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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 (PlGF) 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 PlGF 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 (r1=0.487; p1=0.035; r2=0.487; 
p2=0.035; r3=0.578; p3=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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АННОТАЦИЯ
Цель исследования — изучить и сопоставить в III триместре беременности допплерометрические показатели 

в магистральных артериях функциональной системы мать–плацента–плод, а также параметры цикла активность–
покой у плодов с экспрессией VEGF (vascular endothelial growth factor) и PlGF (placenta growth factor) в плацентах 
при физиологической беременности и плацентарной недостаточности с целью анализа морфофункциональных па-
раллелей между этими показателями.

Материалы и методы. Обследовано 29 женщин в 34–35 недель беременности — срок физиологической зрело-
сти цикла активность–покой у плода. Основную группу составили 19 пациенток. Критерии включения: одноплодная 
беременность, фетометрические показатели ниже 10-го перцентиля, наличие нарушений кровотока в магистраль-
ных сосудах функциональной системы мать–плацента–плод. В группу сравнения вошли 10 относительно здоровых 
женщин. Критерии включения в группу сравнения: одноплодная физиологическая беременность, фетометрические 
показатели выше 10-го перцентиля, отсутствие допплерометрических нарушений плацентарного кровотока. Фето-
метрию и допплерометрические исследования плацентарного кровотока в основных артериях функциональной си-
стемы мать–плацента–плод выполняли на ультразвуковом приборе Voluson 730 Expert (GE, США). Изучение цикла 
активность–покой у плодов проводили на аппарате Sonicaid Team Care (Oxford, Великобритания). У женщин основ-
ной группы и группы сравнения после родов проводили забор плацентарной ткани из центральной зоны плацен-
ты для иммуногистохимического анализа экспрессии VEGF и PlGF с помощью первичных моноклональных антител 
(1:100, Abcam, Великобритания).

Результаты. Выявлена прямая корреляционная зависимость между экспрессией VEGF в центральной зоне пла-
центы и индексом резистентности (ИР), пульсационным индексом (ПИ) в маточных артериях, а также церебропла-
центарным отношением — ЦПО (r1=0,487; p1=0,035; r2=0,487; p2=0,035; r3=0,578; p3=0,030, соответственно) у женщин 
основной группы. Установлена прямая корреляционная зависимость между экспрессией PlGF в центральной зоне 
плаценты и ИР в артерии пуповины (r=0,49; p=0,033) у пациенток основной группы. Анализ цикла активность–покой 
у плодов женщин основной группы показал, что в 34–35 недель 73% из них его не формируют: поведение плодов 
представлено только активированным состоянием. При этом выявлена обратная зависимость между экспрессией 
VEGF и амплитудой моторно-кардиального рефлекса — МКР (r=–0,866; р=0,05), а также амплитудой осцилляций 
сердечного ритма (r=–0,866; р=0,05) у плодов женщин основной группы.

Заключение. Выявленные морфофункциональные параллели позволят разработать неинвазивные патогенети-
ческие прогностические модели пренатальной диагностики задержки развития плода при различной степени за-
держки его роста.

Ключевые слова: задержка роста и развития плода; допплерометрия плацентарного кровотока; цикл активность–
покой плода; сосудистый фактор роста в плаценте; плацентарный фактор роста.
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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 3rd 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 10th 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 
(PlGF) 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 

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 PlGF 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 I in 7 cases, degree II in 6 cases, and de-
gree III 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 I 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 (PI)), 
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 PlGF 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 PlGF (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 Pen tium 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 
PlGF 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 consi dered 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 
quantitative data was presented as median (Me) and quar-
tiles Q1 and Q3 in the format Me (Q1; Q3). To identify a possible 
relationship between the indicators, a correlation analysis 
was performed with the determination of the Spearman 

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 Petersburg 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 RI and PI 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 II and III were 
noted. Their RI and PI 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 PlGF 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

RI of the uterine arteries 0.47
(0.44; 0.51)

0.66
(0.62; 0.69)

(n=19)

0.000

PI of the uterine arteries 0.72
(0.59; 0.84)

1.43
(1.17; 1.51)

(n=19)

0.000

RI of the umbilical artery 0.51
(0.49; 0.53)

0.78
(0.71; 0.81)

(n=12)

0.000

PI of the umbilical artery 0.74
(0.63; 0.79)

1.70
(1.62; 2.00)

(n=12)

0.000

RI of the medial cerebral artery 0.77
(0.73; 0.81)

0.83
(0.60; 1.07)

(n=12)

0.263

PI of the medial cerebral artery 1.62
(1.44; 1.79)

1.45
(1.23; 1.67)

(n=12)

0.595

Note: PI ― pulsation index; RI ― 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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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 PlGF 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 PI in the uterine arteries, as well as CPR 
(r1=0.487; p1=0.035; r2=0.487; p2=0.035; r3=0.578; p3=0.030, 
respectively). A direct correlation was found between PIGF 
expression in the central area of the placenta and RI 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). 

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, RI and 
PI 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 

Table 2. Immunohistochemical parameters of VEGF and PlGF expression in the placentas of women in the main and control groups who 
delivered at term

Index
PlGF VEGF

Main group
(n=12)

Control group
(n=10) p Main group

(n=12)
Control group

(n=10) p

Relative expression 
area, %

6.30
(5.25; 7.36)

11.39
(4.40; 18.39)

0.018
 

5.45
(3.93; 6.92)

4.07
(1.66; 6.49)

0.011

Average expression 
brightness, c.u.

178.34
(173.66; 183.00) 

175.18
(165.18; 185.1)

0.821 165.65
(157.96; 183.01) 

175.18
(165.18; 185.18) 

0.021 

Note: PlGF ― placental growth factor; VEGF ― endothelial growth factor; p is presented according to the Mann–Whitney U-test 
(comparison of indicators betain and control groups).
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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 PlGF. It has been established that VEGF is 

expressed by trophoblast 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]. PlGF 
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 PlGF [14]. In our study, the relative area 
of PlGF expression in the placenta of female patients with 
hemodynamic disorders and fetal growth retardation was 

Fig. 2. Comparison of the area of VEGF expression in chorionic villi of the central part of the placenta: a — patients of the main group; 
b — patients of the control group.
The arrows indicate VEGF expression; color: immunohistochemical reaction to VEGF.

а b

Fig. 1. Comparison of the PlGF expression area in the terminal villi of the central part of the placenta: a — patients of the main group; 
b — patients of the control group.
Arrows indicate PlGF expression; color: immunohistochemical reaction to PlGF.

а b
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2 times less than that of female patients in the control group. 
A.N. 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 III 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 RI and PI in the uterine ar-
teries, as well as CPR (r1=0.487; p1=0.035; r2=0.487; p2 =0.035; 
r3=0.578; p3=0.03). A direct correlation was found between 
PlGF expression in the central zone of the placenta and RI 
in the umbilical artery (r=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 

activity–rest cycle was formed in the fetus [2]. That is why in 
this study, we analyzed the relationship between the expres-
sion of vascular factors VEGF and PlGF and the functional 
state of the fetus, assessing the coordination and integra-
tion function of the CNS. It was revealed that in 73% of the 
fetuses of female patients in the main group, at a term of 
34–35 weeks, the activity–rest cycle was absent, and in the 
remaining 27% of the fetuses, the rest state in the activity–
rest cycle was 2 times shorter compared to the fetuses in 
the control group (p=0.000). Correlation analysis showed that 
the fetuses of the female patients in the main group had an 
inverse relationship between the area of VEGF expression and 
the MCR amplitude (r=−0.866; p=0.05), as well as the ampli-
tude of HR oscillations (r=−0.866; p=0.05). Concurrently, it is 
known that the MCR reflects the conjugate reaction of the HR 
and voluntary motor activity, which can be used to evaluate 
the coordination activity of the CNS [19]. During hypoxia, the 
CNS functions are suppressed, which is manifested by a de-
crease in the MCR amplitude and HR oscillations.

CONCLUSION
Therefore, the morphofunctional relationships identified 

will enable the development of non-invasive, pathogenetic 
prognostic models for the prenatal diagnosis of fetal growth 
retardation at various degrees.
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