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ABSTRACT

Objectives: Chromosomal abnormalities are an im-
portant cause of especially early miscarriages. The aim of 
this study was to analyze the chromosomal aberrations and 
determine the frequencies of numerical and structural chro-
mosome abnormalities in spontaneous abortion materials.

Methods: This was a prospective research and ninety 
two abortion samples obtained from women who had one 
or more miscarriages were included in the study. Conven-
tional karyotype analysis was performed on each sample 
to identify possible chromosomal abnormalities.

Results: By karyotype analysis, 11 polyploidy cases, 
(9 triploids and 2 tetraploids), 8 trisomies (one of which 
was mosaic), 2 monosomies (monosomy X), 1 isochromo-
some, 1 Xq deletion, and 4 translocations were detected 
in abortion materials. Isochromosome and Xq deletion 
cases were also mosaic. In addition, five polymorphic 
variants were revealed. We found higher paternal age in 
polyploidy cases.

Conclusion: The most common anomaly we found in 
abortion materials was polyploidy. This was followed by 
aneuploidy (trisomy and monosomy). Polyploidy (triploi-
dy or tetraploidy) emerged as an important cause in cases 
of spontaneous abortion. Paternal age may be associated 
with polyploidy especially triploidy.

Key words: Chromosomal abnormality, polyploidy, 
miscarriage, abortion materials

INTRODUCTION

A miscarriage is defined as the loss of pregnancy 
before 20 weeks of estimated gestational age [1]. The first 
definitive ultrasound evidence of intrauterine pregnancy 
is the observation of the yolk sac, which should appear 
by 6 weeks after the last menstrual period [2]. About 10 
to 20 percent of known pregnancies result in miscarriage. 
A miscarriage may be an isolated status or it may occur 
repeatedly and it is generally accepted that 1 out of 5-6 
pregnancies results in miscarriage. However, recurrent 
miscarriages occur in only 1-2% of couples [3]. Most 
miscarriages occur in the first trimester, especially between 
8th and 12th weeks [4]. 

The etiology of spontaneous abortion is often unclear 
and, in this context, it may be multifactorial [5]. There 
may be various causes of abortion, including anatomi-
cal, genetic, immunologic, endocrine, and thrombophilic 
problems [6]. Since a significant number of pregnancies are 
lost before implantation, they are not clinically recognized 
[7]. About 50% of first trimester abortions are caused by 
chromosomal abnormalities such as aneuploidy and can 
be determined by conventional cytogenetic analysis. It is 
claimed that 86% of these abnormalities are numerical, 6% 
are structural abnormalities and 8% of them result from 
other genetic mechanisms [8]. Chromosomal variations 
found in material obtained from chorionic villus sampling 
are considered to be the chromosome structure of the fetus 
in the majority of cases [9]. Embryonic aneuploidy, which 
increases notably with advanced maternal age, constitutes 
a large part of spontaneous abortion [10]. Recurrent aneu-
ploidy/polyploidy is an event largely related to maternal 
age but in rare cases, couples may experience recurrent 
aneuploidy/polyploidy as a result of gonadal mosaicism or 
another maternal age-independent state [11]. On the other 
hand, paternal age is also a risk factor that may increase 
the possibility of spontaneous abortion, independent of 
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certain conditions, such as socio-demographics and ma-
ternal age [12].

Trisomy is the presence of an extra copy of a chromo-
some in the cell nucleus and it is one of the most common 
chromosomal abnormalities in miscarriages. In a study 
conducted with FISH method in early miscarriages, 37.3% 
of the cases were found to have aneuploidy and 7% have 
polyploidy. Moreover, it was reported that paternal age 
may be associated with the risk of fetal aneuploidy in this 
research [13]. 

Triploidy is a chromosomal abnormality in which a 
cell has three copies of each chromosome and this accounts 
for 1% of conceptions. Most of the affected fetuses are 
usually lost during the first trimester [14]. Tetraploidy is 
defined as the presence of four haploid sets of chromo-
somes in the cell nucleus. Complete tetraploidy is usually 
fatal, and very few live births with this condition have been 
reported so far [15]. 

Besides conventional cytogenetic analysis, more de-
tailed techniques can be used to analyze miscarriage speci-
mens including fluorescence in situ hybridization (FISH) 
and array comparative genomic hybridization (aCGH) 
[16]. In this study, we aimed to examine the karyotype of 
abortion materials and to detect possible numerical and 
structural chromosome abnormalities from polyploidy and 
aneuploidies to translocations. 

MATERIALS AND METHODS 

Sample selection
After a comprehensive anamnesis for each case, nine-

ty two abortion materials were included in this research 
and all were first trimester miscarriages. Samples were 
collected at Cumhuriyet University Research Hospital 
between 2017 and 2021. The study complies with the Hel-
sinki Declaration and it was approved by the Ethics Com-
mittee of Cumhuriyet University. Informed consent was 
obtained from the families. The mean age of the females 
participating in the study was calculated.

Laboratory analysis
For the examination of abortion materials, separate 

cultures were prepared by placing the sample into two 
flasks, one containing a half Chang D and another with 
Amniomax which were then left to incubate in a CO2 
incubator at 37 °C. When there was sufficient growth, 
60 μL colchicine were added for every 5mL of culture, 
for 45 minutes. The growth medium was then removed 
and a fixative solution was added for 10 minutes at room 
temperature. This step was repeated twice and then the 
plates were prepared as usual and stained by G band. Cap-
tured cells by a computerized system (Applied Imaging, 

USA) were analyzed  and karyotyped in the metaphase 
stage. The results were defined according to the Inter-
national System for Human Cytogenetic Nomenclature 
(ISCN). A few cases with a family history of transloca-
tion or inadequate karyotype analysis were subsequently 
analyzed with aCGH for confirmation.

Statistical analysis was performed with SPSS pro-
gram, version 22.0 (SPSS, Chicago, IL, USA). For the 
evaluation of the data, descriptive statistical criteria such as 
frequency, mean and standard deviation were chosen. The 
Independent Sample T test was used to compare the means.

RESULTS

In order to detect chromosomal abnormalities, karyo-
typing was performed on 92 spontaneous abortion samples 
and aCGH was applied whenever needed. The averages 
of age, body mass index, gravidity, parity and miscarriage 
numbers of females were calculated (Table 1). The mean age 
of women with miscarriage was 27±4.43. Twelve of these 
women (13%) had a history of recurrent miscarriage. There 
was no growth in 23 samples (25%) due to culture failure, 
while the results were normal in 42 materials (45.7%). A 
total of 32 various numerical and structural chromosomal 
abnormalities and chromosomal variations were found in 
27 of the cases (29.3%) (Table 2). Triploidy was the most 
common among them (28%) (Table 3). In terms of numeri-
cal chromosomal abnormalities, 11 polyploidy cases (2 tet-
raploids and 9 triploids) were found as well as 8 trisomies 
(one of which was mosaic) and 2 sex chromosome aneu-
ploidies (monosomy X) in our study. Trisomies included 
chromosomes 9, 13, 15 (two cases), 16 (two cases), 18, 
and chromosome 2 as mosaic. We detected 4 translocations 
as structural chromosomal abnormalities. Translocations 
consisted of two t(9;18), one t(1;7) and one t(7;11). On the 
other hand, the short arm isochromosome of chromosome 6 
was found in one of the cases, while another case had a dele-
tion of the long arm of the X chromosome and both abnor-
malities were mosaic. Among the numerical and structural 
chromosomal abnormalities, the rate of polyploidy was the 
highest (40.7%) (Figure 1). No abnormalities were detected 
in the karyotype analysis of the parents of polyploidy cases. 

Table 1. Characteristics of females with spontaneous abortion. 

Characteristics Females  
Age 27±4.43
BMI 24.92±3.42
Gravidity 3 (1-8)
Parity 1 (0-5)
Abortion 2 (1-7)
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We found 5 chromosomal variations (two heterochromatin 
and two satellite increments and inv9) in abortion materi-
als. Although there was no significant difference in terms 
of maternal age, we determined a higher paternal age in 
polyploidy cases than in abortions with normal karyotype. 
(31.2±6.4 versus 34.6±4.8 and p=0.002).

DISCUSSION

Although various problems from immune dysregula-
tion to thrombophilia have been shown to play a role in 
the etiology of miscarriages, it is stated that most of the 
abortions are caused by genetic abnormalities [17]. Vari-
ous chromosomal changes are particularly predominant in 
cases of abortion. Most chromosomal disorders are spo-
radic and have little risk of recurrence, but their analysis is 
important for couples and has a prognostic value in terms 
of the next pregnancy [18]. Chromosomal problems in the 
form of aneuploidy (trisomy-monosomy) and polyploidy 
(triploidy-tetraploidy) are determining factors in at least 

50% of first trimester abortions, 25% of second, and 11% 
of third trimester miscarriages [19]. Cytogenetic analysis 
of conception products (POCs) can be done to identify 
the genetic cause of miscarriages, to predict recurrence 
risk, and to provide important information for genetic 
counseling and reproductive planning. This procedure, 
however, has some limitations due to a risk of culture 
failure, maternal cell contamination, suboptimal chromo-
some preparation etc. [20]. It is important to carry out 
cytogenetic analysis in terms of Preimplantation Genetic 
Screening (PGS) in IVF clinics in order to suggest suitable 
management and/or treatment approaches in recurrent mis-
carriage [21]. Conventional G-banding karyotyping is used 
as a gold standard procedure to determine chromosomal 
aneuploidy and some other variations [22]. 

Along with polyploidy, aneuploidy (trisomy or mono-
somy) was also prominent as a significant cause of sponta-
neous abortions in our study. In addition to chromosomal 
abnormalities (triploidy, tetraploidy, trisomy, monosomy, 
translocation, etc.), we found some chromosomal varia-
tions (heterochromatin and satellite increments, inversion 
9) in abortion materials. The relationship of these varia-
tions with miscarriage is is not clear. 

Table 2. Chromosome abnormalities and variations in abortion materials. 

 92,XXXX  47,XX,+18
 92,XXYY,t(1;7)(p13;p13)  47,XY,+9
 69,XXY  (6 cases)  46,XX,1qh+[53]/47,XX,1qh+,+2[3]/

 46,XX,1qh+,del(X)(q22.1;qter)[1] 69,XXX (3 cases)
 45,X (2 cases)  46,XY[10]/47,XY,+i6(p)[4]
 47,XX+13  46.XX.t(9;18)(q21;p11.3)
 47,XX,+15,t(7;11)(p13;q25)  46,XY,9qh+
 47,XX,+15  46,XX,15ps+
 47,XX,+16,der(18)t(9;18)(q22;q21.1)  46,XX,22ps+
 47,XX,+16  46,XX,inv(9)(p12q13)

Table 3. Ratio of chromosomal abnormalities and variations.

Case Number %
Tetraploidy 2 6.3
Triploidy 9 28
Trisomy 8 25
Monosomy X 2 6.3
Translocation 4 12.5
Isochromosome 1 3.1
X deletion 1 3.1
Heterochromatin + 2 6.3
Satellite + 2 6.3
İnversion 9 1 3.1
Total 32 100

Figure 1. The distribution of cases in chromosomal abnormalities.
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Polyploidy is a fatal cytogenetic anomaly that often 
results in pregnancy loss. [23]. Russo et al. stated that most 
chromosomal abnormalities in early spontaneous abortion 
are aneuploidies [24], while Brancati et al. claimed that 
triploidy is the most common chromosome abnormality 
in first trimester spontaneous abortions [25]. On the other 
hand, in a study by Carson et al., triploidy was declared 
as the third most common cause of pregnancy loss [26]. 
Polyploidy cases can be found at a high rate in spontaneous 
abortions, and they are expected to be lethal with multiple 
congenital defects. Triploidy is a numerical chromosomal 
aberration characterized by the presence of an extra haploid 
chromosome set and may occur in approximately 17% 
of spontaneous abortions in first trimester [27]. A third 
chromosome set in this condition may originate either 
from the mother or the father at the time of fertilization. 
Triploid pregnancies often result in early miscarriage or 
infants die within the first days of life. Some cases who 
have a mosaic form may survive with various problems. 
On the other hand, Dória et al reported that approximately 
1,3% of first trimester miscarriages are true tetraploid [28]. 
Tetraploidy is very rare condition in live-born infants and it 
is usually detected in mosaic form with various anomalies 
[29]. Complete tetraploidy can often be found in spontane-
ous abortions [30]. 

Lee et al. identified single autosomal trisomy (71%) 
as the most common genetic defect in miscarriage. In this 
study, certain rates of polyploidy (16.1%), multiple aneu-
ploidy (9.7%) and monosomy X (3.2%) were present. The 
rate of genetic abnormalities was also high in this research 
(49.2%) [31]. Similarly, Gug et al. found autosomal triso-
mies as the most common chromosomal abnormality in 
miscarriages (56.4%). In this study, the rate of polyploidy 
was 16.2%, monosomy 16.2%, and structural abnormalities 
11.5% [32]. However, Lathi et al. state that the most com-
mon numerical chromosome problem identified in first tri-
mester spontaneous abortions is monosomy X, followed by 
trisomy 16 and other chromosomal disorders, such as trip-
loidy and tetraploidy are responsible for about 8% of mis-
carriages with numeric chromosomal defects [33]. Oliveira 
et al. suggested that a case of repeated triploid pregnancies 
in the same woman, from different fathers strongly point to 
recurrent triploidies with maternal origin, and therefore ge-
netic predisposition should be considered [34]. We detected 
a high rate of polyploidy in spontaneous abortion materials. 
A polyploid case has three or more times the haploid number 
of chromosomes and it is not clear why polyploidy occurs 
in pregnancy. Polyploidy does not appear to be a condition 
related to maternal age [35]. However, high paternal age 
may be associated with the occurrence of polyploidy, par-
ticularly triploidy. A possible dyspermia may be the source 
of an extra set of paternal chromosomes. The prevalence of 

paternal (diandric) triploidy varies between 20% and 85% 
in various studies and the vast majority of them are lost in 
the first trimester of pregnancy [36]. Most triploidies may 
have paternal origin, and diandric triploidy can often be 
diagnosed as partial hydatidiform moles with abnormal 
placentas characterized by trophoblastic proliferation [37]. 
Although diandric triploids are often caused by dispermy, 
data regarding the effect of paternal age on the incidence 
of triploidy are still lacking [38]. We encountered a higher 
average paternal age in polyploidy cases than in abortions 
with normal karyotype. Most of the polyploidies (81.8%) 
were triploidy in our study (Figure 2). However, this issue 
is not clear due to the relatively small number of cases in 
our study. Therefore, the possible cause of polyploidy or 
triploidy should be investigated in larger groups including 
many abortion samples and thus more triploidy cases.

Figure 2. Karyotype image for a triploidy case (69,XXX).

In conclusion, we investigated karyotype abnormali-
ties in spontaneous abortion materials in this study and 
detected various structural and numerical chromosomal 
anomalies and some variations. Routine studies and anal-
yses to be carried out in this manner are important for 
subsequent pregnancies. The most common abnormality 
we observed was polyploidy (triploidy and tetraploidy). 
It was followed by trisomy, translocation and monosomy. 
In this context, we can say that polyploidy is involved in 
the etiology of a significant portion of miscarriage cases. 
In addition, more comprehensive study groups should be 
screened to evaluate clearly, whether paternal age contrib-
utes to polyploidies, especially triploidies.

Declaration of Interest. The authors report no con-
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