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MpouuTany Ta 3aTBepAUM NofaHy Bepcio. | Ka BPOAXKEHWUX Baj po3BuTKy (BBP) i cnaakoBmx 3axBoptoBaHb
Aossin "°"‘§E;"23 nuTaHb Gkg)egwkw_: 23| HabyBae€ Bce 6inbLIOro MEAWYHOrO Ta COLiaNbHOr0 3HaYeHHs.
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MeHTanbHux poapoGoe i Haykosux Teopis| 23,7:1000 cepel HEMOBNAT, HApPOAXEHUX XUBUMW, | HEMAE
JIbBIBCLKOTO  HAUIOHAMLHOTO  MEANYHOTO | tayneHLlij 40 CYTTEBOrO 3HMXEHHA. Mapkepom BBP nnoga, aHe-
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Hoi (iHaHcoBOi niaTpuMKN cBoro zocni-|  HW KOMipuesoro npoctopy (KI). Bigomo, wo notoBieHHsa Kl
AXKEHHA. UM WKHa Kicto3Ha rirpoma B 50-80% BMNaakKiB noB’sA3aHi 3

© Bci aTopu, 2023 pisHMMKn BBP i aHeynnoigieto nnoaa.
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MeTa po60Tn — MOPIBHATM KIIiHIYHI, yNbTpPa3ByKOBi Ta uuTore-
HETUYHI AaHi B Habpsknux nnogais 3i 36inbweHoo ToBwmnHow KI1 Big BariTHMX nepLuoro TpuMecTpy
rpynu BUCOKOro reHEeTUYHOro puUsuKy A8 ONTMMI3aLii airopuTMy npeHaTasibHOl AiarHOCTUKMN.

MaTepianu i MeTogun. NpoBeaeHo KNiHIYHI 06CTexXeHHs, ynbTpa3BykoBe aocnigxeHHs (Y314),
reHeTUYHE KOHCY/IbTYBaHHS, 3aCTOCOBAHO iHBA3iMHIi MeToAM NpeHaTanbHOI giarHocTuku (6ioncis
XOpiOHa, aMHioueHTe3), NabopaTopHi reHeTUYHi MeToau, Taki aK KapiotunyBaHHs i FISH, cTa-
TUCTUYHUIA aHani3 oTpuMaHUx pesynbTaTtie. B poboTi 6yno BMKOpUCTAHO MeTOAM BapiauinHOi
ctatucTku. Josipuuni iHTepsan (AI) po3paxosyBanu 3a MmeToAoM Banbaa abo diwepa. 3acTtoco-
ByBanu cniBBigHOWEHHSA waHcie (BLU) i3 BignoBigHMM TecToM po3noainy X2 ta 95% posipummu
iHTepBanamu (95% AI). Ansa gocnigXeHHs BUKOpUCTOBYBanm 127 nnoAis 3i 36inbweHOo TOBLWM-
Hoto KTI1. Mnoan 6yno po3nodineHo Ha ABi rpynu, 3 akux 38 manu KM (2,5-3,5) mm (rpyna 1) i
89 nnoais manu KM 6inbwe 3,5 MM (rpyna 2). CepeaHin Bik BaritTHux rpynu 1 ctaHosus 30.65 +
0.92 (21-43) poku i 6yB NOpPiBHIOBANbHUM i3 BIKOM XiHOK rpynu 2 — 31.44 £ 0.56 (21-44) poku
(p = 0.46).

Pesynbtatn. 65,4% Bunaakis BaritHocTen 3 nioaamu 3i 36inbweHoo ToBwmHOW KI1 3aBepLumn-
JINCA HeCnpuATIMBO. Y XIHOK, AKi Manu naoawn rpynu 1, HeBAase 3aBeplUeHHSA BariTHOCTI pee-
cTpyBanu B 63,2% BMNAAKiB, @ B TUX, WO Manu nnoaum rpynn 2 -y 66,3% (p =0.73). 3aBMUpaHHS
BariTHOCTI cnoctepiranu B 4,8% XiHOK. XpOMOCOMHY naTonorito 6yno susasneHo B 69,9% nnoais,
BBP HexpoMocoMHOi eTionorii — y 25,3%. Y nnogis rpynu 1 XpoMOCOMHi aHoManii 6yno BnussneHo
B 55,3% Bunaakis, a B nnoais rpynn 2 -y 41,6%. Y cnekTpi XpOMOCOMHMX aHOManin Habpsaknmx
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BucHoBKU. CTaTUCTUYHO He MiATBEPAXEHO ICTOTHOI Pi3HMLUI 3@ 4acTOTO XPOMOCOMHUX aHOMa-
Nin y nnodis rpynu 1 nNOpiBHSAHO 3 rpynot 2, WO CBiAYUTb NPO BUCOKY iHDOPMATMBHY LiHHICTb
36inbweHoi ToBwmHM KI1, Bpaxosytoun po3mipu (2,5-3,5) MM, y nnoais neplioro TpuMecTpy Ba-
MTHOCTI K MapkKepa XpOMOCOMHOI naTtosorii. CTaTUCTUYHO ICTOTHO BULLY 3axXBOpIOBaHiCTb Ha BBP
HEXPOMOCOMHOI eTionorii 6ys10 BUSIBNIEHO B MJIOAIB i3 NaTosori€to BEHO3HOi NMpoTokuM i KIM 6inbimnmM,
HiX 3,5 MM, NOpiBHAHO 3 nNioAamMu 3 uieto x natonorieto i KM (2,5-3,5) MM. 3anponoHoBaHi 3MiHK
00 anroputMy O6CTEXeHHS BariTHUX i3 Habpsaknaumu naogamu 060B’A3KOBO MalOTb OXOM/HOBATU
CKpUHIHF BBP cepug B nepwomy TpumecTpi. Npu BusasBnieHHI BBP cepusa y nnioAis i3 HOpMasibHUM
KapioTMNOM BapTO BUKOHYBATWU MOJIEKYNAPHO-FEHETUYHI AOCNIAXKEHHA AN BUKTHOYEHHSA CUHAPO-

My [i-Ixopxi.

KnrouoBi cnoBa: nNoTOBLUEHHS KOMIpLEBOro NpoCcTopy, BPOAXEHI BaAW PO3BUTKY, XPOMOCOMHI
aHoManii, npeHaTanbHa AiarHocTnka, HabpsakNiCTb NA0AIB, NEPLUMN TPUMECTP BariTHOCTI.
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Materials and Methods: Clinical examinations, ultrasound © All authors, 2023

diagnostics, invasive methods of prenatal diagnostics (chori-
on biopsy, amniocentesis), genetic testing techniques, such as
karyotyping and FISH, genetic counseling and statistical analysis were carried out. The results of
complex examinations of 127 fetuses with an increased NT thickness from the group of pregnant
women were analyzed. Fetuses were divided into two groups with an NT thickness of 2.5-3.5 mm
(group 1) (38 cases) and with an NT above 3.5 mm (group 2)(89 cases).

Results: Among pregnancies with fetuses with an increased NT thickness, there were 65.4%
cases of adverse outcomes with chromosomal pathology (69.9%), congenital malformations of
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non-chromosomal etiology (25.3%) and pregnancy loss (4.8%). The frequency of chromosomal
abnormalities in fetuses of group 1 was 55.3% and 41.6% in group 2. Congenital malformations
of various systems and organs in fetuses, the most frequent of which were cardiac defects, were
diagnosed. The ratio of congenital heart defects in the fetuses of groups 1 and 2 was 23.7% and
43.8%, respectively (p=0.03; OR=0.40).

Conclusions: There is no significant difference between the frequency of chromosomal ab-
normalities in the fetuses of group 1 compared to group 2, which indicates a high informative
value of an increased NT thickness, including the thickness of 2.5-3.5 mm in fetuses in the
first trimester as a marker of chromosomal pathology. A significantly higher incidence of con-
genital malformations of non-chromosomal etiology was found in fetuses with venous duct
pathology and NT thickness over 3.5 mm compared to fetuses with the same pathology and
NT thickness of 2.5-3.5 mm. Proposed changes to the management algorithm for pregnant
women with swollen fetuses include mandatory congenital heart defects screening in the first
trimester.

Keywords: Increased nuchal translucency thicknesses, congenital malformations, chromosomal
abnormalities, prenatal diagnostics, swollen fetuses, first trimester of pregnancy.

Introduction thickness: 1) 2.5-3.4 mm, 2) 3.5-4.4 mm,
Preventing congenital malformations (CM) and 3) 4.5-5.4 mm and 4) = 5.5 mm, and with-
hereditary diseases is an increasing need to in these groups, the frequency of CA varied
address medical and social problems. Accord- and constituted 22.8%; 22.0%; 34.5% and
ing to WHO, the frequency of births of children 56.4%, respectively. There was a significant
with CM is 4-6% of the total number of new- difference in the frequency of CA between
borns. 2.7 million children with CM die annually groups with different NT thicknesses, with
across the globe. The prevalence of congenital the degree of thickness positively correlated

anomalies in Ukraine is 23.7:1000 among live- with CA (r=0.208, P<0.05). The authors con-
born babies, and there is no dynamics towards firmed that fetuses with an increased NT size

its significant decrease. Infant mortality in 20— also showed a higher incidence of CA, struc-
30% of cases is caused by genetic factors [1]. tural malformations, and adverse pregnan-
Therefore, improving programs for early pre- cy outcomes. The incidence of CA in fetuses
natal detection of CM remains a relevant scien- with a thickened NT combined with other CMs
tific and practical problem. diagnosed with ultrasound was higher than in

cases of isolated NT thickening.

One of the most informative early prenatal

markers of fetal CM, aneuploidies and other After introducing the modern laboratory ge-
pathological conditions is the nuchal translu- netic method into clinical practice, such as
cency (NT) thickness. In 50-80% of cases, chromosomal microarray analysis, which
NT thickening is known to be associated with allows diagnosing microstructural CA, their
different CM and fetal aneuploidy [2]. The use detection in fetuses with an isolated NT
of NT in 1992 by Nicolaides et al. was a major thickening in the first trimester increased by

breakthrough in screening for chromosomal an average of 5% compared to traditional
aneuploidies pathology in fetuses at the end karyotyping. However, even with a normal
of the first trimester. Thus, during the 10- microarray result in the group of fetuses

year study period, among 71 fetuses with an with isolated increased NT thickness, the
increased NT, chromosome aneuploidies were risk of concurrent CM or intrauterine death
observed in 22% of cases [3]. Subsequent- was 28.8% higher [5]. Thus, the size of the
ly, a more extensive analysis of 374 fetus- fetal NT in the first trimester is a highly in-
es with an increased NT was performed [4], formative wide-spectrum echographic mark-
where chromosomal abnormalities (CA) were er of fetal CM and is a mandatory parameter
detected in 29.1% of cases. Fetuses were di- in early ultrasound protocols. NT thickness
vided into four groups depending on the NT is measured at the first ultrasound screening
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at fetal crown-to-rump length (CRL) of 45-
84 mm according to the standards proposed
by the Fetal Medicine Foundation (FMF) and
requires an accurate sagittal cut [6]. In the
first trimester, edema of the back of the
head is diagnosed as thickened NT, or in the
second trimester, as an increase of the nu-
chal fold thickness [7]. For the appropriate
gestational age, fetuses with an NT thick-
ness between the 95th percentile and a fixed
value of 3.5 mm are classified as a separate
group. This value is the 99th percentile for
any gestational term, as recommended by
the FMF (https://courses.fetalmedicine). A
significant number of such fetuses may also
be included in the high genetic risk group,
where additional invasive or other examina-
tions are required in the future. Increased
NT thickness >99 percentile (23.5 mm) is
found in approximately 1% of pregnancies.
However, the visualization of this marker is
not an unambiguous synonym for the pres-
ence of pathology in the fetus. Some such
fetuses have normal karyotypes, and preg-
nancy success depends on the presence/
absence of concomitant developmental ab-
normalities revealed at ultrasound examina-
tion [8, 9]. Thus, when an increase in NT is
detected during an ultrasound performed to
find combined systemic anomalies, the algo-
rithm of prenatal diagnosis should be com-
bined with a thorough anatomical ultrasound
scan using echo markers.

One of the important minor echo markers is
the fetal nasal bone (NB). Fetal profile exam-
inations for absence or hypoplasia of the NB
are performed at 11-14 weeks in ultrasound
screening for aneuploidy, particularly trisomy
21[10, 11]. Based on an examination of 15.822
fetuses, a group of FMF researchers found that
the NB is absent in 60-70% of fetuses with tri-
somy 21 and 1.4% of normal fetuses at 11-14
weeks of development. Anthropometric studies
have shown that the depth of the nose root is
abnormally small in 50% of Down syndrome
cases [12, 13]. The absence of the NB was
found in 73% of fetuses with trisomy 21 and
only 0.5% of fetuses with normal karyotype
[14]. Thus, the NB absence or its hypoplasia
is one of the sonographic markers helping in
the recognition of chromosomal disorders and
genetic syndromes associated with facial dys-
morphia. Incorporating the assessment of the
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fetal nose root into the ultrasound screening
in the first trimester and considering this pa-
rameter in the estimation of the individual ge-
netic risk of women may lead to a significant
reduction in the need for unnecessary invasive
interventions. A comprehensive cumulative as-
sessment of NT thickness, maternal age, se-
rum biochemical screening data of pregnant
woman, and fetal profile examination for the
presence or absence of the nose root may in-
crease the effectiveness of Down syndrome
detection up to 97% with a false positive rate
of 5% [14, 15].

The pathology of the venous duct (VD) (duc-
tus venous blood flow) is considered to be an-
other informative early echographic marker
of aneuploidy and abnormalities of fetal de-
velopment in the first trimester, especially in
combination with other ultrasound indicators
[16]. Determining VD pathology is particularly
necessary in cases of suspected monosomy X,
for which this feature is specific, and to dif-
ferentiate this CA from others in cases of fe-
tuses with a thickened NT. However, according
to some publications, the VD pathology as an
isolated defect is still insufficient to detect an-
euploidy [17, 18].

There are known other pathological conditions
which are also associated with an increased
NT thickness. Thickened NT is often associated
with abnormalities of different systems in the
fetus, particularly cardiovascular, urinary, skel-
etal, articular and others, as well as with hypo-
proteinemia (https://courses.fetalmedicine). It
is known that more than 2% of children are
born with different CM, of which 25% are heart
defects [19]. The fact that about 50% of heart
defects are due to complex CM of the heart,
where specialized medical care is necessary
during the first days, months, and sometimes
hours of the child’s life, poses a difficulty. In
general, congenital heart defects (CHDs) are
the most common forms of birth defects and
occur in 3-8/1000 fetuses. Currently, only 15-
30% of cardiac malformations in newborns are
detected prenatally. In this regard, determining
NT thickness and VD pathology are informative
methods used to find cardiac abnormalities in
fetuses without chromosomal abnormalities.
Evidence from publications suggests that the
incidence of complex CHDs is clearly correlat-
ed with an increase in NT size [20]. At 11-13
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weeks of gestation, fetal NT measurement and
assessment of blood flow through the tricuspid
valve and in the venous duct allows early diag-
nosis of cardiac malformations). Although the
basic principles of prenatal diagnostics have al-
ready been developed, there is a constant im-
provement in specific examination algorithms,
the search for optimal schemes and combina-
tions of various methods (ultrasound, genetic,
biochemical), the study of the epidemiology
and etiology of CM, their manifestation in the
prenatal period.

The aim of this study was to compare clinical,
ultrasound and cytogenetic data in swollen fe-
tuses with increased NT thicknesses from the
group of pregnant women in the first trimester
at high genetic risk to optimize the algorithm
of prenatal diagnostics.

Materials and Methods

The results of complex examinations of 127 fe-
tuses with increased NT thickness in the first
trimester were analyzed (CRL 45-84 mm cor-
responds to the gestational age of 11 weeks
and 2 days - 13 weeks and 6 days). Fetuses
were divided into groups 1 with an NT thickness
of 2.5-3.5 mm (38 cases, of which three cas-
es were twins) and 2 with an NT of 3.5 mm or
more (89 cases, including two cases of twins).
The average age of pregnant women was 30.65
+ 0.92 (21-43) years in group 1 and was com-
parable with the age of women 31.44 + 0.56
(21-44) years in group 2 (p = 0.46).

Clinical examinations, ultrasound diagnos-
tics, invasive methods of prenatal diagnos-
tics (chorion biopsy, amniocentesis), genetic
testing techniques, such as karyotyping and
FISH, genetic counseling and statistical anal-
ysis were carried out. Ultrasound, biometric,
morphological and pathophysiological fea-
tures in fetuses were evaluated. Echography
was performed in real-time using a Voluson
E8 device, an abdominal or transvaginal lin-
ear or convex 3-4 D transducer (frequency of
2-9 MHz). Ultrasound exposure was 15-30
min. A standard fetal assessment was used
to obtain basic biometric indicators and de-
scribe changes in the condition of internal
organs. Prenatal syndromological analysis
was conducted when fetal congenital abnor-
malities were detected using ultrasound di-
agnostics. Invasive methods of prenatal di-
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agnostics were recommended for pregnant
women at high genetic risk (the cut-off value
of first-trimester screening risk is 1:250 for
trisomy 21 and 1:100 for trisomy 13 and 18,
according to the National Protocol). Chorion-
ic villus biopsy was performed by aspiration
through abdominal access under constant ul-
trasound control, which was performed twice
after the interventions: 10 min and 24 h after
the procedure.

Fetal karyotype was determined using the bi-
ological material of the chorionic villi sampling
(CVS) (11-13 weeks). A standard cytogenetic
GTG method was used. Chromosome spread
from CVS was prepared using the direct meth-
od [21]. A molecular cytogenetic fluorescence
in situ hybridization (FISH) method [22],
performed according to the protocol recom-
mended by the manufacturer of DNA probes,
was used for additional examination of fetus-
es with CM. The used laboratory equipment
and reagents for biochemical screening fully
complied with the requirements of the Resolu-
tion of the Cabinet of Ministers of Ukraine dat-
ed October 2, 2013, No. 754, “On Approving
Technical Regulations for Medical Devices for
In Vitro Diagnostics” (certificate of conformi-
ty No. PR. 117-18 of October 29, 2018). The
studies were performed following user man-
uals for test kits manufactured by BRAHMS
Kryptor. The estimation of the personal risk
of pregnant women for common CA in the fe-
tus was performed using the Astraia and Fast-
Screen computer software (Germany).

The results are presented as an absolute val-
ue, and their relative number as a percentage
and 95% confidence interval was calculated
using the Fisher angular transformation meth-
od. The difference between groups of qualita-
tive indicators was studied using a frequency
table, and significance was established using
Pearson’s chi-squared test. If the expected
value in one of the cells of the frequency ta-
ble was less than 5, then Fisher's exact test
was used. To determine the significance of the
difference between the two groups with the
Gaussian distribution, the independent t-test
was used. If the distribution was non-Gauss-
ian - the Mann-Whitney U test was applied.
The difference in samples was considered to
be significant at p < 0.05.
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Results

Among pregnancies with fetuses with an

increased NT thickness,

83/127 (65.4%)

cases of adverse outcomes were report-
ed. Chromosomal pathology was present in
58/83 (69.9%) cases, CM of non-chromo-
somal etiology in 21/83 (25.3%) cases, and
pregnancy losses in 4/83 (4.8%) cases. In
fetuses of group 1, adverse preghancy out-
comes were found in (24/38) 63.2% of cas-
es and in group 2, in (59/89) 66.3% of cases
(p =0.73). The CA was detected in (21/38)
55.3% of cases, and CM was diagnosed in
(3/38) 7.9% of cases in fetuses of group 1.
In group 2, the share of chromosomal pa-
thology was lower than in group 1 - (37/89)
41.6%. However, CM cases significantly in-
creased and constituted (18/89) 20.2%. In
addition, pregnancy losses in (4/89) 4.5%
of cases were recorded at a later gestational
age (p=0.16; p=0.09 and p=0.18, respec-

tively).

Chromosomal pathology in fetuses with in-

creased NT thickness

The spectrum of chromosomal pathology di-
agnosed in fetuses of groups 1 and 2 from
pregnant women at high genetic risk is shown

in Table 1.

Original research: Clinical sciences

Aneuploidy with extra copies of autosomes
is dominant in fetuses (Table 1). In fetus-
es from group 1, trisomy 21 was detected
in 61.9% of all cases, including one mosa-
ic karyotype: 47, XY,+21[25]/46, XY[27]1*([
]*means the quantity of the cell’s clones).
Trisomy 18 was the second most common ab-
normality, and monosomy X was diagnosed
in only one case. The spectrum of CA in group
2 was more diverse. Although trisomy 21
and 18 dominated, 13.5% of cases showed
monosomy X, characterized by specific and
pronounced edema of cervical cystic hygro-
ma type. However, in general, in both groups,
a statistically significant increase in the in-
cidence of abnormalities of autosome was
observed compared to sex chromosomes: in
group 1 - 20/21 (95.2%) and 1/21 (4.8%)
(p<0.001; OR=400.00), and in group 2 -
31/37 (83.8%) and 6/37 (16.2%) (p<0.001;
OR=26.69). At the same time, there was no
statistically significant difference in the fre-
quency of autosomal abnormalities between
fetuses of groups 1 and 2 (95.2 and 83.8%,
respectively, p=0.20; OR=3.87). The aver-
age age of women in group 1 who had fetuses
with autosomal abnormalities was 33.5+1.37
years and did not differ from that of women
in group 2 with similar chromosomal pathol-
ogy in fetuses (32.4+1.11 years, p=0.53).

Table 1

Spectrum of chromosomal pathology in fetuses with increased nuchal translucency
thickness from pregnant women with high genetic risk

Spectrum Number of fetuses with NT thickness | Number of fetuses with NT thickness
of chromosomal (2.5-3.5 mm) (group 1) (absolute (> 3.5 mm) (group 2) (absolute p OR
abnormalities values, %) (n1=21) values, %) (n2=37)
. 13 (61.9%) 20 (54.1%)
Trisomy 21 (95% CI 40.7-81.0) (95% CI 38.1-69.6) 0.56 | 1.38
. 5 (23.8%) 7 (18.9%)

Trisomy 18 (95% CI 8.5-43.8) (95% CI 8.1-32.9) 0.66 | 1.34
Additional marker 2 (9.5%) 0 0.06 | 9.61
chromosomes (95% CI 1.0-25.3) (95% CI 0.0-2.6) ’ ’

) 0 2 (5.4%)
*
Deletion 22q11 (95% CI 0.0-4.5) (95% CI 0.5-14.9) 0.28 | 0.00
N 0 1 (2.7%)
Triploidy (69,XXX) (95% CI 0.0-4.5) (95% CI 0.0-10.3) 0.4510.00
1 (4.8%) 5 (13.5%)
Monosomy X (45,X) (95% CI 0.0-17.7) (95% CI 4.6-26.2) 0.29 | 0.32
Double aneuploidy 0 1 (2.7%) 0.45 | 0.00
(48, XY,+21,+mar) (95% CI 0.0-4.5) (95% CI 0.0-10.3) ’ )
Mosaic aneuploidy of
0 1(2.7%)
sex chromosomes 0.45 | 0.00
(47, XYY/48, XXYY) (95% CI 0.0-4.5) (95% CI 0.0-10.3)

Note: * abnormalities were detected using the FISH method in fetuses with congenital heart defects.
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There was no statistically significant differ-
ence in the frequency of sex chromosome
abnormalities (4.8% vs. 16.2%, p=0.20;
OR=0.26). In group 2, microdeletion of the
long arm of chromosome 22 (DiGeorge syn-
drome) was detected in two fetuses, double
aneuploidy (karyotypes 48, XY,+21,+mar
and 47, XYY/48, XXYY) in the other two cas-
es and triploidy (karyotype 69, XXX) in one
case. Thus, the frequency of CA in fetuses
from group 1 was 55.3% (21/38), and in fe-
tuses from group 2 - 41.6% (37/89), indicat-
ing a high informational value of the increase
in the fetal NT thickness in the first trimester
as a marker of chromosomal pathology.

Congenital malformations of non-chromosom-
al etiology in fetuses with an increased NT
thickness

Fetuses with NT greater than 3.5 mm (group
2) were diagnosed with CM of various systems
and organs, the most frequent of which were
heart defects. The spectrum of CHDs in swol-
len fetuses with different NT thicknesses de-
tected by ultrasound is shown in Table 2.

Fetuses from group 1 had predominant AV
communication among the CHDs, and group
2 fetuses had a broader spectrum of CM
with predominating conotruncal anomalies.
In the fetuses of group 1, only one case of a
heart defect was identified - VSD. In the fe-
tuses of group 2, a broader spectrum of car-
diac CM was observed, but conotruncal mal-
formation prevailed (Table 2). Among other
CHDs, group 2 fetuses were diagnosed with
tricuspid valve failure in 6/37 (15.7%) cas-

Original research: Clinical sciences

es, aortic coarctation in 3/38 (7.91%) cases,
open oval window in 2/38 (5.3%) cases, and
one case per each of such defects as aor-
tic stenosis, double aortic arch, heterotaxia
syndrome, and open arterial duct. The ra-
tio of cardiac CM in fetuses of groups 1 and
2, respectively, was 9/38 (23.7%): 39/89
(43.8%) (95% CI 11.7-38.3: 33.7-54.2)
(p=0.03; OR=0.40).

When detecting cardiac CM in fetuses with
thickened NT during invasive diagnostics,
molecular cytogenetic testing shall be per-
formed together with standard karyotyping
to exclude DiGeorge microdeletion syndrome
accompanied by congenital abnormalities of
large vessels (Petersen, 2020). Due to this
approach, two cases of 22q11 microdeletion
were diagnosed in the sample of fetuses with
increased NT thickness. An example of the
FISH analysis result is presented in Figure 1.

We compared the prevalence of the entire
CM spectrum in both groups’ fetuses with a
normal karyotype. A normal karyotype was
found in 17/38 (44.7%) fetuses from group
1 and 52/89 (58.4%) from group 2. In fe-
tuses from group 1 with normal karyotype,
CM was found in 3/17 (17.6%) cases and in
group 2 - in 18/52(34,6%) cases. The study
results of the clinical characteristics of swol-
len fetuses with different NT thicknesses and
a normal karyotype are shown in Figure 2
and Figure 3.

CHDs dominated the pathological NB fetuses
of group 2 in comparison with other malforma-

Table 2

Spectrum of congenital heart defects in swollen fetuses with different nuchal
translucency thickness

Number of fetuses with NT thickness | Number of fetuses with NT thickness
Spectrum of CHDs (2.5-3.5 mm) (group 1) (absolute (> 3.5 mm) (group 2) (absolute p OR
value, %) (n1=9) value, %) (n2=39)
Conotruncal anomalies
. 2 (22.2%) 15 (38.5%)
in thf/f"s?gr?rma' (95% CI 2.7-53.2) (95% CI 24.0-54.0) 0.36 | 0.46
: - 4 (44.4%) 5 (12.8%)
AV-communication (95% CI 15.4-75.8) (95% CI 4.3-25.0) 0.03 | 5.44
2 (22.2%) 4 (10.3%)
Vsb (95% CI 2.7-53.2) (95% CI 2.8-21.6) 0.33 ] 2.50
1(11.1%) 15 (38.5%)
Other defects (95% CI 0.0-38.2) (95% CI 24.0-54.0) 0.12 | 0.20

Note: AV-communication - antrioventricular communication; VSD - ventricular septal defect.
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Figure 3. The spectrum of congenital malformations in
swollen fetuses with normal karyotype (group 2) (NT
thickness of > 3.5 mm):

. cardiac abnormalities - 9 (17.3%);

. multiple malformations - 4 (7.7%);

. central nervous system - 2 (3.8%);

. osseous and articular system - 2 (3.8%);

. urinary system -1 (1.9%);

. without congenital malformations - 34 (65.4%).

Ol WN =

tions. In the fetuses of group 1, three various
CMs were diagnosed: 1) cardiac (VSD), which
closed during the pregnancy and a healthy child
was born; 2) central nervous system (dysgen-
Figure 1. 2211 microdeletion in a swollen fetus with an esis of the corpus callosum) was diagnosed in
NT thickness over 3.5 mm the third trimester and confirmed after birth;

3) osseous and articular system (skeletal dys-

5.9% plasia, short rib polydactyly syndrome).

Increased NT thicknesses in combination with
other echo markers

A prevalence analysis of other minor echo mark-
ers detected by ultrasound was performed in
swollen fetuses with different NT thicknesses.
In fetuses of group 1, pathological NB (apla-
sia/hypoplasia) was detected in 20/38 (52.6%)
cases and in fetuses of group 2 - in 38/89
(42.7%) cases. Thus, the ratio of pathologi-
cal NB between the groups was 52.6%:42.7%
(95% CI: 36.9-68.1: 32.7-53.1) (p=0.30;
OR=1.49). The pathology of VD was found in
14/38 (36.8%) fetuses of group 1 and in 26/89
(29.2%) fetuses of group 2. The VD pathology
ratio between groups of fetuses is as follows:
Figure 2. The spectrum of congenital malformations in 36.8%:29.2% (95% CI: 22.4-52.6: 20.3-

swollen fetuses with normal karyotype (group 1) (NT 39.0) (p=0.40; OR=1.41).
thickness of 2.5-3.5 mm):

e cardiac abnormalities - 1 (5.9%); : :
« Central nervous system - 1 (5.9%); Among group 1 of fetuses with an increased

« osseous and articular system - 1 (5.9%); NT thickness and pathol_ogical NB, in _12/20
« without congenital malformations - 14 (82.3%). (60.0%) cases, CA was diagnosed, and in the
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group 2 fetuses — in 24/38 (63.2%) cases, the
difference was not significant (p=0.81). These
results are consistent with publications on the
absence of NB or its hypoplasia in 58.8% of
Down syndrome cases and 1.7% of unaffected
pregnancies, respectively [23]. CM of non-chro-
mosomal etiology was found in 7/20 (35.0%)
fetuses of group 1 and in 23/38 (60.5%) fetus-
es of group 2 with pathological NB (Table 3).

A significantly higher incidence of CM of
non-chromosomal etiology was found in fetus-
es with VD pathology and NT thickness over
3.5 mm compared to fetuses with the same
pathology and NT thickness of 2.5-3.5 mm.

Discussion

This study is devoted to analyzing the effec-
tiveness of an early ultrasound marker, such
as measuring NT thicknesses, to identify CM
and common chromosomal pathology of fe-
tuses to optimize the algorithm of prenatal di-
agnostics in the first trimester.

Obtained data indicate that 14/38 (36.8%) fe-
tuses with an NT thickness of 2.5-3.5 mm had
normal karyotype without CM, of which three
fetuses from dichorial twins had normal NT
thickness; 30/89 (33.7%) fetuses with an NT
thickness of more than 3.5 mm also had nor-
mal karyotype without CM, of which two from
dichorial twins had an NT thickness within the
normal range (95% CI: 22.4-52.6: 24.3-43.8
p=0.73; OR=1.15). These data are cohered
with the findings of the world’s leading ex-
perts in fetal medicine, according to which NT
thickening can be detected in normal preg-
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nancies, and the likelihood of chromosomal
pathology in the fetus depends on the pres-
ence or absence of concomitant abnormali-
ties diagnosed by ultrasound [8]. In swollen
fetuses with a normal karyotype, the ratio of
healthy fetuses compared to those with CM is
82.4%:17.6% in group 1 and 62.5%:37.5%
in group 2, p=0.13. Fetuses with an NT thick-
ness of over 3.5 mm (group 2) with a normal
karyotype showed a wider spectrum of pathol-
ogy than fetuses of group 1. The CA frequency
and spectrum vary depending on the degree
of NT thickening. They are slightly higher in
the study sample than the results obtained by
other authors, especially in fetuses with an
NT thickness of 2.5-3.5 mm. Thus, according
to the literature data [24, 25], 38% of fetus-
es with NT >3.5 mm had CA, of which 28%
were trisomy 21, 18, 13, 7% of fetuses had
abnormalities of sex chromosomes, 0.8% had
triploidy karyotype, and 1.6% had unbalanced
chromosomal aberrations.

CHDs dominated pathological NB fetuses of
group 2 in comparison with other malforma-
tions. Multiple CMs were typical for this group,
accounting for 8.3% of all cases. The ratio of
CHDs in fetuses of groups 1 and 2, respective-
ly, was 23.7%: 43.8% (p=0.03; OR=0.40).
Thus, the probability of detecting a cardiac ab-
normality was higher with an increase in the
NT thickness over 3.5 mm, which is consistent
with other researchers’ data [26] and neces-
sitates in-depth fetal echocardiography when
detecting this echo marker at routine screen-
ing ultrasound check. This is confirmed by the
world’s leading experts in fetal medicine. In

Table 3

Chromosomal abnormalities and congenital malformations in fetuses with increased
NT thicknesses and with combined echo markers (hypoplasia of the nasal bone,
pathology of the venous duct)

Detected abnormalities
with NB hypoplasia

Number of fetuses with NT thickness
(2.5-3.5 mm) (group 1)

Number of fetuses with NT thickness
(> 3.5 mm) (group 2) p OR
with NB hypoplasia

12/20 (60.0%)

1) CA (95% CI 38.3-79.8)

24/38 (63.2%)

(95% CI 47.4-77.6) 0.81 | 0.88

7/20 (35.0%)

2) CM (95% CI 16.2-56.7)

23/38 (60.5%)

(95% CI 44.7-75.3) 0.06 | 0.35

Detected abnormalities with VD pathology

with VD pathology p OR

9/14 (64.3%)

3) CA (95% CI 38.4-86.3)

13/26 (50.0%)

(95% CI 31.3-68.7) 0.39 | 1.80

4/14 (28.6%)

4) CM (95% CI 8.8-54.0)

20/26 (76.9%)

(95% CI 59.2-90.8) 0.003] 0.12
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particular, it was shown that in fetuses with
a normal karyotype and without non-cardiac
abnormalities, adding a cardiac scan to the
combined parameters of the first-trimester
screening significantly improved the detection
of the main cardiac CM [27].

The algorithm for the management of preg-
nant women with swollen fetuses and manda-

Original research: Clinical sciences

tory CHDs is based on the performed compre-
hensive study of pregnancy outcomes in the
cases of increased NT thicknesses (Fig. 4).

This will allow for creating a group of high ge-
netic risk more accurately, as well as planning
the necessary range of verification diagnos-
tics and laboratory genetic methods. Based on
the obtained results, we consider it necessary

Fetuses

(zestational period of 11-13 .6 weeks)

Ultrasound (11—13.6) weeks + ECHO KG +
Combined screening calculating risk

Swollen fetuses
(Ii—13.6) weeks

Swollen fetuses
(2.5-3.5) mm (Group

AN

Fetuses without Fetuses with Fetuses with Fetuses without
congenital congenital congenital congenital
malformations malformations malformations malformations
low risk group |—' 4—1 high risk group | ‘ high risk group ‘
I I
Expert Ultrasound Karyotyping CVS Karyotyping CTS
(IT trimesir) (standart cyiogenetics) (siandart cytogenetics)
' /\.
Fetuses with Fetuzes with Fetuzes with Fetuses
normal chromosomal chromosomal with normal
karyotype abnormalities abnormalities karyotype

|
Lltrasound + ECHO EG Genetic counsulting | ‘ Genetic counsulting | ‘ Lltrasound + ECHO EG |
¥ v ‘/#‘.\\

Fetuses without Fetes with Fetuses with Fetuses without
congenital heart congenital heart congenital heart congenital heart
defects defects defects defects
[
[ [ '
e Tt Karvotyping CVS Karyotyping CVS Expert E.i_?frasaund
(I trimesir) (FISH) (FISH) (T trimestr)
Fetuzes with Fetuszes with Fetuzes with Fetuzes with
microdeletion normal normal microdeletion
syndrome karvotype karyotype syndrome
I T I I
Genetic counsuliing ‘ Expert Lltrasound | Genetic counsulting ‘
v (I trimestr) A

Figure. 4. Algorithm for prenatal diagnostics of swollen fetuses with increased NT thickness (2.5-3.5 up to > 3.5) mm
in the gestational period of 11-13.6 weeks
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to conduct genetic studies of swollen fetus-
es precisely at early gestational age (11-13.6
weeks), as evidenced by the high frequency
of CA in these fetuses with an NT thickness
of 2.5-3.5 mm, which did not significantly
differ from CA with increased NT thickness >
3.5 mm. Molecular cytogenetic studies should
be performed if CHDs are detected in fetuses
with a normal karyotype for exclusion of Di-
George syndrome. The algorithm for prenatal
diagnostics of swollen fetuses with increased
NT thickness > 3.5 mm in a gestational period
of 11-13.6 weeks is shown in Figure. 4.

Thus, methods of comprehensive prenatal di-
agnostics of swollen fetuses in the first trimes-
ter of gestational age of 11-13.6 weeks from
women at high genetic risk allow for the early
detection of fetal CA and CM, which significant-
ly increases the effectiveness of genetic coun-
seling that will narrow down to the prevention
of this pathology both in a separate family and
in the population as a whole. The analysis re-
sults are significant for a deeper clinical study
and for improving the effectiveness of prenatal
fetal assessment in families at risk of congen-
ital and hereditary pathology, which will im-
prove genetic assistance to the population [28,
29]. The similarity of the prevalence of addi-
tional echo markers at different NT thicknesses
indicates the need for the combined use of all
screening echographic and biochemical mark-

Original research: Clinical sciences

ers to assess the individual's combined genetic
risk (in the case of an increase in NT thickness
in the fetus, more than 3.5 mm).

In conclusions: Among pregnancies with fe-
tuses with an increased NT thickness, 65.4%
of cases of adverse outcomes were reported.
There is no significant difference between the
frequency of chromosome abnormalities in
fetuses of group 1 as compared to group 2,
which indicates a high informative value of an
increased NT thickness, including of 2.5-3.5
mm in fetuses in the first trimester as a mark-
er of chromosomal pathology.

A significantly higher incidence of CM of
non-chromosomal etiology was found in fe-
tuses with venous duct pathology and NT
thickness over 3.5 mm compared to fetuses
with the same pathology and NT thickness of
2.5-3.5 mm. Fetuses with thickened NT were
diagnosed with CM of various systems and or-
gans, the most frequent of which were cardi-
ac abnormalities. The ratio of CHDs in fetuses
of groups 1 and 2, respectively, was 23.7%:
43.8% (p=0.03; OR=0.40).

Proposed changes to the management algo-
rithm for pregnant women with swollen fetus-
es include mandatory CHD screening in the
first trimester.

References

Znamenska TK, Boychuk TM, Hodovanets YUD. Orhanizatsiya ta perspekty vyrozvytku perynatal’'noyi
dopomohy v Ukrayini. Neonatolohiya Khirurhiya Perynatalna Medytsyna, 2013; III,1(7):13-18.
Malone FD, Ball RH, Nyberg DA, Nyberg DA, Comstock CH, Bukowski R, et al. First-trimester septated
cystic hygroma: prevalence, natural history, and pediatric outcome. ObstetGynecol, 2005; 106:288-294.
Socolov D, Socolov R, Gorduza VE, Butureanu T, Stanculescu R, Carauleanu A et al. Increased nuchal
translucency in fetuses with a normal karyotype - diagnosis and management: an observational study.
Medicine, 2017; 96:e7521. doi: 10.1097/MD.0000000000007521

Chen M, Xue S, Chen J, Chen D, LiuY, Yan H. Correlation between increased nuchal translucency and
chromosomal abnormalities. Supplement: Abstract of the 29 Congress of Ultrasound in Obstetrics and
Gynecology, 2019; Berlin, Germany 54: Is S1 (ttps://courses.fetalmedicine.com/fmf/show/60?locale=en
https://doi.org/10.1002/u0g.1860 Citations: 325

Stuurman KE, Mespel-Brouwer MH, Engels MAJ, Elting MW, Bhola SL, Meijers-Heijboer H. Isolated
Increased Nuchal Translucency in First Trimester Ultrasound Scan: DiagnosticYield of Prenatal
fmed.2021.737936

Nicolaides KH, K. Avgidou S K, Faiola S, Falcon O. Multicenter study of first-trimester screening for
trisomy 21 in 75 821 pregnancies: results and estimation of the potential impact to find individual risk-
orientated two-stage first-trimester screening. Ultrasound Obstet Gynecol, 2005; 25(3):221-6. doi:
10.1002/u0g.1860

Bianchi DW, Crombleholme TM, Dapos, Alton ME. Fetology, diagnosis management of the fetal patient.
McGraw-Hill Professional, 2000. ISBN:0838525709. Read it at Google Books-Finditat Amazon. (https://
courses.fetalmedicine)

224



Mpaui HTL MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2023, Tom 72, N2 2 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2023, Vol. 72, 2
OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn Original research: Clinical sciences
8. Bilardo CM, Muller MA, Pajkrt E, Clur SA, Zalen van MM, et al. Increased nuchal translucency thickness

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

and normal karyotype: time for parental reassurance. Ultrasound ObstetGynecol, 2007; 30(1):11-8.
Alanen ], Leskinen M, Sairanen M, Korpimaki T, Kouru H, Gissler M, et al. Fetal nuchal translucency in
severe congenital heart defects: experiences in Northern Finland. J Matern Fetal Neonatal Med, 2019;
32(9):1454-1460. doi: 10.1080/14767058.2017.1408067

Cicero S, Curcio P, Papageorghiou A, Sonec ], Nicolaides K. Absence of nasal bone in fetuses with
trisomy 21 at 11-14 weeks of gestation: an observational study Lancet, 2001; 17; 358(9294)1665-7.
doi: 10.1016/50140-6736(01)06709-5.

Nicolaides KH. Screening for fetal aneuploidies at 11-13 weeks. Prenat Diagn, 2011; 31:7-15.
Nicolaides KH. Nuchal translucency and other first-trimester sonographic markers of chromosomal
abnormalities. Am J Obstet Gynecol, 2004; 191:45-67.

Masihi S, Barati M, Mohamadjafari R, Hashemi M. Assessment of nasal bone in first-trimester screening
for chromosomal abnormalities in Khuzestan. Iran J Reprod Med, 2014; 12(5):321-326.

Suwanrath C, Pruksanusak N, Koranantakul O, Suntharasaj T, Hanprasertpong T, Pranpanus S. Reliability
of fetal nasal bone length measurement 11-14 weeks of gestation. BMC Pregnancy and Childbirth
(Electronic), 2013; 13. doi: 10.1186/1471-2393-13-7

Nicolaides KH, Heath V, Cicero, S. Increased Nuchal Translucency at 11-14 Weeks. Prenatal Diagnosis,
2002; 22: 308-315. https://doi.org/10.1002/pd.308

Geipel A, Gembruch U. Screening performance of first trimester nuchal translucency, ductus venosus
blood flow and tricuspid regurgitation for cardiac defects. Geburtshilfe Neonatol, 2012; 216(4):157-61.
doi: 10.1055/s-0032-1316345

Florjanski J, Fuchs T, Zimmer M, Homola W, Pomorski M, Blok D, et al. The role of ductus venosus
Doppler flow in the diagnosis of chromosomal abnormalities during the first trimester of pregnancy. Adv
Clin Exp Med, 2013; 22(3):395-4.

Wiechec M, Nocun A, Matyszkiewicz A, Wiercinska E, Latala E. First-trimester severe ductus venosus
flow abnormalities in isolation or combination with other markers of aneuploidy and fetal anomalies. ]
Perinat Med, 2016; 44(2):201;9. doi: 10.1515/jpm-2014-0323

Lazoryshynets VV. Taktyko-stratehichni pytannya ukrayins'’koyi kardiokhirurhiyi ta interventsiynoyi
kardiolohiyi yak efektyvnykh instrumentiv zabezpechennya suchasnoho rivhya dopomohy naselennyu z
sertsevo-sudynnymy zakhvoryuvannyamy. Visnyk sertsevo-sudynnoyi khirurhiyi, 2016; 3(26):9-10.
Minnella G, Crupano F, Syngelaki A, Zidere V, Akolekar R, Nicolaides KH. Diagnosis of major heart defects by
routine first-trimester ultrasound examination: association with increased nuchal translucency, tricuspid
regurgitation and abnormal flow in ductus venosus. Ultrasound Obstet Gynecol. 2020 May;55(5):637-
644. doi: 10.1002/u0g.21956

Baranov BC, Lebedev VM, Poleyev AB. Uskorennyy pryamoy metod polucheniya metafaznykh i
prometafaznykh khromosom iz kletok bioptata khoriona i embrionov cheloveka v pervom trimestre
beremennosti. Byull.eksper.biol.i med, 1990.

Xie X, Tan W, Li F, Carrano E, Ramirez P, DiAdamo A, et al. Diagnostic cytogenetic testing following
positive noninvasive prenatal screening results of sex chromosome abnormalities: Report of five cases
and systematic review of evidence. Mol Genet Genomic Med, 2020; Jul;8(7):e1297. doi: 10.1002/
mgg3.1297 8

Masihi S, Barati M, Mohamadjafari R, Hashemi M. Assessment of nasal bone in first-trimester screening
for chromosomal abnormalities in Khuzestan. Iran J Reprod Med, 2014; 12(5):321-326G.

Srebniak MI, de Wit M C. Diderich KEM. Enlarged NT (=3.5 mm) in the first trimester - not all chromosome
aberrations can be detected by NIP.Mol Cytogenet, 2016; 9(1):69. doi: 10.1186/s13039-016-0279-z
Jin H, Wang J, Zhang G, Jiao H, Zhu J, Li Z, et al. Chinese multicenter retrospective study of isolated
increased nuchal translucency associates chromosome anomaly and prenatal diagnostic suggestions.
Scientific reports. Sci Rep, 2021; 11: 5596 doi: 10.1038/s41598-021-85108-6

Alanen J, Appelblom H, Korpimaki T, Kouru H, Sairanen M, Gisler M, et al. Glycosylated fibronectin as
a first-trimester marker for gestational diabetes.Arch Gynecol Obstet, 2020; 302(4): 853-860. doi:
10.1007/s00404-020-05670-8

Karadzov-Orlic N, Egic A, Filimonovic D, Damnjanovic-Pazin B, Milovanovic Z, Lukic R, et al. Screening
performance of congenital heart defects in the first trimester using simple cardiac scan, nuchal
translucency, abnormal ductus venosus blood flow and tricuspid regurgitation. Congenit Heart Dis,
2019; 14(6):1094-1101. doi: 10.1111/chd.12852

Pishak VP, Riznichuk MA . Uchastiye geneticheskikh faktorov v geneze vrozhdennykh porokov pochek.
Klinichna genetika i perinatal’na diagnostika, 2013; Vip. 1 (dod.). pp. 107-108.iAccess mode: http://
nbuv.gov.ua/UJRN/cgpd_2013_1%28dod.%?29__58.

Veropotvelyan, IS, Tsekhmistrenko, NP. Veropotvelyan AI. Glamazda PN. Sovremennyy podkhod k
sokhraneniyu reproduktivnogo potentsiala. Zdorov'ye zhenshchiny, 2015; 9: 94-97.

225



