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Summary

Introduction. Oxidative stress (OS) is recognized as a contributing factor to the development of persistent
pulmonary hypertension (PPH) in premature infants. In the modern scientific literature, there is a lack of unequivocal
recommendations for the management of PPH, considering the levels of OS, what determines the need for the
development of a differentiated approach for management to infants with pulmonary hypertension.

The aim of the study. To increase the efficacy of management of premature infants with persistent pulmonary
hypertension with asphyxia and respiratory distress syndrome based on the development of the algorithm of a
differentiated approach for management of pulmonary hypertension considering the levels of oxidative stress as
determined by the urinary 8-hydroxy-2-deoxyguanosine (8-OHdG).

Material and methods. Were analyzed the observations of 96 infants born prematurely at gestational age of
26/1-34/6 weeks: group I consisted of 50 infants with respiratory distress syndrome (RDS), group II - 50 infants with
RDS associated with perinatal asphyxia. PPH was determined by echocardiography on the 1st and on the 3rd-5th
day of life, and quantitative determination of the urinary 8-OHdG (ng/ml) was performed on 44 neonates on the Ist
and in dynamics on the 3rd-5th day of life using enzyme-linked immunosorbent assay (ELISA). For comprehensive
radiographic assessment of PPH, all infants received chest X-Ray with determination of Moore's, Schwedel's, and
cardiothoracic indexes (CTI).

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 (p) we analyzed the quantitative parameters. Using the heterogeneous
sequential Wald procedure, development of diagnostic criteria was performed. The essence of the procedure is to determine
both diagnostic (DC), prognostic coefficients (PC) and diagnostic informativeness (1) of the investigated indicators. The
minimum informativeness of the feature required for addition to the developed algorithm was considered I > 0.25.

The algorithm was developed on the basis of diagnostic coefficients of clinical and anamnestic data of the examined
groups of children, echocardiographic criteria for the presence and determination of the degree of PPH, the dynamics of
OS levels and their comparison with the indicators of a comprehensive radiological assessment of pulmonary hypertension
in prematurely born infants with RDS and perinatal asphyxia in association with RDS in gestational age of 26-34 weeks.

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

The study was carried out in accordance to the plan of the research work of the Department of Neonatology of the
Kharkiv Medical Academy of Postgraduate Education "Study of features of the course of oxidative stress diseases in
newborns" (January 2022 - December 2024), state registration number 0122U000025.

Results. Has been developed an algorithm of a differentiated approach to management of premature infants with
RDS and asphyxia with PPH, the essence of which - is to improve and individualize the method of mechanical lung
ventilation (MLV) for each individual case.

Conclusions. For prematurely born infants at gestational age 26-34 weeks, is important to determine the level of
the urinary 8-OHdG on the Ist and 3rd-5th days of life to decide the severity of OS. For management of newborns
with PPH, in the case of an increase of the level of 8-OHdG by the 3rd-5th day of life, is recommended to increase the
ventilator parameters; in the case of a decrease - diminish the ventilation parameters or extubate an infant.
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to improve the management of patients with PPH was
determined [9]. On the second step, was founded the
correlation between OS and mPAP levels in premature

Introduction
Oxidative stress (OS) is recognized as a
contributing factor to the development of persistent

pulmonary hypertension (PPH) in premature infants
[1-4]. One of the reliable biomarkers for determining
the severity of OS in premature infants is the level of
the urinary 8-hydroxy-2-deoxyguanosine (8-OHdG)
[5-8], which correlates with mean pulmonary artery
pressure (mPAP) and duration of respiratory support.
The article presents the results of scientific work
on the development of a differentiated approach to
management of PPH. On the first step, an analysis of
modern medical literature was provided and the need
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infants with respiratory distress syndrome (RDS)
and asphyxia [10, 11]. On the next step we analyzed
the types and duration of respiratory support, their
correlations with the dynamics of OS levels in
prematurely born infants with PPH [12].

The aim of the study - to increase the efficacy
of management of premature infants with persistent
pulmonary hypertension with asphyxia and respiratory
distress syndrome based on the development of the
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algorithm of a differentiated approach for management
of pulmonary hypertension considering into account
the levels of oxidative stress as determined by the
urinary 8-hydroxy-2-deoxyguanosine (8-OHdG).

Material and methods

Were analyzed the observations of 96 infants born
prematurely at gestational age of 26/1-34/6 weeks,
which were carried out in the intensive care unit for
premature newborns at the Kharkiv City Perinatal
Center in accordance with modern protocols.

In the presence of combined pathology, newborns
were divided into two groups: group I consisted of
50 infants with respiratory distress syndrome (RDS),
group II - 50 infants with RDS associated with
perinatal asphyxia. Clinical characteristics of groups
is presented in the table 1. The inclusion criteria for
both groups were the presence of PPH.

The definitive diagnosis of PPH was established
by echocardiography monitoring according to the
method described in European recommendations [13].

A quantitative measurement of the value of the
urinary 8-OHdG, ng/ml on the 1st day of life, and on
the 3rd—5th day of life was provided by ELISA using
the DNA Damage ELISA kit, Enzo Life Sciences
(USA) as the manufacturer's instructions require.

In the comprehensive radiographic assessment of
PPH, chest X-Ray was used with the determination
of Moore's, Schwedel's, and cardiothoracic indexes
(CTI) according to the method proposed by V.V.
Spuzyak. with co-authors [14].

The algorithm was developed on the basis of
clinical and anamnestic data of the examined groups

of children, echocardiographic criteria for the presence
and determination of the degree of PPH, the dynamics
of OS levels and their comparison with the indicators of
a comprehensive radiological assessment of pulmonary
hypertension in prematurely born infants with RDS and
perinatal asphyxia in association with RDS.

Design of a study was discussed and approved at
a session of the Ethical commission of the Kharkiv
Medical 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. Using the heterogeneous
sequential Wald  procedure, development of
diagnostic criteria was performed [15]. The essence
of the procedure is to determine both diagnostic
(DC), prognostic coefficients (PC) and diagnostic
informativeness (I) of the investigated indicators.

The minimum informativeness of the feature
required for addition to the developed algorithm was
considered I > 0.25.

The study was carried out in accordance to the
plan of the research work of the Department of
Neonatology of the Kharkiv Medical Academy of
Postgraduate Education "Study of features of the
course of oxidative stress diseases in newborns"
(January 2022 - December 2024), state registration
number 0122U000025.

Table 1

Clinical characteristics of patient groups, n (%), Mtm

Indicator C(;r:ggg)l G(::)%%)II
Gestational age, weeks 30,66+0,42 30,34+0,51*
Weight at birth (g) 1399 £125 1520 +155*
Boys, n (%) 26 (52%) 25 (50%)
Girls, n (%) 24 (48%) 25 (50%)

Note: * - p >0.05 - no difference between groups

Results and discussion of the study

After studying the anamnesis data of the examined
newborns, a high diagnostic significance (5.0 > 1 >
1.0) was established for the following coefficients:
birth weight (I=4.35), presence of perinatal asphyxia
(I=3.60), Apgar score on the 5th minute of life
(I=3.49), gestational age (I=3.24), type of delivery
(I=1.68), Apgar score on the st minute of life (I=1.13),
appropriation for gestational age (I=1.13), the
presence of placental dysfunction during pregnancy
(I=1.11), child's gender (I=1.04). Moderate diagnostic
significance (1.0 > 1 > 0.50) was characteristic of the
presence of arterial hypertension during pregnancy
(I=0.60).

To determine the possibility of using the OS
biomarker in clinical practice for the management
of premature infants with PPH, we analyzed the
dynamics of the urinary 8-OHdG. It was established
that a decrease in 8-OHdG levels on the 3rd-5th day

of life indicates a favorable course of PPH (1=6.39).

In our previous studies, it was established that
the intensity of decreasing of the urinary 8§-OHdG in
prematurely born infants correlates with the duration of
respiratory support [11]. Therefore, for including to the
algorithm for the management of PPH in prematurely
born infants in the early neonatal period, we analyzed
the effect of the methods of the respiratory support
on the course of PPH. High diagnostic significance
was established (5.0 > 1> 1.0) to the duration of high-
frequency oscillatory ventilation (HFOV) — 1 = 3.03,
traditional mechanical ventilation — I = 2.49, and non-
invasive types of respiratory support — NIV and CPAP
—-1=1.56.

For the effective management of PPH in premature
infants in the early neonatal period, a comprehensive
radiological assessment of pulmonary hypertension
is important, which includes the determination of
Moore's, Schwedel's, and CTI indices [16, 17] when
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performing a chest X-ray examination on the 1st and
3rd-5th days of life. Among the above indices, the
Schwedel index (I=4.22) has the highest diagnostic
significance, which represents the diameter of the
descending branch of the right pulmonary artery in its
proximal section and is measured from the outer wall
of the intermediate bronchus to the outer contour of
the pulmonary artery [18].

Clinical recommendations for the treatment of
persistent pulmonary hypertension in premature
infants are controversial [19-22]. Modern trends of
the management of PPH are passing over the need
to optimize respiratory support in prematurely born
infants with RDS and with RDS associated with
perinatal asphyxia in the early neonatal period and
improve the management of PPH [23-25].

The obtained results of the informativeness of
prenatal and postnatal anamnesis, the level of OS, the

radiological assessment of pulmonary hypertension led
us to the idea of developing a complex algorithm for
the diagnosis of PPH in premature infants. According
to the algorithm of the heterogeneous sequential
procedure, all indicators were divided into gradations
with further calculation of diagnostic coefficients (DC)
and general diagnostic informativeness (I), which made
it possible to form a multimarker diagnostic system
(table 2). Management using the developed algorithm
was carried out by algebraic summation of DC until the
diagnostic threshold was reached, which for the 95%
level of reliability was > -13.0, and for the 99% level
- DC > -20. If there is a "-" sign next to the sum of DC
of all indicators, there is a risk of developing PPH of
a significant/severe degree, and the "+" sign indicates
a favorable course of PPH. If the diagnostic threshold
was not reached when adding DC of all algorithm
indicators, the course was considered indeterminate.

Table 2

Algorithm of a differentiated approach to management of persistent pulmonary hypertension
in premature infants

Indicator Gradation DC |
mPAP on the 3rd — 5th day of life, mmH <40 +9.0 7.0
y ’ 9 >40 -9.0 '
Decrease of the 8-OHdG levels on the 3rd — 5th don’t decreased -7.8 6.39
day of life decreased +9.3 '
. . <1500 -3.8
Birth weight, g 1500 116 4.35
- +
Schwedel's index on the 3rd -5th day of life, cm 0.4-0.5 85 4.22
> 0.5 -5.0
. . present -6.0
Perinatal asphyxia not present 6.0 3.60
1-3 points -9.0
Apgar score on the 5th minute of life 4-6 points -0.5 3.49
>6 points +23.8
. 26-29 -9.7
Gestational age, weeks 30-34 T3 3 3.24
36-40% +6.7
Moore's index on the 3rd -5th day of life, % 41-45% -1.3 3.23
>45% -6.3
. <48 +3.1
Duration of the HFOV, hours 48 95 3.03
. <72 +3.4
Duration of TMV, hours >72 6.9 2.49
50-59 +3.4
- i 0,
CTIl on the 3rd -5th day of life, % >60 6.9 2.49
. <40 +4.0
mPAP on the 1st day of life, mmHg >20 16 1.98
. natural childbirth -8.0
Type of delivery Cesarean section +1.9 1.68
NIV/CPAP- the only one type of respiratory yes +7.2 156
support no -2.0 ]
. . 1-3 points -4.3
Apgar score on the 1st minute of life >3 points o4 1.13
o . non-appropriative -12.5
Appropriation for gestational age appropriative 18 1.13
. . . present -2.6
Placental disfunction during pregnancy not present 138 1.1
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Conclusions

1. The following clinical and diagnostic factors have
a high diagnostic significance for the development of
PPH of a significant/severe degree: birth weight <1500 g
(I=4.35), perinatal asphyxia (I=3.60), Apgar score on the
Ist minute of life 1-3 points (I=1.13), on the 5th minute
of life < 7 points (I=3.49), gestational age < 30 weeks
(I=3.24), natural childbirth (I=1.68), non-appropriative
for gestational age (I=1.13), male gender (I=1.04),
placental dysfunction during pregnancy (I=1.11), arterial
hypertension during pregnancy (I1=0.60).

2. Important to determine the level of the
urinary 8-hydroxy-2-deoxyguanosine for premature
infants born with RDS and perinatal asphyxia in the
gestational age of 26-34 weeks, to decide the severity
of oxidative stress on the Ist and on the 3rd -5th day
of life. The levels of 8-OHdG have a high diagnostic
value for determining the risk of developing PPH of
a significant/severe degree on the 3rd-5th day of life

3. In the complex radiological assessment of the
degree of severity of PPH in premature infants with
perinatal asphyxia and RDS is important to use the
X-ray index of Schwedel, which has a high diagnostic
significance (1=4.22).

4. The high diagnostic value of the duration of types
of respiratory support for the prognosis of the course
of PPH in premature infants was established: the risk
of developing PPH of a significant/severe degree is
indicated by: duration of HFOV >48 hours (I=3.03)
duration of TMV > 72 hours (I =2.49), or if NIV/CPAP
is not the only type of respiratory support (I=1.56).

Prospects for further research. Prospects
for further research are the study of diagnostic and
prognostic factors for the development of persistent
pulmonary hypertension in premature infants with
perinatal pathology, considering the degree of
oxidative stress.

(I=6.39): decreased levels of 8-OHdG in the urine
indicates a favorable course of PPH, and increased -
indicates the risk of developing PPH of a significant/
severe degree.
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AJTOPUTM I[H@EPEHI.IIFIOBAHOF(__) noraxoay 10 MEHEJAXKMEHTY HEPCIiICTYIOqu JETEHEBO{
IFMMEPTEH3II Y HEPEJYACHO HAPOAKEHUX AITEHN

T.M. Knumenxo, M.1. Kononosuu

HapyaibHO-HayKOBHIl IHCTHTYT Hic/IAANNIOMHOI 0CBiTH XapPKiBCbKOI0 HAiOHAJBbHOI0 MEINYHOI0 YHIBEPCUTETY
(m. XapkiB, Ykpaina)

Pesrome.

Betyn. Oxcnparusunit ctpec (OC) BU3HAHO (haKTOPOM, IIO CHPHUSE PO3BUTKY IepcucTyrodoi jgereneBoi rimeprensii (IJIIN) y
nepeayacHo HapoKeHUX AiTedl. HemocTaTHicTs y cydacHiit aiTepaTypi OMHO3HAYHUX peKOMeHAALil mono MeHemkmenty [T 3
ypaxyBauHsaM piBHiB OC Bu3Hauae notpedy B po3poOili audepeHiifioBaHOro mMiAX0Ay 10 HaJaHHS JOTIOMOTH HOBOHAPOIKCHHUM i3
JIETEHEBOIO TIMEPTEH3IET.

Meta pocaigxenns. [ligBumenHs epeKTUBHOCTI HaJaHHSA MEAWYHOI JOTOMOTH TepeI4acHO HAPOIKCHHUM IIiTSAM 3 MEpCHC-
TYIOUYOI0 JIETCHEBOIO TiMEPTEH31€0 3 ac(HiKCier Ta pecmipaTOpHUM IUCTPEC-CUHAPOMOM Ha MifcTaBi po3poOKU anroputmy aude-
PEHIIHOBAHOTO MIiAXOAY 0 BEJCHHS JIETeHEBOI TiepTeHs3il 3 ypaXyBaHHSIM PiBHIB OKCHJAaTHBHOTO CTPECY 332 BH3HAUEHHSM PiBHSI
8-rigpoxcu-2-ne3okcuryanosuny (8-OHdAG) B ceui.

Marepiana Ta MeTOAU A0CJiIKEHHS.

Bynn mpoBezneHi cucTeMaTH30BaHi croCTEepexeHHs Haa 96 mepeauacHoO HApOKEHHMHU JIThMH TepMiHOM recramii 26/1-34/6
TikHIB: | rpyny ckianu 50 miteit 3 pecnipatopauM guctpec-cuaapomoM (PJC), rpymy 11 - 50 miteit 3 P/IC y moennanHi 3 acdik-
ciero npu HapoykeHHi. [IpoBeneno BusHauenns HassHocti [IJII B mepury Ta Ha 3-5 100y »UTTS 32 Z0MOMOTro0 exokapaiorpadii,
a 44 niTsaM nposeneHo KinbkicHe Bu3HaYeHHs piBHA 8-OHAG (Hr/mMi) Ha mepury 100y *KHTTS Ta IOBTOPHO — Ha 3—5 100y MeTomoM
imyHodepmentHoro ananizy (IOA). dns kommekcHoi nmpomeHeBoi ominku [IJII Bcim pitsam Oymno mposeneHo Ro OI'K 3 migpaxyH-
KoM iHgekciB Mypa, [lIBenenst Ta kapaiotopakanbaoro inaekcy (KTI).

CraTucTHYHHH aHaNi3 MPOBOAMBCS 32 JIOIOMOTOI0 TporpamMHoro 3abesnedenus Microsoft Excel 2019 poky. 3a ymoB HOpMaIb-
HOTO PO3MOITYy BEIUYNH 3aCTOCOBAHO MapaMETPHUUIHI METOAU CTATHCTHUKHU 3 PO3PAXyHKOM CepeiHbOi apu(METHIHOI BEIUUUHH
(M) Ta moxmubku penpe3eHTaTUBHOCTI cepeaHbol BennuuHu (m). KinbkicHi mapaMeTpu aHalizyBalucs 3a AOMOMOIOI0 KYTOBO-
ro kpurepiro ®imepa (¢). s po3pobneHHs NiarHOCTHYHUX KPUTEPiIB 3aCTOCOBYBAjacs HEOAHOPITHA MOCIIZOBHA TIpoIexypa
Banpna. CyTts mpouenypu monsrae B Bu3HaueHHi sk giarHoctuyHux (K), mpornoctuunux koedinientiB (IIK) i giarmoctuunoi
inpopmaruBHocTi (I) mocnimpKyBaHUX MOKa3HUKIB. MiHIMaIbHOIO iHGOPMATUBHICTIO 03HAKH, HEOOXITHOIO JUIs A0/IaBaHHS 10 PO3-
pobaenoro anroputmy BBaxkanu [ > 0,25.

AJNTOPUTM CTBOPIOBABCS HA OCHOBI A1arHOCTHYHUX KO€(DINi€HTIB KIiHIKO-aHAMHECTHYHHUX AAHUX OOCTEXKEHUX TPYI HiTeH,
YJIBTPa3ByKOBUX KPHTEPiiB HAsBHOCTI Ta BH3HaueHHs cryneHio Tsokkocti [IJIT, nuuamiku piBHiB OC Ta 3icTaBieHHs iX 3 IO-
Ka3HUKaMM KOMIUIEKCHOT IPOMEHEBOI OIIHKH JIeTeHeBOI rimepTeH3ii y nepepgacHo HapokeHux aiteit 3 PI[C ta nmepuHaransHOO
ac¢ikciero y noexnanni 3 PJIC B recraniiinomy Bini 26-34 TxHi.

Jluszaiin gociimkeHHs OyB 0OrOBOpPEHUH Ta CXBaJCHHN Ha 3aCilaHHI MEIUKO-CTHYHOT KoMicii XapKiBChbKOT MEINYHOT akaaemil
nicasaumuioMHol ocBiTH (mpotokon Ne 5 Bix 18.12.2020 p.). Yei Garbkn ganu iHGOopMOBaHy 3rofy Ha 00CTEKEHHS CBOIX TiTEH.

JlocmimpkeHHS MPOBEACHO BIAMOBIIHO 10 TIaHy HAayKOBO-I0CHiIHOI poOoTH Kadeapu HeoHaToorii XapKiBChbKoi MEIUYHOI aKa-
JeMil micisaAuIuIoMHOT 0cBiTH «BuBYEHHST 0COOMMBOCTEH Tepebiry XBOpoO OKCHIATHBHOTO CTPECY Y HOBOHAPOIKEHUX» (CiueHb
— rpyaens 2024 p.), Homep nepxaBHoi peectparii 0122U000025.

PesyabraTu nocaigxenns. Po3poOneHo anroput™ audepeHniioBanoro miaxoay A0 BeCHHS HEJOHOIEHNX HOBOHAPOKCHUX
3 PIIC ta acdikciero 3 [JIT, cyTHICTH AKOTO — y BAOCKOHAJICHHI Ta iHAMBIAyai3aiii BHOOPY METOIUKH MITYYHOI BEHTHIIALI]T JICTCHIB
(IIBJI) mi1st KOXKHOTO OKPEMOTO BHIIAJKY.

BucHoBku. I[lepeguacHo HapOIKEHUM HITSIM B TepMiHi recranii 26-34 TwkHI 118 BU3HA4eHHA TsKKocTi OC BaxIWBO BH-
3naveHHs piBHg 8-OHAG B ceui B mepury Ta B AuHaMini — Ha 3-5 100y xutts. [Ipu Benenui HoBoHapomkenux 3 [IJIIN y Bumagky
3pocranus piBHIO §-OHAG x 3-5 n006i *)UTTS pekoMeHJ0BaHO miaBuIIeHHs mapamerpis IIBJI; mpu 3HIKEHHI — ITOM SKIIEHHS
napametpiB LHIBJI abo excTyOanis TuTHHH.

Kuarou4oBsi cioBa: rnepeavacHo H&pO}l)KGHi iTH; IEPCUCTYIOYA JIETEHEBA rinepTeH?,isI; OKCUJIaHTHUH CcTpec.
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