PE3YNbTATU ANCEPTALINHUX TA HAYKOBO-AOCHIAHWUX POBIT / RESULTS THESIS AND SCIENTIFIC - RESEARCH

PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OOCHNIAHUX POBIT
RESULTS THESIS AND SCIENTIFIC-RESEARCH
UDC: 616.24-008.331.1-008.9-085.2.015.8-

053.32:577.113.3
DOI: 10.24061/2413-4260.X11.2.44.2022.3

DIAGNOSTIC ASPECTS OF PERSISTENT
PULMONARY HYPERTENSION IN
PREMATURE INFANTS WITH OXIDATIVE

TRE
T.M. Klymenko, M.1. Kononovych S 55

Kharkiv Medical Academy of Postgraduate Education
of the Ministry of Health of Ukraine
(Kharkiv, Ukraine)

Summary

Introduction. Persistent pulmonary hypertension is a problem that leads to high morbidity and mortality in preterm
infants. In clinical studies, oxidative stress (OS) contributes to the development of pulmonary hypertension (PH). The
most specific biomarker of OS in preterm infants is urinary 8-hydroxy-2-deoxyguanosine (8-OHdG).

The aim of the study. To determine the clinical and diagnostic relationship between the value of 8-hydroxy-2-
deoxyguanosine and the level of mean trunk pulmonary artery pressure in premature infants with respiratory distress
syndrome and asphyxia in the early neonatal period.

Material and methods. Determination of 8-OHdG (ng/ml) by enzyme-linked immunosorbent assay (ELISA) and
PH by echocardiography (EchoCG) in 60 premature infants at 26-32 weeks of gestation at 1 and 3-5 days of life in
2 groups: I - 32 children with respiratory distress syndrome (RDS); II - 28 children with RDS in combination with
perinatal asphyxia.

Results. The average value of pulmonary artery pressure (mmHg) in the group Il of children in comparison with
group I was higher both in 1 and 3-5 days of life. The level and dynamics of 8-OHdG correlated with the severity of PH,
which required longer respiratory support in group I1. Sexual dimorphism of 8-OHdG levels and dynamics was noted.

Conclusions. Perinatal asphyxia in preterm infants with RDS on the 1st day of life complicates the course of PH, as
indicated by a higher level of the urinary 8-OHdG and correlated to mPAP. Gender characteristics of the dynamics of
8-OHdG levels in children with perinatal pathology reveal reduced adaptability and reactivity of boys to OS at birth.

Dynamics in the form of a decrease in the level of 8-OHdG in the urine is a favorable prognostic sign of pulmonary
hypertension. Gender characteristics of the dynamics of 8-OHdAG levels in children with perinatal pathology reveal
reduced adaptability and reactivity of boys to OS at birth.
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Introduction

Persistent pulmonary hypertension (PPH) is a syndrome
that complicates the early neonatal period and leads to
high morbidity and mortality in premature newborns.
The mechanisms of transformation of the cardiovascular,
respiratory, and central nervous system in the cohort of
preterm infants with PPH are still poorly explored. The
studies on the role of the PPH in the remodeling of the
cardiorespiratory system focus on searching for the best
strategy in managing this pathology, especially in the
population of premature infants.

PPH develops as a result of persistent vasospasm resulting
from hypoxia, acidosis, hypothermia, hypoglycemia, and
polycythemia. Reactive oxygen species, like superoxide
and hydrogen peroxide (H,0O,), induced by hypoxia, lead to
vasoconstriction [1, 2].

The value of the urinary 8-OHdG is one of the most
specific markers of nucleotide damage due to OS in cohort
of premature infants [3-5].

Aim of the study is to establish the clinical correlation
between the value of 8-OHdAG and the level of a mPAP
in premature infants with RDS and asphyxia in the early
neonatal period.

Material and methods
We analyzed the observations of 60 premature infants

at gestational age of 26/1-32/6 weeks, all of them were
nursed in the intensive care unit for premature newborns
due to the modern protocols.

The correlation between mean pulmonary artery
pressure and the value of the urinary 8-hydroxy-2-
deoxyguanosine in infants with respiratory distress
syndrome and respiratory distress syndrome associated
with perinatal asphyxia was studied.

Due to the presence of associated pathology, newborns
were divided into two groups; group I consisted of 32
children with RDS without associated asphyxia, group
IT - 28 children with RDS associated with asphyxia at
birth. Gender differentiation in groups is presented in
the table 1. The inclusion criteria for both groups were
the presence of PPH. Diagnosis was made according to
clinical signs, and the definitive diagnosis of PPH was
established by echocardiography monitoring according to
the method described in European recommendations [5].
Echocardiography can also used to determine the severity
of pulmonary hypertension [2, 6].

A quantitative measurment of the value of §-OHdG,
ng/ml on the 1st day of life, and on the 3rd-5th day was
provided by ELISA using the DNA Damage ELISA
kit, Enzo Life Sciences (USA) as the manufacturer's
instructions require.

Design of a study was discussed and approved at a
session of the Ethical commission of the Kharkiv Medical
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Academy of Postgraduate Education (Prot. Ne 5 from
18.12.2020). All parents gave an informed consent for
examination of their children.

Statistical analysis was performed using Microsoft
Excel 2019 software. Under the conditions of normal
distribution of quantities, parametric statistical methods

were used to calculate the arithmetic mean (M) and the
representativeness error of the mean (m). Using Fisher's
exact test we analyzed — the quantitative parameters.

Pearson's linear correlation coefficient (r) was applied
to find the correspondence between mean mPAP and the
value of the urinary 8-OHdG.

Table 1.

Clinical characteristics of patient groups, n (%), M*m

Group | Group Il

(n=32) (n=28)
Gestational age, weeks 30,55+0,56 30,81+0,69
Birth weight (g) 1352 £108 1650 £149

Boys, n (%)

18 (56,3%)

17 (60,7%)

Girls, n (%)

14 (43,7%)

11 (39,3%)

Results and discussions

During the treatment, which included surfactant
administration, choosing the most optimal tactics of
respiratory therapy (high-frequency ventilation, traditional
mechanical  ventilation, non-invasive  mechanical
ventilation, CPAP), correction of metabolic acidosis,
hypoglycemia, the following results were obtained.

In group I the average mPAP level, mmHg. of children
on the 1st day of life was lower than in group I1—24,04+0.41
vs 27.60+0.32, p=0.037. In the group II regardless of the
treatment, the average mPAP, mm Hg. of children increased

on the 3rd — 5th day of life and was 29,91+0,67. Yet in
group I the average mPAP reduced during the treatment
was 19.95+0.30, p<0,05.

Levels of the urinary 8-OHdG, ng/ml, were analyzed:
on the first day of life in children of group II the index was
2,27+0,39; in the group I the indicator was lower - 1,83+0,29,
p<0,05. By the 3rd-5th day of life, in children of group II, we
noted an increase in the level of 8-OHdG - 4,10+0,42 while
in group I the index decreased - 1,06+0,28, p<0,05.

The children in group II received longer respiratory
support (in days) (7.33+0.61 vs 4.04+0.41, p<0,05 (Table 2).

Table 2.
Dynamics of the oxidative stress and mPAP levels in newborns
Index ) “nezs)
Mean mPAP on the 1st day of life, mmHg 24,04+0,41 27,60+0,32*
Mean mPAP on the 3rd - 5th day of life, mmHg 19,95+0,30 29,91+0,67*
Dynamics, n (%) -4,09 (-17,01%) +2,31 (+7,72%)
8-OHdG level on the 1st day of life, ng/ml 1,83+0,29 2,27+0,39 *
8-OHdG level on the 3rd - 5th day of life, ng/ml 1,06+0,28 4,10+0,42*
Dynamics, n (%) -0,77 (-42,07%) +1,83 (+44,63%)
Respiratory support, days 4,04+0,41 7,33+0,61*

*p <0,05

Regarding the gender characteristics, the following
distribution of 8-OHdG levels, ng/ml, was obtained: on the
Ist day of life in boys of group I the level of the urinary
8-OHdG was higher than in girls. By the 3rd-5th day of
life the indicator in both genders decreased, but in boys
the dynamics of reducing the level of 8-OHdG in the urine

was lower than in girls. Regarding children of group II, the
following results were obtained: on 1st day of life, the level
of 8-OHdG was higher in boys. Then, by 3rd -5th days
of life, the index increased by 37.94% in the population
of boys and, despite the aggravating effects of asphyxia,
decreased by 20.53% in girls (Table 3).

Table 3.
Gender differences of the dynamics of 8-OHdG levels
Group | Group Il
(n=32) (n=28)
Boys Girls Boys Girls
(N=18) (n=14) (n=17) (n=11)
1st day of life 1,87+0,32 1,77+0,27* 2,82+0,48 2,24+0,30*
3rd -5th days of life 1,14£0,14 0,90+0,21* 3,89+0,45 1,78+0,19*
Dynamics, n (%) -0,73 (-39,03%) -0,87 (-49,15) +1,07 (+37,94%) -0,46 (-20,53%)

*p <0,05
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Fig. 1 Correlation between mPAP and
8-OHdG levels in children with RDS on the
1st day of life.

In the group of children with RDS and with associated
birth asphyxia on the first day of life, the correlation
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Fig. 3 Correlation between mPAP and
8-OHdG level in children with RDS and birth
asphyxia on the 1st day of life.

Modern perinatal technologies can significantly improve
the quality of caring for low and extremely low birth weight
infants and reduce the number of complications. However,
PPH still remains a serious clinical problem for diagnostics
and treatment, particularly in the population of premature
infants.

A fetus has high pulmonary vascular resistance due
to low oxygen partial pressure in arterioles and alveoli.
Normally, from the moment of the umbilical cord clamping
and beginning of spontaneous breathing, the partial pressure
of oxygen in the alveoli increases. Still, birth asphyxia
contributes to maladaptation of the cardiorespiratory
system, with a further mPAP increase and the progression
of PH [7].

Another cause of PPH in preterm infants with RDS
is abnormal pulmonary vasoconstriction as a result of
unexpanded lungs. Therefore, therapeutic strategies
usually included pulmonary recruitment and surfactant
administration that helps to reduce increased mPAP [8].

In the group of children with RDS on the first day of
life, the average mPAP was 24,04+0,41 mmHg, which a
decreased to 17,01%. by days 3-5.

Thus, the level of mPAP in children with RDS and its
dynamics depend on the influence of asphyxia, which is
confirmed by the literature data [7].

Infants born with asphyxia and <32 weeks of gestation
usually require primary resuscitation with positive pressure
ventilation and supplemental oxygen, which releases
large amounts of free radicals. In children <32 weeks of
gestation, the production of antioxidants, such as superoxide
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Fig. 2 Correlation between mPAP and
8-OHdG levels in children with RDS on the
3rd-5th days of life.

coefficient was 0,71, p=0.002; on days 3rd-5th - 0,71,
p=0,004 (Fig. 3 and 4).
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Fig. 4 Correlation between mPAP and
8-OHdG level in children with RDS and birth
asphyxia on days 3-5 of life.

dismutase, catalase and glutathione - is reduced [3].

Hence, a decrease in the partial pressure of oxygen in
blood, causes disruption in production of the nitric oxide
synthase enzyme, which is necessary for the synthesis of
nitric oxide (NO), known as the endogenous vasodilator.
The key factor in reducing the bioavailability of endogenous
NO in tissues is the activation of superoxide anions due to
oxidative stress caused by asphyxia [8]. In addition, free
radicals are the factors damaging the surfactant [8].

According to our data, the level of OS determined by
the value of the urinary 8-OHdG (ng/ml) in premature
infants in the group with RDS associated with asphyxia on
the first day of life was 2,27+0,39. By 3rd-5th days, there
was noted an increase in the level of 8-OHdG by 44,63%.

In the group of children with RDS, the value of 8-OHdG
on the first day of life was 1,83+£0,29 ng/ml, and by days
3-5 it decreased by 42,07%.

Consequently, asphyxia contributes to an increased level
of OS in children with perinatal pathology. The studied OS
biomarker indicates the severity of the condition and course
of PPH, which was noted in the duration of mechanical
ventilation — infants with perinatal asphyxia required a
longer respiratory support. Similar results were obtained
by Z. Elkabany, et al., who established a direct moderate
positive correlation between the level of the 8-OHdG and
the number of days on mechanical ventilation (r=0.574,
p=0.02) [9].

The substantiated positive moderate correlation between
the level of the urinary 8-OHdG and mPAP indicates a
direct relationship between the level of mean pulmonary
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artery pressure and the severity of oxidative stress which
allows adopting it and applying in practical management of
premature newborns with RDS. The gender characteristics
of the levels and dynamics of 8-OHdG indicate a lower
adaptability and reactivity of the antioxidant system in
male newborns, which have already been verified in several
previous studies [10].

Conclusions

1. Perinatal asphyxia complicates the course of RDS
in newborns due to stronger manifested PPH and a higher
level of OS;

2. The value of the urinary 8-OHdG, which indicates the
level of OS at birth, correlates with the mPAP in newborns

with RDS and RDS associated with birth asphyxia in the
early neonatal period;

3. A decrease in the 8-OHdG level is a favorable
prognostic sign of the course of RDS and it is associated
with a decreasing mPAP;

4. Gender characteristics of the dynamics of 8-OHdG
levels in premature infants with RDS and asphyxia with
perinatal pathology confirm the reduced adaptability and
reactivity of boys to OS in the early neonatal period.
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JIATHOCTHUYHI ACIIEKTH HEPCI/ICTYEO‘{Oi JETEHEBOI I'IIEPTEH3II
Y IEPEJYACHO HAPOAKEHUX JAITEU 3 OKCUJAHTHUM CTPECOM

T.M. Knumenko, M.I. Kononosuu

XapkiBcbka MeJH4YHa akajeMis micasaauniaomuoi ocsitu MO3 Ykpainu
(M. XapkiB, Ykpaina)

Pesrome

Beryn. Ilepcucrytoua nerenesa rineprensis (I[1JII') — mpobaema, sika 3yMOBIIIOE BUCOKY 3aXBOPIOBAHICTh T4 CMEPTHICTH He-
JIOHOIICHMX HOBOHAPOKEHUX. B ekcriepuMeHTaIbHIUX MOJICIISIX Ta KITHIYHUX J0CTiDKeHHAX okcuaaTuBHuil crpec (OC) crnpusie
po3BUTKY nereHeBoi rineprensii (JI') 3 mopampmmum peMoJeNIOBaHHSIM CepleBO-CyaHHHOI cucTeMu. Hall6inpim ayTauBuM Ta
cnenugpivaum 6iomapkepoM OC y HEJOHOIIEHUX HOBOHAPOKEHHX € §-T1poKcH-2-ne3okcuryanosut (8-OHdG) y ceui.

MeTa pocaimkeHHsi. BU3HAUNTH KIIIHIKO-JiarHOCTHYHUN B3a€MO3B'SI30K 3HAYCHHS 8-TiPOKCH-2-1€30KCUT'YaHO3UHY Ta
PIBHS CepeHBOT0 THCKY B CTOBOYpI iereHeBoi apTepii y HEJOHOMEHNX HOBOHAPO/KEHHUX 3 PECIIIPATOPHUM JUCTPEC-CUHAPO-
MOM Ta ac(iKCi€l0 B paHHbOMY HEOHATaJIbHOMY TEPiOfi.

Marepiaa i meroau mocaigxkenHnsi. [IposeneHo BusHaueHHs 8-OHAG (Hr/mi) metomoMm iMyHO(PEPMEHTHOTO aHami3y
(IPA) Ta JIT' meronom exoxappaiorpagii (ExoKI') y 60 HemoHOmEHNX HOBOHAPOKEHNX y TepMiHi recramnii 26-32 TuxHi Ha
1 ta 3-5 100y xutTs y 2-X rpynax: I — 32 agutunu 3 pecnipatopaum auctpec-cuaapomom (PAC); 11 — 28 nireit 3 PIC y mo-
€HAHHI 3 MEPUHATAIBHOIO aciKci€ro.

PesyasTaTn pocaimkennsa. Cepeane 3Ha4CHHS THUCKY y jereHeBoi aprepii (Mm.pt.ct) y Il rpyni xite#t y mopiBHaHHI 3 |
rpymnoto Oyno Bume gk y 1, Tak i k 3-5 1061 xutta. PiBens ta nunamika §-OHdG xopemtoBana 3 Bupaxenictio JII, mo Buma-
rayno 6inbu TpuBanoi pecnipatoproi miarpumku y Il rpyni. Bixsnauases crareBuii iumopdism piBus ta aunamiku 8-OHAG.

BucnoBku. [lepunaransna acdikcis y HepoHomeHuX HoBoHapokeHux 3 PJIC na 1 1o0y xurrts ycknaguioe nepebir JIT,
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Ha 1[0 BKaszye Oinpmr Bucokuil piBens OC 3a manumu §-OHAG Tta #oro xopemsmii i3 cepeqHIM THCKOM y JIereHeBilt aprepii
(mPAP). Aunawmika y Bursaai 3HmkeHHs piBHA §-OHAG y cedi € cupuATINBOIO MPOTHOCTUYHOIO 03HAKOIO Mepediry JereHeBoi
rinepren3ii. [ennepHi 0coOMMBOCTI AMHAMIKK PIBHIB y AiTeH i3 MepHHATAIbHOIO NATOJOTI€I0 BKa3yIOTh HA 3HUIKEHY a/lallTUB-
HICTh Ta PEAKTHBHICTH XJIOMYHKIB 10 OKUCHOTO CTPECy IPH HAPOKEHHI.

KJio4oBi cj10Ba: nerenesa rimepTensis; nepequacHo HAPOAKEHA JUTHHA, 8-TiAPOKCH-2-1€30KCUTyaHO3HH.
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