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Abstract:

Intrauterine growth retardation is an important problem in pediatrics, as it is an integral
indicator of intrauterine dysfunction.

Purpose: to study the features of the clinical and functional state of the cardiovascular
system in newborn children born with various types of intrauterine growth retardation.
Material and research methods: 70 newborns were examined. All children were divided
into 2 groups: the 1st (main) amounted to 50 newborns with IUGR, of which: 1a - with the
symmetric version of IUGR - 25, 1b - with the asymmetric version of IUGR - 25 children,
in the 2nd group (comparisons) 20 premature infants without IUGR were included. All
newborns underwent an echocardiographic examination of the heart.

Results: on the basis of clinical and instrumental studies, the features of the clinical and
functional state of the cardiovascular system in newborn children born with various types
of intrauterine growth retardation are presented. In children who had different types of
intrauterine growth retardation, significantly significant features of cardiac activity and
morphological and hemodynamic parameters of the heart at birth were proved. Children
with a symmetric variant of IUGR are characterized by a slowed heart rhythm, which was
recorded significantly more often than in children with a symmetric variant of IUGR.
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1. RELEVANCE

The problem of intrauterine growth retardation (IUGR) of the fetus and the birth of children
of low birth weight for gestational age does not lose its relevance, as these children have high
morbidity and perinatal mortality, as well as the likelihood of developing serious chronic
diseases in the future [6,15].

The frequency of IUGR in a population is highly variable and depends on a number of
reasons. According to WHO, the proportion of children with [IUGR among newborns is from
5 to 16%. In developed Western countries, birth of small children is registered in 4-12% of
cases of all births, in Central Asia it reaches 31.1%, in the USA - 10-15%, in Russia - 2.4-
17%, and in Kazakhstan 20 000 small children. The perinatal mortality of small children is 6-
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10 times higher than that of newborns with normal body weight, and the perinatal morbidity
is from 70 to 80% and is an important social and economic problem for the state due to the
high costs of nursing, rehabilitation and social adaptation of such children [1,2,7].

According to foreign literature, IUGR is detected in children of healthy mothers in 5-7% of
cases, and in mothers with a history of history up to 25% [11].

The prevalence of IUGR in preterm infants is usually higher and, according to some
estimates, ranges from 4% to 60%, about 23% of IUGR is found among children with very
low body weight and about 38% with extremely low body weight (ELBW) [3,16,17].

The formation of the IUGR is a complex multi-stage and time-prolonged process, depending
on a complex of factors: genealogical, biological and socio-environmental. The leading role
in the pathogenesis of IUGR belongs to the violation of the uteroplacental circulation, which
leads to hypoxia, a cascade of metabolic and functional disorders in the fetus and newborn
[4,8]. Also, the most significant risk factors for the occurrence of IUGR are: maternal factors,
which include chronic arterial hypertension or arterial hypertension associated with
pregnancy, preeclampsia, gestational diabetes mellitus, lung disease, anemia, chronic renal
failure, antiphospholipid syndrome, malnutrition and bad habits; fetal factors, including
genetic diseases, congenital malformations, intrauterine infection, multiple pregnancy;
placental factors, such as placental insufficiency and placental infarction [5,7,12].

In children with IUGR, morphological features and functions of internal organs are formed,
which subsequently increase the risk of diseases of the central nervous and cardiovascular
systems and metabolic diseases [9].

In the last decade, there has been an increase in the frequency of cardiovascular pathology in
children (arterial hypertension, cardiomyopathy, cardiac arrhythmias, neurocirculatory
dystonia, metabolic myocardial disorders), the origins of which lie in the pathology of the
antenatal and early neonatal period of development [goat]. It has been proven that fetal
hypoxia leads to delayed and asynchronous maturation of the cardiovascular system, a
violation of morphogenesis, the formation of the cardiac conduction system, neurohumoral
regulation of vascular tone, including in the coronary bed, and a decrease in metabolism in
cardiomyocytes [13,14]. Studies have shown that intrauterine growth retardation leads to a
decrease in the number of cardiomyocytes, a decrease in glycogen and, as a consequence, to a
violation of hemodynamics and myocardial contractility after birth. Children with IUGR have
a delay in closing the ductus arteriosus up to 1.5-2 years, persisting signs of pulmonary
hypertension up to 3 years, various rhythm disturbances, myocardial dystrophy, as well as a
high risk of sudden death syndrome in the first months of life. In subsequent years of life, the
risk of developing hypertension, coronary heart disease and cardiac arrhythmias increases
[10].

Thus, timely diagnosis and adequate correction of cardiovascular disorders in newborns with
intrauterine growth retardation may become a major factor in reducing the frequency and
severity of cardiovascular disease in older children. In this regard, the features of adaptation
of the cardiovascular system in the neonatal period in children born with IUGR, the
characteristics of clinical and functional disorders in various options for intrauterine growth
retardation require a more detailed study.

The aim of our study was to study the characteristics of the clinical and functional state of the
cardiovascular system in newborn babies born with various types of intrauterine growth
retardation.

2. MATERIAL AND METHODS.
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In this study, 70 newborns were examined. All newborns were divided into groups:
the 1st (main) amounted to 50 newborns with IUGR, of which: 1a - with a symmetric version
of IUGR - 25 children, 1b - with an asymmetric version of IUGR - 25 children, 2nd group
(comparisons) amounted to 20 premature infants without IUGR. Assessment of the condition
of newborns was carried out on the Apgar scale. Morphofunctional and neuromuscular
maturity of the newborn was evaluated on a Ballard scale. In all newborns, an
echocardiographic examination of the heart was performed using an ACUSON-128 XP / 10c
company with a vector sensor with a frequency of 2.5 and 4.0 MHz. The data obtained were
statistically processed using the programs developed in the EXCEL package using a library
of statistical functions with calculation of arithmetic mean (M), standard deviation (5),
standard error (m), relative values (frequency,%), student criterion (t) with calculating the
probability of error (P).

2. RESULTS AND DISCUSSIONS.

At the first stage, we analyzed the frequency of occurrence of congenital heart defects in
newborns with different variants of IUGR (Table 1.).

Table 1.
The frequency of congenital heart defects in newborns
in the observation groups (%0)

Variety of CHD | 1-group Total 2nd
Symmetric Asymmetric n-50 comparative
option la option 1b group n-20

n-25 n-25

DIVS 8,0£3,7 4,0+2,7 6,0£3,4 -

DIAS 4,0+2,7 - 2,0£2,0 -

ODA 28,0+6,1 * 16,045,0 22,046,0 5,0£3,0

oow 76,0+£5,8 © 60,046,7 68,046,7 80,0+5,4

Pulmonary - - - 10,0+4,1

stenosis

Single  ventricle | — - - 5,0+£3,0

of the heart

Note. DIVS — defect of the interventricular septum, DIAS - defect of the interatrial septum,
ODA — open ductus arteriosus, OOW — open oval window. * - P <0,01- significance of
differences between la and the comparison group; ™ - P <0,01- significance of differences
between subgroups.

Our studies have shown that among the CHD in the observed children, the most common
metastatic cancer, OOW, ODA. Among newborns with a symmetric variant of IUGR, DMS
was 2 times more common than among children with an asymmetric variant of IUGR (4%).
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Only one child (4%) met with a symmetric variant of IUGR. We found that ODA in
newborns with a symmetric variant of IUGR was found more significantly than in children of
the comparison group (P <0.01).

In the comparison group, the largest number of children with OOW was noted - 80%. In the
main group, ODAs were most often detected in newborns with a symmetric variant of IUGR
and their number was significantly higher than among children with an asymmetric variant of
60%. In addition, we found that in newborns of the comparison group, defects such as
pulmonary stenosis and a single ventricle of the heart were detected.

Thus, in newborns with a symmetric variant of IUGR in 100% of cases, pathology from the
cardiovascular system was detected, and in 16% of them there was a combined pathology. In
children with an asymmetric variant of IUGR, pathology from the cardiovascular system was
found in 80% of cases.

We conducted a clinical examination of the cardiovascular system of the observed newborn
babies (Table 2).

As a result of the studies, it was revealed that in newborns of the main group systolic murmur
is much more marked than in newborns of the comparison group. In this case, the frequency
of systolic noise in newborns of the main group with a symmetric version was detected much
more often than in children with an asymmetric variant of IUGR. Muffled heart sounds were
practically found in the vast majority of newborns of all groups and the frequency of
occurrence did not differ significantly. Some predominance of this trait was noted in children
with an asymmetric variant of IUGR compared with children with a symmetric version of
IUGR.

Table 2.
Comparative characteristics of clinical signs from the cardiovascular system in the observed
children (%)

Clinical signs 1- group Total 2nd
Symmetric Asymmetric n-50 comparative
option la option 1b group, n-20

n-25 n-25

Systolic murmur 72,016,1 56,0+6,8 64,0£6,9 | 55,046,8

Muffled heart | 80,0+5,4 88,0+4,4 82,045,3 85,0+4,9

sounds

Bradycardia 52,0£6,8 " 16,015,0 34,068 | —

Tachycardia 36,0£6,5 * 40,046,7 ** 38,0£7,0 | 20,054

Note: - P <0.001 — significance of differences between subgroups; *—P <0.05 — significance
of differences between the Ist and the comparison group. **—P <0.05 — significance of
differences between the 1st and the comparison group.

A study of the cardiovascular system in premature infants with IUGR revealed the following
patterns. We have studied the dependence of the frequency of heart rhythm changes
according to auscultation on the form of intrauterine growth retardation. It was revealed that
in the main group in children with a symmetric variant of IUGR, bradycardia was detected
significantly more often than among children with an asymmetric variant of IUGR (P
<0.001). In the main group, in children with an asymmetric variant of IUGR, tachycardia
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prevailed, which was observed in 40 = 7.8% of children, which was significantly more than
in the comparison group (P <0.05).

Thus, for children with a symmetric variant of IUGR, a slowed heart rhythm is characteristic,
which was recorded significantly more often than in children with an asymmetric variant of
IUGR (P <0.001), and for children with an asymmetric version of tachycardia (P <0.05).
Along with this, we also studied the frequency of occurrence of other clinical signs
characterizing the condition of newborns with IUGR depending on its clinical variant (Table
3).

Table 3.
The frequency of clinical signs in newborns, depending on the
clinical variant of IUGR (%)

Clinical symptoms | 1-group Total 2nd
Symmetric Symmetric option | N-50 comparative
option la la group, n-20

n-25 n-25

Cyanotic skin 20,0£5,4 24,04£5,8 22,0£6,0 | 25,0£5,9

Pallor of the skin 68,0+6,3 76,0£5,8 72,0£6,5 | 75,0£5,9

Subictericity of the | 24,0+5,7 32,0£6,3 ** 28,0£6,5 | 10,0+4,1

skin

Acrocyanosis 8,0 £3,7 16,015,0 12,0+4,7 | 15,0+4,9

Perioral cyanosis 28,016,1 24,045,8 26,0+6,3 | 20,054

Marbling 12,0+4,4 12,0+4,4 12,0+4,7 | —

Wheezing 56,0+6,8 * 44,0+6,8 ** 50,0+£7,2 | 20,0+5,4

Dyspnea 52,0+6,8 40,0+6,7 46,0+7,2 | 45,0+6,8

Note: * - P <0.05 - significance of differences between 1a and the comparison group; ** - P
<0.05 - significance of differences between 1b and the comparison group;

The cyanoticity of the skin was relatively more common in newborns with an
asymmetric version of IUGR than in children with a symmetric version of IUGR, and this
symptom did not have significant differences with the comparison group. A significant part
of the children of the main group and the comparison group revealed pallor of the skin.

However, it was found that pallor of the skin was significantly more likely to occur
in children with an asymmetric variant than in children of the comparison group (P <0.05). In
the group of children with a symmetric variant of IUGR, pallor of the skin was detected in
68% of children.
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Our study showed that newborns with a pronounced sub-bacterial skin were
significantly more among children with an asymmetric variant of IUGR (P <0.05) than
among children in the comparison group/

In children with an asymmetric variant of IUGR, acrocyanosis was observed 2 times
more often than in premature babies with a symmetric version of IUGR. Such signs as,
perioral cyanosis, shortness of breath and wheezing were found with the greatest frequency in
the group of children with a symmetric variant of IUGR.

Wheezing in children with an asymmetric variant of IUGR was significantly more
likely to occur than in children with a symmetric version of IUGR (P <0.05).

Thus, damage to the cardiovascular system in the observed children was clinically
manifested in the form of cyanotic skin, pallor of the skin, acrocyanosis, perioral cyanosis,
marbling, small bubbling rales in the lungs. It was established that the severity of clinical
signs of damage to the cardiovascular system was more detected in newborns with an
asymmetric variant of IUGR.

To characterize functional disorders of the heart in newborns who underwent
chronic and acute hypoxia, we also analyzed the data of echocardiography studies (Table 4).

Table 4.
Comparative analysis of echocardiography data in infants with IUGR depending on the
clinical variant

Indicators Symmetric Symmetric option | 2nd comparative

option la la group, n-20
n-25 n-25

FDS LV 16,0+0,3 14,6+0,3* 16,60,9

FDV LV 3,9+0,5 3,310,2 3,5£1,0

FSS LV 10,540,3 9,840,3 10,8+0,8

TPW LV 2,4+0,1 2,2+0,1 2,4+0,1

TIVS 3/6 3/7 3/7

EF 65,3+0,4 64,7+0,3 63,8+0,4

RV 11,4+0,1 10,9+0,1* 11,0+0,1

A/P 62/37 57/34 60/32

Note. FDS LV- the final diastolic size of the left ventricle, FDV LV - the final diastolic
volume of the left ventricle, FSS LV - the final systolic size of the left ventricle, TPW LV-
the thickness of the posterior wall of the left ventricle, TIVS - the thickness of the
interventricular septum, EF - the expulsion fraction, RV - the right ventricle; * - P <0.001
significance of differences between subgroups.

One of the important indicators characterizing hemodynamic disturbances in
newborns who underwent hypoxia in the perinatal period is a change in the final diastolic
size. In our observations, it was found that the indicator of the final diastolic size of the left
ventricle (FDS LV) was significantly lower (P <0.001) in children with an asymmetric
variant and amounted to 14.6 + 0.3. The average values of FDS LV in children with a
symmetric variant of IUGR and in children of the comparison group did not have significant
differences and amounted to 16.0 £ 0.3 mm and 16.6 £ 0.9 mm, respectively.
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At the same time, hemodynamic disturbances in newborns that developed in adverse
conditions may manifest as a change in the final diastolic volum of the left ventricle (FDV
LV). The lowest value of FDV LV was found in children with an asymmetric variant of
IUGR and amounted to 3.3 = 0.2 mm. In children with a symmetric variant of IUGR, the
FDV LV was slightly higher (3.9 £ 0.5 mm) than in children of the comparison group (3.5 +
1.0 mm). The smallest value of the final systolic size of the left ventricle was found by us in
children with an asymmetric variant of IJUGR. This indicator in children with a symmetric
variant of IUGR did not have significant differences with the comparison group.

The thickness of the posterior wall of the left ventricle in children with an
asymmetric version of IUGR was slightly lower than in children with a symmetric version of
IUGR and than in children of the comparison group.

An important indicator of myocardial contractility is such an indicator as the
fraction of exile. In our observations, this indicator in children with an asymmetric version of
IUGR was 64.7 £ 0.3 mm, and in children with a symmetric version of IUGR 65.3 £ 0.4,
which did not differ significantly from the comparison group (63.8 £ 0, 4 mm).

The obtained echocardiography data in the observed children showed that the size
of the right ventricle (RV) was significantly smaller (P <0.001) in newborns with an
asymmetric version of IUGR and amounted to 10.9 = 0.1 mm. In children, the right
ventricular size was 11.4 £ 0.1 mm in a symmetric version of IUGR, which practically did
not differ from the indicator of the comparison group 11.0 + 0.1.

Thus, in children born with IUGR, especially with the asymmetric variant, a
decrease in contractile function and impaired myocardial relaxation ability are noted, which
can affect the rate of intracardiac blood flow. A change in the ratio of the phases of the filling
of the left ventricle indicates a violation of the relaxation ability of the myocardium. Changes
in intracardiac hemodynamics have a negative effect on systemic blood flow, contributing to
a decrease in the blood supply to organs and tissues, causing an aggravation of hypoxic
changes. It should be noted that a violation of the myocardial relaxation ability in
combination with a change in intracardiac blood flow can lead to a deterioration in the blood
supply to the myocardium. The recorded less pronounced changes in echocardiographic
parameters in children who had a symmetric type of intrauterine growth retardation are
probably due to the fact that the fetus, which is under the influence of unfavorable factors
from an early date, adapts to them and the postpartum adaptation of the circulatory system is
less noticeable.

In children who had different types of intrauterine growth retardation, significantly
significant features of cardiac activity and morphological and hemodynamic parameters of
the heart at birth were proved. Children with a symmetric variant of IUGR are characterized
by a slowed heart rhythm, which was recorded significantly more often than in children with
a symmetric variant of IUGR.
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