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The study was conducted in the Laboratory of the Hospital 
of Lithuanian University of Health Sciences Kaunas Clinic, 
in the Laboratory of Clinical Chemistry and Genetics and in 
the Department of Biology of Vytautas Magnus University. 
Abnormalities of number of chromosomes are diagnosed from 
amniotic fluid, which is taken by using an invasive prenatal 
method – amniocentesis, and modern diagnostic methods such 
as molecular cytogenetic analysis (FISH) and cytogenetic method, 
diagnosis of karyotype, by using G-staining method. In order 
to analyse the main risk factors that determine the frequency 
of Patau, Edwards and Down syndromes in the analysed group 
and to evaluate the variety of changeovers of chromosomes 
structure, the retrospective analysis of patient’s case records data 
was performed. The aforementioned patients were examined in 
the Hospital of Lithuanian University of Health Sciences Kaunas 
Clinic in 2007–2011. The received data is processed by using 
Statistical Package for Social Sciences (T-Test).

The aim of the study is to evaluate, by using cytogenetic 
and molecular cytogenetic research methods, the frequency 
of prenatal trisomies determination of the thirteenth (13), the 
eighteenth (18), and the twenty first (21) chromosomes for the 
patients, who during 2007–2011 had genetic consultations in 
the Hospital of Lithuanian University of Health Sciences Kaunas 
Clinics and to determine the connection between these trisomies 
and risk factors.

During 2007–2011 1  156 patients were examined and 
49 (4.2%) alterations of karyotype were determined, out of which 
30  (61%) are related to Down syndrome, 14  (29%) to Edwards 
syndrome and 5  (10%) to Patau syndrome. After studying the 
data of questionnaires and case records, on the basis of the 
statistical reliability of data analysis, the influence of the main 
reproductive factors (abortions, contraceptives) and other risk 
or environmental factors (smoking, genetic diseases and use of 
medicines) to fetal anomalies was determined.

Key words: congenital disorders, karyotype, FISH, amniocentesis, 
teratogenesis, trisomy
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INTRODUCTION

Congenital disorders very often condition 
phy sical development defects and intellectual 
dis ability. Therefore, the chromosomes of all 
newborns, who have certain congenital ano-
malies (external and internal organs) or who 
are intellectually disabled, should be analysed. 
Congenital disorders can be diagnosed at any 
period of organism development (prenatally 
and postnatally). If there are members of the 
family with such diseases, prenatal diagnostics 
is recommended, which allows to diagnose 
child’s disease prior to birth (Sheets et al., 2010).

Most frequently, different changeovers of 
chromosomes are noticed in the chromosomes 
of premature fetal tissues. 15–20% of all preg-
nancies are supposed to be aborted, i. e. preg-
nancies end in a miscarriage and appro ximately 
half of such miscarriages are related to the 
chromosomes number or the changeovers of 
structure, that are not compatible with life. 
Various chromosome anomalies are diagnosed 
for approximately 6–7 newborns out of 1000, 
i.  e. approximately 0.7% of newborns. The 
most common anomalies of chromosomes are 
the changeovers of chromosomes that are re-
lated to number of disorders: aneuploidies of 
the 21st, the 18th, and the 13th chromosomes 
(Kucinskas, 2001).

This work presents an analysis of congeni-
tal disorders that are diagnosed in the La-
bo ratory of the Hospital of Lithuanian Uni-
versity of Health Sciences Kaunas Clinic, in 
the Laboratory of Clinical Chemistry and 
Ge netics: 1.  Down syn drome (trisomy of the 
21  chromosome); 2.  Ed wards syndrome (tri-
somy of the 18  chro mosome); 3.  Patau syn-
drome (trisomy of the 13 chromosome).

The diagnosis is based on noninvasive me-
thods: the investigation of biochemical se-
rum indicators during the first and the se cond 
trimester of pregnancy and medical ultra-
sonography. Biochemical serum analysis is 
an important noninvasive method  –  PRISCA 
which helps to detect the patients, who face 
higher risk of congenital anomalies. Modern 
serum analysis helps to identify pregnant 

women, who face higher risk of neutral tube 
defect and trisomies of the 21 and the 18 
chromosomes (Down syndrome and Edwards 
syndrome) (Langlois et al., 2013).

Depending on woman’s age, her medical, 
obstetrical, family anamnesis and in case a 
higher risk of chromosome anomalies is no-
ticed, it is recommended to perform an in-
va sive amniocentesis test, which helps to 
diag nose the anomalies of chromosomes num-
ber and structure, while examining ka ryo-
type  –  the whole view of chromosomes and 
per forming specific FISH tests (Magli  et  al., 
2001; Momsen et al., 2011).

The majority of Lithuanians have a mis-
leading opinion that congenital disorders and 
all hereditary diseases are a very rare phenome-
non. Unfortunately, a child with such a disease 
can be born in any family. Therefore, the society 
should know what are the reasons of this phe-
nomenon and what help can be offered to such 
family. For instance, several tens of children 
with Down syndrome are born in Lithuania 
every year. The frequency of this disease among 
newborns is 1:700. Anually, approximately 
30 000 babies are born in Lithuania, thus, every 
year approximately 40 newborns, who have the 
aforementioned disease, should be born in our 
country (Utkus, 2011).

Based on the studies, the only obvious feature 
is the connection between aforementoned 
aneuploidies and mother’s age: a risk to give 
birth to a child with Down, Edwards or Patau 
syndromes is much higher for women who are 
35–40 years old compared to younger women 
(Hil, 2009).

MATERIALS AND METHODS

The study consists of the following stages 
(Fig. 1):

Stage  1. Noninvasive PRISCA tests are 
conducted. During the first and the second 
trimesters of the pregnancy the analysis of 
biochemical serum indicators and medical 
ultrasonography are performed. These indi-
cators help to identify pregnant women who 
have a higher risk to give birth to a newborn 
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with different chromosomes anomalies (Ale-
xioy, 2009).

Stage  2. Patients, who have a higher risk 
of PRISCA test results, are consulted by a 
geneticist.

Stage  3. Patients are offered further op-
portunities of examination, by specifying the 
diagnosis with a prenatal diagnostics me-
thod – amniocentesis.

Stage 4. FISH tests are carried out (Harada, 
Korf, 2006). When positive results are received, 
karyotype is proved by using a method of 
karyotype test. This stage of analysis is discussed 
in the present study.

Investigative material of Stage 4 of the ana-
lysis is amniotic fluid with fetal cells, that pro-
vide information about the fetal chromoso-
mes. Amniotic fluids are taken from the womb 
during 16–22 weeks by using invasive prenatal 

diagnostics (a method of amniocentesis). The 
medical procedure is performed by a doctor-
obstetrician. A thin needle is inserted into 
a gestational sac of amniotic fluids through 
the stomach and womb lining. After taking 
amniotic fluid (approximately 10–15  ml) into 
two onetime syringes, the needle is taken 
out. Amniotic fluids should be without blood 
addition. In one hour from taking, the sample 
is delivered to the laboratory. The temperature 
should be 18–25 °C (Harper, 2010).

Amniocytes, collected in the laboratory, 
are divided into two parts: amniocytes for 
the molecular cytogenetic FISH test (5–8  ml) 
that should help to identify the concrete 
chromosome with its specific symptom and 
5–10  ml of amniocytes for the cytogenetic 
test that should help to identify the whole ka-
ryotype.

Fig. 1. The scheme of the study
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Preparations are prepared under a detailed 
report, which is confirmed by the Hospital 
of Lithuanian University of Health Sciences 
Kaunas Clinic. The procedures also follow the 
rules of good laboratory practice.

After performing the analysis mentioned in 
Stages 1–3, during 2007–2011 1  156 patients, 
who had a higher risk to give birth to a newborn 
with different chromosomes anomalies, were 
identified. The opportunities of further in-
vestigation were offered to the patients, 
specifying the diagnosis by using the method of 
invasive prenatal diagnostics – amniocentesis.

Preparation of a questionnaire
In order to analyse the major risk factors that 
condition the development of Patau, Edwards 
and Down syndromes in the analysed group, 
the retrospective analysis of the case records 
of the patients, who were examined in the 
Hospital of Lithuanian University of Health 
Sciences Kaunas Clinic in 2007–2011, was car-
ried out. It was performed with the help of a 
questionnaire, which was prepared in col-
laboration with a doctor-geneticist and by tak-
ing into consideration the recommendations 
for similar questionnaires.

The intervention group consisted of preg-
nant women who experienced the invasive 
diagnostic procedure – amniocentesis. In order 
to achieve as informative results as possible, the 
intervention group was formed of pathological 
and control groups. 32 patients were analysed 
in the pathological group and 40 patients were 

analysed in the control group. Case records 
were found in archives and analysed. The 
received data was processed with Statistical 
Package for Social Sciences by using a method 
of statistical data analysis – T-Test. In addition, 
after comparing groups of nominal variables, 
crosstabulations were created.

RESULTS

In order to diagnose the anomalies of chro-
mosomes number prenatally, during the study 
by using molecular cytogenetic FISH method 
and cytogenetic method of karyotype test (ana-
lysis system Cyto Vision, Leica Biosystems, 
Germany), the material of amniocytes of 1 156 
patients was tested. The analysis of the research 
carried out during 2007–2011 was performed 
in Laboratory Medicine Clinic of Kaunas Clinic 
and Laboratory of Clinical Chemistry and Ge-
netics. 49  patients were diagnosed with the 
pathology of trisomies of chromosomes (13, 
18 and 21). This number comprises 4.2% of 
investigatives, who fell into the risk group, i. e. a 
foetus of every 24th woman was diagnosed with 
the anomaly of chromosome that is related to 
Down (47, XX, +21; 47, XY, +21) Edwards 
(47, XX, +18; 47, XY, +18) and Patau 
(47, XX, +13; 47, XY, +13) syndromes. 
30  patients of investigative group (1156 pa-
tients) were diagnosed with Down syndrome 
(2.6%), 14 were diagnosed with Edwards 
syndrome (1.3%) and 5 were diagnosed with 
(Patau syndrome (0.4%) (Table).

Table. The frequency of diagnosed syndromes in 2007–2011

Year
Syndrome

2007 2008 2009 2010 2011 In total
2007–2011

n / % n / % n / % n / % n / %
Down syndrome 4 / 2.9% 3 / 1.3% 9 / 2.6% 5 / 2.3% 9 / 4.1% 30 / 61%

Edwards syndrome 2 / 1.5% 5 / 2.1% 3 / 0.87% 3 / 1.4% 1 / 0.45% 14 / 29%
Patau syndrome 0 / 0% 1 / 0.4% 2 / 0.58% 0 / 0% 2 / 0.9% 5 / 10%

The total number of 
investigatives 136 237 345 216 220 1154

The total number of 
pathologies 6 / 4.4% 9 / 3.8% 14 / 4.1% 8 / 3.7% 12 / 5.5% 49 / 4.2%

n – diagnosed trisomy, % – the set proportion of trisomies shows how many new cases of the disease are diagnosed 
during a year compared to the number of all investigatives every year
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The determination of statistically reliable risk 
factors that influence foetus anomalies
The analysis of 32 patients, who during this 
period gave birth to newborns with aneuploidies 
of +13, +18, +21 chromosomes, case records 
and questionnaires was carried out. Equally, the 
analysis of case records and questionnaires of 
40 patients, who belonged to the contol group, 
was performed. The aforementioned patients 
were examined with invasive tests.

After analysing the data of questionnaires 
and the data of analysis of case records and after 
processing the data with Statistical Package 
for Social Sciences with reference to statistical 
reliability (when P  <  0.05 is totally reliable), 
the influence of the main reproductive factors 
(abortions, contraceptives) or environmental 
factors (smoking, genetic diseases and use of 
medicines) to fetal anomalies was determined.

6% of patients, who belonged to the pa-
thological group, used hormonal contra-
cep tion after conception, 16% of patients 
used hormonal contraception less than three 
months prior to pregnancy, 34% used it more 
than three months prior to pregnancy, and 
only 44% of patients did not use hormonal 
contraception. Even 90% of patients, who 
belonged to the control group, did not use 
hormonal contraception, and only 10% of 

patients used it more than three months 
prior to pregnancy. The results presented in 
Fig.  2 show a direct connection between the 
reproductive factors, such as use of hormonal 
preparation, and fetal anomalies.

Abortion is another important factor which 
influences reproduction. The results presented 
in Fig.  3 show that 31% of patients, who 
belonged to the pathological group, had at least 
one abortion prior to the present conception. 
Whereas the control group had only 24% of 
abortions. Thus abortions also prove that there 
is a connection with aneuploidies.

Smoking is a risk and environmental fac-
tor which influences the anomalies of fetal 
chro mosomes. The results are presented in 
Fig.  4. After analysing the questionnaires, 
it was noticed that 3% of patients in the 
pathological group used tobacco products after 
the conception, 13% used to smoke before the 
pregnancy, and 84% of patients did not use to-
bacco products. Meanwhile the patients, who 
belonged to the control group, did not use 
tobacco at all, and 3% of patients used to smoke 
only before the conception. 97% are composed 
of patients who have never smoked. Based on 
the statistical reliability, the use of tobacco is a 
very informative risk factor which is related to 
the diagnosed anomalies.

Fig. 2. The proportion of hormonal contraception use in the pathological and control group (%)
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The results of the present study presented 
in Fig. 5 show that the use of medicines (a risk 
and environmental factor) can influence fetal 
anomalies. Even 25% of patients, who belonged 
to the pathological group, used medicines, 
out of whom 10% used medicines less than 
3  months prior to pregnancy, and 15% used 
medicines after conception. The main medicines 
used by patients after the conception were 
tiroxin, trileptal, medrol, lamictal and various 

antidepresants. Merely 16% of patients used 
medicines in the control group, out of whom 
10% used medicines less than 3  months prior 
to pregnancy and only 3% of patients, who 
had recurrent central nervous system strokes 
(epilepsy), used lamictal  –  medicine, which 
affects central nervous system, after the con-
ception. Thus the present diagram also shows a 
distinct connection between a risk factor – use 
of medicines – and the investigative pathologies.

Fig. 4. The proportion of tobacco use in the pathological and control group (%)

Fig. 3. The proportion of abortions in the pathological and control group (%)
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Genetic diseases are another risk and en-
vironmental factor which influences aneu ploi-
dies. The results presented in Fig. 6 show that 
9% of patients in the pathological group who 
were diagnosed with aneuploidies were related 
to genetic diseases: 3% of patients, whose 
husband’s brother’s family gave birth to a dead 
girl, 3% of patients, whose husband’s sister gave 

birth to a child with Down syndrome, and 3% 
of patients, whose sister also gave birth to a 
child with Down syndrome.

Summarizing the results of the study, it was 
established that during 2007–2011, after the 
analysis of 1 159 patients by using cytogenetic 
and molecular cytogenetic methods, 49 cases 
of anomalies of chromosomes number were 

Fig. 5. The proportion of use of medicines in the pathological and control group (%)
* <3 months pause (including the moment of conception and pregnancy)

Fig. 6. The proportion of genetic diseases in the pathological and control group (%)
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identified. 30  patients (61%) were diagnosed 
with the additional 21st chromosome, 
14  patients (29%) were diagnosed with the 
additional 18th chromosome, and 5  patients 
(10%) were diagnosed with the additional 
13th chromosome. Thus, the frequency of 
diagnosed trisomies conforms to the data 
presented in literature (Down syndrome is one 
of the most frequently diagnosed trisomies of 
chromosomes, Patau syndrome is the most 
seldom diagnosed) (Torrelo, 2010; Bredaki, 
2011).

The analysis of case records and ques tion-
naires of the control group and patients, who 
during this period gave birth to new borns 
with +13, +18, +21 aneuploidies of chro mo-
somes, was carried out. After analysing and 
processing the obtained data, the influence of 
the main reproductive factors and other risk 
and environmental factors to fetal anomalies 
was established.

DISCUSSION

49 cases of anomalies of chromosomes number 
were identified in the investigative material of 
1  159 patients. Out of 49 pathological cases 
30  patients (61%) were diagnosed with the 
additional 21st chromosome, 14  patients 
(29%) were diagnosed with the additional 
18th chromosome, and only 5  patients (10%) 
were diagnosed with the additional 13th 
chromosome. 19–34  years old patients were 
diagnosed with 31.5% of fetal anomalies cases, 
and 35–44  years old patients were diagnosed 
even with 68.5% of fetal anomalies cases.

The obtained results of the study conform 
to the data presented in literature. Down 
syndrome is one of the most frequently diag-
nosed trisomies of chromosomes (the fre-
quency among the newborns is 1:700), and 
Patau syndrome is the most seldom diagnosed 
(the frequency is 1:10000) (Torrelo, 2010; 
Bredaki, 2011).

In addition, the obtained results of the study 
proved the results of the earlier studies that 35–
40  years old women had several times higher 
risk to give birth to a newborn with Down, 

Edwards or Patau syndrome compared with 
younger women (Hil, 2009).

The largest number of patients was 345, out 
of which 14 patients (4.1%) were diagnosed 
with fetal anomalies in 2009. In 2008, 
237 patients were examined, out of which nine 
(3.8%) were diagnosed with fetal anomalies, 
in 2010, 216 patients were examined and 3.7% 
of anomalies (i.  e. one anomaly less) were 
diagnosed. During 2011 220  patients were 
examined and 12 pathologies (5.5%) were 
diagnosed. The least number of patients was 
tested in 2007 (136 patients), but six pathologies 
(4.4%) related to Down, Edwards, and Patau 
syndromes were diagnosed.

Similar studies for the evaluation of fre-
quency of diagnosis of Down, Edwards and 
Patau syndromes were carried out in the Me-
dical Genetics Centre of Vilnius University 
Hospital Santariškių Klinikos. When com pa-
ring the data of our study collected by using 
invasive diagnostics methods (FISH and the 
diagnosis of karyotype by using G-staining 
with the studies carried out in the Medical 
Genetics Centre of Vilnius University Hospital 
Santariškių Klinikos, it can be stated that the 
statistics of trisomies diagnostics is similar. The 
most frequently diagnosed is Down syndrome 
(47, XX, +21; 47, XY, +21) which comprises 
61% in the investigative group and 63% in the 
Medical Genetics Centre of Vilnius University 
Hospital Santariškių Klinikos. The second most 
frequent syndrome is Edwards syndrome (47, 
XX, +18; 47, XY, +18) which was diagnosed to 
29% of patients in the investigative group and 
to 31% of patients in the Medical Genetics Cen-
tre of Vilnius University Hospital Santariškių 
Klinikos. The most seldom diagnosed syn-
drome is Patau syndrome (47, XX, +13; 47, 
XY, +13), only 10% of investigatives were 
diagnosed with it in our study and 6% of 
patients were diagnosed with it in the Medical 
Genetics Centre of Vilnius University Hospi tal 
Santariškių Klinikos (Kasnauskienė, Šimko-
nytė, Šilkūnas, 2009).

In another study, which was perform-
ed in Poland, in the Clinic of Obstetrics and 
Gynaecology, Edwards syndrome was ana-
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lys ed. The frequency of diagnosis was 3.45% 
(Chuchracki et al., 2012), whereas in our study 
the frequency of Edwards syndrome was 1.3%. 
Due to different number of Lithuanian and 
Polish population, the results show an equal 
increase. The tendentious data of analysis is 
noticed in Germany, Estonia, and Great Britain 
(Iacobini, Lotersztein, 2011; Reddy et al., 2012; 
Hultén et al., 2013).

CONCLUSIONS

After carrying out the analysis of cytogenetic 
and molecular cytogenetic FISH test results 
of 1  156  patients’ amniotic fluids, 49  (4.2%) 
pathological cases were diagnosed: 13  (0.4%), 
18  (1.3%), and 21  (2.6%) trisomies of chro-
mosomes.

After analysing 49 pathological cases, 30 pa-
tients were diagnosed with Down syn dro-
me (61%), 14  patients were diagnosed with 
Edwards syndrome (29%), and 5 patients were 
diagnosed with Patau syndrome (10%). The 
sta tistics of pathologies coincides with the data 
pre sented in literature.

After summarizing the results of ques tion-
naires (according to the data of case re cords) 
and analysing them by using Statistical Pac-
ka ge for Social Sciences (statistical reliability 
P < 0.05) the main reproductive factors were 
determined (abortions, contraceptives) and 
other risk and environmental factors (the use 
of tobacco, genetic diseases, the use of me-
dicines) that influenced the development of 
fe tal anomalies.
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13, 18 IR 21-OS TRISOMIJOS PRENATALINIO 
NUSTATYMO DAŽNIS IR SĄSAJA SU 
RIZIKOS VEIKSNIAIS

Santrauka
Mokslinis darbas buvo vykdomas LSMUL VšĮ 
Kauno klinikų laboratorinės medicinos klinikoje, 

klinikinės chemijos ir genetikos laboratorijoje ir 
VDU biologijos katedroje. Chromosomų skai-
čiaus anomalijos nustatytos iš vaisiaus van-
denų, paimtų pasitelkus invazinį prenatalinį 
me todą  –  amniocentezę, taip pat naudojant šiuo-
laikinius diagnostikos metodus: molekulinį ci to-
genetinį – FISH ir citogenetinį – kariotipo nu statymas 
G metodu. Siekiant išanalizuoti pa grin dinius rizikos 
veiksnius, lemiančius Patau, Ed vardso ir Dauno 
sindromų dažnį analizuojamoje grupėje, bei įvertinti 
chromosomų struktūros per sitvarkymų įvairovę, 
atlikta retrospektyvinė 2007–2011  m. LSMUL VšĮ 
Kauno klinikose ištirtų pa cienčių ambulatorinių 
kortelių duomenų analizė. Gauti duomenys apdoroti 
naudojant programinį paketą SPSS (T-Test).

Darbo tikslas  –  taikant citogenetinius bei mo-
lekulinius citogenetinius tyrimų metodus įvertinti 
tryliktos (13), aštuonioliktos (18) bei dvidešimt 
pir mos (21) chromosomų trisomijos prenatalinio 
nu statymo dažnumą pacientėms, kurios 2007–
2011  metais kreipėsi dėl genetinės konsultacijos į 
Lie tuvos sveikatos mokslų universitetinę ligoninę 
VšĮ Kauno klinikas, ir nustatyti šių trisomijų sąsajas 
su rizikos veiksniais.

2007–2011  metais ištirtos 1  156 pacientės, nu-
statyti 49  (4,2  %) kariotipo pakitimai, iš kurių 
30  (61  %) buvo susiję su Dauno sindromu, 
14 (29 %) – su Edvardso sindromu bei 5 (10 %) – su 
Patau sindromu. Išanalizavus anketinės apklau-
sos, ambulatorinių kortelių duomenis, taip pat re-
miantis statistiniu patikimumu, buvo nustatytas 
pa grindinių reprodukcinių veiksnių (nėštumo 
nu traukimų, kontraceptinių preparatų) bei kitų 
rizikos, aplinkos veiksnių (tabako vartojimo, ge-
netinių ligų chromosominiame medyje, tap pat 
vais tinių preparatų vartojimo) poveikis vaisiui.

Raktažodžiai: chromosominės ligos, kariotipas, 
FISH, amniocentezė, teratogenezė, trisomija


