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INTRODUCTION

When considering the probability of success with 
regards to conception (POC), the results of human repro-
duction are quite poor. About 78% of all fail to complete 
[1]. Indeed, the combined data from numerous studies  
of women attempting to be pregnant revealed a 42% pre-
implantatory loss rate among clinically proven pregnancies 
(by the presence of HCG) [2,3]. Furthermore, the overall 
net fertility for patients aged between 20 and 30 years  
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Spontaneous abortion is the most common pregnancy related complication, and more 
than half of these pregnancy losses are attributed to chromosomal abnormalities. 
Cytogenetic analysis of spontaneous abortion products provides valuable information 
on the nature and frequency of chromosomal abnormalities in various populations, their 
origin and the risk of recurrence in a population. Characterization of chromosomal 
abnormalities in spontaneous miscarriages or fetal deaths using both classical and 
molecular cytogenetics to discover the incidence and types of chromosomal aberrations. 
One hundred and thirty-two samples derived from cases of spontaneous abortion 
and fetal death in utero were sent for analysis to the medical cytogenetics department  
of Clermont-Ferrand (France) between January 2011 and December 2015. The various 
specimens were carefully dissected and cultured to produce karyotypes. In case of culture 
failure or microbial contamination, a Bac en Beads analysis (BoBs™) has been performed. 
All abnormalities detected by caryotype or BoBs™ were confirmed by Fluorescent In Situ 
Hybridization
Cytogenetic analysis was successfully performed in 89% of cases (117/132). For normal 
karyotypes, male-female ratio was 0.81. Twenty-five karyotypes involved chromosomal 
rearrangement, which represents 21.4% of all cases (25/117). Karyotype failed in 41%  
of all issues (54/132). A BoBs™ analysis was performed when cultures failed; it was 
found to be uninformative in 15 cases and revealed 2 chromosomal abnormalities.  
The average gestational age in aberrant karyotypes was 17.12±8.89 SA, while the average 
age of mothers was 31.55±6.67 years. The presence of a chromosomal abnormality 
may explain the cause of the miscarriage, hence, will improve genetic counseling and 
reproductive planning.
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is between 21 and 28% [4], a fairly low level compared 
to most other mammalian species. Spontaneous abortion 
(SA) is the most common complication during pregnancy 
[5,6]. It is defined as the spontaneous loss of a clini-
cally recognized pregnancy before viability (20 weeks  
of pregnancy) [7]. The majority of spontaneous abortions 
occur during the first trimester [7,8], but losses continue 
to occur throughout the second and third trimester  
of pregnancy, with a slight increase in term mortality [9].  
It is estimated that about 15-20% of all clinically recognized 
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pregnancies fail early [10], but the overall prevalence  
is probably 4-5 times higher [11]. 

Obstetricians group losses before 20 weeks under the 
term “abortions” and fetal losses later under the term “fetal 
death in utero” (FDIU). The causes of these losses are 
numerous and diverse, but fetal chromosomal abnormalities 
account for at least half of cases before 12 weeks, and nearly 
a third of miscarriages in the second trimester [12]. These 
can be meiosis, mitosis or fertilization errors. These embry-
onic chromosomal abnormalities are related to the age of the 
mother, the number of previous miscarriages or other factors 
[13]. Between 25% and 50% of all women experience one or 
more SAs during their reproductive life, often due to a chro-
mosomal anomaly of the conceptus [14,15]. Nearly 90% 
of the women concerned have new pregnancies and do not 
miscarriage. However, for a small but significant percentage, 
this is repeated: This is referred to as “repetitive spontaneous 
abortion” (RSA), defined as two or more clinical pregnancy 
losses not necessarily consecutive [16]. Thus, cytogenetic 
analysis of (POCs) is essential to establish the etiology of 
fetal losses and assess patients at risk of recurrence in future 
pregnancies by providing valuable information for genetic 
counseling and reproductive planning [17,18].

The objective of this study was to discover the incidence 
and types of chromosomal aberrations in an unselected series 
of spontaneous miscarriages in the French population.

MATERIAL AND METHODS

One hundred and thirty-two products of SA (n=34) and 
FDIU (n=98) were sent for analysis to the medical cytoge-
netics department of Clermont-Ferrand (France) between 
January 2011 and December 2015. The average gestational 
age at the time of the various samples was 21.62±9.04 
(between 7 and 40 weeks gestation). The average maternal 
age was 30.58±6.53 years (between 16 and 45 years). All 
women provided written consent. The samples consisted 
of biopsy specimens from products of curettage (n=74), 
placenta (n=26), fetal skin fibroblasts (n=21) and chorionic 
villi (CV) (n=11). All samples were previously analyzed 
to eliminate non fetal parts and maternal decimal remains. 
The various samples were carefully dissected and cultured 
to produce karyotypes according to standard procedures. 
A minimum of 15 to 20 G-band metaphases were analyzed 
for each sample.

Karyotypes and chromosomal aberrations were classified 
and identified in accordance with the current International 
Standard Nomenclature for Human Cytogenomic (ISCN) 
[19], a mosaicism was defined as reported by this same 
nomenclature: the loss of a chromosome must be detected 
in at least three cells, the gain of a chromosome and/or 
a structural chromosomal aberration must be present in at 
least two metaphases. In case of culture failure or microbial 
contamination, a Bac en Beads analysis (BoBs™) was per-
formed. This assay is used for the rapid detection of gains 
and losses of DNA in 75 regions, including aneuploidies 
of chromosomes 13, 18, 21, X and Y, as well as gains and 
losses in nine microdeletion syndrome regions that are often 
associated with genetic disorders. The assay was read using 
a Luminex 200 analyser, and the fluorescence data were 

analysed with BOBSOFT_software developed by the assay 
manufacturer (PerkinElmer, Wallac Oy, Turku, Finland). 
BoBs™ test was performed according to the manufacturer’s 
protocol described above [20].

DNA was obtained from different samples without 
cell culture using the QIAamp DNA Mini Kit (Qiagen, 
Germany). A sample was defined as “normal disomic” when 
the fluorescent ratio was approximately 1.0 for all tested 
loci. When there were deletions or gains, the probe ratios 
were outside the normal expected ratio range determined by 
the software for each sample. All abnormalities detected by 
caryotype or BoBs™ were confirmed by Fluorescent In Situ 
Hybridization (FISH). Alpha-satellite probes for the centro-
meric regions (CEP probes for chromosomes X, Y, 13,18 
and 21 or locus specific probes were prepared according to 
manufacturer’s instructions (Abbott). Slides were placed in 
ThermoHybaid (denaturation at 73°C for 2 min followed 
by hybridization at 37°C overnight), then counterstained 
with DAPI/Vectashield. Finally, slide epifluorescence was 
observed under microscope (Axioplane 2 imaging), fitted 
with camera (CoolCube 1) and analyzed using Metafer 
(Metafer METASYSTEMS). The samples were studied 
using the following sequential protocol (Figure 1).

Figure 1. Flow chart of the sequential protocol used in the study

RESULTS

Cytogenetic analysis (CA) was successfully performed 
in 89% of all cases (117/132). Male karyotypes accounted 
for 43% of the total number of cases (49/117), while female 
karyotypes accounted for 57% of all cases (68/117). We 
counted 44 normal male karyotypes and 54 normal female 
karyotypes, that is a male-female ratio of 0.81. Twenty-five 
karyotypes involved chromosomal rearrangement, which 
represents 21.4% of the full number of cases (25/117). 
Karyotype failed in 41% of all cases (54/132) due to absence 
of cell proliferation or microbial contamination. A BoBs™ 
analysis was performed when cultures failed, and was found 
to be uninformative in 15 cases. It revealed 2 chromosomal 
abnormalities. The average gestational age in aberrant karyo-
types was 17.12±8.89 SA, while the average age of mothers 
was 31.55±6.67 years. Chromosomal abnormalities were 
identified in Tables 1 and 2.
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Structural anomalies (n=9)
Contrary to all expectations, and while usually aneu-

ploidies represent the most common aberrations in POCS, 
structural changes were the most represented in our study 
sample, representing 36% (9/25) of the total aberrations. 
Among them, 5 translocations (2 reciprocal translocations 
both inherited from the father, and three Robertsonian trans-
locations), two inversions and two deletions (one revealed 
by BoBs™).

Triploidy (n=8)

Triploidy is the second most common type of karyotypic 
abnormalities detected, with 32% of all cases (8/25), includ-
ing one case in mosaic (69,XXX[8]/46,XX[8]).

Trisomies (n=7)

Trisomies accounted for 28% (7/25) of the total aberra-
tions. All were free and homogeneous. Thus, we found: four 
trisomies 21, two trisomies 18, of which one was revealed by 
BoBs™ due to culture failure (Figure 2) and confirmed by 
FISH, and a sexual trisomy (Klinefelter Syndrome 47,XXY).

Monosomy (n=1)

Only one aberrant karyotype (4%) had gonosomal 
monosomy (45,X).
Table 1. Conventional cytogenetic results and obstetric history in 
23 spontaneous abortions or foetal deaths with abnormal karyotype
Patients Maternal age

(Years)
Gestationnal 
age (Weeks) Obstetric history Cytogenetics 

analysis (CA)

1 32 12 Unknown 69,XXX[8]/46,XX[8]
unknown

2 36 10
G5P0 (5 SA) 
(Father with 

t(7;12)(q32;p13)

46,XX,t(7;12)(q32.
p13)pat

3 41 13 G4P2 (1 SA) 47,XY,+21

4 26 9
G5P0 

(Father with 
t(3;6)(p22;q23)

46,XX,t(3,6)
(p22;q23)

5 33 16 Unknown 69,XXX

6 29 12 Unknown 69,XXY

7 33 14 Unknown 47,XY,+18

8 22 13 Unknown 45,X

9 33 33 G1P0 69,XXY

10 41 11 Unknown 47,XY,+21

11 Unknown 39 Unknown 47,XYY

12 39 14 Unknown 47,XY,+21

13 24 13 G4P0  
(1 SA + 2 TOP)

46,XX,der(1)t(1;9)
mat

14 29 26 G1P0 69,XXX

15 45 13 G1P0 47,XX,+21

16 Unknown 12 Unknown 45,XX,der(13;14)
(q10;q10)pat

17 24 21 Unknown 69,XXX

18 35 8 G2P1 45,XX,der(13;21)
(q10;q10)

19 27 15 G2P1 46,XY,del(3)
(q23q26)

20 21 13 Unknown 69,XXX

21 Unknown 23 Unknown 46,XX,inv(9)
(p11q13)

22 Unknown Unknown G4P3 69,XXY

23 31 17 G3P2 46,XY,inv(9)
(p11q13)

SA: Spontaneous abortion; G: Gravida; P: para ; TOP: termination of 
pregnancy

Table 2. BoBs™ studies in 2 cases of spontaneous abortion and 
foetal death with culture failure
Patients Maternal age

(Years)
Gestationnnal 
age (Weeks) Obstetric history Cytogenetics 

analysis (CA)

1 25 40 Unknown
BOBs XY del17 

(FISH confirmation 
17p13.3)

2 27 14 G3P1(1 SA)
BOBs XY;T18 (FISH 
confirmationTel18p/

Tel18q)
SA: Spontaneous abortion; G: Gravida; P: para 

Figure 2. Case whit trisomy 18: BoBs™ profile with gain in 
chromosome 18

DISCUSSION

Cytogenetic studies provide valuable genetic information 
that can be extremely useful for genetic counseling and be 
a predictor for future pregnancies. The cytogenetic analysis 
carried out as part of our study provided a result in 89% of 
the total number of cases. The karyotype was successfully 
carried out in 59% of all cases. Indeed, and despite the emer-
gence of many molecular cytogenetic techniques, karyo-
type remains the first-line examination in genetic analysis 
of pregnancy losses in most laboratories [21]. Recent studies 
have shown its reliability and effectiveness in highlighting 
aneuploidies related to spontaneous abortions [18,22,23]. 
The success rate of the karyotype in our study historically 
corresponds to the success rates of between 48 and 59% 
reported by the literature [24,25]. Cytogenetic studies have 
always been limited, after evacuation of the product of con-
ception retained in utero, by two aspects: contamination 
of samples by maternal cells and the absence of prolifera-
tion of cells in vitro linked to in utero maceration of the 
conceptus. The majority of our samples were taken after 
removal from POCs and received in a relatively advanced 
maceration state, which could explain our high karyotype 
failure rate (41%). These rates tend to be greatly reduced, 
by removing CV prior to discharge and treating it within 
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a few hours, thereby minimizing the risk of microbiological 
contamination and improving the short-term culture success 
of the karyotype [18,22].

The male/female ratio among normal karyotypes in this 
study was 0.81 which is similar to the literature data. Shearer 
et al. [22] had actually observed a ratio sex of 1.0, while 
this was a constant feature in the study of Eiben et al. [26] 
(male-female ratio sex estimated at 0.71). These findings 
support the theory that there is a specific disadvantage in the 
development of early embryonic female conceptus [26,27]. 
The almost balanced male-female ratio in normal chromo-
somal pregnancy losses is largely due to the absence of 
maternal contamination: the fetal parts studied having been 
thoroughly analysed and dissected. Another theory advanced 
by later studies is that the excess of normal female karyo-
types increases with gestational age [26], which is the case 
for our study.

The frequency of chromosomal abnormalities was only 
21.4%, which is lower than literature data [12,28,29]. 
However, the proportions of chromosomal aberrations 
among the different spontaneous studies on miscarriages 
have always been extremely varied. Table 3 compares the 
results of recent studies on success rates, failure rates and 
frequency of abnormalities.
Table 3. Success rate of POCs karyotype in recent studies

Study Samples (n) Tissue Success rate, 
%

Abnormality 
rate, %

Doria et al., 2009 
[12] 332 FT 74,6 36,6

Shearer et al., 2011 
[22] 3418 CV 90 55

Jenderny, 2014 
[27] 534 CV 73 61

Wang et al., 2014 
[30] 5457 CV or FT 75 45

Soler et al., 2017 
[18] 1119 CV 90,3 70,3

CV: chorionic villi; FT: fetal tissue

The difference between the frequencies of chromosomal 
aberrations revealed by conventional cytogenetics in POCs 
in the literature can be associated with many factors, essen-
tially: the characteristics of the studied sample (gestational 
age, maternal age) and the protocol used by the laboratory 
[18]. Our results must, however, be analysed with particu-
lar attention, taking into account that samples of products 
of miscarriage with cytogenetic aim are rarely carried out 
before 12 SA, it is, therefore, possible that this is due to the 
fact that gestational age in our series was high (21,62±9,04 
weeks), whereas, usually, most cytogenetic studies are per-
formed on AS occurring during the first trimester of preg-
nancy [12,13,23,31]. However, the genetic factor in the 
losses of pregnancies in the second and third trimesters is no 
longer the first order of the causes of these failures. Indeed, 
a negative correlation was observed between the frequency 
of chromosomal abnormalities and the gestational age of 
the products of conception by Pylyp et al. [23]: their study 
revealed that in the 11th week of gestation, only 38.6% of all 
POCs had chromosomal abnormalities (compared to 46.7% 
to 55.5% in week 4-10). This decrease in the frequency of 
chromosomally abnormal POCs at week 11 of gestation may 
be mainly due to the end of a major fraction of abnormal 
chromosomal pregnancies at that time, as well as a decrease 
in the risk of confined placental mosaics in cases where fetal 
fibroblasts have been studied [23]. Abnormal karyotypes are, 

therefore, less frequently found as pregnancy progresses, 
with most non-viable abnormal pregnancies having already 
ended in miscarriage. During the second trimester of preg-
nancy, infections become the primary cause of pregnancy 
loss. Gaillard et al. [32] studied 462 pregnancy losses in 
the second quarter, 78.6% of which had recently occurred 
because their maceration was not extensive, ascending infec-
tions accounted for 85% of these abortions.

Numerical anomalies were a large part of the anoma-
lies identified in our study sample. The average maternal 
age was higher in the sample with abnormalities. It is well 
known that maternal age is an important risk factor, although 
strongly correlated with parity and reproductive history, 
the literature clearly shows a strong and independent effect 
of maternal age on the risk of spontaneous abortion [5]. 
The trisomies came in the first position of the aneuploidies 
observed, trisomies 21 were the most common (n=4/7). 
This aneuploidy is described as one of the most common 
in preimplantation embryos at the blastocyst stage and in 
POCs [33-35]. All cases of trisomy 21 (n=4) were from 
mothers over the age of 39 (41, 41, 39 and 45 years, respec-
tively). Many studies have endorsed this trend [26,36,37], 
demonstrating that non-viable and viable trisomies showed 
a significantly increased trend with maternal age, particu-
larly trisomy 21 [13]. In contrast, the trisomies 18 (n=2) 
observed in our study came from young mothers (27 and 33 
years, respectively). This finding is supported by the study 
by Soler et al. [18] which showed no correlation between 
trisomies 18 and advanced maternal age. It also confirmed 
the elimination of most trisomies 18 early during pregnancy, 
which is the case in our study.

Many studies have shown that the risk of monosomy X 
does not also appear to be related to maternal age [38,39]. 
We observed only one case of monosomy in our study 
(45,X) which did not deviate from this observation (maternal 
age=22 years). Elimination of this monosomy also occurred 
very early in pregnancy (13 SA), which is the case for 99% 
of all POCs with monosomy X [40]. Monosomy X is more 
likely to be derived from the meiotic error of the father 
than the mother [41], which could probably explain why the 
frequency of monosomy X is not associated with maternal 
age [13].

Only one sexual trisomy was revealed by our cytoge-
netic analysis: 47,XXY (Klinefelter’s Syndrome). Karyo-
type 47,XXY also appears to be associated with advanced 
maternal age [26,42,43], but the age of the mother in our 
study was unknown, thus we cannot provide support for 
this theory or contradict it. On the other hand, this FDIU 
occurred very late in pregnancy (33 weeks of gestation), 
which is not an exceptional fact given that sexual trisomies 
are part of viable trisomies, but the majority of conceptions 
47,XXY do not survive to term [44].

Triploidy constitutes between 1% and 3% of aberrations 
encountered in recognized pregnancies, 99% of which occur 
during the first or second trimester [45]. The frequency  
of 32% (n=8/25) is greater in this study than in other impor-
tant previous reports [22,26,46]. Triploidy often has the origin 
of double fertilizations (dispermia, digynia), it occurs most 
often in young women [26,36,37]. All triploidy observed  
in our study came from mothers under the age of 32.
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Structural rearrangements were found in 32% (n=9)  
of all abnormal cases, which is significantly higher than 
literature data (4% for Jenderny et al. [27], 4.9% for Gardner 
et al. [15], 5.6% for Soler et al. [18], 7.6 for Doria et al. 
[12]). Among these, 7 were balanced (including 2 recip-
rocal translocations, 3 Robertsonian translocations and 2 
inversions) and 2 were unbalanced (2 deletions). Reciprocal 
translocations are the most commonly encountered structural 
chromosomal rearrangements in humans, with an estimated 
incidence of 1/712 in newborns [47]. Among the balanced 
abnormalities, we observed 2 reciprocal translocations, both 
hereditary (paternal translocations), and mothers suffering 
from repetitive spontaneous abortions (G5P0 and G4P0). 
Usually, RSA can occur, as in our study, when one of the 
parents carries a balanced anomaly: reciprocal translocation, 
Robertsonian translocation or inversion [48]. The abnormal 
segregation of balanced meiosis translocations increases 
not only the risk of RSA but also the risk of the birth of 
a disabled child [49], hence the interest of diagnosing 
couples suffering from RSA. This would provide appropri-
ate genetic advice, including prenatal and preimplantatory 
diagnosis [50].

The two inversions encountered in our study were identi-
cal: 46,XY,inv(9)(p11q13) and 46,XX,inv(9)(p11q13). This 
inversion is a chromosomal alteration that occurs frequently 
in humans, with an incidence in the general population  
of 1-3% [51]. Its clinical impact is widely discussed, with 
some studies considering it as a normal variant, others asso-
ciating it with numerous pathologies such as infertility and 
reproductive failure [52]. Xie et al. [53] found this inversion 
in 31 fetuses of 1865 miscarriage products analyzed and in 
67 adults of 2988 with infertility, making it a recurrent aber-
ration. The carriers of pericentric chromosomal inversions 
are phentotypically normal, but when pairing homologous 
chromosomes during gametogenesis, a single inversion cycle 
will form during the first meiosis. The exchange of homol-
ogous chromosomes in the inversion circle will produce 
four gametes, one of which is normal, the other inverted, 
and the other two partially duplicated or suppressed. These 
imbalanced gametes can cause miscarriage, infertility and 
reproductive failure [53]. In our study, this is most likely  
an anomaly inherited from one of the parents, but unfortu-
nately, we did not have any additional information to support 
this possibility.

Cytogenetic analysis of our sample also revealed 2 dele-
tions: del(17)(p13.3) and del(3)(q23q26). Deletion 17p13.3 
was detected by BoBs™ after cell culture failure and con-
firmed by FISH. It corresponds to Miller Dieker Syndrome 
(MDS). These structural abnormalities account for about 6% 
of the abnormalities found in POCs [54], and with reason, 
MDS is characterized by a defect in brain development  
(type 1 lissencephalitis), which is caused by incomplete 
neuronal migration. This microdeleterious syndrome is also 
characterized by distinctive facial features and other birth 
defects that induce pregnancy failure [55]. It is important to 
stress that structural rearrangements are of particular impor-
tance for couples and their future offspring. Their identifica-
tion can be very useful for the genetic counseling of other 
parents at risk of unbalanced offspring [27].

In this study, 54 spontaneous miscarriages did not grow 
in vitro. We used BoBs™ to improve our success rate in 
detecting clinically relevant chromosomal aberrations. 
BoBs™ analysis was not informative in only 6 cases and 
detected chromosomal aberration in 2 spontaneous miscar-
riages. This technique offered a very interesting alterna-
tive to conventional karyotype, despite its limitations in the 
detection of polyploidy (triploidy and tetraploidia) [56,57], 
and is, in addition, a more informative technique than the 
rapid analyses FISH and QF-PCR, which only screen for 
frequent aneuploidy [56].

The study limitations: The number of participating 
patients in the study was relatively low due to limited access 
to samples, the absence of maternal consent, advanced 
maceration in some cases and maternal contaminations 
are among the major challenges in cytogenetic studies of 
conception products. Consequently, a larger cohort could 
provide more comprehensive and precise information. The 
two molecular techniques used, Prenatal BoBs™ and FISH, 
remain targeted methods that only detect gains and losses 
of genetic information but do not identify balanced micro-
rearrangements, including balanced translocations and inver-
sions. This limitation could introduce potential distortion 
into the results. Additionally, chromosomal abnormalities 
not covered by the probes used may go unnoticed during 
the analysis.

CONCLUSION

Our study showed that the cytogenetic aspects of spon-
taneous miscarriage have not really changed. The presence 
of a chromosomal abnormality may explain the cause of the 
miscarriage, improve genetic counseling and reproductive 
planning. Cytogenetics is a valuable tool for genetic coun-
seling and prediction of the outcome of future pregnancies, 
but should not be considered only as a set of techniques 
useful in medical practice, but as part of human genetics that 
contribute to research as diverse as the inactivation of X, the 
significance of chromosomal polymorphisms, the segrega-
tion of abnormalities, the dynamics of their evolution in 
vitro, the behaviour of chromosomes to mitosis and meiosis 
and the mechanisms involved, telomere abnormalities etc. In 
addition, the combination of different cytogenetic techniques 
now offers a diverse range of options, opening the way to 
a wide range of developments, including the study of human 
development and genome variations.
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