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INTRODUCTION
In Ukraine, infections of the perinatal period, congenital 
pneumonia, sepsis occupy 3-4 place in the structure of 
morbidity and mortality of newborns. Among the causes 
of mortality, the proportion of infections is 23-25%, and 
in intensive care units – up to 40-60% [1]. A common 
cause of death and severe complications in newborns is 
septic shock, which occurs in deeply premature babies 
due to several causes. Various pathogenic factors lead to 
the activation of the sympathoadrenal system, the release 
of catecholamines and the appearance of generalized 
vasospasm. Prolonged centralization of blood circulation 
due to the action of stress factors or the rapid depletion of 
the compensatory capabilities of a morpho-functionally 
immature organism leads to progressive tissue hypoxia 
and the formation of “capillary leak syndrome”. It is now 
known that endothelium regulates vascular tone through 
the release of vasodilating and vasoconstrictor factors and 
modulates the contractile activity of smooth muscle cells. 
Endothelial dilatation factors include nitric oxide (NO). 
Under physiological conditions, NO is constantly involved 
in adapting the vascular system to increased metabolic 
needs and physical activity. Nitric oxide prevents platelet 
adhesion and aggregation, monocyte adhesion, protects the 
vascular wall and prevents vascular remodeling in various 
pathological conditions. Also, this molecule regulates the 
balance between mitosis and apoptosis of cells [2]. There-
fore, we hypothesized that eNOS gene polymorphism may 

be associated with impaired hemodynamics in premature 
infants with early neonatal sepsis.

Nitric oxide in the human body can be formed from 
L-arginine with the participation of the enzyme of the gene 
for endothelial NO synthase (eNOS) [3] and the nitrite 
pathway in ischemic and postischemic tissues [4]. Several 
polymorphic regions were found in the exons and introns 
of the eNOS gene, among which the most studied is the 
mini-satellite repeat in intron 4 (eNOS 4a/4b polymor-
phism). The 4a/4b mini-satellite in the 4th intron of the 
eNOS gene has 2 alleles, which consist of 4 or 5 tandem 
repeats of 27 nucleotide pairs in size. The normal variant 
has 5 repeats (denoted by 4b), and the mutant variant has 
4 repeats (4a). The effect of option 4a is associated with 
impaired eNOS gene expression, which leads to a decrease 
in nitric oxide production. The relationship between the 
level of NO production in the body and the severity of 
oxidative stress during vascular pathology is clearly traced: 
inhibition of synthesis and a sharp decrease in nitric oxide 
in the bloodstream are associated with the accumulation 
of free radical molecules. Homozygous carriers of the 4N 
allele of the eNOS gene revealed a significantly lower con-
tent of extracellular superoxide dismutase [5]. Anions NO2 
and NO3 are the end products of the metabolism of nitric 
oxide in the human body, in which each NO molecule is 
converted at the end of the metabolic pathway to either 
NO2 or NO3 [3, 4]. The synthesized nitric oxide is excreted 
as NO2 and NO3 mainly (95%) in urine [6].
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ABSTRACT
The aim of the study was to analyze the associations between 4a/4b polymorphism of the eNOS gene and impaired systemic hemodynamics in premature infants with early 
neonatal sepsis.
Materials and methods: We conducted a prospective cohort study, which included 120 premature babies with early neonatal sepsis, in 57 children the course of the disease was 
accompanied by arterial hypotension (AH) and in 61 children – not. In children of both groups, genotyping was performed to determine 4a/4b polymorphism of the eNOS gene.
Results: It was shown that the heart rate, blood pressure, hourly diuresis, the level of total nitrates and nitrites in the urine, as well as a number of echocardioscopic and 
dopplerometric indicators in children with different eNOS gene genotypes are not different.
Conclusions: There is no effect of 4a/4b polymorphism of the eNOS gene on the occurrence of hemodynamic disturbances in premature infants with sepsis.
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THE AIM
The aim of the study was to analyze the associations be-
tween 4a/4b polymorphism of the eNOS gene and impaired 
systemic hemodynamics in premature infants with early 
neonatal sepsis.

MATERIALS AND METHODS
We conducted a prospective cohort study, which included 
120 premature babies with early neonatal sepsis, in 57 
children the course of the disease was accompanied by 
arterial hypotension (AH) and in 61 children – not. All 
children were treated in the neonatal intensive care units 
of children’s hospitals in the Poltava city. In children of 
both groups, genotyping was performed to determine 
4a/4b polymorphism of the eNOS gene. The subject of the 
study is the clinical indicators that characterize systemic 
hemodynamics, the level of total nitrates and nitrites in 
the urine, as well as a number of echocardioscopic and 
dopplerometric indicators in premature infants, depending 
on the presence or absence of 4a allele of eNOS in a child.

Criteria for inclusion in the study: the presence of clinical 
symptoms (tachycardia, tachypnea, desaturation, apnea, 
impaired perfusion, seizures, shock) and laboratory criteria 
(the number of leukocytes is more than 20x109 or less than 
5x109 and an increased level of C-reactive protein) of sepsis. 
Confirmation of sepsis, but not a mandatory criterion for 
inclusion in the main group, was the determination of a 
positive blood culture. Arterial hypotension was deter-
mined by the presence of episodes of lowered blood pres-
sure in the child – the mean blood pressure in millimeters 
of mercury is less than the gestational age of the child in 
weeks, according to the record in the intensive care card. 
The material for this study was the peripheral blood of 
the newborn. Blood sampling was performed in a volume 
of 0.25 ml. After the procedure of isolating DNA samples 
from the obtained material, a molecular genetic study 
was carried out using a polymerase chain reaction and 
determining the polymorphism  of restriction fragments 
length. Restriction of alleles of the eNOS gene was carried 
out using the BanII enzyme (Fermentas, USA). Amplified 
fragments were distributed using horizontal electrophore-
sis in a 1.5% agarose gel stained with ethidium bromide.

Constant variables are presented as mean values (M) 
and standard errors (m), categorical variables as absolute 
numbers and percentages. Student’s test was used to com-
pare independent samples and a chi-square test to compare 
proportions. All statistical analyzes were performed using 
the STATA version 11, licensed computer program package 
for Windows (StataCorp, Texas, USA).

RESULTS AND DISCUSSION
The distribution of newborns stratified according to vari-
ants 4a/4b of the eNOS gene polymorphism was identical 
among the studied groups. In premature infants with ar-
terial hypotension, any child was identified with genotype 
4a/4a, genotype 4a/4b was revealed in 56.25% of children 

and genotype 4b/4b – in 43.75%. In the group of children 
without arterial hypotension, genotype 4a/4a was detected 
in 3.88% of children (OR 0, p = 0.577), genotype 4a/4b – 
in 63.73% of children (OR 1.69, p = 0.235) and genotype 
4b/4b – in 32.35% of children (OR 0.65, p = 0.422). Given 
the small number of children with 4a/4a polymorphism, 
we combined children with the 4a allele in one group.

The analysis of medical and demographic indicators in 
premature infants with early sepsis, stratified according 
to the eNOS gene genotypes, did not reveal significant 
differences in such indicators as weight, gestational age 
at birth, and gender. The Apgar score at 1 and 5 minutes 
of life, as well as the frequency of usage of primary re-
suscitation measures in children with genotypes 4a/4a & 
4a/4b and 4b/4b, was almost identical. Thus, the medical 
demographic indicators and the condition of children at 
birth with different genotypes of the eNOS gene did not 
differ significantly, which enabled us to minimize the 
influence of side factors and correctly evaluate the effect 
of gene polymorphism on the development of systemic 
hemodynamics disorders in premature babies.

The study did not reveal significant differences in heart 
rate and blood pressure on the 1st and 6th day in children 
with different genotypes of the eNOS gene (Table І). It is 
known that urine output is an indicator that, in addition to 
renal function, also characterizes systemic hemodynamics, 
in our study, the hourly diuresis in children with genotypes 
4a/4a & 4a/4b and 4b/4b was almost the same.

Thus, children with different 4a/4b variants of the eNOS 
gene did not have significant differences in hemodynamic 
parameters. A proof of this is the frequency of use of their 
hemodynamic support. Thus, dopamine (40% and 37.8%, 
respectively, p = 0.482), dopamine in combination with 
dobutamine (18.7% and 20%, respectively, p = 0.519) or 
adrenaline (4.1% and 0, respectively, p = 0.176) were ad-
ministered for almost the same number of children with 
genotype variants 4a/4a & 4a/4b and 4b/4b. The mean age at 
which dopamine was prescribed was virtually the same (28.8 
± 2.16 hours in children with the 4a/4a & 4a/4b genotype 
and 26.4 ± 2.64 hours in children with the 4bb genotype (p = 
0.495). The maximum dose of dopamine was slightly higher 
in children with genotypes 4a/4a & 4a/4b, compared with 
children who had genotype 4b/4b – 7.4 ± 1.0 μg/kg/min and 
6.1 ± 0.75 μg/kg/min, respectively (p = 0.276).

The results of a number of studies indicate that the poly-
morphism of the eNOS gene affects the level of synthesis of 
NO [4-5], a local vascular relaxation factor, therefore, we 
studied the levels of total nitrates and nitrites in the urine 
of premature babies with sepsis, depending on the type 
of genotype. There were no significant differences in the 
average values of this indicator in the examined children. 
So, on the 1-2 day of life, in children with genotype 4a/4a 
& 4a/4b, the level of NO2 + NO3 was 89.6 ± 8.4 mmol/l, in 
children with genotype 4b/4b it was 68.5 ± 12.7 mmol/l, 
p = 0.178; on the 6th day, respectively, 73.1 ± 7.2 mmol/l 
and 59.9 ± 11.6 mmol/l, p = 0.345.

To understand the pathogenesis of hemodynamic distur-
bances in preterm infants with sepsis, we compared echo-
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cardioscopic and dopplerographic parameters in groups of 
children stratified according to the eNOS genotype, but 
no expected significant changes were detected (Table ІІ).

Given the above results, it can be concluded that there is 
no effect of 4a/4b polymorphism of the eNOS gene on the 
occurrence of hemodynamic disturbances in premature 
infants with sepsis.

Diagnosis and treatment of hypertension in prematurely 
born children is one of the significant problems that clinicians 
face in their daily practice. There are many debatable issues, 
for example, how to determine the reference parameters of 
blood pressure in premature babies, which can cause severe 
pathological changes in this particular group of patients. It is 
generally accepted that arterial hypotension occurs in prema-
ture infants, when the average blood pressure level is lower than 
the gestational age of the child or below 30 mm Hg, because 
it is believed that these blood pressure numbers are critical for 
brain damage [7-8]. There are studies that indicate a lack of re-
lationship between the level of cerebral blood flow and systemic 
blood pressure in prematurely born children [9] and suggest 
the presence of intact cerebral blood flow in such patients with 
critical numbers of systemic blood pressure [10]. To solve the 
question of the need for aggressive medical intervention, it is 
necessary to evaluate arterial hypotension in combination with 
other indicators of the clinical condition of the child [11] and 
taking into account possible genetic determinants. 

CONCLUSIONS
Our study showed that in premature infants, the develop-
ment of hypotension during sepsis is not associated with 
the presence of a polymorphic variant of the eNOS gene, 
however, we believe that it is necessary to continue the 
study in a larger sample of patients, as well as to study the 
effect of polymorphism of other genes, for example, the 
renin-angiotensin system, on the development of disorders 
of systemic hemodynamics.
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Table І. Indicators of systemic hemodynamics in premature infants with 
early sepsis, stratified in accordance with the variants of the eNOS gene 
genotype, M ± m

Indicators
Genotype 

4a/4a&4a/4b
n=73

Genotype 
4b/4b
n=47

р

1st day after birth
HR (beats per min) 152,7±1,55 154,3±2,32 0,569

BP systolic (mmHg) 53,8±1,03 54,8±1,34 0,557

BP dyastolic (mmHg) 26,0±0,89 27,1±1,11 0,434

BP mean (mmHg) 32,5±0,82 33,7±1,21 0,412

Urine output (ml/kg/min) 2,3±0,20 2,0±0,15 0,142

6th day after birth
HR (beats per min) 154,6±1,43 153,3±2,15 0,612

BP systolic (mmHg) 61,1±0,87 63,2±0,77 0,067

BP dyastolic (mmHg) 30,8±0,80 33,1±0,98 0,066

BP mean (mmHg) 37,3±0,75 39,3±0,93 0,088

Urine output  
(ml/kg/min) 4,0±0,17 4,0±0,21 0,937

Table ІІ. Echocardioscopic and dopplerometric indicators that characterize 
systemic and organ hemodynamics in prematurely born children stratified 
in accordance with the eNOS gene genotypes, M ± m

Indicators
Genotype 
4aa&4ab

n=73

Genotype 
4bb

n=47
p

Minute heart volume 
(ml/min) 569,8±39,9 627,4±58,0 0,418

Impact Index  
(l/min*m2) 3,7±0,27 4,6±0,44 0,101

The shock index of 
the work of the left 

ventricle (g*min/m2)
1,3±0,12 1,7±0,23 0,112

Cardiac Index  
(l/min*m2) 3,8±0,24 4,0±0,29 0,556

Impact volume (ml) 3,7±0,26 4,3±0,37 0,193

Ejection fraction (%) 70,8±1,14 68,7±2,16 0,387

Myocardial 
contractility (%) 37,7±0,95 36,2±1,64 0,444

Total peripheral 
vascular resistance 

(dyn*s/cm5)
5329,7±399 4650,1±570 0,334

Middle cerebral artery 
resistance index 0,68±0,03 0,78±0,05 0,099

Upper mesenteric 
artery resistance index 0,69±0,03 0,71±0,06 0,766
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