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ABSTRACT

Aim. To evaluate the role of biochemical and biophysical parameters in the combined first-trimester prenatal
screening for the development of clinical forms of fetal growth restriction.

Materials and methods. Group | (main) included 73 patients, whose pregnancies were complicated by the fetal
growth restriction. The main group was divided into two subgroups: la with 30 patients whose pregnancies were
complicated by fetal growth restriction (FGR) and Ib with 43 patients whose pregnancies were complicated by small
for gestational age fetuses (SGA). Group |1 (control) included 118 patients whose pregnancies resulted in the birth
of a live, full-term infant with normal height and weight. All patients underwent combined first-trimester prenatal
screening with calculation of biochemical (pregnancy-associated plasma protein A (PAPP-A), free f-subunit of
human chorionic gonadotropin (B-hCG) and biophysical (mean arterial pressure (MAP), uterine artery pulsatility
index (PI) parameters, the values of which were subsequently analyzed.

Results. The level of PAPP-A was statistically significantly lower in the FGR group (0.793 MoM) compared to the
control group (1.048 MoM), p = 0.005. The level of PAPP-A in the blood below 0.793 MoM increases the risk of
fetal growth restriction by 3.244 times (odds ratio (OR) = 3.244; 95% confidence interval (95% CI) 1.394-7.554,
p = 0.005). An increase in the pulsation index was found in Doppler ultrasound of the uterine arteries in patients
with FGR compared to the SGA group (OR = 2.254; 95% CI 0.990-5.129, p = 0.017). Statistically significant
differences were not found in the studied parameters of the combined first-trimester prenatal screening in relation
to SGA.

Conclusion. Differences in the biochemical and biophysical parameters of combined prenatal screening for the
clinical forms of FGR were identified. Further research is needed to identify new prognostic markers of FGR,
which will help reduce perinatal losses. Additional research is required to expand the sample size of the Russian
population to clarify the role of the prenatal screening components.
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PE3IOME

Iesb: OLEHNUTH POJIb OMOXUMHUYECKHX M OMO(PU3NUYECKHX TTapaMeTPOB KOMOMHUPOBAHHOTO MIPEHATAIBHOTO CKPHU-

HHHTa NIePBOTO TPUMECTPA B PA3BUTHHU KIMHUYECKUX (OPM HEJOCTATOUHOTO POCTA MIOAA.

Marepuasbl 1 MmeToabl. ['pynna [ (ocHOBHAsT) — 73 MAMEHTKH, YbH OEPEMEHHOCTH OBUIN OCIIOKHEHBI PA3BUTHEM
HEJI0CTaTOYHOTro pocTta rutoaa. OcHOBHas Tpymnna Obula pasjeseHa Ha qe nmoarpynmnsl: la — 30 nanueHTok, ubk Oe-
PEMEHHOCTH OBUIH OCIIOKHEHBI pa3BUTHEM 3asiep>kKku pocta mioza (3PIT), Ib — 43 manuenTtky, ubn 6epeMeHHOCTH
OBUIH OCJIOXKHEHBI Pa3BUTHEM MAJIOBECHOT'0 JUIsl recTalnoHHOro Bo3pacra roga (MI'B). I'pynma I1 (konTponsHas) —
118 manmeHToK, 4bM GEpPEeMEHHOCTH 3aKOHYHIIMChH POKICHHEM JKHBOTO JIOHOIICHHOTO peOeHKa ¢ HOPMAaJIbHBIMU
POCTO-BECOBBIMH IIOKa3aTeNsIMU. BceM HanMeHTKaM MpoBeieH KOMOWHMPOBAHHBIA INMpPEHATAIBHBIA CKPHHUHT
MEPBOTO TPUMECTPA C PACUETOM 3HAUCHUI OMOXUMUYECKHX (ACCOLMUPOBAHHBINA C OEPEMEHHOCTBIO TIA3MEHHbIN
6erox A — PAPP-A, cBoGoHast B-cyObeIMHUIIa XOPHOHNYECKOT0 roHanoTponuHa yenoseka — f-hCQG) u 6nodusu-
YyecKuX (CpeliHee 3HaueHue aprepuanbHoro aapieHust — CAJl, mysibcalluOHHBIN HHJEKC B MATOYHBIX apTepusix — Pl

MA) napaMeTpoB, 3HAYCHUSA KOTOPLIX B )Ia.]'ILHeﬁI_HGM ObLIH TNMOABEPTHYTHI aHAJIU3Y.

Pe3yasTatsl. Yposens PAPP-A 6511 cratuctiueckn 3naunMo Hipke B Tpymme 3PII (0,793 MoM) o cpaBHEHHIO ¢
KOHTpOJIBHOI rpynmoi (1,048 MoM), p = 0,005. Conepxanune PAPP-A B kpoBu menee 0,793 MoM yBenmuuBaer
PHCK pa3BUTHSA 3aAEPXKKH pocTa mioaa B 3,244 pa3za (ornomenne mancos (OR) 3,244; 95%-it noBepuTensHbIH HH-
tepBai (95% JAW) 1,394-7,554, p = 0,005). BersBineHo NoBBIICHNE MTYTECAIIMOHHOTO HHAEKCA MPH JONIIIepOMe-
TPUH MaTOYHBIX apTepuil y maruenTok ¢ 3PII mo cpaBrenuro ¢ rpynmoit MI'B (OR = 2,254; 95% 1111 0,990-5,129,
p = 0,017). CraTucTUecKkH 3HAYMMBIC Pa3JIMIMs N3y4YEHHBIX ITapaMeTpOB KOMOWHHPOBAHHOTO NPEHATAILHOTO

CKPUHHHTA epBOTO TpHMecTpa ¢ pa3ButieM MI'B He ObLIH BBHISBICHBL

3akiiloueHne. BBISBICHB pa3inyus MO OMOXUMHYECKMM M OMO(H3NYECKHM IMapamMeTpaM KOMOWHHPOBAHHOTO
NPEHATaIbHOT0 CKPUHUHTA [T KIIMHUYECKHX ()OPM HEOCTATOYHOro pocTa mioza. Heodxoamum pabHEHIIH mo-
MCK HOBBIX MPOTHOCTHYECKUX MApKEPOB HEJOCTATOYHOIO POCTa IUIOAA, YTO IPUBEACT K CHIKEHHIO epHHATAIIb-
HBIX IIOTepb. TpedyeTcs TOMOIHUTEIEHOE TPOBEICHHE UCCIISJOBAHMIA TS yBEIMYEeHHsI 00beMa BBIOOPKH POCCHIA-

CKOI TOMYJIAINYA C LHEJIBIO YTOYHECHHUSA POJIN COCTABIIAIONINX KOMIIOHEHTOB IIPEHATAJIBHOI'O CKPUHWHTA.

KiaroueBrble ciioBa: 3aI€pIKKa pocCTa 1jionaa, MAaJIOBECHBIN IS TE€CTAIIHOHHOTO BO3pacTa 1101

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIAPUPYIOT OTCYTCTBUE SIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J’[PIKaIlPIeI>i HaCTOS[U.IefI CTaTbu.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PHHAHCHPOBAHUS TPH NPOBEICHHN HUCCIEN0-

BaHUA.
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INTRODUCTION

Reducing perinatal losses is one of the priority
areas in obstetrics. Fetal growth restriction (FGR)
is a pregnancy complication in which the fetus does
not achieve its optimal physical development for
the gestational age and is a probable risk factor for
complications such as neonatal respiratory distress
syndrome, hypothermia, hypoglycemia, pulmonary
hemorrhage, intraventricular hemorrhage, necrotizing
enterocolitis, and sepsis [1-3]. The development of
screening programs for early detection of pregnant
women with a high risk of FGR remains relevant.
The obstetric community continues to actively search
FGR predictors to create mathematical models and
algorithms that would have high prognostic significance
in stratifying the pathological gestation risk.

In 2020, with the support of the Fetal Medicine
Foundation (FMF, UK), a large-scale study was
conducted involving 60,875 pregnant women to
assess the predicting effectiveness of a birth of a
child weighing less than the 10th percentile based on
biochemical and biophysical parameters of prenatal
screening. According to the results of this study,
the best biophysical predictor was the uterine artery
pulsatility index (PI), and the best biochemical marker
was the placental growth factor (PIGF) [4]. The
evaluation of the parameters was conducted in many
countries around the world with their subsequent
implementation in wide clinical practice [5-8].

In the Russian Federation, the calculation of
biochemical (free P-subunit of human chorionic
gonadotropin (B-hCG) and pregnancy-associated
plasma protein A (PAPP-A)) and biophysical (uterine
artery pulsatility index (P1) and mean arterial pressure
(MAP)) marker values is performed as part of prenatal
screening for fetal developmental disorders in the first
trimester. In 2017, a group of Russian researchers
assessed the use of first-trimester biochemical
screening parameters and the uterine artery PT to form
arisk group for FGR. It was shown that the probability

of developing FGR is 68% with an increase in the PI
value > 2.5 MoM in combination with a decrease in
PAPP-A < 0.7 MoM. However, in our country at the
time of the study, a different clinical classification of
FGR was in effect, based on the fetometry parameter
lag from the norm by two or more weeks, which in
turn determined the inclusion criteria in this work [9].

In 2019, T.A. Yarygina et al. published the findings
of a study devoted to assessing the effectiveness of
biophysical and biochemical parameters of prenatal
screening in predicting the birth of a SGA child.
The analysis conducted in this work established an
acceptable quality of the model for predicting the
birth of a preterm low birth weight baby only for
the PAPP-A biomarker (area under the curve (AUC)
0.74). However, the inclusion criterion in the main
group was the value of the estimated fetal weight less
than the 10th percentile [10]. Given the small number
of studies assessing the effectiveness of biochemical
and biophysical parameters of prenatal screening in
the development of FGR, further research in this area
is required.

The aim of the study was to evaluate the role of
biochemical and biophysical parameters of combined
first-trimester prenatal screening in the development
of clinical forms of FGR.

MATERIALS AND METHODS

The study group consisted of 191 women who had
a singleton spontaneously conceived pregnancy that
resulted in a live birth at 24 weeks or more of gestation
between 2021 and 2023.

Inclusion criteria for the main group were as
follows: singleton pregnancy complicated by the
development of FGR. Inclusion criteria for the control
group were singleton normal pregnancy resulting in
the birth of a healthy newborn with a body weight
corresponding to the gestational age. Exclusion
criteria for both groups were the presence of severe
extragenital pathology in the woman; pregnancy
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resulting from assisted reproductive technologies;
multiple pregnancy; hereditary diseases in the mother;
acute phase or exacerbation of chronic infectious
diseases; chromosomal abnormalities, and congenital
malformations of the fetus.

All patients underwent combined first-trimester
prenatal screening to diagnose fetal developmental
disorders at the Medical Genetic Center of the
Research Institute of Medical Genetics of Tomsk
National Research Medical Center and the I.D.
Evtushenko Regional Perinatal Center in Tomsk at a
gestational age of 11-13.6 weeks. Prenatal screening
included ultrasound examination (US) of the fetus and
biochemical examination of the mother’s blood with
an assessment of the concentration of free -subunit
of human chorionic gonadotropin (B-hCG) and
pregnancy-associated plasma protein A (PAPP-A)
[10]. Screening was supplemented by determination
of the uterine artery pulsatility index (P1) and double
measurement of blood pressure (BP) in both arms,
followed by the mean BP (MBP) value calculation.
The obtained values of Pl, MBP, serum protein
concentrations considering the crown-rump length of
the fetus and the body weight of the pregnant woman
were converted into MoM. The standard reference
values of 0.5-2.0 MoM were considered. All women
signed an informed consent to participate in the study,
which was approved by the Ethics Committee at
Siberian State Medical University.

Statistical analysis was performed in several stages.
The quantitative data were tested for compliance with
the normal distribution law using the Kolmogorov—
Smirnov test (for a sample size of » > 50) and the
Shapiro-Wilk test (for » < 50). In our study, the
distribution was not normal, therefore, quantitative
data are presented as the median and the interquartile
range Me (Q,; Q,). To compare differences between
groups, nonparametric statistical methods were used
including the Kruskal-Wallis and Mann-Whitney
tests. Differences were considered statistically
significant at p < 0.05. To adjust for multiple
comparisons, the Bonferroni correction was used
(D gjuste0r the adjusted p-value, was 0.017). The analysis
of four-field contingency tables was performed using
the Pearson’s chi-squared test, since the value of the
expected phenomenon was more than 10. In order to
assess the influence of biochemical and biophysical
parameters on the development of FGR, the odds
ratio (OR) was calculated with a 95% confidence
interval (95% CI). Statistical analysis was performed
using the statistical packages Excel and SPSS

Statistics 26.

RESULTS

All study participants were divided into two
groups. The main (1) included includes patients whose
pregnancy was complicated by the development FGR.
According to the clinical guidelines in force in the
Russian Federation, the group was divided into two
subgroups, depending on the clinical form of FGR.
Group la included patients with antenatally diagnosed
FGR (n = 30). FGR was defined as an ultrasound
value of the estimated fetal weight (EFW) less than
the 3" percentile or an EW less than the 10" percentile
in combination with abnormal blood flow according
to ultrasound Doppler data. Group Ib includes patients
whose pregnancy was complicated by the formation
of a small-for-gestational-age (SGA) fetus (n = 43).
SGA was defined when ultrasound values of the EFW
were in the range from the 3 to the 9" percentile
in combination with normal blood flow parameters
according to Doppler data.

The control (I1) group consisted of patients whose
pregnancy ended with the birth of a healthy full-term
newborn with normal weight and height (» = 118). The
postnatal assessment of weight and height in newborns
was carried out according to the INTERGROWTH-
21 centile tables to confirm the antenatal diagnosis
of FGR and SGA fetus, as well as to establish normal
growth and weight of newborns in the control group.
Data on the course and outcomes of pregnancy were
obtained from the primary medical documentation of
I.D. Evtushenko Regional Perinatal Center, Tomsk.

All patients participating in the study underwent
combined first-trimester prenatal screening with
calculation of biochemical and biophysical parameter
values, the results of which are presented in Table 1.

D, 18 the level of statistical significance of
differences between FGR and control groups;
P, 18 the level of statistical significance of differences
between SGA and control groups; p, , is level of
statistical significance of differences between FGR
and SGA groups; P~ 0.017.

It should also be noted that the median values of
all presented parameters did not exceed the reference
limits. The Kruskal-Wallis test revealed statistically
significant differences between the groups in such
parameters as PAPP-A and Pl levels (H = 9.113,
p = 0.010; H = 6.594, p = 0.37, respectively). There
were no significant differences between the groups
in the level of MAP and B-hCG content (H = 1.695,
p = 0.428; H = 0.905, p = 0.636, respectively).
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Table 1
Results of Biochemical and Biophysical Parameters of Prenatal Screening in the Study Groups, MoM, Me (Q,; Q,)
Biochemical marker Main (la) group, n = 30 Main (1b) group, n = 43 Control (1) group, n = 118 P
P, = 0.005
PAPP-A 0.793 (0.548; 0.997) 0.958 (0.524; 1.346) 1.048 (0.656; 1.346) Py = 0.062
plaflb: 0583
D, = 0.644
B-hCG 1.305 (0.605; 1.476) 1.088 (0.538; 1.301) 1.124 (0.603; 1.391) D= 0.437
Dyupy = 0.433
Prn™ 0.06
Pl 1.082 (0.801; 1.234 0.886 (0.691; 1.061) 0.956 (0.818; 1.126) Py = 0.155
Dy = 0017
P.n=0.698
MAP 1.075 (0.993; 1.099) 1.078 (0.976; 1.147) 1.042 (0.952; 1.133) P, = 0.185
Pran= 0.638

Note. PAPP-A is pregnancy associated plasma protein A; B-hCG is free f-subunit of human chorionic gonadotropin; PI is uterine artery pulsatility

index; MAP is mean arterial pressure.

If statistically significant differences between groups
were detected using the Kruskal-Wallis test, post-hoc
comparisons were then performed using the Mann-
Whitney test.

In both main groups, the median for PAPP-A was
lower compared with the control group. However,
statistically significant differences were obtained
only between the main la (FGR) group and the
control group (» = 0.005). Subsequent calculation
of the odds ratio showed that the values of PAPP-A
<0.793 MoM obtained during prenatal screening
increased the risk of developing FGR by 3.244 times
(OR = 3.244; 95% CI 1.394-7.554, p = 0.005) and
increased the risk of developing a SGA fetus by
2.049 times (OR = 2.049; 95% CI 1.010-4.157,
p = 0.045). The median for Pl was higher in group
la (FGR) compared with groups Ib (SGA) and the
control. However, statistically significant differences
were obtained only between groups la (FGR) and Ib
(SGA) (p = 0.017). Subsequent calculation of the odds
ratio showed that the values of PI MA >1.082 MoM
obtained during prenatal screening increased the risk
of developing FGR by 2.254 times (OR = 2.254;
95% CI 0.990-5.129, p = 0.017). For the remaining
indicators analyzed in this work, no statistically
significant differences were found using the Mann—
Whitney test.

DISCUSSION

Initially, maternal serum markers were studied
in the context of fetal chromosomal abnormalities
screening. However, research on its role in predicting
“major obstetric syndromes” is currently gaining

traction [11-13]. Of the parameters making up the
prenatal screening, statistically significant differences
between groups were found only for PAPP-A,
which is a metalloproteinase in the insulin-like growth
factor (IGF) system [14, 15]. It has been shown
that PAPP-A increases IGF bioavailability by
adjustable splitting of IGF-binding protein 4
(IGFBP4). This process promotes activation of cell
proliferation, migration, and differentiation, thereby
determining normal fetal growth and development.
During pregnancy, PAPP-A synthesis occurs mainly
in the syncytiotrophoblast [15].

The most recognized causes of FGR development
are inadequate trophoblast invasion into the uterine
wall, explaining low PAPP-A levels, which, in turn
reduce the IGF bioavailability, which, as noted above,
is an important determinant of fetal growth [15-17]. In
our study, the median PAPP-A in the FGR group was
0.793 MoM, which is significantly lower compared to
the control group.

It is known that abnormal placentation is the
main cause of FGR. In this regard, there is a justified
interest in studying the level of B-hCG synthesized
by syncytiotrophoblast in the blood, which may
indicate placental dysfunction and thereby predict
the development of complicated pregnancy [14, 15].
Despite a large number of studies devoted to the study
of B-hCG levels in FGR, there is still no consensus
on this issue. Some studies have noted a decrease in
this biomarker level at 11-14 weeks in pregnancies
that were subsequently complicated by FGR. For
example, P. Sirikunalai et al. showed that the risk
of the pathology under consideration increased
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significantly at a f-hCG level <0.5 MoM [18]. On the
contrary, other authors note an increased level of the
biomarker in FGR [11, 19]. These results confirm the
necessity of a more in-depth study of the -hCG level
in various forms of FGR. The B-hCG values in our
study were slightly higher in the FGR group compared
to the control, but the differences were not statistically
significant.

Ultrasound diagnostics is the mainstay in assessing
the fetus condition in modern obstetrics [1, 5, 6]. The
use of ultrasound equipment in antenatal diagnostics,
whose operation is based on the Doppler effect, allows
us to study the state of the uteroplacental, fetoplacental
and fetal blood flow. Since FGR is characterized by
a disruption of normal trophoblastic invasion and a
lack of uterine spiral arteries remodeling, leading to
highly resistant uteroplacental circulation, studying
blood flow in the uterine arteries at the end of the
first trimester of pregnancy is one of the methods for
predicting this pathology [20]. Most researchers agree
that PI in the first trimester above the 95" percentile
indicates a high risk of developing FGR, rather than
a SGA fetus, which is characterized by the absence
of increased resistance in the uterine arteries [21-23].

The results of our study showed that the PI value in
the FGR group, although not exceeding the reference
values, is significantly higher compared to the SGA
group, which confirms the idea of the formation of a
highly resistant type of blood flow. The absence of
significant differences with the control group may be
due to the small sample size in our work.

With the widespread implementation of combined
first-trimester screening, a significant amount of data
has accumulated on the MAP role in predicting the
preeclampsia development, which formed the basis
for studying the possibility of its use in FGR screening
[12, 24]. It should be noted that to date, the role of
MAP in terms of isolated FGR prediction has been
poorly studied. The median MAP values obtained in
our study do not allow us to identify risk groups for
the FGR and SGA development in the first trimester.

CONCLUSION

Fetal gowth restriction as a significant risk factor
for perinatal losses still requires a search for prognostic
criteria, since intrauterine development is determined
by a complex of factors. Researchers are trying to find
new prognostic parameters for the early prediction
of FGR, hoping that this will lead to a decrease in
perinatal losses. However, at present in the Russian
Federation, there is a limited number of studies

focusing on the use of biochemical and biophysical
parameters of prenatal screening to assess the birth of
children with insufficient body weight.

Our study showed that the values of biochemical
(PAPP-A and B-hCG) and biophysical (MAP and
P1) parameters of prenatal screening in the main and
control groups did not exceed the reference limits.
No significant differences in the values of PAPP-A,
B-hCG, MAP, and PI were found between the SGA
and control groups. It was shown that the PAPP-A
level was significantly lower in the FGR group (0.793
MoM) compared to the control group (1.048 MoM)
(p = 0.005), which is consistent with the findings
of extensive studies [4, 9, 16]. The median Pl was
higher in the FGR group (1.082 MoM) and there
were statistically significant differences with the
SGA group (p = 0.018). The values of B-hCG and
MAP between the FGR and control groups had no
significant differences.

Thus, further research is required to increase the
sample size of the Russian population in order to clarify
the data we obtained. It is necessary to study the role of
soluble fms-like tyrosine kinase-1 (sFlt-1) and PIGF
in the FGR development, the prognostic effectiveness
of which has been shown in foreign literature [21, 25].
It seems relevant to continue research to clarify the
role of combined prenatal screening parameters in
FGR development.
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