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Abstract

Purpose. To evaluate the diagnostic and prognostic sig-
nificance of serum FGF23 and VEGF-A levels in newborns
with retinopathy of prematurity and to analyze their associa-
tion with clinical characteristics of the disease.

Material and Methods. A prospective comparative study
was conducted including 120 newborns: 42 preterm infants
with retinopathy of prematurity, 40 preterm infants without
signs of the disease, and 38 full-term newborns. Serum con-
centrations of FGF23 and VEGF-A were determined using
enzyme-linked immunosorbent assay (ELISA). The relation-
ship between biomarker levels and clinical parameters of
ROP was assessed using Spearman's rank correlation coef-
ficient.

Results. Significantly higher serum levels of FGF23
(185+42 pg/mL) and VEGF-A (1,35+0,42 ng/mL) were de-
tected in preterm infants with retinopathy of prematurity com-
pared with both preterm infants without ROP and full-term
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newborns (p<0.05). FGF23 levels demonstrated a moderate
positive correlation with disease stage (r=0,611; p<0.05),
while VEGF-A levels also showed a statistically significant
positive correlation (r=0,505; p<0.05). In addition, higher
FGF23 concentrations were observed in patients who re-
quired treatment.

Conclusion. Serum FGF23 and VEGF-A levels were sig-
nificantly elevated in preterm infants with ROP and showed
positive correlations with disease severity. Higher FGF23
concentrations were also associated with the need for treat-
ment, supporting its potential prognostic value. Combined
assessment of FGF23 and VEGF-A may provide additional
information for evaluating disease severity in preterm infants
with ROP.

Keywords: retinopathy of prematurity; FGF23; VEGF-A;
angiogenesis, biomarkers, preterm infant.

Pesome

Mema. Oyinumu diacnocmuune ma npocHOCMu4He 3HaA4eH-
napienie FGF23maVEGF-Aycuposamyixpoginosonapodice-
HUX 3 pemunonamicio neoonouwenux (PH) ma npoananizyeamu
iXx 36'A30K 3 KNIHINHUMU XAPAKMEPUCMUKAMU 3AXE0PIOGANHSL.
Mamepianu ma memoou. byno nposedeno npocnexmughe
nopieusnvhe docuioxcenns 3a ywacmio 120 noonapoodsice-
Hux: 42 nedoHoweHux Oimell 3 PemMuHONAMIer) HeOOHOUe-
Hux, 40 HedonoweHux Oimetl 6e3 O3HAK 3AX80PIOGAHHA MA
38 Oonowenux Hogonapooicenux. Kowyemwmpayii FGF23
ma VEGF-A y cuposamyi Kpogi eusHauanu 3a 00ONOMO20H0
imynoepmenmnozo awnanizy (I®A). 36's30x mixce pisHamu
biomapkepie ma KiiniyHumu napamempamvu PH oyiniosanu
3a donomo2ow roegiyienma paneogoi kopenayii Cnipmena.
Pesynomamu. Y neoonowenux oimeti 3 PH 6ynu eussne-
Hi 3Hauno euwyi pieni FGF23 (18542 ne/mn) ma VEGF-A
(1,35+0,42 ne/mn) y cuposamyi Kposi NOPIGHAHO fAK 3 He-
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Odonowtenumu dimvmu 6e3 PH, max i 3 donoweHumu Ho6o-
napooxcenumu (p<0,05). Pieni FGF23 npooemoncmpysanu
NOMIPHY NO3UMUBHY Kopensayito 3i cmaodi€r 3axXe0pro6aH-
us (r=0,611; p<0,05), mooi six pisni VEGF-A maxooic no-
Ka3anu CcmamucmuyHo 3HAYYWY NO3UMUEHY KOPeNsayilo
(r=0,505; p<0,05). Kpim mozo, suwi xonyenmpayii FGF23
cnocmepieanucsa y nayienmis, aKki nompe0yeanu NiKy8aHHs.
Bucnoeok. Pieni FGF23 ma VEGF-A y cuposamyi kposi
Oynu 3HauHo nidsuujeni y HeooHoutenux dimeti 3 ROP ma Oe-

Introduction

Retinopathy of prematurity (ROP) is a vasoprolifera-
tive retinal disorder that develops in preterm infants as a re-
sult of disrupted normal retinal vascular development. The
disease remains one of the leading causes of preventable
childhood blindness worldwide. Improvements in neona-
tal care and the increasing survival of extremely preterm
infants have contributed to a rising incidence of ROP, par-
ticularly in low- and middle-income countries [1].

The pathogenesis of ROP is associated with disruption
of the physiological process of retinal vasculogenesis. Un-
der normal conditions, retinal vascularization begins at ap-
proximately the 14th week of gestation and is completed
near term. Premature birth interrupts this process, leading
to incomplete vascular development of the retina and sub-
sequent retinal ischemia followed by pathological neovas-
cularization [2]. The development of ROP is traditionally
described as a two-phase process. In the first phase, hyper-
oxic conditions suppress normal retinal vascular growth,
whereas in the second phase hypoxia of the avascular reti-
na stimulates pathological neovascularization. Angiogenic
factors and inflammatory mediators play a central role in
these processes [3].

One of the key regulators of angiogenesis is vascular
endothelial growth factor A (VEGF-A). This factor stimu-
lates endothelial cell proliferation and the formation of new
blood vessels and plays a crucial role in hypoxia-induced
retinal neovascularization [4].

Changes in VEGF-A levels are closely associated with
the phases of ROP development. Under hyperoxic condi-
tions, VEGF-A expression decreases, leading to suppres-
sion of physiological retinal vascular growth, whereas sub-
sequent hypoxia results in increased VEGF-A production
and stimulation of pathological neovascularization. Clini-
cal studies have shown that serum VEGF-A concentrations
may increase in preterm infants at the time of diagnosis of
severe ROP [2]. Similar findings were reported by Goswa-
mi et al., who demonstrated that changes in serum VEGF
levels were associated with disease progression [5].

However, available data remain inconsistent. Accord-
ing to a systematic review and meta-analysis investigating
circulating VEGF levels, systemic concentrations of this
factor demonstrate considerable variability across studies
and do not always reliably reflect the risk or severity of
ROP [4]. In recent years, increasing attention has been di-
rected toward other biomarkers of angiogenesis and inflam-
mation, including various cytokines and growth factors

MOHCIMPYBANU NOUMUBHY KOPETAYIIO 3 MAICKICIIO 3AX680PIO-
eanns. Buwi konyenmpayii FGF23 maxoxc 6y nos'szani 3
nompeoio 6 NIKY8aHHI, o niOMEepoN’Ccye 1020 NOMeHYIUHY
npocrocmuuny yinnicme. Kombinoseana oyinka FGF23 ma
VEGF-A mooice Hadamu 000amkosy iHpopmayito 01 oyiHKu
MAICKOCMI 3aX80PI08AHHS Y HedoHowenux dimeil 3 PH.

Kniouoei cnoea: pemunonamis neoonowenux;, FGF23;
VEGF-A; anciozenes, biomapkepu, HeOOHOUWEHA OUMUHA.

detectable in peripheral blood of preterm infants. These
mediators may participate in the regulation of angiogenesis
and inflammatory processes involved in the development
and progression of ROP [6].

Despite the substantial number of studies focusing on
VEGF-A and other angiogenic factors in ROP, the diag-
nostic value of systemic biomarkers remains controversial.
Differences in study design, timing of blood sampling, and
laboratory methods contribute to significant heterogene-
ity of reported results [4]. Furthermore, most research has
primarily focused on VEGF-A, whereas other potentially
important regulators of angiogenesis remain insufficiently
investigated. In particular, data regarding the role of fibro-
blast growth factor-23 (FGF23) in the development of ROP
are virtually absent.

Recently, our group reported the first clinical evidence
of an association between circulating FGF23 levels and the
severity of retinopathy of prematurity in preterm infants
using an immunochemiluminescence assay (ICLA). That
study [7] demonstrated that elevated serum FGF23 concen-
trations were associated with more severe stages of ROP,
suggesting that FGF23 may serve as a potential biomarker
of disease progression. However, the previous investiga-
tion was limited to the evaluation of FGF23 alone. The
present study extends these findings by simultaneously as-
sessing both FGF23 and VEGF-A using enzyme-linked im-
munosorbent assay (ELISA), allowing evaluation of their
combined association with disease severity and providing
additional evidence regarding the potential clinical utility
of systemic angiogenic biomarkers in ROP.

Therefore, the aim of the present study was to evaluate
the diagnostic and prognostic significance of serum levels
of FGF23 and VEGF-A in newborns with retinopathy of
prematurity and to analyze their association with disease
stage and clinical characteristics.

Materials and Methods.

Study design

This study was conducted as a prospective comparative
clinical and laboratory investigation aimed at evaluating the
diagnostic and prognostic significance of serum levels of fi-
broblast growth factor-23 (FGF23) and vascular endotheli-
al growth factor A (VEGF-A) in newborns with retinopathy
of prematurity. The study was carried out at the Republican
Perinatal Center in Tashkent (Republic of Uzbekistan) be-
tween 2023 and 2026. Newborns who were hospitalized in
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the neonatal and ophthalmology departments of the center
and underwent routine screening for retinopathy of prema-
turity were eligible for inclusion. A total of 120 newborns
were included in the study and divided into three groups
according to gestational age and the presence of ROP.

Ethical approval

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and was approved by
the Local Bioethics Committee of the Republican Special-
ized Scientific and Practical Medical Center of Eye Micro-
surgery (Approval Nel(23) from 23rd of January 2023).
Written informed consent was obtained from the parents
or legal guardians of all enrolled infants before inclusion
in the study.

Study population

The main group consisted of 42 preterm infants diag-
nosed with retinopathy of prematurity during ophthalmo-
logic examination. The control group included 40 preterm
infants with no signs of ROP detected during screening
examinations. The comparison group consisted of 38 full-
term newborns born at term without ophthalmologic pa-
thology. The overall distribution of patients and the number
of examined eyes are presented in Table 1.

The severity of retinopathy of prematurity was assessed
according to the International Classification of Retinopa-
thy of Prematurity (ICROP) [1, 3]. In cases of asymmetry

Table 1. Characteristics of the study groups.

Study group Nu_mber of | Number of
patients (n) eyes (n)
Preterm infants with ROP 42 80
Preterm infants without ROP 40 80
Full-term newborns 38 76
Total 120 236

Note. ROP — retinopathy of prematurity. n — number of pa-
tients/eyes.

Table 2. Distribution of patients with ROP according to
disease stage (ICROP).

ROP stage | Number of patients (n) | Percentage (%)
Stage 1 13 31,0
Stage 2 15 35,7
Stage 3 10 23,8
Stage 4 3 71

Stage 5 1 2,4

Total 42 100

Note. ROP — retinopathy of prematurity; ICROP - Interna-
tional Classification of Retinopathy of Prematurity. Patient
distribution was based on the more severely affected eye in
cases of asymmetric disease.

between the eyes, the stage of the disease was determined
according to the more severely affected eye, which is a
commonly accepted approach in clinical studies assessing
ROP severity .

The distribution of patients in the main group accord-
ing to ROP stage is presented in Table 2.

Inclusion and exclusion criteria

The main group included preterm newborns with a ges-
tational age of less than 32 weeks and a birth weight of
less than 1500 g in whom ROP of any stage was diagnosed
during ophthalmologic examination in accordance with
the ICROP classification. Ophthalmologic screening was
performed at a postmenstrual age of 31-36 weeks after
obtaining written informed consent from parents or legal
guardians.

The control group consisted of preterm newborns with
a gestational age of less than 32 weeks and a birth weight
of less than 1500 g in whom no signs of ROP were detect-
ed during ophthalmologic examination. Examinations in
this group were performed at the same postmenstrual age.

The full-term newborn group included infants born at
a gestational age of 37-41 weeks with an uncomplicated
early neonatal period and no ophthalmologic pathology.

Newborns with congenital anomalies of the eye, genet-
ic syndromes and chromosomal abnormalities, congenital
TORCH infections, severe systemic diseases that could
affect angiogenesis, as well as infants who had received
blood component transfusions less than 14 days before
blood sampling were excluded from the study. Patients
who had undergone treatment for ROP before blood sam-
pling or those with incomplete clinical or laboratory data
were also excluded from the analysis.

Ophthalmological examination

Ophthalmological examination was performed as part
of the ROP screening program. The examination was
conducted by a pediatric ophthalmologist using indirect
binocular ophthalmoscopy after pharmacological pupil di-
lation. Combined mydriatic agents were used to achieve
adequate mydriasis. Retinal examination was performed
using condensing lenses allowing evaluation of both cen-
tral and peripheral retinal areas.

Diagnosis and staging of ROP were carried out accord-
ing to the International Classification of Retinopathy of
Prematurity (ICROP) with mandatory assessment of the
disease stage, retinal zone involvement, and the presence
of plus disease [1, 3].

Laboratory determination of FGF23 and VEGF-A
levels

Peripheral venous blood samples were obtained from
all newborns under aseptic conditions during routine clini-
cal examination. Blood was collected into vacuum tubes
with a clot activator to obtain serum. Samples were al-
lowed to clot at room temperature for 30 minutes and were
then centrifuged at 3000 rpm for 10 minutes. The obtained
serum was aliquoted and stored at —80 °C until analysis.
Repeated freeze—thaw cycles were avoided.
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Serum concentrations of fibroblast growth factor-23
(FGF23) and vascular endothelial growth factor A (VEGF-
A) were determined using enzyme-linked immunosorbent
assay (ELISA) with commercially available diagnostic kits
according to the manufacturer’s instructions. The method
was based on the sandwich ELISA principle using mono-
clonal antibodies specific for human FGF23 and VEGF-A.

Following sample incubation and washing steps, de-
tection antibodies and streptavidin conjugated with horse-
radish peroxidase were added. The reaction was visualized
using tetramethylbenzidine substrate, after which optical
density was measured at a wavelength of 450 nm using
a microplate spectrophotometer. Concentrations of the
studied proteins were calculated from calibration curves
constructed using standard solutions of recombinant pro-
teins and expressed in pg/mL for FGF23 and ng/mL for
VEGF-A.

The analytical sensitivity of the method was less than
5 pg/mL for FGF23 and less than 10 pg/mL for VEGF-
A. The intra-assay and inter-assay coefficients of variation
did not exceed 10 % and 12 %, respectively. All labora-
tory analyses were performed in a blinded manner without
information regarding the clinical group of the samples.

Statistical analysis

Statistical analysis was performed using SPSS Statis-
tics (IBM Corp., USA) and R Statistical Software. Quan-
titative variables were initially tested for normal distribu-
tion using the Shapiro—Wilk test. Normally distributed
data were presented as meantstandard deviation (M+SD),
whereas non-normally distributed data were presented as
median and range.

Comparisons of quantitative variables between inde-
pendent groups were performed using parametric or non-
parametric methods depending on the distribution of the
data. When normal distribution was observed, one-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test was used. For non-normally distributed data, the
Kruskal-Wallis test followed by pairwise comparisons us-
ing the Mann—Whitney U test with Bonferroni correction
was applied.

The relationship between biomarker levels and clinical
characteristics of ROP was evaluated using Spearman’s

rank correlation coefficient. Correlation analysis was per-
formed between biomarker concentrations and the stage
of retinopathy of prematurity. Additional analysis of the
clinical significance of FGF23 levels was performed by
comparing its concentrations in patients with ROP depend-
ing on the need for treatment using the Mann—Whitney U
test. Differences were considered statistically significant
at p<0.05.

Results

The obtained results demonstrate a significant increase
in the concentrations of FGF23 and VEGF-A in preterm
infants with ROP compared with both preterm infants
without the disease and full-term newborns. Comparative
analysis of the studied biomarkers revealed statistically
significant differences between the groups of newborns.
The highest FGF23 levels were recorded in preterm in-
fants with ROP, which were significantly higher than
those observed both in preterm infants without the disease
(p<0.05) and in full-term newborns (p<0.05). A similar
trend was observed for VEGF-A. In preterm infants with
ROP, the level of this factor was 1.35+£0.42 ng/mL, which
was significantly higher than the levels detected in preterm
infants without signs of the disease (p<0.05) and in full-
term newborns (p<0.05).

The analysis of the relationship between the levels of
the studied biomarkers and the severity of ROP revealed a
statistically significant correlation between serum FGF23
concentration and the stage of the disease. As shown in
Figure 1, FGF23 levels demonstrated a moderate positive
correlation with the stage of ROP. With increasing disease
stage, a gradual rise in the concentration of this biomarker
was observed. The Spearman correlation coefficient was r
= 0.611 (p<0.05), indicating a significant association be-
tween FGF23 levels and the severity of the pathological
process.

A similar analysis was performed for vascular endo-
thelial growth factor A. As presented in Figure 2, VEGF-A
levels also showed a statistically significant positive cor-
relation with the stage of ROP. Disease progression was
accompanied by an increase in serum VEGF-A concen-
tration. The Spearman correlation coefficient was r=0,505

Table 3. Serum levels of FGF23 and VEGF-A in newborns of the study groups

Parameter

Preterm infants with ROP

Preterm infants without ROP

Full-term newborns

(n=42) (n=40) (n=38)
FGF23, pg/mL (M+SD) 185442 *# 12035 # 55120
FGF23, median (min—max) 182 (110-265) 118 (55-210) 52 (30-100)
VEGF-A, ng/mL (MxSD) 1.3520.42 *# 0.85+0.28 # 0.40£0.15

VEGF-A, median (min—max)

1.32 (0.70-2.20)

0.83 (0.45-1.25)

0.38 (0.20-0.60)

Note. FGF23 — fibroblast growth factor 23; ROP — retinopathy of prematurity; * — differences are statistically significant
compared with the group of preterm infants without ROP (p<0.05). # — differences are statistically significant compared with
the group of full-term newborns (p<0.05).
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Fig. 1. Correlation between serum FGF23 levels and the
stage of retinopathy of prematurity.

(p<0.05), corresponding to a moderate positive relation-
ship between the level of this angiogenic factor and the
severity of retinopathy of prematurity.

An additional analysis of the clinical significance of
FGF23 was performed by comparing its levels in patients
with ROP depending on the need for laser treatment. As
shown in Figure 3, patients who required treatment had
significantly higher FGF23 levels compared with those
who did not require therapy. The differences between the
groups were statistically significant (p<0.05, Mann—Whit-
ney U test). This finding suggests a potential prognostic
value of elevated FGF23 levels in assessing disease sever-
ity and the risk of ROP progression.

Clinical examples of the ophthalmoscopic appearance
at different stages of retinopathy of prematurity are pre-
sented in Figure 4 (see cover page 3). The images illustrate
the progression of retinal pathological changes from early
stages of the disease to advanced proliferative forms.

The observed ophthalmoscopic findings are consistent
with the results of the laboratory and correlation analy-
ses: patients with more severe stages of ROP demonstrated
higher levels of the studied biomarkers. In particular, in-
creasing concentrations of FGF23 and VEGF-A were as-
sociated with greater disease severity, which corresponds
to the identified positive correlation between the levels of
these factors and the stage of ROP.

Discussion

In the present study, a statistically significant increase
in serum levels of FGF23 and VEGF-A was observed in
preterm infants with ROP compared with both preterm in-
fants without the disease and full-term newborns. In addi-
tion, a positive correlation was identified between the con-
centrations of these biomarkers and the clinical severity
of the disease, including the stage of ROP, the presence of
plus disease, the zone of retinal involvement, and the need
for treatment. These findings suggest a potential diagnostic
and prognostic value of these angiogenic factors in assess-
ing the severity of ROP.

The findings of our study regarding VEGF-A are con-
sistent with current understanding of its key role in the

VELGFA& ragfm

Fig. 2. Correlation between serum VEGF-A levels and the
stage of retinopathy of prematurity.
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Fig. 3. Serum FGF23 levels in preterm infants with retinop-
athy of prematurity depending on the need for treatment.
Note. A box-and-whisker plot with overlaid individual FGF23
concentration values is presented. Differences between the
groups were statistically significant (p<0.05, Mann—Whitney
U test).

pathogenesis of ROP. VEGF is a major regulator of an-
giogenesis and plays a central role in the development of
pathological retinal neovascularization. According to the
two-phase model of ROP pathogenesis, hyperoxic condi-
tions following premature birth suppress VEGF expres-
sion and inhibit normal retinal vascular growth, whereas
subsequent hypoxia of avascular retinal regions induces
increased VEGF expression and stimulates pathological
neovascularization.

Our data are comparable with the results of several
clinical studies. For example, Hellgren et al. [2] demon-
strated that preterm infants who subsequently developed
severe ROP had significantly higher serum VEGF concen-
trations at the time of the first diagnosis compared with
infants without ROP. Similar results were reported by Go-
swami et al. [5], who showed significant changes in serum
VEGF levels in preterm infants with ROP, confirming the

46



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | July-August | Number 4 (531)

involvement of this factor in disease development and pro-
gression.

However, the literature on systemic VEGF levels re-
mains inconsistent. According to a systematic review and
meta-analysis by Sjobom et al. [4], which included more
than 50 studies, circulating VEGF-A concentrations dem-
onstrate substantial inter-study variability and do not al-
ways show a consistent association with the development
or severity of ROP. Such heterogeneity may be related to
differences in the timing of blood sampling, laboratory
methods used, and clinical characteristics of the study
populations.

Another factor influencing systemic VEGF levels is the
treatment administered. Cheng et al. [6] demonstrated that
after intravitreal administration of the anti-VEGF agent
conbercept in patients with ROP, circulating VEGF-A lev-
els significantly decreased during the first week following
treatment and gradually returned to baseline levels after
several weeks. These findings further support the close
relationship between systemic VEGF concentrations and
angiogenic activity.

The present findings [7-11] are consistent with our
previously published study, in which elevated circulating
FGF23 concentrations were shown to be associated with
increasing severity of retinopathy of prematurity. In that
earlier investigation, serum FGF23 was measured using
ICLA, whereas the current study employed ELISA and
additionally evaluated VEGF-A. Despite methodological
differences, both studies demonstrated a significant associ-
ation between elevated FGF23 levels and disease severity,
supporting the reproducibility of this observation. Further-
more, the simultaneous assessment of VEGF-A together
with FGF23 provides additional evidence that these angio-
genic factors may complement each other in reflecting the
biological activity of ROP.

Several limitations of this study should be acknowl-
edged. First, the study was conducted at a single medical
center, which may limit the generalizability of the find-
ings. Second, biomarker levels were assessed at a single
time point, whereas longitudinal monitoring could provide
more comprehensive information on temporal changes in
angiogenic factors during disease progression. In addition,
the relatively small sample size may limit the statistical
power of the analysis. Nevertheless, despite these limita-
tions, the results expand current knowledge regarding the
role of systemic angiogenic factors in the pathogenesis of
ROP and highlight the potential diagnostic and prognostic
significance of FGF23. Further studies involving larger pa-
tient cohorts and longitudinal biomarker assessments are
required to confirm these findings and clarify the role of
FGF23 in the development and progression of the disease.

Overall, the obtained results support the concept that
systemic levels of angiogenic factors may reflect the activ-
ity of pathological processes underlying ROP. The identi-
fied positive correlation between VEGF-A concentrations
and disease severity is consistent with existing evidence
regarding the crucial role of this factor in the regulation of

pathological retinal neovascularization. At the same time,
the observed association between elevated FGF23 levels
and clinical characteristics of ROP suggests a potential in-
volvement of this factor in molecular mechanisms of vas-
cular remodeling and angiogenesis in this condition.

The findings are of particular interest in the context of
identifying systemic biomarkers that could help objective-
ly assess the risk of disease progression in preterm infants.
Currently, diagnosis and monitoring of ROP are primar-
ily based on ophthalmoscopic examinations that require
specialized equipment and experienced ophthalmologists.
In this regard, the identification of accessible laboratory
markers may contribute to improving screening strategies
and facilitating earlier identification of infants at high risk
of severe disease.

Conclusion

The present study demonstrated that serum levels of
fibroblast growth factor-23 (FGF23) and vascular endothe-
lial growth factor A (VEGF-A) are significantly elevated
in preterm infants with retinopathy of prematurity com-
pared with both preterm infants without the disease and
full-term newborns. Moreover, increased concentrations
of these biomarkers were associated with clinical indica-
tors of disease severity, including ROP stage, retinal zone
involvement, the presence of plus disease, and the need
for treatment. These findings support the important role
of angiogenic factors in the pathogenesis of ROP and are
consistent with current understanding of the central role
of VEGF-A in pathological retinal neovascularization. At
the same time, the observed association between elevated
FGF23 levels and disease severity suggests a potential
involvement of this factor in molecular mechanisms of
vascular remodeling and pathological angiogenesis. Thus,
the assessment of serum FGF23 and VEGF-A levels may
represent a promising additional laboratory approach for
evaluating disease severity and prognosis in retinopathy
of prematurity.
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Stage 1 ROP. A thin demarcation line is observed between
the vascularized and avascular portions of the retina without
the formation of a pronounced ridge. The vascular pattern
remains relatively organized, and no signs of pathological
neovascularization are detected. FGF23 level — 138 pg/mL;
VEGF-A level — 0.82 ng/mL.

Stage 2 ROP. A demarcation line with the formation of an
elevated ridge is visualized at the border between the vas-
cularized and avascular retina. Retinal vessels are directed
toward the demarcation zone, with no signs of pronounced
extraretinal neovascularization. FGF23 level — 182 pg/mL;
VEGF-A level — 1.28 ng/mL.

Stage 4 ROP, status after laser photocoagulation of the ret-
ina. Multiple laser photocoagulation marks are observed in
the peripheral retina within previously avascular areas, per-
formed to suppress pathological neovascularization. FGF23
level — 248 pg/mL; VEGF-A level — 1.85 ng/mL (before
treatment).

Stage 5 ROP, status after laser photocoagulation of the reti-
na. ronounced fibrovascular proliferation, tractional retinal de-
formation, and multiple laser photocoagulation marks in the
peripheral retina are visualized. FGF23 level — 262 pg/mL;
VEGF-A level — 2.05 ng/mL (before treatment).

Figure 4. Clinical examples of ophthalmoscopic findings and levels of the biomarkers FGF23 and VEGF-A in different

stages of retinopathy of prematurity.



