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Abstract

Purpose. To examine the effect size of the type of respira-
tory support and oxygenation indices on the development of
different stages of retinopathy of prematurity (RoP).

Material and methods. We retrospectively reviewed the
medical records of 290 preterm infants who were under su-
pervision during 2015-2018. The preterm infants were divided
into four groups: group 1 of 117 infants without RoP; group
2 of 86 infants with autoregressive RoP; group 3 of 57 infants
that required treatment for RoP; and group 4 of 30 infants with
aggressive RoP. All these infants underwent ROP screening in
accordance with international standards in due time.

DOIL: https://doi.org/10.31288/Ukr.j.ophthalmol.202643241
UDC: 617.735-053.32-06:616.24-085

Corresponding Author: Olena S. Budivska, Junior Researcher,
Ophthalmologist, Laboratory for Binocular Vision Disorders, SI «The
Filatov Institute of Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine», Odesa, Ukraine. Email:
bydivskaia@gmail.com

Received 2026-03-23
Accepted 2026-08-05

Cite this article as: Budivska OS, Katsan SV, Sivolap NV, Zaichko
KS. Effect of the type of respiratory support and oxygenation indices
on the development of different stages of retinopathy of prematurity.
Ukr. j. ophthalmol. 2026;4:32-41.

'-- This is an open access article under the Creative Commons
EI; , Attribution 4.0 International (CC BY 4.0) license

© Budivska O.S., Katsan S.V., Sivolap N.V., Zaichko K.S., 2026

Results. There was a significant difference in gestation
age (GA) among the four groups (ANOVA: F= 74.13; p <
0.0001), with a significant pairwise difference between most
group pairs, but not between groups 3 and 4 (p = 0.9). Ad-
ditionally, there was a significant difference in birth body
weight (BBW) among the four groups (analysis of variance
(ANOVA): F= 54.1; p < 0.0001), but the pairwise difference
between groups 3 and 4 was not significant (p = 0.9). For
FiO,, Welch's ANOVA was applied when the homogeneity of
dispersions was violated (Levene’s test p = 0.03): F = 4.6, p
= 0.005; the pairwise differences between groups 1 and 3, 2
and 3, and 3 and 4 were significant (p = 0.0006, p = 0.001,
and p = 0.048, respectively). The frequency of mechani-
cal ventilation (MV) use increased from group 1 to group 4
(90/117, 71/86, 55/57, and 30/30, respectively), with a sig-
nificant difference among groups (Kruskal-Wallis test: H =
17.3; p = 0.006). No significant difference among groups was
found for the frequency of use of nasal continuous positive
airway pressure (NCPAP) (114/117, 85/86, 57/57, and 30/30,
respectively; Kruskal-Wallis test: H = 2.4; p = 0.48). Trans-
cutaneously measured oxygen saturation (SpO,) was similar
among groups (Welch ANOVA: F = 0.7; p = 0.5). The effect
size as measured by partial n? was the largest for GA (0.437)
and BBW (0.36) and less for MV (0.05) and FiO, (0.046).

Conclusion. GA and BBW had the largest effects (with a
partial n? of 0.437 and 0.36, respectively) on the development
of different stages of RoP. There was a significant difference
among groups in FiQO, or the frequency of MV use (indicating
their effects on the development of different stages of RoP),
but not in SpQ, or the frequency of NCPAP use.

Keywords: retinopathy, preterm infants, lung ventilation,
saturation, risk factors, laser photocoagulation, vasculogen-
esis, screening, retina.
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Pes3tome

Mema. Busuumu éniue 6udie pecnipamopHoi niompum-
KU Ma NOKA3HUKIE OKCU2eHAYil Ha pO36UMOK PI3HUX cmaoiil
pemuHOnamii HeOOHOUIEHUX.

Mamepian ma memoou. Pempocnexmueno 6yio npoge-
OdeHo ananiz icmopiti x6opo6 290 nedonoutenux dimeii, wjo
nepebysanu nio Haznsoom y nepioo 3 2015 no 2018 pix. He-
OoHOweHux dimell po3nooiieHo Ha yomupu epynu: I-wa —
be3 PH (n=117); 2-ea— camopezpecyrowa PH (n=86), 3-ms
— PH, wo nompebysana nixysanus (n=57); 4-ma — APH
(acpecusna pemunonamis Heoonoutenux) — n=30. Jimu ¢
dexpemogani mepminu npouwiu ckputine PH, ckpumine
8I0N0BI0AE MINCHAPOOHUM CIMAHOAPMAM.

Pezynomamu. I ecmayiiinuii ik crmamucmuyHo 3navyue
8iopizunaecs mioc womupma epynamu (ANOVA: F=74,13;
p<0,0001); nonapro 3nauywi 8IOMIHHOCMI 6CMAHOBIEHO
Midic Oinbwicmio epyn, okpim 3-i—4-i (p=0,9). Maca mina
npU  HAPOONCEHHI MAKOJIC GIOPIZHANACS MIJNC 2Pynamu
(ANOVA: F=54,1; p<0,0001); piznuysa misxc epynamu 3—4
byna nesnauyworo (p=0,9). [na FiO,, 3a ymos nopywenns
eomoeennocmi oucnepciu (Levene p=0,03), 3acmocoeano
Welch ANOVA: F=4,6; p=0,005, pieenv snauyuwjocmi no-

Introduction

Immaturity of the organs of a premature infant at birth
and failure to complete organogenesis in a favorable in-
trauterine environment not only pose a direct threat to its
life, but also lay the groundwork for an increased risk of
disability. One of the most serious visual complications of
prematurity is retinopathy of prematurity (RoP). Despite
advances in the diagnosis and treatment of RoP, the dis-
ease is still a leading cause of blindness in children world-
wide. Investigation of the etiological factors of the disease
remains relevant today [1].

The administration of additional oxygen became a
standard practice of caring for extremely immature infants
with respiratory disorders as early as 1940s. It is largely
due to the unmonitored use of high levels of oxygen in in-
cubators that the first RoP epidemic occurred in the 1940s
and 1950s. The finding of an association between ROP
and high oxygen concentrations by Campbell [2] was an
important milestone in the development of modern neo-
natology.

The second RoP epidemic occurred in the 1970s and
1980s, when improved survival of extremely preterm in-
fants triggered a second rise in RoP cases. At that time, the
immaturity of a preterm baby was believed to be a major
factor in the development of the disease, because infants
were born with a younger gestational age (GA) and small-
er birth weight (BW) than during the first RoP epidemic
[3, 4].

The third epidemic of RoP began in the 1990s and con-
tinues today in low- and middle-income countries. Similar
to the first epidemic of RoP, infants in the third epidemic

napuux giominnocmeti migic epynamu: 1-3 (p=0,0006), 2—3
(p=0,001), 2—4 (p=0,048). Yacmoma 3acmocysanus [LIBJ]
spocmana 6i0 epynu 1 0o 4 (90/117; 71/86; 55/57; 30/30)
ma siopizusinacs mixc epynamu (Kruskal — Wallis: H=17,3;
p=0,0006). [Tnss NCPAP giominnocmeti misic epynamu He 6u-
seneno (114/117; 85/86; 57/57; 30/30; H=2,4;, p=0,48).
SpO, 6yna nodibnoro misc epynamu (Welch ANOVA: F=0,7;
p=0,5). Hattbinvwa cura énugy 3a partial n? ecmamnoene-
Ha ons eecmayitnoeo 6ixy (0,437) ma macu mina (0,36);
menwa — ons LLBJI (0,05) i FiO2 (0,046).

Bucnoeku. ['ecmayitinuii 6ixk i maca mina npu Hapo-
OJICeHHI MAU HAUOUILWULL GNIUE HA PO3GUIMOK DI3HUX
cmaoii pemunonamii Heoonowenux (partial n*=0,437 ma
0,36). FiO, i wacmoma 3acmocysannsa LLIBJI cmamucmuu-
HO 3Hauyuje GIOPIZHAIUCT MIXNC 2PYRAMU, WO CEIOUUMb NPO
iX 6naU6 HA PO36UMOK PI3HUX CMAOJI PeMUHONAmii Heoo-
Howenux. Sp0O, ma euxopucmanns NCPAP cmamucmuyno
SHAUYWUX MINCSPYNOBUX GIOMIHHOCIEU He MATU.

Knrouogi cnosa: pemuronamis, HedoHouieHi Oimu, GeH-
Munayis iecens, camypayis, Gakxmopu pusuxy, 1a3epHa
Koaz2ynayis, 8ACK)N02eHe3, CKPUHIHS, CIMKIBKA.

have higher BW and GA than traditionally seen since the
second epidemic. Mean GAs of infants from highly de-
veloped countries ranged from 25.3 to 25.6 weeks com-
pared with 26.3 to 33.5 weeks in less developed countries
[3]. Despite advances in understanding the pathogenesis,
unified standards for safe oxygenation levels in preterm
infants have not yet been defined. There are substantial dif-
ferences in target oxygen saturation among neonatologic
centers over the world, which may account for the vari-
ability in the incidence of RoP [3, 4].

Randomized clinical trials investigating the effect of
oxygenation level on the course of ROP have been con-
ducted. These included such multicenter trials as Surfac-
tant, Positive Pressure, and Oxygenation Randomized
Trial (SUPPORT, 2005-2009) and Oxygen Saturation Tar-
geting 11 (BOOST II, 2013). Both trials were terminated
early due to increased mortality among preterm infants,
which indicates the complexity of establishing safe oxy-
gen saturation ranges in this category of patients [5, 6, 7].

Because administering supplemental oxygen to pre-
term infants is a challenging clinical task, doctors must
maintain a balance between the risk of insufficient oxy-
genation and the risk of oxygen toxicity. Failure to man-
age either of these risks may potentially result in damage
to different organs and systems such as the eye, lungs and
brain. Despite advances in neonatal intensive therapy, op-
timal target oxygen-saturation ranges for preterm infants
are still under discussion. Given this, key factors in the de-
velopment of RoP are the type of respiratory support [na-
sal continuous positive airway pressure (NCPAP) and/or
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mechanical ventilation (MV)] and oxygenation parameters
[transcutaneously measured oxygen saturation (SpO2) and
oxygen partial pressure in the inspired gas mixture (FiO,)].

The purpose of this study was to examine the effect
size of the type of respiratory support and oxygenation in-
dices on the development of different stages of RoP in the
first month of life.

Material and Methods

This retrospective analysis included medical records of
290 preterm infants with a GA of 24 to 36 weeks and a
BW of 670 to 2500 g who were followed up at the Odesa
Regional Pediatric Clinical Hospital and Odesa Municipal
Pediatric Clinical Hospital No. 2 between 2015 and 2018.
The preterm infants were divided into four groups: group 1
of 117 infants with avascular retinal areas (without ROP);
group 2 of 86 infants with autoregressive ROP (stage 1
ROP, stage 2 ROP or type 2 pre-threshold ROP); group
3 of 57 infants that required treatment for ROP (type 1
pre-threshold RoP); and group 4 of 30 infants with aggres-
sive ROP. All these infants underwent ROP screening in
accordance with international standards in due time. In-
fants with stage 4 ROP, stage 5 ROP or a fatal disease were
excluded from the study.

Indirect ophthalmoscopy was conducted using a bin-
ocular ophthalmoscope, 30 D-lens, eyelid speculum and
scleral depressor after topical anesthetic (oxybuprocaine
hydrochloride 0.4%) was instilled. A combination of eye
drops, 0.5% tropicamidum and 0.2% irifrin, was used to
achieve mydriasis. Risk factors analyzed included GA,
BW, types of respiratory support (NCPAP and/or MV) and
oxygenation parameters (SpO, and FiO,).

Statistical analyses were performed using SPSS Demo
Version 26 (IBM Corporation, Armonk, NY). Quantita-
tive data are presented as mean + standard deviation (SD),
whereas nominal data, as number and percentage. Kol-
mogorov-Smirnov test was used to test data for normality.
The Leven’s test was used to determine homogeneity of
variance before parametric tests were performed. If all the
data were distributed normally, a one-way analysis of vari-
ance (ANOVA) was used to compare the four independent
groups for mean values. When appropriate, post-hoc pair-
wise between-group comparisons were also performed.
Welch’s test was used if the assumption of homogeneity of
variance was violated. Chi square test was applied for the
analysis of categorical data. For pairwise comparisons of
proportions, Chi-square test was used. Kruskal-Wallis test
was used if the data were not normal. Reported effect siz-
es followed partial eta-squared (n?) criteria for ANOVAs
(small = 0.01, medium = 0.06 and large = 0.14). Risk ratio
(RR) and 95% confidence interval (CI) were calculated for
FiO2 values in study groups.

Results

The effect of GA on the development of RoP stages
was analyzed (Table 1). In group 1, GA was 4 weeks older
than in group 4, and 3 weeks older than in group 3, and the

difference was significant. Because Levene's test revealed
that the assumption of homogeneity was met across groups
(p =0.5), ANOVA was used to compare the four indepen-
dent groups for mean values. ANOVA confirmed statisti-
cally significant differences between groups (F = 74.13; p
< 0.0001). This indicated a significant effect of the GA on
the distribution of patients among the groups: the younger
the GA, the greater was the likelihood of an infant having
a severe RoP requiring preventive laser treatment.

All pairwise comparisons were statistically significant
with the exception of the comparison between groups 3
and 4 (p = 0.9). That is, in the vast majority of cases with
a severe RoP requiring preventive laser treatment (groups
3 and 4), GA ranged from 27.4 to 28.3 weeks (Table 1).

Post-hoc comparisons found significant differences be-
tween group 1 and other groups (p = 0.00 for 1-2, 1-3,
and 1-4), groups 2 and 3 (p = 0.01) and groups 2 and 4
(p = 0.05), but not between groups 3 and 4 (p = 0.9). In
groups 3 and 4, the mean BW was 1105 + 259 g, which
was 33 % less than in group 1 (p <0.001) and 13 % less
than in group 2 (p < 0.001).

This indicated that BW is a significant risk factor for
ROP: the larger the BW, the smaller was the likelihood of
an infant having a severe RoP requiring preventive laser
treatment (Table 2).

FiO, was included in the analysis as a key postnatal
factor associated with the respiratory support and oxygen-
ation in preterm neonates (Table 3). Welch’s test was used
because the assumption of homogeneity of variance was
violated (Levene’s test p=0.03). It revealed significant dif-
ferences among groups (F=4.6; p=0.005). Post-hoc com-
parisons found significant differences between group 1 and
3 (p=0.0006), 2 and 3 (p=0.001) and 2 and 4 (p=0.048).
That is, FiO, was higher in the groups with a severe RoP
requiring preventive laser treatment.

In order to assess the clinical significance of FiO,,
we additionally analyzed its distribution against a critical
threshold of 0.30 (Table 4). This threshold was used as a
cut-off for transforming a continuous variable into a cat-
egorical variable (< 0.30 and > 0.30) for further frequen-
cy analysis. Chi-square test was used to assess between
group comparisons. There were significant differences
between groups 1 and 3 (p=0.002), 1 and 4 (p=0.002), 2
and 3 (p=0.001) and 2 and 4 (p=0.004), but not between
groups 3 and 4 (p=0.9). Because there was no significant
difference between groups 3 and 4, these two groups were
combined for further analysis. In the combined group 3
and 4, a FiO, less than 0.30 was noted in 31 infants, and
a FiO, greater or equal to 0.30, in 56 infants. In groups 1
and 2, the respective values were 140 and 63 infants. That
is, in the groups with severe ROP, a FiO, greater or equal
to 0.30 was 2.1 times more frequent (y> = 26.6 p <0.001)
compared to the group without ROP and the group with
autoregressive ROP. The relative risk of more severe ROP
for oxygen support with FiO, > 0.30 was estimated to be
2.08 times greater than for that with Fi0, <0.30 (RR=2.08;
95% CI: 1.61-2.68).
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Table 1. Mean gestational age in the group without RoP and groups with different stages of RoP

Group n Gestational age (weeks) P, significan(?e of between
mean % SD group difference

Group 1, infants without RoP 117 31.75+£1.79 P,,=0.00

Group 2, infants with autoregressive RoP 86 29.70 + 1.84 Qj: 888

Group 3, infants with RoP requiring treatment 57 27.91+£1.90 iij: 888

Group 4, infants with aggressive RoP 30 27.67 £2.20 P,,=09

Note: n, number of patients; RoP, retinopathy of prematurity; SD, standard deviation

Table 2. Mean birth weight in the group without RoP and groups with different stages of RoP

Group n Birth weight (g) P, significantfe of between
mean * SD group difference

Group 1, infants without RoP 117 1654 + 330 P,,=0.00

Group 2, infants with autoregressive RoP 86 1269 + 317 Ej: 883

Group 3, infants with RoP requiring treatment 57 1107 + 267 ﬁ%: 88;

Group 4, infants with aggressive RoP 30 1096 + 246 P. =09

Note: n, number of patients; RoP, retinopathy of prematurity; SD, standard deviation

SpO, was included in the analysis as an integral char-
acteristic of the efficacy of oxygenation during respiratory
support in premature infants (Table 5). A between group
comparison for this parameter was conducted because
SpO, is used to survey current oxygen saturation targets
in neonatology. Welch test did not found significant differ-
ence between study groups (F=0.7; p=0.5). Therefore, the
SpO, was comparable among all study groups, suggest-
ing that target oxygenation parameters were similar for the
groups.

Frequency of MV was included in the analysis because
MV is a key type of oxygen support in neonatal intensive
care for infants born preterm immediately after birth (Ta-
ble 6). Because prolonged or intensive support with MV
may be accompanied by fluctuations of oxygenation and
changes in systemic hemodynamics, groups were com-
pared for the frequency of MV. The Kruskal-Wallis test
was used for analysis of between group differences in the
frequency of MV. We found the frequency of MV use had
a significant effect on the distribution of patients among
the groups (H = 17.3; p = 0.006). Pairwise comparisons

showed significant differences between groups 1 and 3 (p
=0.002), 1 and 4 (p = 0.008), 2 and 3 (p = 0.02) and 2
and 4 (p = 0.03), indicating a significant increase in the
frequency of MV use in groups with severe RoP requiring
preventive treatment. In groups 3 and 4, the mean frequen-
cy of MV use was 97.7%, which was 20.8% higher than
in group 1 (x> =16.6,p <0.001), and 15.1% higher than in
group 2 (¥>*=9.5, p =0.002).

The frequency of NCPAP was included in the analy-
sis because NCPAP is a common mode of non-invasive
support in premature infants with respiratory disorders
(Table 7). Since NCPAP is used to stabilize respiration
and provide non-invasive oxygenation support, the as-
sessment of the frequency of NCPAP in groups enables
an indirect characterization of the approach to first-line/
supportive respiratory therapy in various clinical catego-
ries. The Kruskal-Wallis test found no significant between
group differences with respect to the frequency of MV (H
=2.4; p = 0.48). Therefore, the frequency of NCPAP was
found to be comparable among all study groups, suggest-
ing a unified approach to the administration of non-inva-
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Table 3. Mean concentration of oxygen in the inspired gas mixture (FiO,) in the group without RoP and groups with different

stages of RoP

Grou n FiO, P, significance of between
P mean * SD group difference
Group 1, infants without RoP 117 0.27+0.12 P,,=0.5
. . . P,,=0.0006
Group 2, infants with autoregressive RoP 86 0.27+ 0.1 P =01
1-4 .
Group 3, infants with RoP requiring treatment 57 0.35+0.17 gz-sf 882;
24~
Group 4, infants with aggressive RoP 30 0.32£0.11 P,,=0.3

Note: FiO,, the oxygen partial pressure in the inspired gas mixture; n, number of patients; RoP, retinopathy of

Table 4. Numbers and proportions of patients with a mean concentration of oxygen in the inspired gas mixture (FiO,) < 0.30
versus 2 0.30 in the group without RoP and groups with different stages of RoP

Grou Fio: FiO. P, significance of between
P <0.30 >0.30 group difference
Group 1, infants without RoP 78 (66.7%) 39 (43.3%) P,,=05; x2=04
. . . P,,=0.002; x2=13.9
Group 2, infants with autoregressive RoP 62 (72.0%) 24 (28.0%) P’ 20002 y2=97
1-4 . ’ .
Group 3, infants with RoP requiring treatment 21 (36.8%) 36(63.2%) P,,=0.001; x2=16.7
P,,=0.004; x2=12.6
Group 4, infants with aggressive RoP 10 (33.3%) 20 (66.7%) P,,=09

Note: FiO,, the oxygen partial pressure in the inspired gas mixture; n, number of patients; RoP, retinopathy of prematurity

sive respiratory support regardless of the group to which
the patient belonged.

The effect size was measured by partial n? to comple-
ment the analysis of statistical significance and quantify
the importance of differences identified. The use of par-
tial n? allows us to determine the proportion of variance in
the dependent variable (like the risk of developing severe
RoP) that is explained by a specific independent variable.
We found that the GA accounted for the largest proportion
of variance in the risk of developing severe RoP requir-
ing preventive treatment (partial n?> = 0.437) followed by
the BW (partial n? = 0.36). This indicates that it is these
two characteristics that explain the greatest proportion of
differences between groups and have the greatest associa-
tion with the development of severe RoP. Parameters of
oxygenation and types of oxygen support accounted for
smaller effect sizes, with partial n?> = 0.05 for the frequen-
cy of MV use and partial n*> = 0.046 for FiO,. The values
obtained indicate that, although the frequency of MV use
and FiO, accounted for a smaller proportion of variance in
the risk of severe RoP than the GA and BW in the cohort

examined, they may remain clinically significant in the
multifactorial context.

Discussion

In this study, we deemed it appropriate and relevant
to analyze possible risk factors for RoP based on the data
from southern Ukraine. We have previously studied the ef-
fect of different risk factors on the development of RoP,
and found that the four factors (the GA, BW, surfactant
therapy, and cardiovascular disease) were closely associ-
ated with RoP, while other four factors (elevated intracra-
nial pressure, blood transfusion, MV and hemodynamic
abnormalities) were associated with severe RoP requiring
treatment. Other risk factors for RoP include intraventricu-
lar hemorrhages, in vitro fertilization, history of medical
abortion, maternal infections, premature rupture of mem-
branes and pregnancy bleeding [8, 9, 10].

In the present study, we examined the effect of the type
of respiratory support and oxygenation indices on the de-
velopment of different stages of retinopathy of prematu-
rity.
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Table 5. Mean oxygen saturation as assessed by pulse oximetry (SpQO,) in the group without RoP and groups with different

stages of RoP

Groups n Sp0:, mean * SD
Group 1, infants without RoP 117 97.0+19
Group 2, infants with autoregressive RoP 86 972124
Group 3, infants with RoP requiring treatment 57 97.2+27
Group 4, infants with aggressive RoP 30 964 +24

Note: n, number of patients; RoP, retinopathy of prematurity; SpO,, franscutaneously measured oxygen saturation

Table 6. Frequency of mechanical ventilation use in the group without RoP and groups with different stages of RoP

Grou 0 Mechanical ventilation P, significance of between
’ Yes No group difference
Group 1, infants without RoP 17 | 90(76.9%) | 27 (23.1%)
: : : P,,=0.002; x2=9.2
Group 2, infants with autoregressive RoP 86 | 71(82.6%) | 15(17.4%) P,,=0.008; x2=7.0
14 2 ) .
Group 3, infants with RoP requiring treatment 57 55 (96.5%) 2 (3.5%) gza: 88§ X22 =4561
,=003;x2=4.
Group 4, infants with aggressive RoP 30 | 30(100%) 0 (0%) =

Note: n, number of patients; RoP, retinopathy of prematurity

Oxygen has a significant effect on retinal vessels. The
retinal vessels begin forming around 14-15 weeks of gesta-
tion, starting from the optic nerve and growing out to the
periphery of the retina. Mesenchymal progenitor cells form
capillaries from the first weeks to 21 weeks of gestation.
Subsequently, vascularization occurs through angiogen-
esis, the development of new blood vessels from existing
vasculature. Astrocytes respond to hypoxia by secreting
VEGF, which plays a key role in retinal neovasculariza-
tion in response to hypoxia. Hyperoxia inhibits VEGF syn-
thesis, which results in cell proliferation through apoptosis
[11, 12,13, 14, 15, 16].

Randomized clinical trials have been conducted to ex-
amine the effect of oxygenation on preterm infants. The
two largest-scale trials have proved to be quite telling, but
have not fully answered the question of what is the target
oxygen saturation range for the respiratory support of pre-
term infants.

In 2005-2009, the SUPPORT trial randomized 1316
infants of 24 0/7 weeks to 27 6/7 weeks GA to oxygen
saturation target ranges of 85-89% or 91-95%. Among

survivors to discharge, the lower target group had a re-
duced risk of severe ROP, however, the lower target group
had an unexpected increase in mortality [6, 7].

The Benefits of Oxygen Saturation Targeting II
(BOOST 1I) trial recruited 973 infants and 1123 infants
born at less than 28 weeks’ gestation in the United King-
dom and Australia, respectively, and was terminated early
for similar mortality findings (the lower SpO2 group was
associated with more deaths and cases of severe necrotiz-
ing enterocolitis). The rate of death was significantly high-
er in the lower target group (85-89%) than in the higher
target group (91-95%) for oxygen saturation. The trial re-
ported higher risk of necrotizing enterocolitis for infants
kept at lower oxygen saturation, and the risk of RoP was
reduced while on lower oxygen [5].

Chow and colleagues found a reduction in incidence of
stages 3 and 4 RoP with an implementation of a strict oxy-
gen management policy with saturation limits of 85% to
93% for infants younger than 32 weeks gestation [17, 18].

The Neonatal Oxygenation Prospective Meta-analysis
(NeOProM) collaboration consisted of an international
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Table 7. Frequency of NCPAP use in the group without RoP and groups with different stages of RoP

NCPAP
Group n
Yes No
Group 1, infants without RoP 117 114 (97.4%) 3(2.6%)
Group 2, infants with autoregressive RoP 86 85 (98.8 %) 1(1.2%)
Group 3, infants with RoP requiring treatment 57 57 (100%) 0 (0%)
Group 4, infants with aggressive RoP 30 30 (100%) 0 (0%)

Table 8. Effect sizes for risk factors examined in the group without RoP and groups with different stages of RoP

Group Factor Partial n? :(epr; ?:;:L;af:i?:;
Group 1, infants without RoP GA (weeks) 0.437 (a large effect on RoP) 44%

Group 2, infants with autoregressive RoP BW (g) 0.36 (a large effect on RoP) 36%

Group 3, infants with RoP requiring treatment MV 0.05 (a small effect on RoP) 5%

Group 4, infants with aggressive RoP FiO, 0.046 (a small effect on RoP) 4.6%

Note: Note: BW, birth weight; FiO,, the oxygen fraction of inhaled gas; GA, gestational age; MV, mechanical ventilation; n,

number of patients; RoP, retinopathy of prematurity

group of neonatologists aimed at determining the optimal
SpO, level in premature infants. Study authors sought to
compare SpO, targets of 85% to 89% in infants born at
less than 28 weeks' gestation with the primary outcome of
death or major disability at 18 to 24 months of age. Analy-
sis of the data revealed that insufficient oxygen levels in-
crease the risk of death, and maintaining a SpO2 target of
90% to 94% is recommended [19, 20].

In the Supplemental Therapeutic Oxygen for Prethresh-
old Retinopathy of Prematurity (STOP-ROP) study, 649
premature infants were enrolled at 30 centers over 5 years.
325 infants received conventional oxygen supplementa-
tion (89% to 94% O, saturation by pulse oximetry) and
324 received “high” supplemental oxygen (96% to 99%
O, saturation by pulse oximetry). The use of supplemental
oxygen did not cause additional progression of moderate-
to-severe ROP but also did not significantly reduce the
number of infants requiring peripheral retinal ablative sur-
gery. A post hoc subgroup analysis of plus disease (dilated
and tortuous vessels in at least 2 quadrants of the posterior
pole) suggested that infants without plus disease may be
more responsive to supplemental therapy than infants with
plus disease [21].

Given the above, the first important step to be taken
while managing extremely preterm infants, especially
those with a low or extremely low BW, is providing ad-
equate respiratory support and oxygenation. Of note that
mean GAs of infants from highly developed countries
ranged from 25.3 to 25.6 weeks compared with 26.3 to
33.5 weeks in less developed countries [3, 4].

In the current study, in each group, the mean SpO, was
96-97%. Therefore, based on the data obtained, the mean
SpO, was comparable among study groups, suggesting
that target oxygenation parameters were similar for the
groups. This is the reason for the absence of significant
difference in the effect of SpO, on the development of dif-
ferent stages of RoP.

FiO, is an important index of the severity of the respi-
ratory status of a preterm infant and has a direct effect on
the overall condition of the infant. The selection of FiO,
threshold has a key value because it determines a balance
between the benefit of early oxygen therapy onset and the
risk of excessive oxygen exposure. Higher FiO, values
are associated with more severe respiratory failure which
may require invasive ventilation, but if optimized, FiO,
will contribute to stabilizing the respiratory function and
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reducing the rate of complications. Therefore, FiO, rep-
resents not only a respiratory support parameter, but also
an important prognostic marker of the overall condition
of a preterm infant. Compared with a higher FiO, thresh-
old (0.30), a lower FiO, threshold (0.25) enables earlier
oxygen support, but increases the risk of excessive oxygen
therapy. A higher FiO, threshold, however, corresponds
to a more conservative strategy with a potential delay in
treatment, but may be accompanied by longer hypoxia and
deterioration in the overall condition of the patient [22].

Pathologic retinal angiogenesis and ROP create the
conditions for a change in the partial pressure of oxygen
and carbon dioxide in blood. During prolonged oxygen
therapy, a FiO, level higher than 0.30 causes vasoconstric-
tion, vasoobliteration and destruction of the capillaries
of an immature retina, not infrequently leading to RoP.
Avoiding diurnal FiO, fluctuations and minimizing titra-
tion of FiO, is critically important [17]. A 2023 study by
Lin and colleagues [23] concluded that the development of
severe RoP might not only be influenced by oxygen expo-
sure but also by its fluctuation.

We found FiO, (along with GA and BW) to be a key
postnatal factor associated with severe RoP (Table 3). Ad-
ditionally, the relative risk of more severe ROP for oxygen
support with FiO, > 0.30 was estimated to be 2.08 times
greater than for that with Fi02 < 0.30 (RR =2.08; 95% CI:
1.61-2.68).

We also examined the effect of the type of oxygen sup-
port on the development of RoP. Current practice guide-
lines recommend administration of surfactant at or soon
after birth in preterm infants with respiratory distress
syndrome (RDS) [24]. According to the 2019 European
Consensus Guidelines on the Management of Respiratory
Distress Syndrome [16], CPAP or (s) nasal intermittent
positive pressure ventilation (NIPPV) should be started
from birth in all babies at risk of RDS, such as those <30
weeks of gestation who do not need intubation for stabili-
zation. A 2020 study [25], however, concluded that, com-
pared with NCPAP, HFNC shortened oxygen consumption
time and was effective in preventing extubation failure
in mechanically ventilated preterm extremely low-birth-
weight infants (ELBWI). Using CPAP as a remedy for
the treatment failure of HFNC could not avoid intubation.
For premature infants with the gestational age <28 weeks,
HFNC as primary respiratory support still needs to be fur-
ther elucidated [26].

The current study also found that MV as a type of re-
spiratory support is a significant factor that has an effect on
the development of different stages of RoP. This is likely
associated with the fact that younger infants have more
severe respiratory disorders requiring MV.

We can conclude that the findings of this study indicate
that the risk factors specified (i.e., GA, BW, the frequency
of MV use and FiO, > 0.30) within the framework of this
model explain the effect on severe RoP requiring preven-
tive treatment.

Therefore, it was found that younger GA is associated
with an increased risk of severe RoP. In the study sample,
severe ROP was more frequently seen in neonates with a
GA of 27.4-28.3 weeks. There was a significant difference
in GA among the four groups (ANOVA: F= 74.13; p <
0.0001), with a significant pairwise difference between
most group pairs, but not between groups 3 and 4 (p =
0.9). A smaller BW was associated with an increased risk
of severe RoP, requiring preventive treatment. There was
a significant difference in the BW among the four groups
(F= 54.1; p < 0.0001). In groups with severe RoP, the
mean BW was 33 % less than in the group without RoP
(p <0.001) and 13 % less than in the group with autore-
gressive RoP (p <0.001). With an increase in the FiO,,
there was an increase in the effect on the development of
severe RoP, requiring preventive treatment. There was a
significant difference in the FiO, among the four groups
(Welch ANOVA: F = 4.6; p = 0.005). In the groups with
severe ROP, a FiO, greater or equal to 0.30 was 2.1 times
more frequent compared to the group without ROP and
the group with autoregressive ROP (p < 0.05). MV was
found to have an effect of the development of severe RoP,
requiring preventive treatment. The frequency of MV use
increased from group 1 to group 4, with a significant dif-
ference among groups (Kruskal-Wallis test: H=17.3; p =
0.006). In groups with severe RoP, the mean frequency of
MV use was 20.8% higher than in the group without RoP
(®*=16.6,p <0.001), and 15.1% higher than in the group
with autoregressive RoP (3> =9.5, p=0.002). No signifi-
cant difference among groups was found for the frequency
of use of NCPAP (H = 2.4; p = 0.48). SpO, was similar
among groups (F = 0.7; p = 0.5). The size of the effect on
development of severe RoP as measured by partial 12 was
the largest for GA (0.437), followed by BW (0.36), MV
(0.05) and FiO, (0.046).
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