ORIGINAL ARTICLES Vol. 8 (3) 2021 V.F Snegirev Archives of Obstetrics and Gynecology %
1

DOI: http://doi.org/10.17816/2313-8726-2021-8-3-139-147 .

Comparison of prenatal functional markers Shekis
of retardation of fetal growth and delayed fetal
development with expression of vascular

growth factors in the placenta

Sholpan D. Dyusembinova', Nataliya G. Pavlova?, Kseniya A. Klikunova’

"Maternity hospital No. 6 named after prof. V.F. Snegirev, Saint Petersburg, Russian Federation;
ZThe First Saint Petersburg State Medical University named after I.P. Pavlov, Saint Petersburg, Russian Federation;
3Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russian Federation

ABSTRACT

AIM: The study aimed to investigate and compare Doppler metric indicators in the main arteries of the functional system
of the mother, placenta, and fetus as well as the parameters of the activity—rest cycle in fetuses with vascular endothelial
growth factor (VEGF) expression and placenta growth factor (PIGF) in the presence of physiological pregnancy and placental
insufficiency to analyze morphofunctional parallels between these indicators in the third trimester of pregnancy.

MATERIALS AND METHODS: Twenty-nine women on the 34—35 weeks of pregnancy (period of physiological maturity
of the activity—rest cycle in the fetus) were screened. The main group consisted of 19 patients. The inclusion criteria were as
follows: single-fetal pregnancy, fetometric indicators below the 10th percentile, and presence of blood flow disorders in the
main vessels of the mother—placenta—fetus functional system. The comparison group included 10 relatively healthy women.
The criteria for inclusion in the comparison group were as follows: single-fetal physiological pregnancy, fetometric indicators
above the 10th percentile, and absence of Doppler disorders of placental blood flow. Fetometry and Doppler studies of the
placental blood flow in the main arteries of the functional system of the mother, placenta, fetus were performed using the
Voluson 730 Expert ultrasound device (GE, USA). The activity—rest cycle in the fetus was evaluated using Sonicaid Team Care
fetal monitor (Oxford, UK). Placental tissue was taken from the central placental area for immunohistochemical analysis
of VEGF and PIGF expression with primary monoclonal antibodies of the main women group and comparison group after
childbirth (1:100, Abcam, UK).

RESULTS: A direct correlation between the expression of VEGF in the central zone of the placenta and index resistance (IR),
ripple index (RI) in the uterine arteries, as well as the cerebroplacental relationship — CPR (r,=0.487; p,=0.035; r,=0.487;
p,=0.035; r,;=0.578; p,=0.030, respectively) in women of the main group was found. A direct correlation was established
between the expression of VEGF in the central zone of the placenta and IR in the umbilical artery (r=0.49; p=0.033) in patients
of the main group. The analysis of the rest—activity cycle in fetuses of women of the main group showed that at 34—35 weeks
73% of them do not form it: the behavior of fetuses is represented only by the activated state. An inverse relationship
was found between VEGF expression and the motor-cardiac reflex amplitude (r=—0.866; p=0.05) as well as the heart rate
oscillation amplitude (r=—0.866; p=0.05) in fetuses of women of the main group.

CONCLUSIONS: The identified morphofunctional parallels will allow to develop non-invasive pathogenetic prognostic
models for prenatal diagnosis of fetal development delay with different degrees of growth restriction.

Keywords: retardation of fetal growth and delayed fetal development; placental blood flow Doppler; activity—rest cycle;
vascular endothelial growth factor; placental growth factor.
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ConoctaBneHue npeHaTaNbHbIX PYHKLMOHANbHbIX
MapKepoB 3afiepXKHU pocTa U pasBUTUA nnopja

C 3Kcnpeccuen cocyamucTbix GpaKkTopoB pocTa

B NaLeHTe

LL.[. OiocembunHosa', H.I'. Masnosa?, K.A. KnukyHosa®

"PoaunbHbinn oM N2 6 um. npog. B.O. CHerupésa, CankT-Metepbypr, Poccuitckan Qenepaums;

epsbit CaHKT-MeTepbyprckuin rocyaapCTBEHHbBIN MEAMLIMHCKII YHUBEPCUTET M. akap. WM. Masnosa», CankT-MNetepbypr,
Poccuitckan Oepepaums;

SCanKT-TeTepbyprcKuii rocyapCTBEHHBIN NeNaTPUUECKUii MeAULIMHCKUI YHnBepcuTeT, CankT-Metepbypr, Poccuitckas Qenepauma

AHHOTAUNA

Llenb viccnepoBaHMA — m3yunTb U conoctaeuTb B Il TpuMecTpe 6epeMeHHOCTU OOMMNEpPOMETPUYECKUE NOKa3aTenu
B MarucTpasbHbIX apTepuAxX GYHKLIMOHANBHOW CUCTEMbI MaTb—MNaLeHTa—MN/10/, a TaKKe NapaMeTpbl LMKA aKTUBHOCTb—
nokol y nnopoB ¢ sKkcnpeccueint VEGF (vascular endothelial growth factor) u PIGF (placenta growth factor) B nnauenTax
npu ¢pusnonornyeckon 6epeMeHHOCTU M NaLEHTapHON HeJOCTaTOMHOCTY C Liefblo aHanu3a MophodyHKLMOHANBHBIX Na-
pannenei Mexay 3TMU MoKasaTeNiAMM.

Mamepuanel u Memodsi. 06cnefoBaHo 29 eHWMH B 34—35 Heenb 6epeMeHHOCTM — CPOK GU3MONOrNYECKOM 3penio-
CTM LMKIIa aKTUBHOCTb—NOKOM Y nnoaa. OcHoBHylo rpynny cocTaBunum 19 nauMeHToK. Kputepum BKNKOYEHUA: 0HONNOAHAA
bepeMeHHOCTb, GeToMETpUYECKME NoKa3aTenu Huxe 10-ro NepueHTUNA, HanuuMe HapyLIeHW A KPOBOTOKA B MarmcTpasb-
HbIX cocyAax GYHKLMOHANbHOM CUCTeMbI MaTb—nnaleHTa—nnod. B rpynny cpaBHenns Bownu 10 0THOCUTENBHO 3L40POBbLIX
HEHLUMH. KpuTepum BKAOYEHWA B FPYNMy CPaBHEHWSA: 04HONI0AHAA GU3Monormyeckan bepeMeHHOCTb, GeTOMETpUYECKME
nokasarenu Boiwe 10-ro nepueHTUnA, OTCYTCTBME SONMIEPOMETPUYECKMX HApYLLEHUI MnaleHTapHOro KpoBoToka. Peto-
MeTpUIo 1 JONNIEpPOMETPUYECKUE UCCNE0BaHWUA MALEHTapHOr0 KPOBOTOKA B OCHOBHBIX apTepuAX QYHKLIMOHANBHON CU-
CTeMbl MaTb—MNMaLeHTa—No BbINOSHANM Ha ynbTpa3ByKoBoM npubope Voluson 730 Expert (GE, CLUA). W3yyeHne umkna
aKTMBHOCTb—MOKOM Y N/I0A0B NpoBOAMAM Ha annapate Sonicaid Team Care (Oxford, Benukobputanus). Y »eHLMH ocHOB-
HOW Tpynnbl U rPynnbl CPaBHEHWA NOCNE pPooB NPOBOAWNM 3a60p NNALEHTApHOM TKaHW M3 LEHTPaNbHOM 30HbI MaLeH-
Tbl ANA UMMYHOTUCTOXMMUYECKOro aHanmu3a axkcnpeccum VEGF u PIGF ¢ nomoLubio nepBUYHBIX MOHOKNOHANbHbBIX aHTUTEN
(1:100, Abcam, Bennkobputanus).

Pe3ynemamel. BbiABneHa npAMan KoppenALMOHHaA 3aBUCUMMOCTb Mexkay aKkcnpeccnen VEGF B LeHTpanbHOM 30He nna-
LLeHTbl M MHAEKcoM pesucTeHTHocTU (UP), nynbcauuoHHbiM uHaekcoM (M) B MaTouHbIX apTepusx, a Takxe Lepebponna-
LieHTapHbIM oTHoLweHnem — LIMO (r,=0,487; p,=0,035; r,=0,487; p,=0,035; r;=0,578; p,=0,030, co0TBETCTBEHHO) Y MEHLUMH
OCHOBHOWM Ipynnbl. YcTaHoBNEHa NpAMan KOppenALMOHHaA 3aBUCUMMOCTb Mexay aKcnpeccuent PIGF B LeHTpanbHoOM 30He
nnawenTsl U UP B aptepum nynoBuHbl (r=0,49; p=0,033) y naumeHToK 0CHOBHOM rpynnbl. AHanu3 LMKNa akTMBHOCTb—OKOM
Yy NM0A0B *KEHLWMH 0CHOBHOM MPYNMbl MoKasar, uto B 34—35 Hepenb 73% u3 HWX ero He GopMMpYIOT: NoBeJeHWe NI040B
NPeLCTaBeHO TOMbKO aKTUBMPOBAHHLIM COCTOAHMEM. [Ipy 3TOM BbifBNEHa 0bpaTHaA 3aBUCMMOCTb Me[y JKcrpeccueit
VEGF » amnautymoin mMoTopHo-KapauanbHoro pednekca — MKP (r=—0,866; p=0,05), a TakKe aMnAUTYQOM OCLMNNALMNA
cepaeyHoro putMa (r=—0,866; p=0,05) y NNofoB eHLMH OCHOBHOM rpynmbl.

3aknoyeHue. BoisBneHHble MopodyHKLUMOHANLHbIE Mapanieny no3BosAT pas3paboTatb HEMHBA3MBHLIE MATOrEHETU-
YecKue NPOrHOCTMYECKUE MOAENN NMpeHaTanbHOM AMArHOCTMKM 3a[iepHKU Pa3BUTMA N0La NPY PasfMYHONM CTerneHu 3a-
LEPHKM ero pocta.

KnioueBble cyi0Ba: 33jepiKKa pocTa v pasBUTUA NN0La; LONMIEPOMETPUA NNALLEHTAPHOr0 KPOBOTOKA; LUK aKTUBHOCTb—
MOKOW NJI0Aa; COCYANCTLIM GaKTOp pocTa B NNaLeHTe; NnaLeHTapHbIA GakTop pocTa.
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INTRODUCTION

Fetal growth retardation is an urgent problem in modern
obstetrics. In Russia, the incidence of this pregnancy com-
plication is approximately 3-24% and 18-40% in full-term
and premature newborns, respectively [1]. Fetal growth
retardation involves a combined delay in the maturation of
the fetal functional systems, particularly the central nervous
system (CNS), which is formed, as a rule, under conditions
of perinatal hypoxia. Concurrently, newborns may experience
a uniform or dissociated delay in the formation of tonic and
reflex reactions, and in the future, about one-third of these
children develop neurological disorders ranging from mini-
mal cerebral dysfunction to severe diseases [2]. Children
with a severe form of growth and developmental retardation
have learning problems at school age and are sometimes
unable to complete a full course of study in a comprehensive
school [3].

Currently, the main methods used for the prenatal diag-
nosis of fetal growth and development retardation remain
ultrasound fetometry and dopplerometry of blood flow in the
vessels of the mother—placenta—fetus functional system [2].
The international consensus included in the Delphi protocol
(2016) clarified that in the absence of placental blood flow
disorders at each stage of pregnancy, growth retardation
of the fetus is established only if its estimated weight is
below the 3 percentile characteristic of this stage of preg-
nancy. In cases of placental hemodynamics disorders, the
diagnosis is justified even if the estimated fetal weight is
below the 10" percentile [2, 4]. However, our previous study
showed that 7% of newborns with prenatal fetometric pa-
rameters between the 5th and 10th percentile still present
growth and developmental retardation even in the absence
of placental circulation disorders in the main arteries of the
mother—placenta—fetus system. We determined this by the
cyclic organization of the functional states that characterize
the maturity of the coordination and integration functions of
the fetal CNS [2].

It is known that a well-nourished fetus develops due to
adequate processes of vasculogenesis and angiogenesis
in the placenta. The latter is under the control of vascular
growth factors, such as endothelial (VEGF) and placental
(PIGF) growth factors, the study of which has been given
great importance in recent years [5-8]. Analysis of the ex-
pression of these factors in the placenta and its comparison
with the Doppler parameters of the placental circulation and
functional markers of the fetal CNS maturation will contri-
bute to the better understanding of the pathogenesis of fetal
growth and development retardation, enabling the early di-
agnosis of this pregnancy complication and its neurological
consequences for the fetus and newborn in order to select
an adequate management strategy, term and method of de-
livery, and postnatal neurological support.

The present study aimed to analyze and com-
pare Doppler parameters in the main arteries of the
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mother—placenta—fetus functional system in the third tri-
mester of pregnancy, as well as parameters of the acti-
vity—rest cycle in fetuses with VEGF and PIGF expressions
in the placenta during physiological pregnancy and placental
insufficiency in order to analyze the morphofunctional rela-
tionships between these indicators.

MATERIALS AND METHODS

During the period of physiological maturity of the ac-
tivity—rest cycle in fetuses (34-35 weeks of pregnancy),
29 women were examined. The main group consisted of
19 female patients. The inclusion criteria for the main group
were singleton pregnancy, fetometric parameters or esti-
mated fetal weight below the 10th percentile, and impaired
blood flow in the main arteries of the mother—placenta—fe-
tus functional system according to dopplerometry.

The term of delivery in the main group was 35 weeks
in 4 patients and 36 weeks in 3 patients; urgent delivery
occurred in 12 patients. In all pregnant women of the main
group, varying degrees of hemodynamic disorders were re-
gistered in the mother—placenta—fetus functional system [9],
namely degree | in 7 cases, degree Il in 6 cases, and de-
gree Il in 6 cases. In our study, fetuses had no critical dis-
orders in the main arteries of the fetal-placental circulation,
since such pregnant women had already undergone delivery
at a term of 34-35 weeks [2]. Pregnant women of the main
group had extragenital diseases, namely hypertension in
2 patients, vegetovascular dystonia in 3 patients, varicose
disease of the lower extremities in 3 cases, type | diabetes
mellitus in 1 case, and chronic inflammatory diseases in-
cluding pyelonephritis in 6 cases, gastritis in 3 cases, and
tonsillitis in 4 cases. The control group consisted of 10 rela-
tively healthy women. The inclusion criteria for the control
group were singleton physiological pregnancy, fetometric
parameters above the 10th percentile, the absence of hemo-
dynamic disorders in the mother—placenta—fetus functional
system, and delivery at term [8].

Fetal length was measured and Doppler studies of pla-
cental blood flow in the main arteries of the mother—pla-
centa—fetus functional system were performed using a Vo-
luson-730 Expert ultrasonic diagnostic device (GE, USA). In
addition to determining standard indices characterizing vas-
cular resistance (resistance index (RI), pulsation index (Pl)),
the cerebroplacental ratio (CPR) was calculated.

The activity—rest cycle in fetuses was studied by visual
assessment of 90-min cardiotocograms obtained using the
Sonicaid Team Care device (Oxford, UK). The presence of the
activity—rest cycle was assessed, and if it existed, the dura-
tion of its calm state in minutes was measured. During the
active state of the fetus, the basal heart rate, amplitudes of
oscillations of the heart rate (HR), and motor—cardiac reflex
(MCR) were determined [2].

In female patients of the main and control groups, pla-
cental tissue was collected after delivery from the central
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zone of the placenta for immunohistochemical analysis of
VEGF and PIGF expression. The immunohistochemical re-
action was performed using a standard one-step protocol
with antigen retrieval (high-temperature tissue treatment) in
0.01M citrate buffer pH 7.6. Primary monoclonal antibodies
to PIGF (1:100, Abcam, UK) and primary monoclonal antibo-
dies to VEGF (1:100, Abcam, UK) were used for the study.
The results of the immunohistochemical reaction were quan-
titatively assessed on microphotographs obtained using a mi-
croscopic image fixation system consisting of a Nikon Eclipse
E400 microscope (Japan), Nikon DXM1200 digital camera (Ja-
pan), personal computer based on Intel Pentium 4, and soft-
ware ACT-1 version 2.12. Further quantitative study was per-
formed using the Morphologiya 5.0 computer image analysis
program (VideoTesT, Russia). The relative area of VEGF and
PIGF expressions (S, %) was calculated as the ratio of the area
of immunopositive cells to the total area of the drug in accor-
dance with the Bouguer—Lambert—Beer law. The use of this
indicator, which is the basic parameter of the VideoTesT-Mor-
phologiya 5.0 program, for the analysis of optical parameters
of the microphotographs was considered acceptable, since
the measurements were performed by analogy with spectro-
photometric analysis. In addition, the average brightness of
expression was determined, which reflected the intensity of
synthesis or accumulation of the studied markers [8].
Statistical analysis of the data was performed using
SPSS Statistics 23.0 software packages. The description of
guantitative data was presented as median (Me) and quar-
tiles @, and @, in the format Me (Q;; Q;). To identify a possible
relationship between the indicators, a correlation analysis
was performed with the determination of the Spearman
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correlation coefficient. The Shapiro-Wilk test was used to
test the hypothesis of a normal distribution. The Mann-Whit-
ney U-test was used to detect differences between samples.
At a significance level of p <0.05, the results were consid-
ered statistically significant [2].

The study was approved by the Academic Council of the
First Pavlov Saint Petershurg State Medical University (min-
utes of the meeting No. 1 dated February 26, 2021), as well
as the local ethics committee of the university. The patient’s
informed consent forms were approved; informed consent
was obtained from all patients for participation in the study
and publication of their medical data.

RESULTS

Comparison of indicators of the Doppler study of blood
flow in the main arteries of the mother—placenta—fetus sys-
tem in pregnant women of the main and control groups is
presented in Table 1.

Table 1 shows that Rl and Pl in the uterine arteries of
female patients in the main group are 27% and 51% higher
(respectively) than those of female patients in the control
group. In 12 fetuses of female patients in the main group,
placental hemodynamic disorders of degrees Il and Il were
noted. Their Rl and Pl in the umbilical cord arteries were 28%
and 56% higher, respectively, than those in the fetuses of the
control group female patients. The resistance of the medial
cerebral artery in the fetuses of female patients in the com-
pared groups did not differ.

The expression of PIGF and VEGF in the central parts of
the placenta in patients of the control group and the women of

Table 1. Doppler parameters of placental blood flow in patients of the main and control groups at 34-35 weeks of pregnancy

Indicator Control group (n=10) Main group (n=19) p
Rl of the uterine arteries 0.47 0.66 0.000
(0.44; 0.51) (0.62; 0.69)
(n=19)
PI of the uterine arteries 0.72 1.43 0.000
(0.59; 0.84) (1.17; 1.51)
(n=19)
Rl of the umbilical artery 0.51 0.78 0.000
(0.49; 0.53) (0.71; 0.81)
(n=12)
PI of the umbilical artery 0.74 1.70 0.000
(0.63; 0.79) (1.62; 2.00)
(n=12)
Rl of the medial cerebral artery 0.77 0.83 0.263
(0.73; 0.81) (0.60; 1.07)
(n=12)
PI of the medial cerebral artery 1.62 1.45 0.595
(1.44; 1.79) (1.23; 1.67)
(n=12)

Note: Pl — pulsation index; Rl — resistance index; p is presented according to the Mann-Whitney U-test (comparison of indicators

between the main and control groups).
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Table 2. Immunchistochemical parameters of VEGF and PIGF expression in the placentas of women in the main and control groups who

delivered at term

PIGF VEGF
Index Main group Control group Main group Control group
(n=12) (n=10) P (n=12) (n=10) P
Relative expression 6.30 11.39 0.018 5.45 4.07 0.0m
area, % (5.25; 7.36) (4.40; 18.39) (3.93; 6.92) (1.66; 6.49)
Average expression 178.34 175.18 0.821 165.65 175.18 0.021

brightness, c.u. (173.66; 183.00)  (165.18; 185.1)

(157.96; 183.01)  (165.18; 185.18)

Note: PIGF — placental growth factor; VEGF — endothelial growth factor; p is presented according to the Mann—Whitney U-test

(comparison of indicators betain and control groups).

the main group (n=12) with delivery at term was investigated.
Data of immunohistochemical parameters of VEGF and PIGF
expressions in the placentas of these female patients of the
main and control groups are presented in Table 2.

Table 2 shows that in case of full-term pregnancy, the
relative area of PIGF expression is 2 times less, and the re-
lative area of VEGF expression is 20% more in the placentas
of female patients in the main group than in the placentas
of pregnant women in the control group. In addition, it was
revealed that the average brightness of VEGF expression in
the placentas of female patients in the main group was 7%
less than that in the placentas of female patients in the con-
trol group. The average brightness of PIGF expression in the
groups compared did not differ significantly.

Figures 1 and 2 present specimens of placentas from
patients in the main and control groups. The figures show
that the PIGF marker in the placentas of female patients in
both groups was determined mainly along the periphery of
the terminal villi, in contrast to the expression of the VEGF
marker, which was determined in the center of the villi.

A correlation analysis was performed between the ex-
pression indices of VEGF in the placentas, as well as PIGF,
and Doppler parameters of blood flow in the main arteries
of the mother—placenta—fetus functional system in patients
of the main group. A direct correlation was established
between VEGF expression in the central zone of the pla-
centa and RI and Pl in the uterine arteries, as well as CPR
(r,=0.487; p,=0.035; r,=0.487; p,=0.035; r,=0.578; p,=0.030,
respectively). A direct correlation was found between PIGF
expression in the central area of the placenta and Rl in the
umbilical artery (r=0.49; p=0.033).

The analysis of the maturity of the coordination and inte-
gration function of the CNS in the fetuses of female patients
in the main group was also performed according to the as-
sessment of their behavior. It was found that in 73% of the
fetuses of these female patients at a term of 34-35 weeks,
the activity—rest cycle was absent, and the behavior was
represented only by an activated state. In the remaining 27%
of the fetuses of female patients in the main group, the calm
state in the activity—rest cycle was shortened by 2 times
compared with the fetuses of the control group (p=0.000).
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Correlation analysis showed that the fetuses of female pa-
tients of the main group had an inverse relationship between
the area of VEGF expression and the amplitude of the MCR
(r=—0.866; p=0.05), as well as the amplitude of HR oscilla-
tions (r=—0.866; p=0.05).

DISCUSSION

The physiological development of the placenta is deter-
mined by the processes of invasion, vasculogenesis, and
angiogenesis in the trophoblast [10, 11]. Vasculogenesis is
known as the process of de novo formation and develop-
ment of blood vessels from mesodermal progenitor cells. On
the other hand, angiogenesis is the formation of new blood
vessels from existing ones. Both processes are crucial in
the normal development of the placenta, since the efficient
transport of oxygen and nutrients and the excretion of meta-
bolic products depend on them [11]. Disorders of trophoblast
invasion, accompanied by underdevelopment of the placental
vasculature, lead to the formation of disorders of placental
hemodynamics and subsequent retardation of fetal growth
and development. The main method used for the prenatal di-
agnosis of hemodynamic disorders in the mother—placenta—
fetus functional system remains Doppler study, including in
the early stages of pregnancy. The latter is important for pre-
dicting the possible development of preeclampsia and fetal
growth retardation [12]. Therefore, in our study, in pregnant
women of the main group who had fetometric parameters
below the 10th percentile at a term of 34-35 weeks, Rl and
Pl in the uterine arteries were higher by 27% and 51% in the
umbilical cord arteries, respectively, and by 28% and 56%
compared with the values of these parameters in patients of
the control group. According to T.L. Smirnova et al. (2009), in
the placentas of female patients with placental insufficiency
(PI) syndrome, there is pronounced fibrosis of the stroma
of the stem, intermediate, and anchor villi, as well as the
presence of numerous small villi, including those with dys-
trophic and necrobiotic changes, their weak vascularization,
and the small extent of syncytiocapillary membranes. Fibrin
and lipids are deposited in the intervillous space and in areas
of damage to the endothelium. This results in an increase in
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Fig. 1. Comparison of the PIGF expression area in the terminal villi of the central part of the placenta: @ — patients of the main group;

b — patients of the control group.

Arrows indicate PIGF expression; color: immunohistochemical reaction to PIGF.

a

Fig. 2. Comparison of the area of VEGF expression in chorionic villi of the central part of the placenta: @ — patients of the main group;

b — patients of the control group.

The arrows indicate VEGF expression; color: immunohistochemical reaction to VEGF.

vascular resistance, against which the uteroplacental and
fetal-placental blood flow decreases [13].

In several studies, the authors attempted to establish
relationships between functional and morphological mar-
kers of placental disorders. Therefore, A.N. Zakurina and
N.G. Pavlova (2010) showed that the values of Doppler pa-
rameters in the mother—placenta—fetus functional system
reflect the morphometry of the terminal villi of the placen-
ta [14]. This approach helps in understanding the pathoge-
nesis of maturation disorders of the fetal functional systems,
which often precede the growth retardation.

Many of the studies conducted in recent years focused
on the effect of vascular growth factors on placental mor-
phogenesis in placental insufficiency and fetal growth/de-
velopment retardation. The processes of vasculogenesis and
angiogenesis occur under the control of the vascular growth
factors VEGF and PIGF. It has been established that VEGF is

DOl http://doiorg/10.17816/2313-8726-2021-8-3-139-147

expressed by trophablast cells, leading to the differentiation,
migration, and proliferation of endothelial cells, as well as
the formation of a vascular network. Under the influence
of VEGF, maternal vessels are transformed in such a way
as to provide uteroplacental blood circulation. Trophoblast
invasion occurs under the maternal spiral arteries, which
are completely destroyed, and the placental labyrinth is rep-
resented by the open ends of the spiral arteries [15]. PIGF
mediates the proliferation of extravillous trophoblast without
affecting the processes of its migration and invasion. Im-
pairment of these processes contributes to the development
of placental insufficiency and fetal growth/development re-
tardation [16, 17]. It has been proven that the more severe
the detected fetal growth retardation, the lower the mater-
nal blood level of PIGF [14]. In our study, the relative area
of PIGF expression in the placenta of female patients with
hemodynamic disorders and fetal growth retardation was
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2 times less than that of female patients in the control group.
AN. Strizhakov et al. (2009) found that with the preserved
compensatory capabilities of the uteroplacental link, noted
through a slight retardation in fetal growth, the level of VEGF
in the blood of female patients does not exceed physiological
parameters. With a significant retardation in fetal growth,
the level of VEGF in the mother’s blood first increases sig-
nificantly, and then decreases (with the degree IIl of retarda-
tion), due to depletion of the compensatory mechanisms of
the fetoplacental system [5]. In our study, the relative area of
VEGF expression in the placentas of female patients with im-
paired placental hemodynamics and fetal growth retardation
was 20% higher than that of the patients in the control group.
Our study revealed a correlation between VEGF expression in
the central area of the placenta and Rl and Pl in the uterine ar-
teries, as well as CPR (r,=0.487; p,=0.035; r,=0.487; p, =0.035;
r;=0.578; p,=0.03). A direct correlation was found between
PIGF expression in the central zone of the placenta and Rl
in the umbilical artery (~=0.49; p=0.03). Therefore, our data
indicate that Doppler parameters of the placental circulation
can be used to assess the degree of morphological disorders
of the placental vasculature.

Fetal growth and development retardation is accompa-
nied by perinatal hypoxia, which is the cause of perinatal
brain damage. In every fifth child in the first year of life, the
consequences of perinatal lesions of the CNS slowly regress
[3, 18]. It has been established that in the future, such chil-
dren have signs of minimal cerebral dysfunction 2.4 times
more often, as well as cerebral palsy, motor impairment,
and cognitive disorders [3, 18]. In our previous studies, it
was established that fetal growth and developmental retar-
dation is accompanied by a violation of the formation of the
activity—rest cycle [2]. Only in one-third of these fetuses, by
34-35 weeks of gestation, is the activity—rest cycle formed;
however, even in these cases, its formation was delayed.
It was also revealed that in 7% of the fetuses that were not
included in the Delphi protocol algorithm, the activity—rest
cycle was absent [2]. We have shown that the more severe
the placental circulation disorders were, the less often the
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