of 

which structural abnormalities formed the largest group. 
Approximately, twice the number of females was seen 
with chromosomal rearrangements compared with 
males. Translocations constituted about 70.5% of all the 
chromosomal abnormalities, which makes it the most 
common chromosomal abnormality. The study showed 
that females and males were involved in translocation 
with frequencies of 44  (61.11%) and 28  (38.89%) 
cases respectively. In the study of Al‑Hussain et al.,[15] 
a frequency of 86% was obtained with female to male 
ratio of 1.5:1. The study of Shafeghati et al.[16] is also in 
agreement with our findings. Reciprocal translocations 
were seen in twice the number of females compared 
with males, whereas no such sex predilection for 
Robertsonian translocation was observed. This sex 
predilection may be due to the fact that chromosomal 
abnormalities that are compatible with fertility in females 
may be associated with sterility in males. Supporting this 
hypothesis is the study, which showed a high frequency 
of structural chromosomal abnormalities among sperm 
cells with poor motility.[17] It is well‑established that 
carriers of balanced translocations are subjected to an 
increased risk of abnormal chromosomal segregation 
during meiosis. The consequences include infertility, 
multiple pregnancy losses and live born of abnormal 
offspring with multiple congenital malformations. The 
recurrent risk in the subsequent pregnancy depends 
upon the chromosomes involved, exact breakpoint and 

Figure 2: Various chromosomal aberrations (structural, numerical and variants) observed in the present study and its 
comparison with the literature
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sex of the carrier. This study did not show a definite 
pattern of translocation with regards to the type of the 
involved chromosome, however, chromosome 3, 4, 
8 and 11 were most commonly involved in reciprocal 
translocations while chromosome 13 and 14 ranked first 
amongst the chromosomes involved in Robertsonian 
translocations  [Figure  1 and Table  4]. Two cases of 
reciprocal translocations in which three chromosomes 
were involved in a particular translocation event was 
observed in our present study. Similar translocations 
were also observed before in the study of Manvelyan 
et al.[18] We were unable to find any correlation between 
specific break point and increased risk of miscarriages 
in the present study.

Inversions were noted in three of our cases 
involving chromosome 2, 3 and 8 among, which males 
predominated. Two were paracentric  [46,XY,inv (3)
(q21q25) and 46,XY,inv(2)(q13q20)] and a pericentric 
inversion was observed in one case  [46,XX,inv (8)
(p21q21.2)]. Though pericentric inversions have been 
detected in all chromosomes with varying frequencies, 
chromosomes 2, 5, 7, 9 and 10 are statistically more 
prone to rearrangements. As many as 1:100 people 
exhibit such inversions in the heterochromatic region of 
chromosome 9, which is considered to be a population 
variant.[19] Similarly, but less frequently, inversions are 
also found in chromosome 1 and Y.[19‑21] This study 
showed that inversion Y chromosome is the most 
common variant. It was seen in 1.87% of all male partners 
in this study and its relative high prevalence suggested 
that inversion was the most common chromosomal 
alteration associated with repeated pregnancy loss.[22‑24] 
The incidence observed was as high as 1 in 4 males 
having primary infertility or repeated miscarriages.[25] 
According to the report of Sheth et al.,[26] the incidence 
of the trait in Gujarati subjects with inversion Y was 2.2% 
while in China, Zhou et al.[27] showed that inversion Y 
is seen in 22% males with recurrent miscarriages. In 
general, inversion of chromosome 9 has been considered 
to be a normal polymorphism, as it mainly consists of 
centromeric heterochromatin with no known coding 
regions. However, the association of chromosome 9 
inversion with subfertility has been documented and it 
has been hypothesized that during an inversion event, 
there might be loss or suppression of the euchromatin 

chromosome region due to the position variegation effect, 
leading to abnormalities in children.[28,29] In the study of 
subfertility by García‑Peiró et al.,[30] it was discovered 
that there were significantly high meiotic alterations and 
aneuploidy rates, high‑sperm deoxyribonucleic acid 
fragmentation and altered seminogram parameters 
among males with inversion Y chromosome.

In the present study, the numerical chromosome 
aberrations were observed in seven cases of sex 
chromosome mosaicism altogether producing a 
frequency of 4.11%.

Mosaicism was rare and it has been postulated by 
some studies that low level sex chromosome mosaicism 
is more common among phenotypically normal individuals 
being karyotyped for a history of recurrent abortion and 
infertility.[31,32] If sex chromosome mosaicism is shown to 
be the predictor of early menopause, then its association 
with increased miscarriage could be explained.[33] 
Characterization of sSMC in case 1 revealed it to be a 
product of Robertsonian translocation of chromosome 
13 and 15 each. Thus, the pregnancy loss and the early 
death of two children could be explained by the loss of 
the proximal part of chromosome 13 and 15 as one of 
the children had inherited the translocated chromosome 
and not the marker. Absence of this would have led to 
uncontrolled weight gain and early death. In case 2, it was 
chromosome Y that was presenting with an additional 
material on #14. This shows different underlying etiology 
for the fetal death. These cases represent the utility of 
comprehensive characterization of structurally altered 
chromosome and detailed family history in concluding 
the cause of fetal death, as seen in case 3.

Carriers of balanced chromosome rearrangements, 
although phenotypically normal, experience recurrent 
adverse pregnancy outcomes as a consequence of 
formation of unbalanced gametes. In most cases, this 
chromosomal imbalance in zygotes is incompatible with 
viability expressed in the form of arrested embryos, 
failed implantation or spontaneous abortion. By selecting 
chromosomally balanced oocytes or embryos, in vitro 
fertilization success rates would be expected to improve 
for carriers of structurally altered chromosomes. Further 
characterization of such chromosomes would benefit 
both couples as well as genetic counselors in deciding 
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the reproductive options and estimating the recurrent risk 
in subsequent pregnancies, respectively.

We conclude that chromosomal disorders contribute to 
the underlying basis of reproductive failure in a varying 
proportion of cases. The identification of chromosomal 
abnormality as the etiology of recurrent miscarriage 
will facilitate counseling and appropriate patient 
management. Cytogenetic analysis of both males and 
females with decreased reproductive fitness is essential 
for predicting the success of assisted reproductive 
procedures. From the data, it can be hypothesized that 
inversion Y and 9 might be associated with high frequency 
and occurrence of repeated pregnancy wastages; their 
significance in the present study needs to be proved by 
further studies on patients with recurrent miscarriages. 
Furthermore, comprehensive characterization of variant/
marker chromosome could enable to calculate precise 
recurrent risk in the subsequent pregnancy.
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