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CHROMOSOMAL DISORDERS IN THE FETUS
OF PREGNANT WOMEN FROM AKTAU

Abstract. The article presents the data of cytogenetic study on the fetal karyotype of 310 pregnant
women from the city Aktau in 2013-2015. Chorionic biopsy and placental biopsy were carried out for
248 pregnant women with amniocentesis in 18 cases and cordocentesis in 44 cases. Clinical indica-
tors imposing invasive procedures to pregnant women at risk were maternal age factor, fetal ultrasound
markers, serum blood markers determined in pregnant women, the presence of children with multiple
congenital malformations, chromosomal pathologies, etc. Distribution frequencies of fetal chromosomal
abnormalities have been determined based on clinical and laboratory studies. The highest frequency of
chromosomal abnormalities of the fetus was indicated in pregnant women with three salient indicators:
the factor of the age of the pregnant woman, parameters of biochemical screening, and ultrasound mark-
ers. Chromosomal abnormalities of the fetus were detected in 94 (30.3%) pregnant women including 92
cases (97.9%) represented by numerical chromosome disorders and 2 cases (2.1%) of structural disor-
ders. Disorders of the autosome system were observed 9.4 times more often comparing to abnormalities
in the sex chromosome system. Of the numerical chromosome abnormalities, a high specific weight is
occupied by trisomy of the 21-st chromosome which has reached 65.1%. A comparative analysis of the
frequencies of chromosomal abnormalities of the fetus of two port cities has demonstrated a 1.7-fold
increase in the city of Aktau (Kazakhstan) compared with the city of Murmansk (Russia), and the average
frequencies of fetal karyotype anomalies have made up 19.6% and 11.6%, respectively. Higher level of
frequencies for fetal karyotype anomalies in Aktau is possibly associated with unfavorable environmental
conditions in this city caused by the allocation of the oil and gas industry, the repository for tailing toxic
and radioactive wastes, and abandoned uranium mines.

Key words: karyotype, fetus, prenatal diagnosis, fetal chromosome disorders, ecological state of
urban agglomerations.
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AKTay KaAacbIHAAFbI XKYKTi 9HEAAEP YPbIFbIHbIH,
XPOMOCOMAABIK, 6y3bIAbICTapPbl

AHaaTna. Makanaasa 2013-2015 xblaaap apaAbiFbiHaa AKTay KaAacbiHAAFbl 310 XKYKTi oeAAiH,
YPbIK, KQpUOTUMTEPIHIH LMTOreHETUKAADbIK, 3epTTey HOTMXKEAEPi KeATIpiAreH. XOpWOHWOMNCUS XKeHe
naaueHTobuoncus 248 XXYKTi aMeAre, amHuoueHTe3 — 18 kaHe KopAOUeHTe3 — 44-He >KYPrisiAal.
KaybinTbl TOObIHAQFbI KYKTi ©MEeAAepre apHaAFaH MHBA3WBTI MPOLEAYPAAAPAbIH  KAMHUKAABIK,
KepCeTKilLTepi: aHaAbIK, >Kac (paKTOpbl, YPbIKTbIH YABTPAAbIObICTbIK, MAapKEPAEPI, >KYKTi 8MeAAepAiH,
KaH CapbICyblHAAFbl MapKepAepi, KenTereH Tya 6iTKeH akayAapbl, XPOMOCOMAAbIK, MaTOAOTMUSIAAPbI Gap
6ararapAbIH, GOAYbI. YPbIKTbIH XPOMOCOMAAbIK, aHOMAAMSIAAPbIHbIH, TaPaAY >KMIAITT KAMHUKAABIK, XXaHE
3epTXaHaAblK, 3epTTeyAepAl eckepe OTbIPbIN aHbIKTaAaAbl. ¥PbIKTbIH XPOMOCOMAAbIK, aybITKYAQpPbIHbIH,
€H, >)KOFapbl XXMIAIr NpeHaTaAbAbl AMArHOCTMKAHbIH, YL KOPCeTKilli 6ap XKYKTi OMEAAEPAE aHbIKTAAADI,
AFHU, XKYKTI BMEAAIH, >kac (DaKTopbl, OGUOXMMMSIAbIK, CKDUHMHI MapamMeTpAEPi XKOHe YABTPaAbIObICTBIK,
MapkepAep 06oMbiHWA. YPbIKTbIH XPOMOCOMAAbIK, aybITKyAapbl 94 (30,3%) >KYKTi omneapepae
aHbIKTaAAbl, OAAPAbIH, iiHAE 92 >karaan (97,9%) XpOMOCOMaAaPAbIH CaHAbIK, 6Y3bIAbICTApbIMEH XKoHe
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2 xarpan (2,1%) KypbIAbIMABIK, 6Y3bIAbICTapMeH cunaTTaAAbl. XKbIHbICTbIK, XPOMOCOMAAAp >KYMeCiHAEri
aybITKYAQPMEH CaAbICTbIpFaHAQ ayTOCOMAAbIK, XPOMOCOMaAap >KymeciHaeri OysbiabicTap 9,4 ece Xui
GankaAbl. XpOMOCOMAaAApPAbIH CaHAbIK, OY3bIAbICTAPbIHbIH, ilIiHAE >KOFapbl yAeC 21 XpOMOCOMaHbIH
TpMCOMMSCbI BoMbIHLLA HaliKaAAbl, OHbIH >KMIAITT 65,1% KypaAbl. Ei TeHi3 »karaaaybliHAaFbl KaAaAapAa
YPbIKTbIH, XPOMOCOMaAbIK, RHOMAAMSIAAPbIHbIH, >XMiAIri MypMaHck (Pecert) KaaacbIMeH CaAbICTbIpFaHAQ
AkTay KaAacbiHaa (KasakctaH) 1,7 ece peT eCkeHiH KepCeTTi, YPbIKTbIH KapUOTUNTIK aybITKYAQPbIHbIH,
oprawa XMuiAiri cerkeciHwe 19,6% >xoHe 11,6%, 6ankasAbl. AKTayAarbl YPbIKTbIH KapuUOTUMTIK
AYbITKYAQPbIHbIH KUIAIK AEHIeriHiH, >XKOoFapblAaybl AKTayAaFbl KOAQAMCbI3 3KOAOTUSIAbIK, KarAadlFa,
SFHM MYHaM-ra3 eHepkacinTepiHiH 6OAYbIHA, TOKCMHAIK >koHe PaAMOBEACEHAT KaAAbIKTapFa apHaAFaH
KAAAbIK, KOMMAaCbl MEH TaCTaAFaH ypaH LaxTaAapbiHa GaiAaHbICTbl GOAYbI MYMKIH.

Ty#in ce3aep: KaproTHI, ypbIK, NMPeHaTaAbAbl AMArHO3, YPbIKTbIH XPOMOCOMAChIHbIH, 6Y3bIAbIC-
Tapbl, KAAAAbIK, arAOMEPALIMSHbIH 3KOAOTUSAbBIK, KaFAaibl.
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XpoMOCOMHbIe HapyLueHus
y nAoAa OepeMeHHbIX YKEHLLMH T. AKTay

AHHOTaums. B cratbe npuBeAeHbl pe3yAbTaTbl LUMTOrE€HEeTUMYECKOro WMCCAEAOBAaHMS KapuoTuna
naoaa y 310 6epemMeHHbIX >KeHLLUMH . AkTay 3a 2013-2015 rr. XoproHOOMONCHs 1 naaueHTo6Moncus
npoBeAeHbl Yy 248 6epeMeHHbIX XKEHLIMH, aMHMOLEeHTe3 — y 18 1 kopaoueHTes — y 44, KAnHMyecknmm
MoKa3aTeAsSIMU AAS IPOBEAEHMS MHBA3MBHbIX MPOLLEAYD GEPEMEHHbIM XKEHLLMHAM FPYNMbl pUcKa OblAK:
MaTepuHCKMIA (hakTop Bo3pacTa, Y3M mMapkepbl NMAOAQ, CbIBOPOTOUHbIE MApKepbl KPOBU GepemMeHHbIX
JKEHLUMH, HaAMuMe AeTel C MHOXECTBEHHbIMU BPOXKAEHHbIMM MOPOKaMM PasBUTMS, XPOMOCOMHOM
natoaoruen n Ap. OnpeaeAeHbl HaCTOTbl pacrpeAeAeHNs XPOMOCOMHBIX HapyLUEHWI Yy MAOAQ C YYETOM
KAMHMKO-AQBOPaTOPHbIX MoKasaTeAei. Hamboabluas 4acToTa XPOMOCOMHbIX HapyLUeHWI MA0AQ
yCTaHOBAEHA y GepeMEHHbIX XXEHLLIMH MPY HAAMYUKM TPexX nokasaTeAen: pakTopa Bo3pacTta HepemeHHoN
>KEHLUMHbI, NapameTpoB GMoXMMMueckoro ckpuHuHra u Y3M mapkepoB. XpOMOCOMHbIE HapyLueHus
nAoAa BbisiBAEHbI Y 94 (30,3%) 6GepemeHHbIX >KEHLUMH, M3 HMX 92 caydas (97,9%) npeACTaBAEHbI
UMCAEHHbBIMM HAPYLLUEHUSIMM XPOMOCOM U 2 cAyYas (2,1%) — CTPYKTYPHbIMM HapyLueHuamn. HapylieHus
B CMCTEME ayTOCOM HabAIoAAAMCH B 9,4 pa3a vallle Mo CPaBHEHMIO C HAPYLUEHUSIMU B CUCTEME MOAOBbIX
XPOMOCOM. M3 UMCAEHHBIX HapYLUEHWA XPOMOCOM BbICOKWMIA YAEAbHbIA BEC 3aHMMaeT TPUCOMMUS MO
21 XpoMocoMme, 4To cocTaBUAO 65,1%. CpaBHUTEABHbIA aHAAM3 YACTOTbl XPOMOCOMHBIX HapyLUeHWH
y MAOAQ ABYX MOPTOBbIX FOPOAOB MOKa3aA ee yBeAmMyeHwe B 1,7 pasa B r. Aktay (KasaxcraH) no
CpaBHeHMIO € r. MypmMaHckom (Poccus), CpeaHss yacToTa aHOMaAMii KapuvoTura nAoAa COCTaBMAQ
cooTBeTCTBEHHO 19,6% 1 11,6%. boAee BbICOKMI ypOBEHb YAaCTOTbl aHOMAAUI KapuoTuna NAOAQ B
r. AKTay, BEpPOSITHO, CBSI3aH C HEBAAronoAy4YHOM 3KOAOrMYECKON OBCTAHOBKOW B rOPOAE, HAAUUMEM
NPeAnpuaTUiA HedhTerasoBon MPOMBILUAEHHOCTM, XBOCTOXPAHWAMLLA TOKCMYUHbIX M PaAMOaKTUBHbIX
OTXOAOB, 3a6POLLEHHbBIX YPAHOBbIX PYAHUKOB.

KAroueBble cAOBa: KaproTKM, MAOA, NMPEHATAAbHAS AMArHOCTUKA, XPOMOCOMHbIE HApYLUEHNS MAOAR,
3KOAOIMYECKOe COCTOSIHME FOPOACKMX arAOMepaLLmi.

Introduction

Currently, due to the intensification of all
spheres of human economic activity, a large-scale
environmental pollution is observed to be evoked
by environmentally hazardous factors, many of
which have genotoxic, mutagenic and carcinogenic
properties. These factors include heavy metals,
pesticides, drugs, wastes from mining, nuclear, oil
extraction, refinery and other industries. All these
pollutants threaten human health increasing the
risk of hereditary pathologies. This is especially

dangerous for the development of embryos and the
fetus.

In this regard, one of the priority areas of modern
medical genetics is the prevention of congenital
malformations and chromosomal pathologies at
the stage of fetal development. In this direction,
methods of prenatal diagnostics are widely used.
The main purpose of prenatal diagnostics is the
selection of pregnant women into the high-risk
groups of the birth of children with congenital
and hereditary pathologies, which require in-
depth additional investigations including special
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Chromosomal disorders in the fetus of pregnant women from Aktau

laboratory studies (biochemical, cytogenetic,
molecular genetic) on the fetal material [1-4].
According to the data “National Genetic Register of
the Republic of Kazakhstan” (NGR) of 2012, 3,500-
4500 children with congenital malformations (CDF,
or Congenital Disorders of the Fetus) are born in the
Republic of Kazakhstan annually, out of which 350
with chromosomal pathology, 130 neural tube de-
fects, 270 multiple malformations. Annually, 1000-
1200 lethal CDFs are revealed by the program of
genetic screening of pregnant women at the stage of
fetal development, 140-150 of which display chro-
mosomal pathology. According to the NGR data of
the Republic of Kazakhstan, the share of CDFs in
the layout of the causes of perinatal mortality makes
up 10-15%, and it does not tend to decrease [5].
The aim of this work was cytogenetic investiga-
tion on metaphase cells of the fetal biomaterial ob-
tained by chorion- and placentiopsy, amniocentesis
and cordocentesis from pregnant women of Aktau.

Materials and methods

In the period from 2013 to 2015, a cytogenetic
study of the fetal karyotype across 310 pregnant
women at risk was carried out in the Medical-
Genetic Department of the State-Owned Enterprise
“Regional Perinatal Center”, Aktau. Under these
conditions the maternal age factor, ultrasound
markers of the fetus, biochemical markers of the
peripheral blood serum of pregnant women, the
birth of children with multiple CDFs, chromosomal

pathologies, and etc. have been taken into account.
Metaphase cells of chorionic and placental villi,
amniotic fluid cells, fetal cord blood lymphocytes
served as the material for investigation after being
obtained by the biopsy from pregnant women aged
from 18 to 45 years. Biopsy material for cytogenetic
studies was obtained by transabdominal puncture
under the control of ultrasound examination.

In order to obtain chromosomal preparations
from metaphase cells of chorionic and placental
villi, the assay on “direct” preparations was implied.
Metaphase chromosome preparations from cord
blood lymphocytes were obtained by cultivation
in vitro, in accordance with standard methods. For
differential staining of chromosome preparations,
the GTG method was used [6, 7].

Metaphase cells were analyzed using an
AxioLabA1l light microscope (Zeiss, Germany)
and VideoTest — Cario 3.1 computer software (St.
Petersburg, Russia) [8].

Results and discussion

The frequency of fetal chromosomal
abnormalities has been estimated depending on
various factors: maternal age, fetal ultrasound
markers, biochemical markering indici of a woman’s
serum, the presence of children with chromosomal
abnormalities in the family, etc. [9]. The data on
cytogenetic study taking into account clinical
and laboratory parameters of invasive prenatal
diagnostics are presented in Table 1.

Table 1 — Frequency of distribution of chromosomal disorders of the fetus of pregnant women based on various clinical and laboratory

parameters for 2013-2015

Number of pregnant Frequency of chromosomal
N Indicators women abnormalities of the fetus
n % n %

1 Age factor 45 14.5 42 93.3

2 Age factor + ultrasound markers 16 52 6 37.5

3 Age factor + biochemical markers 115 37.1 10 8.7

4 Age factor + ultrasound markers + biochemical markers 6 1.9 6 100.0

5 Biochemical markers 90 29.0 19 21.1

6 Ultrasound markers 28 9.0 7 25.0

7 Ultrasound markers + biochemical markers 10 32 4 40.0

10 | Total 310 100.0 94 30.3
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As it can be seen from Table 1, chromosomal
abnormalities of the fetus were detected in
94 pregnant women, which made up 30.3%.
Chromosomal disorders of the fetus in pregnant
women were represented by trisomy for autosomes,
monosomy and polysomy for sex chromosomes, as
well as structural abnormalities.

Analysis of the frequency of occurrence of
chromosomal abnormalities depending on clinical
and laboratory parameters revealed their ranging
from 8.7% to 100%. Moreover, in 93.3% of cases,
the presence of fetal chromosomal abnormalities
was detected in pregnant women with an age factor,

and in 100% cases, fetal karyotype disorders were
established using a triple combination of indicators
— maternal age, deviation from normal biochemical
markers in the blood serum of a woman and fetal
ultrasound markers. A comparative study revealed
a higher impact of the age factor (by 4.4 and 3.7
times) and triple combination indicators (by 3.7
and 4.0 times) in comparison with a single effect
of biochemical markers and ultrasound markers
(sonography markers), respectively. Analytical data
on the frequency and spectrum of chromosomal
abnormalities of the fetal karyotype are indicated in
Table 2.

Table 2 — Frequency and spectrum of chromosomal abnormalities of the fetal karyotype

Chromosomal abnormalities Fetal karyotype n %
numerical
Trisomy 13 chromosome 47,XX+13,47,XY+13 6 6.4
Trisomy 18 chromosome 47 XX, +18; 47, XY+18 22 234
Trisomy 21 chromosome 47 XX, +21;47,XY+21 54 57.4
Trisomy on chromosome 21 and an additional marker chromosome 48,XX,+21,+mar 1 1.1
X chromosome monosomy 45X 4 4.2
X chromosome polysomy in a fetus with a male karyotype 47.XXY 5 53
structural
Robertson translocation between chromosomes 15 and 21 46,XY,t(15/21) 1 1.1
Duplication of the long arm of chromosome 13 46,XY,dup(13)(q) 1 1.1
Total 94 100

Note: n — is the number of cases; + mar — additional marker chromosome

As seen from Table 2, out of 94 detected
chromosomal abnormalities, 92 cases (97.9%)
are referred to occur numerical abnormalities and
2 cases (2.1%) may be attributed to structural
abnormalities. Disturbances in the autosome
system were observed 9.4 times more often
than disorders of the sex chromosome system.
In reference of the numerical chromosome
abnormalities, a specifically high percentage was
determined for the trisomy of the chromosome 21
which achieved 65.1%. Table 3 shows the outputs
of a comparative analysis of the frequency of
annual chromosomal disorders of the fetus in
2013, 2014 and 2015.

As it follows from Table 3, among fetal
chromosomal abnormalities, the highest frequency
of occurrence may be ascribed to trisomy of the
21-st chromosome. If in 2013 this indicator made
up 50.0%, then in 2014 — 68.4% and 2015 —
73.7%. That means that there is an evident trend
of growing frequency of trisomy on chromosome
21 of the fetus. Considering other chromosome
disorders of the autosome and the sex chromosome
systems, a random occurrence of these disorders
has been marked. Table 4 demonstates the data on
the frequency of fetal chromosomal abnormalities
depending on the gender with taking into account
the invasive procedures conducted.
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Table 3 — Comparative analysis of the frequency of annual chromosomal abnormalities (2013-2015)

Indicators 2013 2014 2015
n % n % n %
Total number of pregnant women with fetal chromosomal abnormalities 56 100 19 100 19 100
Trisomy 13 chromosome 5 8.9 1 53 - -

Trisomy 18 chromosome

18 321 1 53 3 15.7

Trisomy 21 chromosome

28 50.0 13 68.4 14 73.7

Of them:
X chromosome monosomy — 45,X 3.6 1 53 1 53
X chromosome polysomy — 47,XXV 2 3.6 2 10.4 1 53
Structural disturbances 1 1.8 1 53 - -
Table 4 — Numerical ratios of female and male fruits with normal and abnormal karyotype
Yueso KommyectBo mionos B Hopmanbasrii AHOMaBHBIH
Invasive diagnosis GepeMeHHbIX | 33BHCHMOCTH OT IIOJA KapHOTHII [UI0f1a KapHOTHII IJI071a
JKCHILIUH Q g 9 g 9 6‘
Chorionbiopsy 114 57 57 31 37 26 20
Placental biopsy 134 74 60 53 40 21 20
Amniocentesis 18 11 7 9 5 2
Cordocentesis 44 30 14 29 12 1 2
Total 310 172 138 122 94 50 44

As given in Table 4, there is a susceptibility
(by 6.4%) to violations of the fetal karyotype
among female and male fetuses (53.2% and 46.8%,
respectively). Similar data have been obtained in the
study of Russian researchers [10]. In particular, in
the group of women with a history of undeveloped
pregnancy, the embryo and fetus had a pathological
karyotype in 34 cases (77.1%). Female karyotype
was identified to occur more often than that one of
the males by 7.4%: 29 cases (53.7%) versus 25 cases
(46.3%). Another investigation emphasizes that the
sex ratio in the first trimester of pregnancy is shifted
towards the male gender due to conspicuous elimi-
nation of female embryos [11]. The authors suggest
that one of the reasons for this phenomenon may
be a violation of the process of inactivation of the
X chromosome. Thus it may be assumed that such
a growing elimination of female embryos also in-
cludes the presence of inner embryonic chromosom-
al abnormalities in result of the combinatorial effect
of environmental stresses explained by a long-last-
ing residence in ecologically unfavorable areas. Ac-
cording to the WHO, exposure of the maternal body
to certain pesticides and other chemicals, as well as
certain drugs, alcohol, tobacco, psychoactive agents
or radiation during pregnancy, may increase the risk
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of congenital malformations in the fetus or new-
born. Living or working in the neighbourhood or
directly at the spot of test sites, metallurgical plants
or mines can also be a risk factor, especially when
the mother’s body is exposed to supplementary en-
vironmental risk factors or in case of malnutrition
[12, 13]. One of the significant environmental fac-
tors endangering human health is the air pollution of
urban agglomerations. According to the WHO rec-
ommendation, air pollution level (together with air
quality index, AQI) in cities should not be more than
10 pg / m3, and the average daily level should not
exceed 25 pug / m3. However, in large megacities,
air pollution level is exceeded many times. Exces-
sive air pollution level is a risk to human health. It is
known that chemical compounds and heavy metals
of atmospheric air in the city exhibit carcinogenic,
mutagenic and toxic effects [14]. This, of course,
can cause an accelerated frequency of birth of chil-
dren with gene and chromosomal diseases.

In this regard, we carried out a comparative
analysis ofthe data obtained to the data of the scientific
literature on the most frequent numerical violations
of fetal chromosomes in the population. The data on
cytogenetic studies of the fetal karyotype of pregnant
women living in various regions of Kazakhstan and
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Russia were analyzed (Aktau, Almaty, Kazan and
Murmansk). The main comparative background
was the similarity of the ecological state of urban
agglomerations. Almaty and Kazan are the largest
megacities with a population over 1 million people.
Aktau and Murmansk are referencing port cities
with a population of nearly 300 thousand people.

According to local meteorological services, Almaty
and Kazan are classified as cities with a high level of
air pollution, whereas Aktau and Murmansk as those
with a low level. Table 5 presents comparative study
on the average incidence of numerical disorders
among fetal chromosomes in the cities of Aktau,
Almaty, Kazan, and Murmansk.

Table 5 — Frequency of numerical violations of fetal chromosomes

. Frequency of chromosomal abnormalities,%
Chromosomal abnormalities
Kazan [15] Murmansk [16] Almaty [17] Aktau (own data)
Trisomy 13 chromosome 4.5 1.0 5.0 6.0
Trisomy 18 chromosome 19.0 7.0 15.0 23.0
Trisomy 21 chromosome 51.0 39.0 46.5 60.0
X chromosome monosomy — 45,X 17.0 9.0 5.0 4.0
X chromosome polysomy — 47,XXVY - 2.0 8.3 5.0
Average frequency 18.3 11.6 16.0 19.6

As indicated in Table 5, the average frequency
of numerical violations of fetal chromosomes in
cities of Almaty and Kazan is approximately the
same — 16.0% and 18.3%, respectively. However,
significant increase of the average frequency of
numerical abnormalities of fetal chromosomes in
pregnant women in the city of Aktau (19.6%), when
compared with the city of Murmansk (11.6%), is 1.7
times higher, though the air pollution level in both
cities, Aktau and Murmansk, are equally low. There
is also a noticeable elevation of average frequency
of fetal chromosomal abnormalities in the city of
Aktau by 1.2 times, comparing to Almaty. In this
regard, distinctive environmental features of Aktau
should mentioned. Aktau is the center of the oil and
gas industry of Kazakhstan. The oil industry has
undoubtedly put a serious environmental burden
on the city. There are also adjacent radiationally
hazardous facilities: the Koshkar-Ata tailing
repository concluding toxic and radioactive wastes,
neglected uranium mines and the “dead lake” Little
Oymasha (Malaya Oymasha). All this in general can
lead to the strengthening environmental load and,
accordingly, may affect the state of human health,
including the development of the fetus.

There is a statistically reliable increase of the
frequency of abortions due to genetic disorders in
the fetus and congenital malformations of newborns
in the Zhytomyr Region contaminated with
Chernobyl radionuclides [18]. The negative effect

of air and water pollutants due to oil and natural gas
production on the development of the embryo and
fetus has been manifested [19]. It was established
that seasonal differences in the incidence of trisomy
of chromosome 21 in the fetus correlated with
levels of nitric oxide and ozone fluctuations in the
environment [20].

It should be mentioned that the solution of the
problem of air pollution in urban agglomerations
will certainly facilitate reduced frequency of birth
of children with hereditary pathology to improve the
gene pool of the population.

Conclusion

1. The combination of three indici of prenatal
diagnostics, namely the maternal age, sonography
markers and deviations from the parameters of ma-
ternal blood biochemical markers, indicate a high
probability of fetal chromosomal abnormalities.

2. Chromosomal abnormalities in the auto-
some system are observed 9.4 times more often
than abnormalities in the sex chromosome system
—97.8% and 2.2%, respectively.

3. Among the numerical chromosome disorders
of the autosome system, trisomy of chromosome 21
is prevailing with a high proportion reaching 65.1%.

Thus, cytogenetic methods are able to confirm
or exclude fetal chromosomal pathology and are
considered as essential tool for prenatal diagnostics.
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