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MutaHHA KNiHiYHOI odpTanbmonoril

Impact of preservative-free vs preserved latanoprost 0.005% on the
bulbar conjunctiva in patients with primary open-angle glaucoma

Zhmud T. ', Barabino S. 2, Drozhzhyna G. 3

" National Pirogov Memorial Medical University, Vinnytsya (Ukraine)
2 Qcular Surface and Dry Eye Center, ASST Fatebenefratelli-Sacco, Ospedlae L.Sacco-Universita di Milano, Milan (ltaly)
3 Sl "Filatov Institute of Eye Diseases and tissue therapy of the National Academy of Medical Sciences of Ukraine",

Odessa (Ukraine)

Bnnue nataHonpocty 0,005% 6e3 KOHCepBaHTIB Ta 3 KOHCepBaHTaMU Ha OynbL6apHy
KOH'FOHKTMBY Y Naui€HTIiB 3 NepBUHHOIO BiAKPUTOKYTOBOIO rMayKoOMOIo

Xmyab T. 1, o-p men. Hayk; Bapabino C. 2; Opoxokuna I 3, g-p mea. Hayk, npodhecop

" HawioHanbHUn MeaunyHuWiA yHiBepcuTeT iMeHi Muporosa, BiHHMLS (YkpaiHa)

2 LleHTp noBepxHi oka Ta cuHapomy cyxoro oka, ACCT datebeHedpatenni-Cakko, nikapHsi J1. Cakko, MinaHcbkuit

yHiBepcuTert, MinaH (Itanis)

3 1Y "IHCTUTYT O4HMX XBOPOD Ta TKkaHMHHOI Tepanii im. B.MN. ®dinatoBa HAMH Ykpainn", Ogeca (YkpaiHa)

Abstract

Purpose: This study aimed to assess the state of the bulbar
conjunctiva in patients with primary open-angle glaucoma
(POAG) when using latanoprost 0.005% eye drops with and
without preservatives.

DOI: https://doi.org/10.31288/Ukr.j.ophthalmol.20263411
UDC: 617.7-007.681-085
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Methods. Thirty-six patients with POAG were divided into
two study groups. Study group 1 included 21 patients (21 eyes)
who used benzalkonium chloride (BAK)-preserved latano-
prost 0.005% eye drops, and study group 2, 15 patients (15
eyes) who used preservative-free latanoprost 0.005% in the
Protriaxin matrix. Twenty-one healthy participants comprised
the control group.

Results.We found that use of anti-glaucoma medication
without or with a preservative does not affect the cytological
landscape of the bulbar conjunctiva. However, we observed
the presence of inflammatory cells in 42.8% of patients tak-
ing BAK-preserved latanoprost and in 6.6% of patients taking
the preservative-free medication (p=0.0279). Patients in study
group 1 had 10.5 times the odds of presence of inflammatory
cells than those in study group 2 (OR= 10.5; 95% CI [1.15
-95.25], P=0.0366).

Conclusion. These findings support the preferential use of
preservative-free antiglaucoma eye drops, particularly in pa-
tients with pre-existing or suspected ocular surface damage,
to minimize cytological changes and subclinical inflammation
during long-term therapy.

Keywords: ocular surface damage, dry eye disease, impres-
sion cytology, latanoprost, glaucoma.
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Pesome

Mema. Oyinumu cman 6y160apHOL KOH TOHKMUBU Y nayi-
€HMIG 3 NEPBUHHOIO BIOKPUMOKYOBOIO 2AYKOMOIO NPU BUKO-
pucmanti ounux Kpanenw aamanonpocmy 0,005% 3 koncep-
sanmamu ma 6e3 Hux.

Mamepian ma memoouto Tpuoyame wicms nayienmis 3
BIOKPUMOKYMOBOIO 21LAYKOMOIO0 OV 000AMKOBO PO30LNeHi
Ha 080 docniodcyeani epynu: oocnioxcysana epyna 1 — 21
nayienm (21 oko) euxopucmogysas aamarnonpocm 0,005% 3
KoHcepeanmamu y popmi ounux kpanenb, 00CiiodlCcy8ana epy-
na 2 — 15 nayienmis (15 oueii) — incmunayii ramanonpocmy
0,005% (v mampuyi IIpompiaxcumn) 6e3 KoHcepsanmy, 08ao-
YAMb 00UH 300POBULL YUACHUK CINAHOBUG KOHMPOLLHY 2PYNY.

Pezynomamu. Mu susgunu, ujo 6uKopuCmanis, npomuea-
VKOMHUX npenapamie 6e3 KoHcepeaumy abo 3 HUM He 6Nlu-
6ae Ha Yumonoziunutl 1anowagdm 6y160apHoi KOH ToHKmueu.

Introduction

Glaucoma, a global multifactorial disease charac-
terized by progressive optic nerve degeneration with or
without elevated intraocular pressure (IOP), is the most
common cause of irreversible blindness, with an esti-
mated global prevalence in adults aged 40 to 80 years of
3.54% [1].

Topical medical therapy has been the most commonly
used for many years. In a study by Prajwal and colleagues
[2], the average number of medications prescribed was
3.09, with eye drops making up the bulk of therapy [2].
Prolonged instillation of the medication, in particular pros-
taglandin analogues, especially those with preservatives,
combined with other factors such as age and systemic co-
morbidities and their treatment, significantly contributes to
the development of ocular surface diseases (OSD).

The active ingredients in antiglaucoma medications
can directly irritate and disrupt the ocular surface through
several mechanisms, such as toxicity to the corneal epi-
thelium, leading to cytokine activation, inflammation,
immune system dysfunction, epithelial cell stress, tear
evaporation, and hyperosmolarity, contributing to the
symptoms of dry eye disease (DED).

Benzalkonium chloride (BAK) is the most common
preservative in ophthalmic pharmaceuticals. It is a non-
specific antiseptic detergent that acts by disrupting lipid
bilayers. BAK is used to prevent colonization by gram-
positive and gram-negative bacteria and fungi [3]. How-
ever, this same property can also damage cells on the sur-
face of the eye. When exposed to BAK in vitro, epithelial
cells swell, exfoliate, and lose stability of tight junctions
[4]. Although the in vitro effects of BAK are well docu-
mented, the in vivo effects are less well defined. After
long-term treatment with BAK, keratocyte activation,
loss of microvilli, and decreased corneal surface epitheli-
al density were observed compared with controls that did
not receive BAK or did not receive preservatives [5, 6].

It is believed that epithelial toxicity may lead to an
inflammatory cascade, decreasing the density of the sub-

Oonax, mu cnocmepieanu HAAGHICG 3aANANLHUX KIIMUH Y
42,8% nayienmis, sKi ompumyeany 1amaHonpocm 3 Oen3ai-
Kouito xnopuoom (bXX), ma y 6,6% nayienmis, ki npuiimanu
npenapam 6e3 xoucepsanmis (p=0,0279). Iayicumu y oo-
cnionuybkit epyni 1 manu 6 10,5 paza euwyy timogipHicms Ha-
SABHOCTI 3ANALHUX KAIMUH, HIDC nayieHmu y 00CTIOHUYbKI
epyni 2 (BILI=10,5; 95% /I [1,15-95,25], P=0,0366).

Bucnoeox. Lli pezynomamu niomeepodicyiomv nepesazcy
BUKOPUCTAHHS OYHUX Kpanelb npomu 21aykomu 6e3 Koncep-
6aHmMi6, 0COONUBO Y NAYIEHMI6 3 NONepeoHim abo nidospiosa-
HUM NOWKOONCEHHAM NOBEPXHI OKa, OJis MIHIMI3ayii yumono-
2IUHUX 3MIH Ma CYOKAIHIYHO20 3ananents nio yac mpueanoi
mepanii..

Kntouogi cnosa: nowikoodicenns nogepxi oxa, cuHopom
CYX020 OKa, iMnpeciina yumonozis, 1amanonpocm, 21ayKo-
ma.

epithelial nerve plexus and further reducing tear secre-
tion [7]. The conjunctiva may also be damaged by BAK
both structurally and functionally. Numerous studies have
shown a decrease in goblet cell density, an increase in fi-
broblasts, and conjunctival keratinization in patients re-
ceiving BAK-preserved eye drops [8]. This may be the
result of chronic changes in the conjunctiva, including
upregulation of inflammatory factors, leading to metapla-
sia and subepithelial fibrosis. Clinical findings related to
BAK and the ocular surface include decreased tear break-
up time (TBUT), decreased Schirmer score, and conjunc-
tival lissamine green staining [7, 8].These changes not
only reduce patient comfort and adherence to therapy but
may also compromise treatment outcomes [9].

Despite the extensive research on epithelial and stro-
mal cells, there is paucity of published data on immune
cells in the conjunctival immune microenvironment re-
lated to preservative-free versus preserved latanoprost.
Therefore, studying the morphological effects of pro-
longed antiglaucoma therapy on the conjunctival cellular
lanscapeis essential for optimizing long-term manage-
ment and minimizing ocular surface complications.

Aim: to assess the state of the bulbar conjunctiva in
patients with primary open-angle glaucoma (POAG)
when using latanoprost 0.005% eye drops with and with-
out preservatives.

Material and method

This study included 36 patients with POAG who were
treated with prostaglandins. They were divided into two
study groups based on the treatment: 21 patients (21 eyes)
treated with BAK-preserved latanoprost 0.005% eye
drops, and 15 patients (15 eyes) treated with preservative-
free latanoprost 0.005% in the Protriaxin matrix. Twenty-
one healthy participants comprised the control group.

Patients underwent clinical ophthalmological exami-
nation. Ocular Surface Disease Index (OSDI), TBUT, and
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Shirmer’s test scores were recorded, blinking rate was
measured and bulbar conjunctival impression cytology
(CIC) was performed.

Impression cytology specimens were obtained via
application of 0.22 pum Millipore cellulose acetate filter
paper over the nasal quadrant of the conjunctiva. It was
gently pressed to the ocular surface and removed in a
peeling fashion with blunt ophthalmologic forceps after
4-8 s of exposure. Then an impression from the conjunc-
tiva was taken again in the same place.Then the strip was
immediately transferred into a fixative solution (95% eth-
yl alcohol) followed by histological staining (Papanico-
laou or haematoxylin and eosin stains) [10]. The mounted
slides were examined by light microscopy (ECLIPSE-E
200; Nikon, Tokyo, Japan) at a magnification of 100x and
400x.

The presence of squamous metaplasia was assessed
using Nelson's scale. This system is graded from 0 to
3, based on the morphology of the epithelial cells, their
staining behavior and integrity, the nucleoplasmic ratio,
as well as the density and the Periodic acid-Schiff (PAS)
staining of the goblet cells [ 11, 12]:

Grade 0: Epithelial cells are round and small with eo-
sinophilic cytoplasm. The nuclei are large and uniform,
with a nuclear-cytoplasmic ratio of 1:2. The goblet cells
are abundant, loose, and oval. Intercellular spaces are well
preserved.

Grade I: Round epithelial cells are slightly larger, po-
lygonal epithelial cells begin to appear among the former,
and the cytoplasm is eosinophilic. The nuclei are smaller
with a nuclear-cytoplasmic ratio of 1:3. Goblet cells are
decreased in number but still retain their loose oval shape.
Intercellular spaces are expanded in some areas.

Grade II: Epithelial cells are larger, polygonal, some-
times multinucleated, with eosinophilic cytoplasm, and a
nuclear-cytoplasmic ratio of 1:4 to 1:5. Goblet cells are
markedly decreased in number, with depleted cytoplasm.
Intercellular spaces are expanded, with a loss of intercel-
lular junctions seen in some areas.

Grade III: Epithelial cells are large and polygonal,
with cytoplasmic basophilia and uniform pyknotic small
nuclei. Loss of intercellular junctions and keratinization
are seen. Goblet cells are absent.

Grades 0 and I reflect a normal state of, whereas grades
IT and III are characteristic of pathological changes in, the
bulbar conjunctival epithelium.

Signs of squamous metaplasia of the conjunctival mu-
cous membrane include changes in the cell shape, cyto-
plasm color, and nucleus size in epithelial cells; a decrease
in number or absence of goblet cells; and the expansion of
intercellular spaces.

All procedures performed in this study involving hu-
man participants were in accordance with the ethical stan-
dards of the Local Committee of Bioethics and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Informed consent was obtained from all individual
participants included in the study.

Patients consented to the publication of the images.

Statistical analysis was performed using Statistica
10.0 (StatSoft, USA).

Data are presented as percentages or mean + standard
deviation (SD).

A two-tailed t-test was used to evaluate between group
differences for continuous variables with normal distribu-
tion (the Kolmogorov—Smirnov test). Correlations were
evaluated using Spearman's rank correlation. Differenc-
es in qualitative variables were assessed with the exact
Fisher’s test. A two-tailed t-test for independent samples
was performed to assess the differences between the first
and second measurements. P-value < 0.05 was considered
statistically significant.

Results

All participants enrolled in this study had mild DED
based on the OSDI questionnaire. The mean age of the
study groups and controls was not significantly differ-
ent. Median duration of the disease was the same in all
groups, ranging from one to six years (Table 1). Objective
tear production and quality tests (Shirmer's test; TBUT)
showed a significant difference between study group 1
and controls. Moreover, both tests showed a significant
difference between study groups 1 and 2, which may be
linked with abnormal tear production/quality among pa-
tients with glaucoma receiving Latanoprost with/without
preservatives (Fig. 1).

Mean OSDI score did not differ between study groups
but was significantly lower among controls (Table 1).

There was CIC evidence of defects and/or loss of inter-
cellular junctions alongside widening of the extracellular
matrix in 67% of patients in study group 1 (Fig. 2). In con-
trast, only 29% of study group 2 showed similar findings.

Grades 0 to 1 squamous metaplasia was seen in 23.8%,
40.0% and 85.7% of patients in study groups 1 and 2, and
controls, respectively (Fig.3).

Epithelial round cells appear close to each other, and
the cell shape changes from round to polygonal along the
edge of the cell layer; these cells are evenly stained. In-
tercellular junctions are well preserved, and occasional
widening of the intercellular space is observed along the

Fig. 1. Group 1: Patient P., 56 yo with bilateral POAG; (treat-
ment regimen: latanoprost with preservatives, once daily; a
disease duration of 1 year). On examination, the palpebral
margins were thickened and hyperemic, the conjunctiva was
red, and conjunctival vessels were moderately dilated. Ad-
ditionally, the Schirmer’s test score was 5 mm, and the TBUT
test score, 9 s.
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Table 1. Basic characteristics of groups

o Study group 1 Study group 2 Control group }
Characteristics (n=21) (n=15) (n=21) p-value
Age, yo 60+4.30 57.9+3.9 5816.1 p>0.05
Duration of disease Median — 2 Median — 2 Median — 2 n/a
(min - 1, max - 6) (min - 1, max - 4) (min - 1, max - 6)
p,.=0.00015
Shirmer’s test 7.6612.13 9.40+2.85 10.43£2.15 p,.=0.2257
p,,=0.00439
p,.=0.00000
TBUT test 6.95+2.22 9.13+1.68 11.19+1.66 p,.=0.00089
p,,=0.00301
p,.=0.0203
1-12 3 5 11 p,.=0.3204
p,,=0.2358
13-22 11 9 10 p>0.05
p,.=0.0086
OSDI 23-32 7 1 0 p,.=0.4167
p,,=0.1038
33-100 0 0 0 n/a
p,.=0.00006
MSD 19.714£5.90 15.9315.76 13.334£2.87 p,.=0.08281
p,,=0.06409

Note. p < 0.05 has been considered statistically significant; p,-_- difference between study group 1 and controls; p, _ - differ-
ence between study group 2 and controls; p, , - difference between study groups 1 and 2; n — number of cases; M+SD — mean

+ standard deviation; TBUT — tear break-up time; OSDI — Ocular Surface Disease Index

Fig. 2. Study group 1, Nelson’s grade 3, widened and lost
intercellular junctions, no goblet cells, karyopyknosis. Note

epithelial cells (black arrow) (hematoxylin-eosin stain, origi-

nal magnification 400x%).

.,ﬂi‘ag""", ~\ &y

Ay
da L2 B
Fig. 3. Study group 2, Nelson’s grade 1 (hematoxylin-eosin
stain, original magnification 100x%).
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Table 2. Cytological findings in the study and control groups

. . Study group 1 Study group 2 Control group
Cytological characteristics (n=21) (n=15) (n=21) p-value

p,,=0.0001

0-1 5 23.8% 6 40.0% 18 85.7% p,,=0.0103

p,,=0.4646

Nelson’s p,.=0.0431
rade 2 10 47.6% 8 53.3% 3 14.3% p,.=0.0255
9 p,,=1.000
p, .= 0.0207

3 6 28.6% 1 6.7% 0 0 p,.=0.4167

p,,=0.2003
, p,.=0.0014

Zﬁ:e"ce of inflammatory 9 42.8% 1 6.6% 0 0 D, =0.4167
p,,=0.0279

Note. p < 0.05 has been considered statistically significant; p,-_ — difference between study group 1 and controls; p, -
difference between study group 2 and controls; p, , — difference between study groups 1 and 2; n — number of cases

margin of the layers. Goblet cells are oval and round in
shape, and are at a concentration of up to 15 cells per high
power field. The nuclear-cytoplasmic ratio varies from 1:1
(in round cells) to 1:3 (polygonal).

The control group demonstrated a significant differ-
ence from the study groups (p<0.05), which reflects the
effect of DED and glaucoma on conjunctival cytology in
itself (Table 2).

Almost half of the patients in study group 1 had Nel-
son's grade 2; similarly, the vast majority of study group 2,
47.6% and 53.3%, respectively (Fig. 4).

Although study group 1 had a slightly larger percent-
age of patients with grade 2 metaplasia, there was no sig-
nificant difference between study groups.

The same pattern was observed for patients with Nel-
son's grade 3. The data suggest that use of anti-glaucoma
medication without or with a preservative does not sig-
nificantly affect the cytological landscape of the bulbar
conjunctiva. However, our further analysis has revealed
the presence of inflammatory cells in 42.8% of patients re-
ceiving latanoprost with BAK and in 6.6% of patients tak-
ing the medication without preservatives (p=0.0279) (Fig.
3). Patients in study group 1 had 10.5 times the odds of
presence of inflammatory cells than those in study group
2 (OR =10.5; 95% CI [1.15 -95.25], P = 0.0366). These
results show the potential role of preservatives in stimulat-
ing lymphocyte migration and causing subclinical inflam-
mation in patients taking anti-glaucoma medications.

Table 3. Blinking rates in study groups and controls

Fig. 4. Study group 1, Nelson’s grade 2, groups of 3-8 polyg-
onal cells, nuclear-cytoplasmic ratio 1:3, loss of intercellular
junctions, 0-3 goblet cells. Note 0-5 lymphocytes (red arrow)
(hematoxylin-eosin stain, original magnification 400x).

Rates of blinking were similar between study group
1 and healthy controls (p=0.14327), although the former
group had higher scores of Nelson’s grades. In contrast,
this parameter was significantly higher in study group 2
(Table 3).

Group | Study group 1 Study group 2 Control group value
Parameter (n=21) (n=15) (n=21) P
p,.= 0,14327
Blinking rate (per min.) 12.43+3.38 16.67+4.30 13.76+2.30 p,.=0,01298
p,,= 0,00223

Note. p < 0.05 has been considered statistically significant; p,- — difference between study group 1 and controls; p, -
difference between study group 2 and controls; p, , — difference between study groups 1 and 2
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As the continuous use of preservatives can cause neu-
ropathy, blinking rates may not reflect the real cytological
changes of the conjunctiva and lead to deactivation of the
mechanical defense system of the lacrimal unit in this co-
hort of patients.

Discussion

The present study demonstrates that patients with glau-
coma and mild dry eye disease (DED) receiving latanoprost
therapy exhibit impaired tear production and reduced tear
film stability compared with healthy controls, with more
pronounced alterations in those treated with preservative-
containing formulations. Although mean OSDI scores did
not differ significantly between the study groups, conjunc-
tival impression cytology revealed substantial epithelial
damage, including higher Nelson’s grades and a markedly
increased presence of inflammatory cells in patients using
latanoprost preserved with BAC. These findings suggest
that preservatives may contribute to subclinical ocular sur-
face inflammation, even in the absence of pronounced sub-
jective symptoms. Furthermore, blinking rates did not cor-
relate with the severity of cytological changes, indicating a
possible preservative-induced impairment of neurosensory
or protective mechanisms of the ocular surface.

Our findings are consistent with other studies reporting
improved ocular comfort after switching to preservative-
free therapy. Abegdo Pinto et al. (2014) demonstrated a
significant clinically relevant improvement in ocular
symptoms, though not in functional complaints measured
by the Glaucoma Symptom Scale, following a switch from
preserved to preservative-free glaucoma medications [13].
In contrast, several studies have reported no significant
differences in conjunctival hyperemia, corneal staining,
Schirmer test results, tear production, or TBUT between
patients using BAK-preserved and preservative-free pros-
taglandin analogues [14,15]. Importantly, these studies
were characterized by relatively short follow-up periods,
potentially underestimating the cumulative effects of long-
term preservative exposure.

Regardless of the specific mechanisms involved, large
population-based studies have consistently demonstrated
an increased prevalence of ocular surface disease among
patients treated with preservative-containing antiglauco-
ma medications [16,17]. Reported adverse effects include
conjunctival hyperemia, eyelash growth, and ocular dis-
comfort associated with topical prostaglandin analogues
such as latanoprost, bimatoprost, and travoprost [18,19].
Conjunctival hyperemia is the most frequently reported
adverse event and occurs significantly more often with
travoprost and bimatoprost than with latanoprost, which
shows the lowest incidence of adverse events among pros-
taglandin analogues.

Conjunctival hyperemia is generally considered a mild
and transient effect of prostaglandin therapy and is thought
to result primarily from vasodilation rather than overt in-
flammation [20]. Nevertheless, severe hyperemia is more
commonly associated with prostaglandin analogues than

with other antiglaucoma agents [21], although its inten-
sity often decreases with continued treatment [22]. Our
cytological findings, however, suggest that inflammatory
changes may occur at a subclinical level, even when clini-
cal signs appear mild.

Morphological evidence supporting this hypothesis
was provided by a study by Zhmud et al. (2023) [23],
where they demonstrated significant structural alterations
of the bulbar conjunctival epithelium in patients with
open-angle glaucoma receiving long-term preserved topi-
cal therapy. Squamous metaplasia grades II-III (Nelson’s
classification) were identified in 90% of cases, accompa-
nied by goblet cell loss, disruption of intercellular junc-
tions, and degenerative epithelial changes. The severity
of metaplasia correlated significantly with treatment dura-
tion, whereas the number of medications used had minimal
impact. Notably, even a single preserved medication was
sufficient to induce epithelial alterations, although signs of
reactive basal cell hyperplasia suggested preserved regen-
erative potential in patients receiving shorter-term mono-
therapy [23].

Additional evidence of preservative-associated inflam-
mation was provided by Guglielminetti et al (2002), who
reported increased human leukocyte antigen (HLA-DR)
expression in conjunctival epithelial cells of patients treat-
ed with 0.005% latanoprost, indicating activation of local
immune responses despite good clinical tolerability [24].

Increased HLA-DR expression may reflect an underly-
ing inflammatory milieu and could potentially increase the
risk of excessive postoperative scarring, highlighting its
value as a biomarker of ocular surface inflammation.

In line with these observations, our study identified
inflammatory cells in 42.8% of patients using BAK-pre-
served latanoprost, further supporting the role of preserva-
tives in inducing subclinical ocular surface inflammation.
The use of conjunctival impression cytology allowed de-
tailed morphological assessment of the bulbar conjunctiva,
providing objective cellular-level evidence of ocular sur-
face damage and reinforcing the rationale for preservative-
free formulations in long-term glaucoma management.

This study has several limitations, including a rela-
tively small sample size, variability in treatment duration,
and the lack of objective assessment of corneal neuropa-
thy and its potential influence on blinking rate. In addition,
only patients with mild DED were included. Future studies
should involve larger cohorts, longer follow-up periods,
and a broader spectrum of DED severity to further elu-
cidate the inflammatory and neurotrophic effects of pre-
served versus preservative-free antiglaucoma therapy.

Conclusion. Eyes of patients with POAG and mild
DED treated with topical BAK-preserved latanoptost
showed significantly impaired tear production and stabil-
ity, as evidenced by significantly reduced Schirmer’s and
TBUT scores, compared to those treated with preserva-
tive-free latanoptost and healthy controls.

Conjunctival impression cytology found more ad-
vanced cytological changes in this group, including higher
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Nelson’s grades and a significantly increased presence of
inflammatory cells, indicating subclinical inflammation.

These findings support the preferential use of preserva-
tive-free antiglaucoma eye drops, particularly in patients
with pre-existing or suspected ocular surface damage, to
minimize cytological changes and subclinical inflamma-
tion during long-term therapy
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Pesiome

Mema. Busnauumu ocobnueocmi nepebicy cmpomanb-
Hoeo eepnemuunoeo kepamumy (CI'K) na ocrosi komniek-
CHOI' OYIHKU KJAIHIYHUX, MOpGOMEempuyHUX, 1a00pamop-
HUX [ QYHKYIOHATTbHUX NOKAZHUKIE.

Mamepian i memoou. Obcmedxceno 60 nayienmis i3
mononamepanvuum CI'K, cepeoniil ¢ix — 39,4 = 9,5 p. I'e-

Moounamiky 6 ouniti apmepii (OA), yenmpanvrii apmepii

(LIAC) ma seni cimkisku (L{BC) docnidocysanu memooom
odonnepoepaqii (Toshiba Nemio-20). Kepamomempiro, na-
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XiMempiro ma 0eHCumomempiro pocieKi GU3HAYAIU 3d 00~
nomoeoro Pentacam AXL (Oculus, Himeuuuna), moswuny
enimenito pozisku — memooom OKT (Optopol REVO NX,
Honvwa). Heosacxynapusayiro poeiexu (HBP) oyintosanu
3a nirowero ma 2nubunoio ineasii cyoun, SpO, — memodom
nynvcokcumempii, 1gG oo BIII" 1/2 ma [JMB — memodom
1DA. Cnvozonpodykyiro ma cmabinvHicmy Ci3HOT NAiBKU
oyinroganu 3a mecmamu Lllupmepa Il ma Hopnua.

Pesynomamu. YV xeopux na CI'K ecmanoéneno 3poc-
MAHHA YACMOMuU 8UPA3KU POLIBKU 31 30L1bUUEHHAM NI0UYT
HBP (p = 0,00006). Ilepughepuuna eupaska nepesasicaia
npu HBP 00Ho20 k6adpanma, mooi K yeHmpaibHa — npu
ypaoicenHi 080x i Oinvute keadpanmis (y°> = 4,3; p = 0,04).
3i s0invwenuam naowi HBP 3pocmana uwacmoma mo-
ManbHo2o HabpAKy poeieku. [encumomempisn na 20,5%
(p = 0,009) suwe npu momansHomy HAOPAKY NOPIEHAHO 3
goxanorum. Ipu nowupenni HBP >2 kxeadpanmie 3HauHo
niosuwuysascs pusux gopmyearms smiwianoi gpopmu HBP
(p < 0,001). Yacmoma eupasxu cmanosuna 25,9% npu
noegepxuegit, 16,7% — npu enudoxiti ma 100% — npu 3mi-
waniit HBP. Ioxaznuxu cemoounamixu [JAC ne 3anesxcanu
610 Hasgnocmi HBP i supasku, mooi sik weuoKicms Kpoeo-
moky 6 L[BC 6yna euworo na 7,2% npu HBP (p < 0,05).
Hasenicme HBP acoyiiosanacs 3i 3HUNCEHHIM CMAOLIb-
Hocmi cniznoi naisku Ha 23,6% (p = 0,004). 38'a3xy midnc
pisuamu IgG 0o BIII" ma LIMB i xapakmepucmuxamu
HBP ma eupa3sxoro po2ieku ne 6usaeieHo.
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Bucnoexu. Ilpocpecysanns cmpomManibHo20 — YUIKO-
0JICEHHsL POCI6KU Ma (OPMYBAHHS BUPAZKOB020 OeqheKmy
nos’s13ano 3 supasicenicmio HBP: 3i 30inbuwenusam it nio-
wi yvacmoma eupaszok spocmae (p = 0,0006), a smiwa-
nutt mun HBP niosuwye it puzux y 4,3 paza (p < 0,001).
LI]o0o npozno3ysanus pusuKy UpA3Ku po2ieéKu Haubiib
iH(hopmamusHumu € nokaznuxu enuburu HBP ma kepamo-
mempii. HBP acoyitoemvbcsi 3 NOMIpHUMU 3MIHAMU pe2io-
HAPHOI 2eMOOUHAMIKU M A BUPAICEHUM NOPYULEHHIM CTbO-
30npOOYKYIT I3 HeCMaOINLHICMIO CNI3HOT NAIBKLL.

Knirouogi cnosa: cepnemuynuii kepamum, gipyc npocmozo
2epnecy, 2eMOOUHAMIKA CYOUH 0K, CTbO30NPOOYKYIst, MOPPO-
Mempis po2iéKu, po2iexa.

Abstract

Purpose: To determine the features of the course of her-
petic stromal keratitis (HSK) based on a comprehensive eval-
uation of clinical, functional, laboratory and morphometric
parameters.

Material and Methods. Totally, 60 patients with HSK
(mean age, 39.4 + 9.5 years) were included in the study. Dop-
pler ultrasound (Toshiba Nemio-20) was used to assess he-
modynamics in the ophthalmic artery (OA), central retinal
artery (CRA) and central retinal vein (CRV). Pentacam AXL
(Oculus, Germany) was used for keratometry, pachymetry
and corneal densitometry measurements, and optical com-
puted tomography (Optopol REVO NX, Poland), for corneal
epithelial thickness measurements. Corneal neovasculariza-
tion (NVR) was assessed by the area and depth of vascular
invasion; SpO, by pulse oxymetry, and immunoglobulin G
(IgG) for herpes simplex virus 1 and 2 (HSV 1/2) and cyto-
megalovirus (CMV), by enzyme-linked immunosorbent assay.

BeTyn

lepnernunnii kepatutr (I'K) — me indexmiitne ypa-
JKEHHsI POTIBKH, CIIPUYMHEHE BipYCOM IIPOCTOTO Teprecy
(BIII"). 3axBOprOBaHHS € ONHIEIO 3 TPOBIMTHUX TMPHIUH
IHQEKIIIHOI CITIMOTH B pO3BUHEHHUX KpaiHax cBiTy [1-3].
Cranom Ha 2012 pik y CBITI IIOPIYHO PEECTPYBAIOCS
Omm3bKo 1,5 MinbifoHa BUTIA/IKIB KEPATHTY, ACOIIHOBAaHOTO
3 BIIT" 1-ro Tumy (BIIT-1), mpu isomy mpubmuzzo 40 000
HOBHX BHIAJKIB CYIPOBOKYBAINCS CYTTEBUM 3HIKCH-
HsM 30py [4]. Cranom Ha 2016 pik 3aragbHa MOMIHPEHICTH
1i€1 aToJIOTi1 y CBITi CTAHOBMIJIA BXKE OMU3BKO 1,7 Minbiio-
Ha oci0 [5]. PeunauBu ['K € wacTuMu # ciocTepiraroTecs
y 50 % marienTiB mpotarom 5 pokis iy 60 % abo Oinbiie
— mpotsroM 20 pokiB [6]. 3a3BUYail BUAUIAIOTE YOTHPH
ocHoBHi migTuny ['K: emiteniansHuii, iIMyHHHNA (HEHEKPO-
TU3YIOYHN) CTPOMAaJIbHAN, HEKPOTH3YIOUUH CTPOMAaThbHUN
ta eHporemit [7]. CTpoManpHUA TePHIETUYHAN KEpaTHUT
(CT'K) 3a mommpeHicTIO 3aiiMae Ipyre MicIe Micis eri-
TenialpHOTO — 3ycTpivaerhes B 23,5% sumankis 'K [8].
Xoua Bci popmu 'K 3a3BH9ail peruauByOTh, HAHOTBIINN
pusuk cnocrepiraetses npu CI'K, sxuit Haifgacrime npu-
3BOJIUTH JI0 PYOLIOBaHHS, BATOHUCHHS Ta HEOBACKYJISPHU-
3amii porisku (HBP) [9].

Schirmer Il and tear film break-up time tests were used to
assess tear production and tear film stability.

Results. In patients with HSK, the incidence of corne-
al ulceration increased with the area of corneal NVR (p =
0.0006). Peripheral ulceration prevailed in NVR in one quad-
rant, and central NVR, in >2 quadrants (x> = 4.3; p = 0.04).
The incidence of total corneal edema increased with the area
of corneal NVR. Corneal densitometry values were by 20.5%
higher in the presence of total edema than in the presence
of focal edema. The risk of mixed NVR was significantly in-
creased when >2 corneal quadrants were affected by NVR (p
< 0.001). The incidence of corneal ulceration in superficial,
deep and mixed NVR was 25.9%, 16.7% and 100%, respec-
tively. CRA hemodynamics parameters did not depend on the
presence of NVR and ulceration, whereas CRV flow rate was
7.2% higher in the presence of NVR (p < 0.05). The presence
of NVR was associated with a 23.6% reduced tear film stabil-
ity (p = 0.004). We found no association of IgG for HSV 1/2
or CMV with characteristics of corneal NVR and ulceration.

Conclusion. Progression of damage to the corneal stro-
ma and development of corneal ulceration were associated
with the severity of neovascularization. The incidence of
ulceration increased with the number of NVR quadrants (p
= 0.0006), and patients with mixed NVR had 4.3 times the
odds of ulceration (p < 0.001). NVR depth and keratometry
measurements were the most informative for predicting the
risk of corneal ulceration. NVR was associated with moderate
changes in regional hemodynamics and marked abnormality
of tear production with tear film instability.

Keywords: herpetic keratitis, herpes simplex virus, ocular
hemodynamics, tear production, corneal morphometry,
cornea

Bupinsirors 181 ocHoBHi Gopmu CI'K: HeHekpoTHu3y-
104y, sIKa XapaKTepH3y€EThCS BIIHOCHO CIPHUSTIMBUM Iie-
pebirom, Ta HEKPOTH3YIOUY, IIO CYNPOBOKYETHCSI BUPa-
YKCHUM 3allaJICHHsIM 1 HEKpo30M cTpoMu. BoHa nepebirae
TSDKYE Ta aCOLIIOETHCS 3 BHCOKMM DPU3UKOM YTBOPEHHS
BUpasku i nepdopanii porieku [2, 10]. TIpornosysanus
posButky CI'K no3BonuTh Ha paHHIX eTamnax igeHTugiky-
BaTH MAI[I€HTIB 13 BUCOKUM PHU3HKOM HECHPHUSTINBOIO I1e-
peoiry, 30KkpemMa pO3BUTKY HEKPOTUYHUX 3MiH 3 TIIHOOKOIO
JIECTPYKITi€to cTpoMu, matosoriunoi HBP ta pyOiroBanHs
porieku. Lle, y cBOIO yepry, 3a0e31neunTb MOXKIIUBICTh CBO-
€4acHOI IHAMBIAyali3alii TepaneBTUYHOI TAKTHKHU 3 ypa-
XyBaHHSIM CHCTEMHHX Ta PErioHapHUX (DYHKI[IOHAJIBHUX
MOKa3HUKIB Ta MOP(]OJIOriYHOr0 CTaHy POTiBKH, MiJIBU-
UTh e()EKTUBHICTH JIIKYBaHHs Ta Oy/e crpusTu 3arno0i-
raHHIO ()OPMYBaHHS CTIHKUX ITOMYTHIHb, aCTUTMATH3MY 1
HE3BOPOTHOTO 3HWKEHHS 30pPOBUX (YHKIIIH.

Mera: BH3HAYUTH OCOOIMBOCTI Mepediry crpomalib-
Horo reprieruuHoro kepatuty (CI'K) Ha ocHOBI KOMILIEK-
CHOT OLIHKHM KJIIHIYHUX, MOP(OMETPUYHUX, JabopaTop-
HUX 1 QYHKI[IOHAJIbHUX OKA3HHKIB.
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Marepian Ta meTogu

Ha 6a3i KHII «/[xinpomerpoBchka obnacHa KiIiHIgHA
odTampMONIOTiuHa JiKapHI» 00cTexeHo 60 mamieHTIB i3
peunanBytounM MoHonarepansHuM CI'K TpuBanoro nepe-
6iry (29 vonosikiB i 31 xiHka; cepenniii Bik — 39,4 + 9.5
PoKy) y (a3i peuuanBy 3aXBOPIOBaHHS. 3a JaHUMH KJa-
cugikarmiit Liesegang TJ (1999) ta Holland EJ, Schwartz
GS (1999) [10, 11], xBOpHUX MOMITHIN HA IBi OCHOBHI TPY-
mi: imyHHU#R (HeHekpotusyrounit) CI'K (1-ma rpyma, mo
ckiana 42 xpopux (42 oka) ta Hekpotusytounit CI'K (2-ra
rpyma — 18 oci6 (18 ouei).

JlocimipKeHHsT BUKOHAHO 3 JIOTPUMAHHIM ETHYHHX
TIPUHITUIIIB, BUKJIAAEHUX Y [ elbCciHChKil qexnaparii Beec-
BITHBOI MEANYHOI acorriamii, Mi>kHapoIHUX HACTAaHOB Ha-
JIEKHOT KITIHIYHOT IIPaKTHKH, 2 TAKOK YMHHOTO 3aKOHOIAB-
ctBa Ykpainu. [IpoTokon gociimkeHHs OyB pO3TISTHYTHI
1 cxBaneHHI KoMiciero 3 muTanb Oioetuku Y «lHCTHTYT
OYHHX XBOpOO 1 TkaHWHHOI Tepamii im. B. I1. ®imatoBa
HAMH VYxpaiam» (mpotoxon Ne 2 Bix 18.04.2025 p.). ITa-
Li€HTH Hajanw iHQOpMOBaHYy JOOPOBLIEHY 3TOAY Ha IPO-
BEICHHS OOCTEXEHHS Ta Ha Y9aCTh B JOCIIDKCHHI.

JlorutepiBcbKe YIBTPa3BYKOBE TOCIHIIKEHHS B OUYHIHN
aprepii (OA), uenrpanbHiit aprepii citkiBku (IIAC) Ta
LEHTPANbHIA BEHI CITKIBKM BHKOHYBAJOCS Ha arapari
«Toshiba Nemio-20» miniiiauM pardnkoM 8 MHz, xoH-
BEeKCHUM AaTtdnkoM 3 MHz, MiKpOKOHBEKCHIM JaTYNKOM
3,75 MHz. Ha o06o0x ougax B OA ta IJAC xBOpHX BH3Ha-
Yaau Taki MTOKAa3HUKH: CHCTOJIIYHY IIBHJKICTH KPOBO-
ToKy opbitanpHoi aprepii (Peak Systolic Velocity, PSV,
cM/C), MiHIMaJbHY MiaCTONIYHY IIBUAKICTH KPOBOTOKY
(End-DiastolicVelocity, EDV, cm/c inmekc pe3sucTeHTHOC-
1i (Ri). B nearpansHiit Beri citkiBku (LIBC) Bu3Hauamm
PSV, cm/c. Tlapue oxo Oymo koHTponem. Kepatomerpis
(mmTp) BUKOHYBamacs 3a gonomororo Scheimpflug-kamepu
«Pentacam AXL» (Oculus, Himewyunna). Ilaximerpis
(MKM) BUKOHYBajacs 3a gormomMoroto Scheimpflug-kamepu
«Pentacam AXLy» (Oculus, Himeuunna). JleHcuTOMeTpir0
poriBku npoBogunu 3a gomomororo OCULUS Pentacam
AXL (Oculus, HimeuunHa) 3 OIIHKOO ONTHYHOT MIUTBHOC-
Ti (GSU) 1 06’ €KTHBHOTO BH3HAYCHHS CTYIICHS ITOMYT-
HIHHS Ta CTPYKTYPHUX 3MiH poriBKu. TOBIIMHY emiTemiro
POTiBKM BUMIpPIOBAJIN 32 JOTIOMOTOIO ONTHYHOI KOI€PEeHT-
HOi ToMorpadii amaparom «Optopol REVONX» (ITomb-
11a), OIIHIOIOYM MaKCHMaJbHY Ta MiHIMaJIbHY TOBIIHHY
Ta pi3HALO MK HuMA. HBP ominroBanmm 3a ruromero y
KBaJpaHTaX POTIBKM Ta TIIMOWHOIO iHBa3ii CyAWH 3a J0-
MIOMOTOI0 INUIMHHOT JaMIM MPH MaKCHMAaJbHO SICKpaBO-
My OCBITIIEHHI Ta 16-KpaTHOMY 30iJbIIEHHI 3 BY3bKUM
IIIJIMHHUM TIPOMEHeM. [mOnHy po3TallyBaHHS CyAWHH
BH3HAYAJIN SK BiACTaHb BiJl MEPEIHBOI TIOBEPXHI POTIBKH
1o cyauHu: mosepxHeBa HBP Oyna y moBepxHeBHX mrapax,
mmboka HBP — y crpomanbHux mapax, 3mimana HBP —
OofHOYacHO B 000x mapax. IloBepxHeBi cyanHH, IO TO-
XOZSITh 3 KOH FOHKTHBAJIBHOI MEpPEXi, SIK MPaBHIIO, MAIOTh
OUTBII 3BUBHCTHI Xif 1 SICKpaBO-4epBOHE 3a0apBIICHHS;
IHOOKI — 3 KpaloBOT METIUCTOT Mepexki JIiMOa — XapakTe-
PHU3YIOTECS OUTBII MPSIMOJIHITHIM XOIOM i TEMHO-4epBO-

HUM KombopoM [ 12]. TlepudepiitHy KamiisipHY caTypariro
kucHIO (SpO2) Bu3HAYamy MOOYTOBUMH ITyITbCOKCHME-
TpaMu; 3a HOPMY NPUHMAIIH 3araJbHOIPHHHATI 3HAYCHHS
95-100%. JIns OmiHKH CITFO30MPOIYKIIii Ta CTabiTBHOCTI
cimi3HOI TuTiBKH npoBoamau Tect Hopra (Norn test). Bu-
KOPHCTOBYBAJI TECT-CMYXKKH, MPOCAKHYTI (ryopecrei-
HOM, SIKi TIPUKJIaJaJIA IO OYHOI IIOBEPXHi, HE TOPKAIOUNCH
poriBku. [lamieHT Mopras, a IOTIM IWBHBCS IPSIMO, HE
Mopratoun. CITi3Hy TUTIBKY TOCIIIKYBaIH 32 JTOTIOMOTOIO
IIITHHHOT JTAMITH 3 KOOAIBTOBUM CHHIM (imsrpoM. [losiBa
YOpHHX TUIAM abo JiHii y mpodapOoBaHiii CITi3HIN TUTIB-
i CBiMYHTH PO (OPMYBaHHA CYXHX IUISHOK. Yac Mix
OCTaHHIM KIIITTAaHHSM Ta TIOSBOIO TEPIINX CYXHUX TUITHOK
BHUKOPHCTOBYBAJH JUIS OIIHKK: HOpMa — ToHa 10 cexyH;
marosoriss — merme 10 cexkynn. Jlms ominkm OazanpHOT
cipo3omnpoaykitii mposoxwmn TecT [lupmepa II (Schirmer
IT) 3 amecresiecro (oxcuOympokain). [licas 3akamyBaHHS
aHeCTEeTHKA Ta MiJICYIIyBaHHS KOH IOHKTHUBH TECT-CMYKKY
PO3MIITYBaIH B KOH IOHKTHUBAIBHIN MOPOXKHHUHI MK Ce-
PEIHBOI0 Ta 30BHIMIHBOIO TPETHHAMH HIDKHBOI TIOBIKH,
HE TOPKAIOYNCH POTIBKU Ta Bii. IlamieHT 3akpuBaB MOBI-
KU TIPOTATOM 5 XBWJIMH, ITICIISI 9OTO CMYKKY BHHMAIH Ta
BUMIPIOBANIN JOBXKHUHY 3BOJIOKEHOI JUITHKH UIS OI[IHKH
OazanpHOI cexperrii cii3. [aTepperartis pe3ynbraTiB: HOp-
Ma —>15 mm. IgG BIIT' 1-2 (u/ml) Ta IgG IMB (u/mL)
BH3HAUAIA 3a JOIIOMOTOI0 IMyHO(EPMEHTHOTO aHali3y
(IDA, ELISA).

Jus cratucTnaHOl 0OpOOKHM TaHWX TEPEeBipsUTH HOP-
MAaIBHICTB PO3TONLTY 3a gomomororo Shapiro-Wilk test Ta
Kolmogorov-Smirnov test. IIpn HOpMarsHOMY PO3MOILITI
BU3HAYAJIN CEPEAHE 3HAYCHHS Ta CTAHAAPTHE BiIXMIICH-
H — M*SD, a mopiBHAHHS MK TpyllaM{d BHKOHYBAIHX 3a
nornomororo t-recty CThIOIEHTA U HE3aJISKHHUX TPYII.
Ilepen BuxonanusM ANOVA mepeBipsian TOMOTEHHICTH
JUCTIepCiii 3a momomoroio kpurepito Jlesena (p > 0,05),
II0 JIO3BOJIMJIO 3aCTOCYBATH MapaMeTPHIHUN aHami3. [t
MIOTIAPHOTO TIOPIBHSHHS CEpeNHiX 3HAaueHb BHUKOPHCTA-
mn aroctepiopanit Tect Hpromana — Keiinca (Newman
— Keuls). IIpn HEmapameTpuaHOMY PO3MOLTI MTaHUX BH-
KOPHCTOBYBAalll MeZiaHy Ta MUKKBAPTWIBHAN pPO3Max
(Me [Q1-Q3]), a mia MOpiBHAHHS TPHOX 1 OLIBIIE TPy
3acrocoByBamn H-tect Kpyckama — Yommica (Kruskal —
Wallis test). JI71s OIIHKY CTaTUCTHYHO 3HAYYIIOI Pi3HMALI
YacTOT MK KaTeropisMH BHKOPUCTOBYBAIH KPHUTEPiH >
(xi-kBagpar) 3 IOMPaBKOIO Meiirca. Jli1s1 oLiHKM acoriarii
MK (pakTOpamMH PHU3HKY Ta Pe3yabTaTaMU JOCHiHKEHHS
BUKOPHCTOBYBaNM BigHomeHHs pu3ukiB (Relative Risk,
RR) ta Bimnomenns mancis (Odds Ratio, OR). RR ominroe
CHIBBIAHOIIEHHS: KUIBKICTh MOMIN / 3arajbHa KUIBKICTH
CIoCTepexKeHb, Toli Sk OR OIiHIOE CITIBBITHOIICHHS: TIO-
Iist / BigcyTHICTB Tomii. s KaTeropiadbHAX JAaHUX y BH-
MaJIKax, KOJIH CIOCTepiraiacs BiACYTHICTh MOMIN y TpyIi
(HyneBi 3Ha4YEHHS), 3aCTOCOBYBAJM IOMPABKY XalaelHa
— AnckoM0a. [l OLIHKK HAsBHOCTI JIIHIHHOTO TPEeHIY
3MIiHH 9acTOTH OiHAPHOI O3HAKW HASIBHOCTI BHPAa3KU MiX
BITOPSAKOBAHUMH TPYIIaMu 3a 3pocTarHaM 1uromti HBP 3a
kBagpaHTamu 3actocoByBanmu Cochran —Armitage trend
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test. Kpurepiifi BUKOPHCTOBYBAIH IS TIEPEBIPKU CTATHC-
THYHO 3HAYYMIOi TEHACHII 3pocTaHHS ab0 3MCHIICHHS
YaCTOTH TOI1 3aJIeKHO BiJI TOPSIKOBOTO PiBHS JOCIIIKY-
BaHoro Qakropa (kBagpantis HBP). Pesynsratn Tecty Ha-
BOJIMIIN 32 Z-CTAaTHCTHUKOIO IIPH PiBHI 3HaYyIIOCTi p < 0,05
[13]. s omiHKY AiarHOCTHYHOI 3HAYYIIOCT] TIOKAa3HUKIB
BuKopHucTOBYyBasn Kputepiii Kympbaka Dkl (Kullback —
Leibler divergence), skuii xapakTepu3ye BiICTaHb MiXK
po3moniTaMi W BHUMIPIOETECS B OAWHUILIX iH(OpMaIii
(6iT), sixMIIO 3acTOocoByBaru OiToBi Torapudmu (log2). Leit
TTOKA3HHK JTO3BOJISIE KITBKICHO OIIHUTH CTYTIHb iH(pOpMa-
LifHOI BIAMIHHOCTI MiX Tpymamu Ta 00’€KTHBHO BH3HA-
YUTH JIaTHOCTUYHY IIHHICTH JOCHTIKYBAHOTO KPUTEPIIO.
3acToCOBaHO KIIACHYHY IHTEPIpETamio iHpOpMaIiitHOi
sragymocti: Dkl < 0,1 6itT — HM3bKa AiarHOCTHYHA iH(OP-
MatuBHicTB; 0,1 < Dkl < 0,5 6it — nomipna; Dkl > 0,5 6it
— BHUCOKA iH(QOpMATUBHICTH [ 14].

Pe3ynbratn

Cepen o0cTexkeHo1 KoropTH namieHTiB y 20% BHUITaaKiB
HE BHUSBJIECHO HeoBackyssipusauii porisku (HBP); y 50%
criocTepiranocss ypaxeHHs OJHOTO KBajpaHTta, y 23,3%
— BOX KBAJIPaHTIB POTIBKH, Tofi sk momupenHs HBP na
TpH KBaJpaHTH BiI3HA4YEHO Yy 6,7% Bumnaakis. Yacrora Bu-
pasku poriBku craHoBwia: ainst HBP nmepmoro kBagpan-
ta — 30%, ns HBP gBox xBanmpastiB — 35,7%, mns HBP
TpbhoX KBaapaHTiB — 100% Bumankis (tadm. 1). BectaHoB-
JICHO CTaTUCTUYHO 3HAYYIIMH 3pOCTAIOUUM TPEH] 4acTo-
TH PO3BHUTKY BHUPA3KH POTIBKH 31 30UIBIICHHSAM KITBKOCTI
kBagpanTiB 3 HBP: 3a pesynsraramun Cochran-Armitage
trend test miATBEpIKEHO NOCTOBIpPHE 3POCTAHHS YacTo-
TH BUpasku npu nommpeHHi miomi HBP (Z = 3,44; p =
0,0006).

VY xBopux CI'K i3 HBP Bupaska pi3HOi JToKamu3arii
crioctepiranack y 37,5% Bumazkis, Tozi SK y rpymi 0e3
HBP ii ve BusBieHo. PisHuIg 9acToTH Oylia CTATUCTUIHO
3Hagymoo (y* = 4,77; p = 0,029). JliarHocTHYHA O3HaKa
HasBHOCTI HBP Mae momipHy miarHOCTHYHY CHITY JJIS Ha-
SIBHOCTI BUPA3KM POTIBKHU: y3arajlbHeHHH kpurepiit Kyib-
6axa — Dkl ctanoBus 0,6 OiT.

[leputepryna BUpa3ka POTIBKH dacTime Oyma IpH
HBP mumre oqaoro kBagpanta (B 100% Bunankis) y* =4,3;
p = 0,04, Toxi sx meHTpaNbHa Bupaska — npu HBP nBox i
6inmpine kBaapanTiB (B 90% Bumazkis). [Ipu anamisi gac-
TOTHHX XapaKTEPUCTHK BCTAHOBJICHO, III0 PU3HK HASBHOC-
Ti IEHTpaIbHOI BUpa3Kku poriBku mpu HBP aBox i 6inmbire
KBaJpaHTIB MOPiBHAHO 3 rpymoio 6e3 HBP 3pocrae y 19
pasiB: BigHOmeHHs pm3uKiB (RR) 3 mompaBkoro = 19,0;
95% Al: 1,13-318; p = 0,003 (Tadm. 1).

®DoxkanpHNI HaOpsik croctepiramm y 100% Bumazakis
npu HBP omnoro xBampanTta abo 3a ii BimcyTHOCTi. Ha-
TtoMicTh iprt HBP nBoX 1 Ginbmre kBagpaHTiB yactora ho-
KaJIFHOTO HaOpsIKy 3MeHIIyBanacs Basiui — 10 50% (¢ =
19,3; p < 0,001). Lle moB’s13aHO 31 3pOCTaHHSM YaCTOTH
TOTAIbHOTO HAOPSIKY: BiH BHABIABCS y 35,7% BHmaikis
npu HBP nBox xBagpanTis Ta y 100% Bunanxis npu HBP
TPBOX KBaAPaHTIB (Tabx. 1). YacToTa TOTaIBFHOTO HAOPSKY
3pocrana 3i 30uTemeHHEsaM 1wionyi HBP ta mpu HasBHOCTI
[EHTPAIFHOI BUPA3KK POTiBKH. [10Ka3HUK JEHCHTOMETPIl
poriBku y xBopux Ha CI'K mpu ToTampHOMY HaOpSKY po-
riBku ctanoBuB 34,5 + 12,7 GSU, Toxi sk ipu pokarsHOMY
HaOpsxy Ha 20,5% (p = 0,009) menpme — 27,4 + 7,1 GSU.

[pu posrsani xapakrepuctuk CI'K 3a rmubunoro HBP
BCTaHOBJICHO, 10 moBepxHeBa HBP 3ycrpivamacs B Ha-
mii BuOipmi Halvactime — y 56,25% Bumazakis; mmboka
—y 25% Bumnaakis; 3mimana —y 18,75% Bunankis (y* =
11,625; df =2; p =0,003) (Tadmn. 2). [ToBepxuera HBP xa-
pakTepHa Oyna B ocHOBHOMY 1ipu HBP omHoro xBagpanTa
— 92,6%. Ilpn posraai mmbokoi ¢popmu HBP BcTanos-
JICHO, 1110 BOHA 3yCTpidanacs B piBHOMY CITiBBiTHOIICHHI:
IIpU ypaXeHHI OgHOTO KBaapanTta —y 41,7% Bumankis, a
npu HBP nBox xBanmpanTiB —y 58,3% Bumankis. 3mima-
Ha HBP Bm3nauena B 100% BumazakiB mpu HBP — nBox
i Oumpmie kBaapanTiB. [loBepxueBa popma HBP npakrtiy-
HO 3HUKae pu Benwkii mwromi HBP (> 2 xBagpanTiB). A
TIpH ypaXXeHH1 > 2 KBaJpaHTIB IIaHC MaTH 3MIIIaHy GOpMy
HBP pizko 3pocrae — B 63 pasu: OR = 63 (95% /I 3,36—
1190) p < 0,001 (Tabn. 2)

YacroTa 3yCcTpidaabHOCTI BUPA3KH POTIBKH Pi3HUTHCS
MIDX TpyTIaMy, BUAUICHIMH 32 XapaKTePUCTUKOIO TITHONHU

Tabnuusa 1. YacTtoTHa xapakTepucTuka KniHiyHmx o3Hak CI'K 3a nowwmpeHictio HBP

HBP Hemae HBP (1 kBapgpaHT) HBP (2 kBapgpaHTa) HBP (3 kBapgpaHTa)
OsHaka / MNoka3Huk n=12 n=30 n=14 n=4
O3Haka e/Hemae (n)
€ Hemae € Hemae € Hemae € Hemae
ToTtanbHWM Habpsik 0 12 30 5 9 4 0
dokanbHUi Habpsik 12 0 30 0 9 5 0 4
Bupaska PO (ueHTp) 0 12 1 29 5 9 4 0
Bupaska PO (nepudepis) 0 12 8 0 0 0 0 0

MpuMiTkK: N — kinbKicTb oveit; CIK — ctpomanbHuii repnetnynHmi kepatuT; HBP — HeoBackynsipmaauii porisku, PO — poriska.
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HBP (y*=11,9 df=2;p=0,003) (Tabmn. 2), To6TO rIubmHa
HBP — 3nHauyma o3Haka /Ui HaSBHOCTI BUPA3KH POTiBKH.
ITpu nosepxuesiit HBP Bupaska Oyna B 25,9% Bunaakis,
npu muookii — B 16,7%, npu 3mimaniit — B 100%.

Tob6to, HBP ycix miapiB poriBku 3HadyImie YacTimie
CYTIPOBODKYBAJIACsl BUPA3KOIO POTIBKHU: MOPIBHSHO 3 TIO-
BepxHeBoio — B 4 pasu (x* =15, p < 0,001), mopiBHSAHO 3
mmboxoro HBP — B 6 pasiB (> = 14,3, p < 0,001). B mi-
oMy, XBopi 3i 3mimanoro HBP matots y 4,3 pa3a Bumry
HMOBIpHICTD PO3BUTKY BHPa3KH, HIK MAIlIEHTH 3 TIOBEPX-
HEBOIO 200 IMTMOOKOI0 BACKYISPU3AIIIEIO 32 BIAHOIICHHIM
pmsukiB RR=4,3 (95% [I 2,25-7,09), p < 0,001.

Taxa o3Haka, sk Tmnonna HBP, mae niarnocTryaHy 3Ha-
YYIIICTh UI HaSBHOCTI BUPA3KH POTiBKU — y3araabHEHUH
kputepiii Kynsbaka Dkl cranosus 0,9 OiT, o CBiTYUTH
PO BUCOKY iH(OPMATHBHICTS ITi€] O3HAKH.

MopdomeTpuyHa XapaKTepUCTHKA TOBLIMHHU eli-
Teqito poriBku npu CI'K 3 ypaxyBanHaMm miomi Ta
rmdnan HBP. MakcumanbHa/ MiHIMaJbHAa TOBIIMHA
emiTeNio poriBKM cTraHoBmWiIa 69,5 + 8,5/51,5 +5,0 mMxMm
y TaIieHTiB 0e3 BUpPa3KH, MPH IEHTPATbHIA BHpasIli —
71,3 £10,2 /50,6 £ 5,0 mxM Ta ipu iepudepuyHii Bupas-
ui—71,4+6,9 /50,6 £ 5,0 Mxm 6€3 3HAYYIIHUX BiAMIHHOC-
Teil MiXk Tpynamu (CEKTOp i3 BUPa3Ko0 OyB BUKIIOUCHUH

3 po3paxyHKiB). Po3Max TOBIIMHH EMITENiI0 POTiBKH, IO
BimoOpaxkae CTymiHb ii HEPiBHOMIPHOCTI, MPH BHpa3Kax
MaB TeHJIeHIIit0 0 30imprrenns (20,1 £ 5,2 MkM), oHaK
CTaTUCTUYHO 3HAYYNINX BIAMIHHOCTEH MiX Tpymami He
BusiBieno (p = 0,07). 3a mammmu ANOVA, ctatuctud-
HO 3HAYyIIOTO 3B 3Ky Mk mmuouHoro HBP i po3maxom
TOBIIMHM eriTenito poriBku He BusBieHo (F(3,56)=1,12;
p=0,35), mo minTBepmKeHo anamizom Heiomana — Keitnca.
He3nauna BapiabenpHICTh MOKAa3HWKA PO3Maxy TOBIIUHH
SMiTeNiI0 MK TPylaMu CBIIYUTH MPO HOTO HU3BKY ITHC-
KPUMIHAIIHY IIHHICTH Ta OOMEXeHy iH(pOpPMaTHBHICTB,
MalyTh, 32 HASIBHOCTI HAOPSIKY POTiBKH.

INoxa3sHMKM KPHBU3HM POTiBKH, 32 JaHUMH Kepa-
TOMeTpii 32 onTHYHOI0 cuio (nTp), y mamieHTiB i3
CTI'K 3axe:xxno Big HasiBHOcTi HBP. Cepenniii mokasHuK
kepatometpii y xBopux i3 CI'K 6e3 ycknanHeHHS BHpas-
Koto cranoBuB 42,5 + 1,8 JInTp, a B Mami€HTIB i3 BUPA3KOIO
3Hauyme Mmenbme —41,2 + 3.2 Intp (p = 0,03). 3naueHns
D,, = 0,11 6it cBimuuTh npo cixaly JiarHOCTHIHY iH(OP-
MAaTHBHICTb MTOKa3HHMKA: BIH YaCTKOBO PO3PI3HsE TPyNU
MAIEHTIB 1 MOXE BHKOPHUCTOBYBATHCS K JONATKOBHH
KpHUTepii audepeHttiarii, mpoTe He € MOBHICTIO PO3IiTISIO-
9uM (haKTOpOM. 3aJIeKHOCTI TOKa3HUKIB KepaToMeTpii Bij
rmbuan HBP we Bctanosneno (F =0,88, p = 0,46).

Tabnuuga 2. YactoTHa xapakTepucTuka HeoBackynsipuaauii porisku 3a ii rmmubuHoto Ta nnoweto npu CrK

KinbkicTb ouen
HBP (1 kBappaHT) HBP (2 kBappaHTa) HBP (3 kBappaHTa)
n=30 n=14 n=4 Bcboro
mu6uHa HBP ouen
Hemae HeMae HeMae n =48
BUpaska BUpaska BUpaska
BUpa3Kku : BUpa3Kku . BUpa3Kku .
. poriBku ) poriBku ) poriBku
poriBku poriBku poriBku
[NoBepxHeBa 18 7 2 0 0 0 27
Imunboka 3 2 7 0 0 0 12
3miwana 0 0 0 5 0 4 9

MpumiTka: n — kinbkicte o4en, CI'K — cTpomanbHuii repneTnimHmn kepatuT; HBP — HeoBackynspuaauis porisku.

Ta6nuusa 3. MNMokasHukm (M+SD) remoguHamikv cyamH oka 3a MOLUMPEHICT0 HeoBackynsipu3aauii poriskun (HBP) y xsopux CI'K

HBP Hemae | HBP (1 kBagpaHT) HBP (2 kBagpaHTa) HBP (3 kBagpaHTa)

Moka3Huk n=12 n=30 n=14 n=4 p.— 3!1at|yu.w|)f

BiAMiHHOCTEWN
1 2 3 4

LAC PSV 18,7£1,7 17,9424 17,943,8 19,1+3,8 -

LAC ESV 5,37+0,61 5,76+1,4 6,21+1,62 5,5110,77 -

LAC IR 0,67+0,02 0,68+0,02 0,68+0,02 0,68+0,04 -
P1-2=10,006

LBC PSV 6,84+0,25 7,27+0,47 7,41£0,98 7,4240,59 P1-3=0,02
P1-4 = 0,005

Mpumitkn: CI'K — ctpomanbHuii repnetniunHuin kepatut; HBP — HeoBackynapu3auis poriku. LLAC — ueHTpanbHa aptepis
citkiBky; LIBC — ueHTpanbHa BeHa CiTKiBKM; CUCTOMIYHA WBUAKICTb KPOBOTOKY opGiTanbHoi apTepii — Peak Systolic Velocity
(PSV, cm/c), minimanbHa aiacToniyHa WwenAakicTe kpoBoToKy — End-DiastolicVelocity (EDV, cm/c), iHaeke pesncteHTHOCTI — Ri;
(M+SD) — cepefHe 3Ha4YeHHs + cTaHOAPTHE BiAXUIEHHS, N — KINbKICTb O4ei.
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oxasunkn nmaximerpii y nanientis i3 CT'K 3aex-
Ho Bin HasiBHOCcTIi HBP Ta Bupa3ku. CratuctuuHo 3Ha-
YyIIUX BIIMIHHOCTEH TOBIIMHHU POTIBKM MIX TpyrnamH 3a
HasIBHICTIO BHpa3Ky Ta xapakrepuctnkamu HBP He Bcra-
HOBJIECHO, 1110, IMOBIPHO, 3yMOBJICHO KOMIUICKCHUM BILIH-
BOM 3amajibHOTO HaOpsKy, CTpPOMaJIbHOI AeCTpyKmii Ta
pernapaTuBHUX IMPOIECiB. 3arajoM IOKa3HUK CTAHOBUB Y
cepenaboMy 551,5 mrm (95% JI: 536566 Mxm).

CraH reMoaMHAMIKU CyIMH OKAa 32 NOUIIMPEHICTIO
HBP y xBopux CI'K. [Tokaznuku remoqunamiku B LIAC,
taki sk PSV, EDV Ta IR, He nemMoHcTpyBanm BigMiHHOC-
teit Mix rpymamu 6e3 HBP Ta 3 HBP. [Ipore nmokaznuk
KpPOBOTOKY y IleHTpanbHii BeHi ciTkiBku (LIBC) BusBuBCS
CTaTUCTHYHO 3HAYYIIUM (Tabm. 3).

HIBunkicts kpoBotoky L[BC (PSV) Oyna wHaiiHmx-
yoro B rpymni 6e3 HBP, Toni six y Bcix rpynax 3 HBP no
KBajlpaHTax BOHA OyJla 3HAYHO BHIIOIO, TPH IOMY JO-
CTOBIPHHMX BIJJMIHHOCTEH MK OKPEMHMH KBaJpaHTaMH
He crocTepiranocs. Tomy Ui MOAAIBIIOrO aHaiizy MHo-
Ka3HUK TOPIBHIOBAJIHM JIMIIe MK rpyrnamu 6e3 HBP Ta 3
HBP. V narmientiB 6e3 HBP mBunkicts xpoBotoky [IBC
(PSV) cranosuna 6,84 + 0,25 cm/c, Toai SK y pa3i HasB-
Hocti HBP BoHa Oyna Ha 7,2 % Bumoro (7,33 + 0,66 cm/c;
p <0,05). Kpitepuit Kynebaka Dkl s LIBC (PSV) ckiias
0,32 Oira, MmO CBIAYUTH MPO MOMIpHY iH()OPMATHBHICTH
TOKa3HUKa MpH po3pizHeHHi rpyn 6e3 HBP ta 3 HBP no
kBagpanTax. lIBuakicte kpoBotoky LIBC (PSV) npu po-
riBKOBil BUpasmi cranoBmia 7,3 £ 0,5 cm/c, 6e3 Bupa3Kku
- 7,2+0,7 cm/c (p=0,2), 0 CBITUUTH NPO BIACYTHICTH
CTaTHCTHYHO 3Ha4yIoi pizHuLi. ToOTO, MOKA3HUK LIBHU[-
kocti kpoBoToKy L[BC (PSV) maB miarHocTHuHy 3Ha4y-
mricte Jmmre st HBP, Toni sik uis poriBkoBOi BHpa3Ku
BOHA HE cIlocTepiranacs.

CucreMHnii piBeHb OKcHreHanii KpoBi y XBopHX
CT'K. Ilokazuuk SpO? (nepuepiiina kaminspHa carypa-
1is1 KMCHIO) XapaKTepH3yBaBCsi HU3BKOIO BapiaOeIbHICTIO
(6,8 %), cepemHe 3Ha4ueHHs cTaHOBIIO 96,5 + 0,6 % (95 %
AL: 96,3-96,6 %), mo BiamnoBigae Hopmi. CTaTUCTUIHO
3Hadymmx BigMinHocTed SpO, 3amexkHO Bijl HasABHOCTI,
rronti ta muouHu HBP, a Takox poriBkoBoi BUpa3ku He
BHUSIBJICHO, 11O CBIYMUTH PO BiACYTHIO iH(OPMATUBHICTD
L[LOTO TIOKa3HHUKa MI0JI0 BUPAXKEHOCTI MaTOJIOTIYHUX 3MiH
POTiBKH.

XapakTepuCcTHKA CJIbO3ONPOAYKIIi y mamieHTiB i3
CrI'K 3anexno Big muiomi Ta rmu6nnu HBP 3a pesyib-
taramu npod llupmepa II Ta Hopna. Tect [upmepa
II 6yB Hikue 3a HOpMy y Beix rpynax CI'K, crarucrunu-
HO 3HauyIIMX BIJIMIHHOCTEH MIX IpynaMu He BUSIBJICHO
(H=1,74; df = 3; p = 0,63), 1110 CBiT4UTH PO BIJICYTHICTbH
3aJIeKHOCTI TIOKa3HUKA CIIb030NpoayKIii Bix mtomy HBP.
[MToka3zHuk 0cHOBHOI cibo3onpoaykiii 3a [lnpmepom I y
MaIfieHTiB 0e3 BUpa3Ku CTAaHOBUB 6,6 = 1,8 MM, a 3 Bupas-
Koto — 6,2 + 1,5 MM, pi3HuI Oyia CTaTUCTUYHO HE 3HAa-
gytroro (p = 0,2) (Tabm. 4).

VY mamientiB 6e3 HBP mokasuuk 3a Hopaom (Norn
test) cranoBuB 3,8 + 1,1 c, Toni six nmpu HBP y 1-3 kBa-
JipaHTax 3HMxKyBaBcs 10 2,9 + 1,0 ¢, mo Ha 23,6 % MeH-
e (p = 0,004). [l nmopiBHAHHS pO3MOAUTY 3HaUCHb MiXk
rpymoto 6e3 HBP Tta rpynoro 3 HBP B 1-3 kBagpanrax OyB
pospaxoBanuii kpurepii Kynbbaka. 3nauenns D,, cknaso
npu6mmzHo 0,77 OiT, 0 CBLAYUTE PO OMIpHY iH(OpMa-
TUBHY BiZMiHHICTH MiX rpynamu 6e3 HBP ta 3 HBP. ¥V
namieHTiB 0e3 BHpasKH MOKa3HUK 3a HopHOM cTaHOBHB
3,1+ 1,0 ¢, a 3 Bupaskor — 2,8 £ 1,0 ¢, pizHuist Oyna cra-
TUCTUYHO He 3Hauy1oo (p = 0,14).

Konnenrpanisa cnenudpiynux IgG no BIIT" Ta IIMB
y cupoBarui kposi nanienris i3 CT'K 3 ypaxyBanusam
miromi ta rmounan HBP. Konnentpanis cnemudivanx
BIII" IgG Oymna 3a mexnianoro B cepeanbomy 45,7 (26,9—
56,6), IMB IgG — 11,5(6,5-20,1). CrariucTHuHO 3HATyIIO]
3anexnocti piBas IgG BIII" ta IgG LIMB Bin kinbkocTi
Ta IMOMHN ypaxxeHHX KkBajapaHTiB HBP ne BusBieHo 3a
H-tecrom Kpyckana — Yommica (p > 0,05). 3a orpumanu-
mu ganumu, piBHi IgG no BIIT Ta IgG LIMB ne matotsb
MPOTHOCTHYHOI I[IHHOCTI MIONO MTUOWHU iHBa3il CyIuH i
TUTOIII BAaCKyJIsIpU3allii pOTiBKM Ta HAasBHOCTI BUPA3KH.

[TincymoBytoun BHIIEe3a3HAauUCHE, 1HPOPMATHBHICTD
MOKA3HHKIB MO0 WMOBIPHOCTI HAsBHOCTI BHPAa3KU PO-
TIBKM OIIHIOBAIN 3a y3arajbHeHUM Kputepiem KympoOa-
ka (Dkl): 3HMKEHHS! KPUBU3HM POTIBKM 32 MOKa3HUKaMH
KepaToMeTpii BUIBIIOCS CIa00IHPOPMATHBHUM JJIs JTia-
THOCTHKH BUpasku poriBku (D, = 0,11 6iT); HasBHiCTH He-
oBackyisipuzanii porisku (HBP) Ta ii mmbuna noxasanu
BuCOKy iHpopmaruBHicTh (Dkl = 0,6 6it Ta Dkl = 0,9 6iT)
BIJINOBI/THO IMOBIPHOCTI BUPA3KN POTIBKH.

Ta6nuusa 4. CtaH crnibo3onpoaykuii y nauieHTiB i3 CI'K 3anexHo Big nnowi HBP 3a pesynsratamm npo6 Lnpmepa |l Ta HopHa

Hemae HBP | HBP (1 kBagpanT) | HBP (2 kBappaHTa) | HBP (3 kBappaHTa)
Moka3Huk n=12 n=30 n=14 n=4 p- 3!1aqyu.w|)v(
BiAMiHHOCTEN
1 2 3 4
Lnpmepa Il (Mm) 6,6+1,7 6,8+1,8 5,9+15 6,2+1,7 -
p1-2=0,007
Mpo6a HopHa (c) 3,8+1,1 2,9+0,9 3,0+1,0 2,0+0,01 01-3=0,04

MpumiTka: n — kinbkicTe oden, CIrK — ctpoManbHui repnetuunHun kepatut; HBP — HeoBackynsipusadis poriBku.
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O6rosopeHHA

CI'K € peunanByOUNM iMyHO3aMaIbHIM 3aXBOPIOBAH-
HSIM POTIBKH, XapaKTepPH3yeThCS XPOHIYHHM CTPOMallb-
HUM 3alajeHHSAM, KIITHHHOIO iH(IIBTpamielo Ta HEo-
BaCKyJISIpU3alli€lo, HAWTSDKIMM TIPOSIBOM SIKOTO € BHpa3Ka
poriBku. HekpoTusyroumii BapiaHT CyHpPOBOIKYETHCS
YKOBTYBATO-O1TUMH iH(LTFTpaTaMu Ta repudepruaHo-TIeH-
TPAJIBHAM MOIMINPEHHSIM HOBOYTBOPEHHX CyAMH. XPOHIU-
HE 3aIlaJIeHHs Ta HEKPO3 CTPOMHM 3 PO3BUTKOM BHPA3KOBHUX
Ypa)keHb MOXYTb IIPU3BOUTH 0 CTOHIICHHS, epdoparii
Ta pyOIIOBaHHS POTIBKH, IO 3yMOBITIOE BTpaTy 30py [15].
Y HOpMI poriBKa € TPO30poI0, ABACKYIISIPHOIO CTPYKTYPOFO
3 IPaBUJIBLHOIO ONTHYHOW noBepxHer. HBP nopymye ii
ONTHYHI BIACTUBOCTI Ta 3HWKYE TOCTPOTY 30py. Bimoma
aHTi10TE€HHA TPUBLJIETIS POTIBKH, IO 3a0e3redye CTpuMy-
Banus HBP [16].

HBP — ne cran, skuit MOke pO3BUBATUCS Y BIAIIOBIIb
Ha 3aMaJieHHs, TiMOKCifo, TpaBMy abo medimuT mimMOas-
HUX CTOBOYpPOBHX KIITHH. BiH XapakTepu3yeThCs MOSIBOIO
HOBUX KPOBOHOCHMX CYIHH, LIO IIPOPOCTAIOTH i3 CTPOMH
POTIBKH Ta PO3BUBAIOTHCS 3 ICHYIOUMX NEPHKOPHEATBHUX
CYIMHHHX CTPYKTYp y pe3yJbTari mpoiideparii Ta Mirpa-
il eHoTeialbHUX KIIITHH CYJUH Y mapax poriBku. [ic-
TOTIATOJIOTIYHO HOBOYTBOPEHI CYIMHU 3a3BHUail OB’ s3aHI
3 HAOPSKOM POTIBKH, 3aMaJbHUMH KIITHHaMHU a0o 3 000-
Ma ¢axropamu ogHodacHo (76%). Indikysanus BIIT™ mo-
pylrye OayaHC MiX aHTiOTEHHHMH Ta aHTHAHTi0T€HHIMU
(baxTOpaMu, MPU3BOJSYH JI0 AHTIOTEHHOTO «IIEPEKITIOUEH-
Hs». I'epnetnuna HBP moxe nmpu3BOOUTH O 3HUKEHHS
30py, 30KpeMa depe3 MpOoCOIyBaHHS JIMIAIB y CTPOMi po-
TiBKH Ta pyOILFOBaHHS CTPOMH, TIPH TepUQepiitHii ToKaTi-
3amii — 4Yepe3 BUKIMKAHUM acCTUTMATH3M y LEHTpPaIbHIN
30Hi [17, 18].

HBP oOymoBnena Oararpbma (axTopaMu Ta MiATpH-
MYETBbCS XPOHIYHUM 3allaJICHHSAM, pPEMOJICIIOBaHHIM
BHEKJIITHHHOTO MAaTPHUKCY i MOPYIICHHSIM B3aEMOIIi MiXK
KIITHHaMH XBoporo i matoreHoMm [15]. Possutox HBP
BU3HAYAETHCS OAlaHCOM MIX MPOAHTIOTEHHHUMHU Ta aH-
THAHTIOTeHHUMH (akTopaMu. J[0 KITFOYOBUX IPOAHTIO-
TeHHUX MOJIEKYJ HaJIe)KaTh CYAMHHWH EHIOTENiadbHUH
¢daxTop pocty A (VEGFA), marpukcHi Meranomnporeina-
3u (MMII), anriomoeTHHH, PAKTOp POCTY TPOMOOLHUTIB
(PDGF), rimokcnuno-iaaykoBaHi pakropu (HIF; rimokcis
TKaHWH MOXKE CTUMYJIIOBATH aHTI0I€HE3 POTiBKM), 3aIajb-
Hi IIUTOKIHA Ta XeMOKiHH, a TAKOXK PETYISATOPH, TIOB’sI3aH1
3 BHEKIIITHHHAM MaTPUKCOM. AHTHAHTIOTCHHI MEXaHI3MHU
BKITtOdatoTh pozunHHUH perentop VEGF-1 (sVEGFR-1),
¢daxTop, mpoaykoBanuii mirmeHTHIM emiteniem (PEDF),
TPOMOOCIIOHIHH, TKAHUHHI 1HT10iTOpH MeTaJIompoTeinas
(TIMP), enocraTiH, a TAKOK aHATOMIYHI Ta MOJICKYIISIP-
Hi Oap’epu niM0Oa, O 0OMEXYIOTH ITPOPOCTAHHS CYIHH.
3MileHHs OTO TOHKOTO OallaHCy Ha KOPUCTH MPOAHTi-
OTEHHHUX CHUTHAIB CIIPHSE TATOJIOTIYHOMY POCTY CyAWH
1 TIpOTpecyBaHHIO 3allaBHUX TMPOIECiB y porismi [16,
19-21]. Xoua iMmyHOpETYIHOBaHI PeaKIlii CTAHOBISATH BaK-
JUBUHA KOMITOHEHT reprieTnyHoi HBP, meit matomorigamii
IIporec He 0OMEeXy€eThCs BUKIIIOUHO IMyHOOIIOCEPEAKOBa-

HUMH MexaHi3Mamu. HakommdayeTscsi Bce OibINe NaHMUX,
mo HBP ¢opmyerbess BHACTIIOK CKIAIHUX B3a€EMOIIH,
SAKi BUXOISATH 3a MEXI 3aIlajbHOI BiMOBIii, OIOCEpe-
KOBaHOI JIeHiKoruTaMu. Bipyc 3axommioe KIIITHHHI Mexa-
HI3MH, BKJIIOYHO 3 KJIFOYOBUMH CHUTHAJIBHUMH LULIXaMH
Ta MOJICKYJSIPHUMH MapKepamu, 3a0e3ledylodn BIacHYy
peruTiKaIlifo Ta JOBIYHY JATeHTHICTh. Taki B3aemomii 1mo-
PYIIYIOTh aHTIOTCHHUH OajlaHC, 3MIiHIOIOTh CYIUHHY IIpH-
BIJICHOBAHICT 1 CIIPUYMHSIOTh PEMOICTIOBAHHS TKaHUH,
[0 B CYKYITHOCTi CTHMYJIIOE IATOJIOTiYHE IPOPOCTAHHSI
cynuH [22].

HoBoyTBopeHi CymuHH XapaKTepHU3yIOThCS ITiBHUIIE-
HOIO TIPOHUKHICTIO Ta CTPYKTYPHOIO HE3PITICTIO, CHpHU-
SIOTh MiTpamii 3amanbHUX KIITHH, PO3BUTKY HAOpsKy U
TKaHUHHOI Tinokcii. Ile ¢opmye HecnpuATIHBE MiIKpO-
CepelIOBHIE Ta MIATPUMYE IOAAIBIIE IPOrPECYBaHHSI
maToJorigHoro aHrioreresy [23]. Hamu BcTaHOBIIEHO, IO
mBHUIKICTE KpoBOTOKY B LIBC (PSV) Oyrna HaWHIKIOIO ¥
rpymi 6e3 HBP i 3Ha4uHO MiIBHIIEHOIO y BCIX Tpymax i3
HBP, 6e3 mocToBipHUX BiAMIHHOCTEH 3a IDIOMICIO; y TIa-
mienTiB i3 HBP PSV 6ymna wa 7,2 % Bumroro. Bizomo, mo
TEeMOIMHAMIYHI CHJIIM € KIFOYOBHMHU DPETYIATOPAMHU TIij-
TPUMKH, POCTy Ta perpecii CyInHHOI Mepexi. 3a HOp-
MalbHUX YMOB €HAOTETIallbHI KIITHHH MAalOTh BUCOKY
MeTa0oJI4YHy aKTUBHICTh, MPOTE MepeOyBaroTh y CTaHi
MHUTOTHYHOTO CITOKOIO. 30UIBIIEHHS KPOBOTOKY a00 Tepe-
X1/ BiJ TaMiHapHOTO 10 TypOYJIEHTHOTO ITOTOKY BHUCTYTIA€
K aHTIOIHAYKTHBHUNA CUTHAN I CHIOTENif0, MO OIO-
CEepEIKOBYEThCS BHYTPIIIHBO- Ta MO3aKITITHHHUMH CHT-
HaJbHUMH Kackagamu [24]. OTxke, TOCHICHHS BEHO3HOTO
KPOBOTOKY, sIK OfMH i3 (hakTopis mpu HBP, iiMmoBipHO, cTH-
MYITIO€ PO3IIUPEHHS IUIONII HEOBACKYISPHU3allii POTiBKH.
[Tatomoriunnit arTiorenes porisku npu CI'K coipuse dop-
MYBaHHIO Ta XPOHi3alii BUPA30K, OCKITEKH IMPOPOCTAHHS
HOBHX CY/IUH ITOCHIIIOE 3aITalIeHHs, IOPYIIYE pereHepariro
SMITeNiI0 Ta MATPUMYE OECTPYKINIO CTPOMH, TaTOIOTid-
Ha aHTIOTCHHA aKTHBHICTh MiITPUMY€ 3allaIbHUIN MUK 1
MOJKE raibMyBaTH e(eKTHBHE 3aroeHHs1. BogHouac Bupas-
KOBi ypa)XeHHS IHAYKYIOTh HPOIYKIIO MPOAHTIOTeHHUX
(hakTopiB, (hopMyrouH 3aMKHEHE KOJO MK TKAaHHHHUM
VIIKOKEHHSM 1 TTATOJOTIYHUM POCTOM cyanH [23].

3a HaOIMMA TAHUMH, PO3BUTOK BUPA3KH POTIBKH CY-
TIPOBOKY€EThCS 301mpIIeHHsaM twionti HBP Ta 11 3amyden-
HSM B TIHOWHY mapiB poriBku. [Ipu aHamisi 3a KkBagpaH-
TaMHU POTIBKH CIIOCTEpiraBcs WiTKWH JHIMHAN TpeHH: i3
30impmenHsM Tutonti HBP wactora BHHUKHEHHS BHpPa3oK
poriBku 3poctana. Lle cBiquuTh mpo Te, mo OinbIna 30Ha
HEOBACKYIIpH3aIii Ta ii MomupeHHs y THONHY MIapiB po-
TiBKH IiIBUIIYIOTH PU3HUK PO3BUTKY YIIKOKEHB CIITEIII0
Ta CTPOMH, ITiJKPECIIOI0UN BaXKIIUBICTh PAHHBOTO KOHTP-
omo mporpecysanas HBP mpu CT'K.

Binomo, mo mpu nporpecyrogomy CI'K po3BuBaeThcs
TITIOKCisl, CIOCTEPIraeThCs MiABHINEHA EKCIIPECis TITIKO-
JMTAYHUX TeHIB, IHAYKOBAHUX TilTOKCI€I0, Ta 30LIBIICHHS
piBHA JakTaTy B poriBili. CTYIiHB TIiIOKCi1 KOPEIIOE 3 iH-
TEHCHUBHICTIO HEHTpOQiIbHOI iH(IIBTpariil iH(piKOBaHIX
poriBok [25]. Lle mokanpHe SBUIIE, SIKE B CyJYaCHHUX KIIi-
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HIYHHX yMOBaX CKJAQJHO IHAWBIAYalTbHO iICHTU(IKYBa-
TH. 3a HAallMIMHU JaHUMH, CHCTEMHHUH PiBeHb OKCHUTCHAIIi
kpoBi y xBopux Ha CI'K mepeOyBae B Mexax HOpMHU Ta HE
BimoOpakae JTOKaIbHI TIMTOKCHYHI TPONECH B POTIBIIi, IO
oOMexye Horo iHpOpMaTHBHICTb.

[NaxiMeTpu4Hi KapTH Ta KapTH TOBIIUHH CIIITEIII0 PO-
TiBKH 320e3meuyioTh 00’ €KTHBHY OIIIHKY CTPOMAFHOTO
3amajeHHs Ta HAOaloTh KIJIBKICHI ITOKAa3HUKH Ul BU3HA-
YeHHs TAKTHKH JNiKyBaHHA. ToBmmHa poriBku mpu CI'K
XapakTepu3yeThes (ha30BUMH 3MiHAMH, IO BigoOpaxka-
I0Th aKTUBHICTh 3aIlaJICHHS Ta PEMOJICTIOBAHHS TKaHIHU.
3a maHWMH JITEepaTypH, B TOCTPiil ¢asi crocTepiraeThes
1 30ubmeHHs (1o 560—650 MM 1 OUITBIIE JIOKATHHO)
BHACINIJIOK CTPOMAIBHOTO HAOpsKy Ta iH(pimsTpamii. Y
IIpoIIEC] JTIKyBaHHS TOBIIWHA IIBHIKO 3MEHIIYETHCS, IO
KOPEITIOE 3 perpecoM 3amasieHHst. Y XpOHIvHiN cTafiil pop-
MY€ETBCS CTOHIICHHS POTiBKH depe3 GpiOpo3Hy mepedynoBy
CTPOMH Ta BTpary KojareHy (meHmre 450 MkM), 0coOIMMBO
mpu Hekpotusyrounx (opmax. [laximerpis, 30kpema 3a
noromoroto SD-OCT, € gyTnuBuM OGioMapkepoM aKTHB-
HOCTI TIporiecy Ta epeKTHBHOCTI Teparii [26-28]. 3a Ha-
IIMMA TaHUMH, TOBIIMHA POTiBKH BapiroBaia Bix 536 mo
566 MKM, 110 BiamoBigano ii HaOpsKy. Lle y3romkysamocs
3 JaHUMHU JEHCUTOMETPIi, AKi CBIIUWINA TPO IIiJABHIICH-
HS ONTHYHOI HIUTFHOCTI (CBITIIOPO3CiIOBAaHHS) TKAHWHU
POTIBKH SIK TIPU TOTAIFHOMY, TaK i pH (OKAITFHOMY Ha-
OpsKy; BOOHOUAC ITPH TOTATFHOMY HAOPSAKY IIei MOKa3HUK
OyB BumMi, HK Tipu (okamsHOMY. [IpoTe 3HaUymIOl 3a-
JISKHOCTI IiX MMOKA3HUKIB BiJl HASBHOCTI BUPA3KH POTIBKH
Ta HBP He BusBIEHO.

Bimomo, mo CTI'K, ocobmmBo mpu yckmanaenHi HBP,
CYIPOBOKYETBCSI CTPYKTYPHOIO TIepe0yloBOI0 CTPOMH
(HaOpsK, pyOILFOBaHHS), IO MPH3BOANUTE 10 3MiHH ii KpH-
BH3HU Ta (pOpMyBaHHS HEPETryISIPHOTO aCTUTMATH3MY, 3a
JaHUMHU KepaToMeTpil. AJle JiTKUX NaHWX KPHUBHU3HH PO-
riBku 3a HBP ta Bupasku nmpu CI'K He 3HalineHo. 3a Ha-
MU JaHUMH, ITOKa3HUK KPUBU3HU POTIBKH Y XBOPHX 3
CI'K, yckmagHeHIM BUPa3Koro, OyB 3HAUYIIE MEHIIE, HiXkK
mpu Heycknagaenomy CIK. TToka3HHK po3Maxy TOBIIHHA
eniteniro PO MaB TeHIEHIIiTO 10 301TBIIICHHS TTPH BHPA3Ili,
OJTHAK Yepe3 BHCOKY BapiaOeNbHICTh JaHUX, HMOBIpHO 3a
paxyHOK HaOpsKy, CTATHCTHYHO 3HAYYIIUX BiIMIHHOCTEH
HE MasB.

CeHcopHa iHHEpBAIlis POTOBUIII CTIPHIMAaE MEXaHITHI,
XIMiUHI Ta TeMIIepaTypHi IIOIPa3HUKH 1 peaizye aBa ped-
JIEKCU: PYXOBHMM — JJIsi MOPraHHsl Ta aBTOHOMHHN — JJIst
CTUMYJIAII{ CIIEO30BUIIICHHS. 3HIDKEHHS Iy TIUBOCTI PoO-
riBkH, 30kpema npu ['K, mopymrye 11i pedrnexTopHi ayTH,
10 TPU3BOIUTH 10 JUCQYHKINI CIHO30BUAIICHHS Ta HE-
ctabinpHOCTI cmizHOi miBKU. [Ipm XBopoOi cyxoro oka
rmokasHuku TecTiB Schirmer i TBUT (TBUT - tear film
break-up time, wacy po3puBy cii3Hoi mwiiBkH 32 HopHOM)
MOXYTh 3MIHIOBATHCS HEPIBHOMIPHO: y NESKUX IAaIli€H-
TIB CIOCTEPIra€ThCs HOPMaJbHA CIIHO3OMPOAYKINS 3a
Schirmer mpu omnowacHomy 3HmkeHHI TBUT, abo Ha-
BITakd. ToMy KOMITJIEKCHA OIliHKa 000X TECTIB € KPUTUIHO
BaXITMBOIO JUISl TOYHOI miarHOocTHKH [29-31]. 3a mitepary-

POTO BH3HAYEHO, 0 Tipu ogHOocTopoHHROMY ['K B pemicii
BiJI3HAYAETHCS ABOCTOPOHHE 3HIDKCHHS CIBO30MPOAYKITIT
(3a Schirmer) Ta 9acy po3puBy CIi3HOI ILTiBKH, III0 KOpe-
JIIOBAJIO 31 3HIKEHHSAM 9y TINBOCTI poriBku oka 3 ['K [32].
UyTauBIiCTh POTIBKU Ta Yac PO3PHUBY CIII3HOI ILUTIBKH Oymn
HIkanMy Ha ['K 09ax mopiBHSAHO 3 HEypa)KeHUMH OYHMa
[33]. 3a mamumu manumu, y namieHTiB i3 CI'K ciesompo-
mykist 3a TectoMm Hlupmepa 11 Oyima Hinkde 3a HOpMy, aie
CTaTHCTHYHO 3HAYYIINX BiAMIHHOCTEH IMOKAa3HUKA 3aJIeK-
HO Bif turomi Ta muboman HBP abo HassBHOCTI BHUpa3Ku HE
BUsABICHO. Yac po3puBy ciizHOi 1Bk 3a HopHOM OyB
3HIKEHUH, Ipu boMy 3a HasBHOcTI HBP xo4a 0 B omHO-
My KBaJpaHTI LIEH TOKa3HMK JIOAATKOBO 3MEHIIIyBaBCS Ha
23,6%. Y mitepaTypi BiACYTHI AaHi OO0 OCOOMMBOCTEH
CITBO30TIPOAYKITiT 3aexHo Bix rromi HBP mpu CT'K.

3a miTeparyporo, it omiHkH Beix miarpyn 'K Buxko-
pucToByeThesl imyHOpepMeHTHIH aHami3 (IDA), momime-
pasHa manmorosa peaxiis (I1JIP) ta Bipycomoriuni Kyib-
typu. IHK BIII" Buznagamu metomom V1P, a criermudiani
IgA no BIII" — metonom IDA 3 BUKOpHUCTaHHAM CII3HOI pi-
nuHA. Uy TTUBICTS 1 cenudivHICTh CTAHOBHUIIH BiATIOBIA-
HO 55,8% 1 100% ms JTHK BIIT Ta 49,2% 1 82,6% — nis
cnermpivanx [gA [34]. 3a mitepatyporo, Tutpu IgG/IgM
BIII" B cupoBaTmi KpoBH BimoOpaskany iMyHHHUH CTaTyc i
noteHMiiHy aktuBHicTh BIIL, ane mpsaMoi KimbKicHOT KO-
permstii 3 wiomero abo TMMOMHOIO BUPA30K Y POTIBII J10-
CIIIDKEHHS HE ITOKa3alld, MIBHIIIE, BOHU BiZOOpakaloTh
HMOBIpHICTE akTHBHOTO Tporecy [35, 36]. 3a HammMu
nmaanmu, piBHi [gG BIIT ta IgG [IIMB He MatoTh iporHOC-
TUYHOI IIHHOCTI IIOA0 TMHOWHU 1HBA3il CYOWH 1 TUTOIII
HBP Ta nasBHOCTI Bupa3ku, To0TO moxo tuiry CI'K.

3akaiouenHs. BcraHOBIEHO, 1O 3B’S30K MK TIPO-
TPeCyBaHHSIM CTPOMAIFHOTO YIITKOKSHHS POTiBKH 3 POp-
MYBaHHSM BHPA3KOBOTO Ie(eKTy Ta BUPAKEHICTIO IaTo-
norignHoro anrioreHe3y nmpu CI'K mae Taki ocoOmmBOCTI:
4acToTa pO3BUTKY BUpasku 3Hagytie (p = 0,0006) 3poctae
31 301apmeHHsM 1romi HBP, a smimanwnii Tunm HBP i3 3a-
JYYSHHSIM YCiX MapiB POTiBKY IiIBUIIY€E PH3HK 11 BHHUK-
HeHHS B 4,3 paza (p < 0,001) mopiBHSHO 3 TIOBEPXHEBOIO
a6o mmbokoro HBP. Beranopnena iHpopMaTHBHICTE TO-
Ka3HUKIB JUIA BIPOTiIMHOCTI BUPA3KH POTIBKU 3a y3arab-
HeHUM KputepieM KympOaka: 3HIDKCHHS 3HAYCHb Kepa-
tometpii (Dkl = 0,11 6iT), HasIBHICTH HEOBACKYISApHU3ALIii
poriku (Dkl = 0,6 6iT) Ta ii mmbuau (Dkl = 0,9 6iT).

®axtop HBP acomitoeThcst 31 3MiHaMH perioHapHOI Te-
MOJMHAMIKH, 30KpeMa 3i 301TBIIEHHIM IBHIKOCTI KPOBO-
TOKY B IeHTpanbHii BeHi citkiBku (LIBC): 3a HasBHOCTI
HBP Bona Oyna Ha 7,2% Bumoro (p < 0,05). IIpu npomy
HBP wmae numie momipHy qiarHOCTUYHY 3HAYYIIICTH MO0
MIPUCKOPEeHHsT BeHOo3HOTO KpoBoToky (PSV) (Dkl = 0,32
0iT), 10 BKa3ye Ha BIAHOCHO CIaOKWii BIUIMB ITHOTO (hak-
Topa Ha TeMoanHaMiuHi mapametpu B LIBC.

[Tpu CT'K nasBHicTs HBP acomiroeTses 3 momampommm
MOTipIICHHAM (DYHKIIOHAJTHFHOTO CTaHY CIBO30MPOAYKIIiT
Ta HeCTaOITBHICTIO CITI3HOI IUTIBKHU: y XBOPHX i3 YpasKeH-
M 1-3 kBanpanTiB HBP mokasuuk tecty Hopra OyB Ha
23,6% amxuanM (p = 0,004) nopiBHsHO 3 ounma 6e3 HBP.
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®axrop HBP mae Bucoky miarHoctnany 3Hagqymicts (Dkl
= 0,77 6iT) 1A BUSBICHHS TIOPYIIECHB CITHO30MIPOAYKITIT Ta
CTaOUIBHOCTI CITI3HOT TUTIBKH.

ABTOPCbKUIA BHECOK

MakcumoBa |. P. — po3pobka koHuenuii JocniaXeHHs,
mMetogornorii Ta gusanHy; 36ip i aHani3 faHux; HanucaHHs Ta
penaryBaHHs pykonucy; XpameHko H. |. — pospobka koHuen-
uii, peueH3yBaHHA Ta pegaryBaHHA. Bci aBTopu npounTanu i
CXBarnunu ocTaTtovHy BEpCito pyKOMNucy.

Oxepena nigTpMMKu

ABTOpU 3as1BNAOTb, WO Mif Yac NigroToBKM LbOro pyKo-
NUCYy He OTPMMYBAarM XOOHUX KOLUTIB, FPaHTIB YW iHWOI nig-
TPUMKM.

BiamoBwu Big BignoBiganbHOCTI

BucnoeneHi y nogaHin ctaTTi AyMKX € BNaCHUMW yMKaMu
aBTOpIB, @ He OMILiNHOK NO3NLIED YCTaHOBW.

KoHdnikT iHTepeciB

ABTOpM 3aABMAIOTb, LLO BOHW HE MalOTb KOHAIKTY iHTep-
€ciB, sSIKMIA Mir 61 BAAWHYTM Ha TXHIO AYMKY WOAO npeameTa
abo maTepianis, onucaHnx i 0GroBOPEHMX Yy LiIbOMY PYKOMUCI.

3asiBa Npo AOTPUMAHHA €TUYHUX HOPM

Cyb6'ektn gocnigxeHHs: 60 nauieHTiB i3 peunameyo4Mm
CIrK (29 vonosikis Ta 31 xiHka). JocnigpkeHHa 6yno npo-
BEAEHO BIiAMOBIAHO A0 NpuHUMNiB [enbCiHCbKOT Aeknapadii,
cxsaneHo Kowmicieto 3 nutaHb GioeTrkn Y «lHCTUTYT OYHMX
xBopob i TkaHuHHOI Tepanii im. B. IN. ®inatoBa HAMH Ykpai-
Hun» (npoTtokon Ne 2 Big 18.04.2025 p.).

IHdopmoBaHa 3roga

Bci mauieHTn Haganu nucbmoBy iHGOPMOBaHY 3rogy Ha
yyacTb B OOCHIOXKEHHI.

3asBa Npo AOCTYMHICTb AAHUX

[aHi, oTpumaHi Ta/abo npoaHani3oBaHi nig 4Yac Lboro fo-
CNigKEHHs1, MOXXHa OTpMMaTK Y BignoBigHOro aBTopa 3a 06-
I'PYHTOBaHMM 3ar1TOM.

CKOpOYEeHHSsA

BINI" — Bipyc npoctoro repnecy, HBP — HeoBackynsipusa-
uis poriekn, OA — o4yHa aptepis, PO — poriska, C['K — cTpo-
ManbHWIA repnetTuymHuin kepatuT, LLAC — ueHTpanbHa apTepis
ciTkiBku; LIBC — ueHTpanbHa BeHa citkiBku; LIMB — uutome-
ranosipyc, Dkl — kputepin ameepreHuii Kynsbaka — llenbnepa
(Kullback — Leibler divergence), PSV — cuctoniyHa wBua-
KicTb KpoBOTOKY opbiTansHoi apTepii (Peak Systolic Velocity,
cm/c), MiHimanbHa EDV, giactonivyHa LWBMAKICTE KPOBOTOKY
(End-Diastolic Velocity, cwm/c); Ri), iHOeKC pe3ncTeHTHOCTI;
SpO2 — nepudpepiina kaningpHa catypauis kucHio, TBUT —
tear film break-up time, yac po3puBy cni3Hoi NniBku (B 4aHOMy
pocnigXeHHi — 3a HopHom).
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Pestiome

Mema. Jocnioumu 83aemo38 ’a30Kk midxc f§ - adpeHope-
YEenmopHOIO AKMUBHICTIIO AK MAPKEPOM CUMNAMO-A0PEHAa-

710801 Qucpe2ynAyii ma KATHIYHUMU NPOABAMU AH2I02eHHOT

aKMuBHOCMI y Nayienmie i3 6MOPUHHOIO HEOBACKYIAPHOIO
211AYKOMOIO.

Mamepian ma memoou. Y npocnexmugne oocepaayiti-
He docniodceHHs ekaroueno 188 nayienmis i3 6mopurHo0
Heo8acKyIApHOI0 enaykomoro (112 — na mai nponichepamug-
Hoi' diabemuunoi pemunonamii ma 76 — 6HACIIOOK OKJIO-
3ii’ en cimxiexku) ma 34 ocobu konmponvhoi epynu. Ycim
VUACHUKAM BUKOHY8ANU CMAHOapmue o@pmanbMonociune
06cmedicenHs 3 OYIHKOI CcmyneHs pyoeo3y patioyicKu 3a
Kkaacugixayicto Weiss. f-aopenopeyenmopHy akmusHicmeo
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(P-AR) suznauanu 3a mMemooukoio Oyinku cneyu@iunoi
yymaueocmi nimgpoyumie 0o aopenaniny. /[na cmamuc-
MUYHO2O AHANI3Y BUKOPUCIOBYBANU HENnapamempudti
Memoou, kopenayiunut ananiz Cnipwena, ROC-ananiz ma
A02ICMUYHY pecpeciio.

Pezynomamu. Pigenv -AR activity 6y 0ocmosipHo 8u-
wuUM y nayicHmie i3 HeoBacKyIAPHOIO 2N1AYKOMOIO NOPIGHsl-
HO 3 KOHMPOJILHOIO 2PYNOI0 Md Nepesunysas KOHMpoibHi
snauennay 1,7-2,0 pasu (p < 0,05). Bcmanogneno cunvhuii
NO3UMUSHUL Kopensayiunutl 36 30k mioc [-AR activity ma
cmynenem pyoeo3sy patioyxcku 3a Weiss (rs=0,69; p<0,001).
ROC-ananiz npooemoncmpyeas nomipry OUCKpUMIHAYIUHY
30amuicms B-AR activity wo0o 8usagieHHsa KIiHIYHO 3HAY)-
wjozo pyoeo3sy paudyxcku (Weiss > 2) (AUC = 0,70). Ilpu
nopozosomy sHauenni -AR activity > 14 pusux KuiHiuHO
3Hauywoi neosackyiApuzayii patioyxcku s3pocmas y 5,0 pa-
3i8 (OR = 5,02; 95% JI 2,64-9,56, p < 0,001).

Bucnoseku. Bmopunna Heo8acKyiapHa enaykoma dco-
Yiroemovesl 3 NiOBUWEHHAM [-adpeHopeyenmoprol akmues-
HOCMi, WO ModXdCce 8i000paxcamu 3anyieHHs CUMNAMOo-
aopenanosoi oucpezynayii 0o nepebicy 3axX80pHOBAMHA.
Busenenuii 36’azo0k miswe -AR activity ma supasicenicmio
PY6eo3y panioyxcKu ceiouums npo acoyiayiro CUCeMHUX
HeuposecemamugHUX Mexanizmie i3 KIiHIYHUMU NPOSGAMU
aneioeennoi akmusnocmi. f-AR mooice posensioamucs sK
NepCnekmusHUll (heHOMUN-BUHAYANLHUL MapKep KAIHIY-
HOI AKMUBHOCI HEOBACKYIAPHOIL 2NAYKOMU.

Kniouosi cnosa: neosacxynapua enayxoma, f§ - aopenope-
YenmopHa aKmuGHICMb, CUMNAMO-AOPEHAN08a OUcpe2ys-
yist;, pybeo3 paridyscku, ameiocenes; nponigpepamuena oia-
bemuuna pemunonamis; OKII03ia 6eH CIMKIBKU, patioyiHcKa.

22



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | May-June | Number 3 (530)

Abstract

Purpose. To examine the relationship of beta-adrenore-
ceptor (p-AR) activity as a marker of sympatho-adrenal dys-
regulation with clinical manifestations of angiogenic activity
in patients with secondary neovascular glaucoma.

Material and Methods. This prospective observational
study included 188 patients with secondary neovascular glau-
coma (NVG). Of these, 112 had NVG associated with prolif-
erative diabetic retinopathy (PDR), and 76, NVG secondary
to retinal vein occlusion (RVO). The control group comprised
34 individuals. All study subjects underwent routine ophthal-
mological examination, and the grade of rubeosis was de-
termined according to the Weiss grading system. -AR
activity was determined by assessing specific lymphocyte
sensitivity to adrenaline. Non-parametric statistical methods,
Spearman correlation analysis and receiver operating curve
(ROC) analysis were employed for analysis.

Results. p-AR level was 1.7-2.0 times higher in patients
with NVG than in controls, and this difference was signifi-
cant (p < 0.05). p-AR level was strongly positively correlated

BeTtyn

HeoBackymsipna miaykoma (HBI') manexuts m0 Haii-
TSDKYMX (pOpM BTOPHHHOI IVIAYKOMH Ta XapaKTePU3YEThCS
BHCOKUM PHU3MKOM IIBUAKOI MPOTPECYI0YO0i BTPATH 30pY
I PE3UCTEHTHICTIO 10 MEIUKAMEHTO3HOTO JIIKYyBaHHI. ii
PO3BUTOK 3yMOBJICHHMI XPOHIYHOIO 1IIEMI€I0 CITKIBKH, 110
MIPU3BOJIMTH JIO TilepeKCIpecii MpoaHrioreHHnX (haxkTopis,
HacamIepe]| CyAMHHOTO €H/I0TeiaIbHOro GpakTopa pocTy
(VEGF), 3 nopasnbium GopMyBaHHSIM HEOBACKYIISIpU3AIIil
palily’)KK1 Ta ipUJI0KOPHEAIBHOIO KyTa 1 IPOrpecyroduM
MiJIBUIIEHHAM BHYTpilHboOo4YHOro THcky (BOT) [1, 2].
[poBigaumu etionoriyauMu unHHUKamu HBI' 3anumra-
roThCs npoideparuBHa miabernyna perunonaris (I1JIP)
Ta okJto3is BeH ciTkiBku (OBC), onHak KiniHiYHUI epedir
1 BIANOBIZb HA JIKYBaHHS MOXYTb CYTTEBO BiJPI3HATHCS
3aJI)KHO BiJ] IEPBUHHOIO 3aXBOPIOBaHHS [3, 4].

CyuacHi ysiBiieHHs npo narorere3 HBI' Buxomsats 3a
MexXi cyTo odraibmorinepren3uBHoi konuenii. HBI™ ne-
Jalt gacTine po3nIsIatoTh sIK MYJIbTU(AaKTOPHUH iiemMiy-
HO-aHTIOreHHHUI Mpolec i3 BUPaKEHUMHU MIKPOCYINHHU-
MH, 3alaJIbHIMH Ta HEHPOTYMOPaJIbHUMH KOMIIOHEHTaMH
[2, 3]. Konmernisi cyauMHHOT AUCPETyIsiii MiAKPECITIOE
Ba)XJIMBICTh CHCTEMHUX MEXaHI3MiB KOHTPONIO Tepdysil
Ta Ba30MOTOPHOI PEaKTHBHOCTI y (POPMyBaHHI ilIEeMIYHHX
YIIKOMKeHb OKa [5]. TakuM YMHOM, CHMIIaTo-aApeHaIoBa
cHCTeMa MOYKEe BUCTYIATH OJHHUM 13 CUCTEMHUX MOAUi-
KaTopiB eH10TeliabHOT QyHKIIT, MIKpOLMPKYJISILIi Ta aH-
rioreHHoi BiJmoBiIi.

3rilHO 13 Cy4YacHMMH YSBJICHHSIMH, EHJIOTellialbHa
JUChYHKIIST Ta TOPYLISHHs! KJIITHMHHOI BIANOBIAl Ha Ti-
MOKCII0 € KJIIOYOBHMH JIaHKAMH PO3BHUTKY IIIEMIYHHX
pPETHHAJIBHUX 3aXBOPIOBaHb. [IMOKCIS 1HIYKY€E CKCIpe-
cito VEGF Ta iHIMX IpPOaHTiOreHHUX MeNiaTopiB, IO
CTHUMYJIIOIOTh TpoJidepaliirto eHAOTeTiaIbHUX KIIITHH

with the Weiss grade of rubeosis (rs = 0,69; p < 0.001). ROC
analysis demonstrated a moderate discriminative ability for
detecting clinically significant iris rubeosis (Weiss > 2) (AUC
=0.70). At a threshold level of f-AR > 14, there was a five-
fold increase in the risk of developing clinically significant
iris rubeosis (odds ratio = 5.02; 95% confidence interval,
2.64-9.56; p < 0.001).

Conclusion. Secondary NVG is associated with an in-
creased f-AR activity, which may reflect the involvement of
sympatho-adrenal dysregulation in the course of the disease.
The finding of the correlation of p-AR with the grade of ru-
beosis indicates an association of systemic neuroautonomic
mechanisms with clinical manifestations of angiogenic activ-
ity. f-AR level can be considered a promising marker for de-
termining a phenotype of clinically active NVG.

Keywords: neovascular glaucoma, beta-adrenoreceptor
activity, sympatho-adrenal dysregulation, iris rubeosis, an-
giogenesis, proliferative diabetic retinopathy, retinal vein oc-
clusion, iris.

1 TaToJOriyHy HeoBacKymspusamito [6, 7]. BomHouac
B-ampeHepriuyHa cUrHai3aIlisl PO3IISIAEThCS SIK ONUH 13
BOKJIMBUX MEXaHI3MIB PEryJssiiii CyITMHHOTO TOHYCY, €H-
JTOTEIiaIbHOT PEaKTUBHOCTI Ta aHTioreHesy. Bimomo, mo
B-agpeHoperienTopu OEpPyTh y4acTh Y KOHTPOJI CYAHMHHOL
¢GyHKIiT Ta peMojeNioBaHHI TKaHUH 32 YMOB XPOHIYHO{
imemii [8]. ExkcriepuMeHTambHI TOCIIIKCHHS MTOKa3aJIH,
o [-aJpeHepriyHa aKTHBAIliSl MOXKE IMOCHIIIOBATH aHTi-
OTCHHY BIJMOBiAb, TOAI sIK ii (hapMakoyoriyxa Oliokana
CYNPOBOJUKY€ETHCSI 3MEHIICHHSIM I1aTOJIOTYHOT HEOBACKY-
nstpusanii [9].

Oco0aMBHH 1HTEpEC OCTaHHIMH POKaMH TpHUBEp-
Ta€e poiib -aJipeHOPELENnTOPiB y Peryssiii aHrioreHesy.
BcranosieHo, 110 3a yMOB Trinokcii f-aapeHepriuna cur-
Hamizaiis oepe yuactb y VEGF-omocepeakoBaniit aktu-
Ballil eHI0TeIiaTbHUX KIITHH Ta KIITHH Mrojuiepa, crpu-
104X (POPMYBAHHIO IPOAHTIOI€HHOTO MIKpOCEpEI0BHUINA
[10, 11]. IIi maHi cBig4aTh MPO MOMKIUBUN 3B’SI30K MiXK
CUCTEMHOIO CHMITaTO-aJPEHaIOBOI0 aKTHBALIIEIO Ta MPO-
LecaMy HeOBACKYIISIpH3allii PH 1IIEMIYHIX 3aXBOPIOBaH-
HSIX OKa.

ITpu IIJIP cuctemHi mopyuieHHs, MOB’si3aHi 3 aBTO-
HOMHOIO HEHpOIaTielo, XpOHIYHUM HHU3bKOIHTEHCHBHUM
3anajieHHsIM Ta EHJIOTENabHOI0 JUC(YHKIIEI0, MOXKYTh
MOCHJIIOBATH 1IIEMII0 MEPEeTHHOI0 CErMEHTa OKa Ta CIIPH-
STH aKTHBHIN HEOBacKyJsipu3anii paimyxku [6, 12]. Ana-
JoriyHo, npu imemivyaux popmax OBC TpuBana rimomnep-
(y3is CITKIBKYM, BEHO3HUI cTa3 Ta KaniisipHa Herepy3is
CTBOPIOIOTH YMOBH Jyis akTuBaii VEGF-3aexHoro aHri-
orenesy Ta po3sutky HBI' [13; 14].

BaknuBHM acnieKTOM CHCTEMHOT Peryisiiii CyJMHHOTO
TOHYCY Ta KJIITUHHOI aKTHBAIlii € YyTIUBICTh KIITUH-Mi-
IIEHeH /10 MeIiaTopiB CHMIATO-aJPEeHaIOBOi CUCTEMH. Y
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HU3Ill eKCTICPUMEHTATBHUX 1 KITIHIYHIX POOIT MPOIEMOH-
CTPOBaHO, M0 (PyHKIIOHATFHA aKTUBHICTH aJIpeHOPEIICTI-
TOpiB MOXe OyTH KiTBKICHO OIlIHEHA Yepe3 PerenTop-Mo-
nudixyrodi epexTr hapMaKoIOTIYHAX areHTIB Ta PEaKIIiio
KIITHH Ha agpeHepriuHy crumymnito [15]. [loxibHi min-
X0 OynH 3aCTOCOBaHi i B opTaimpMoIIorii, e MoKa3aHo
3MiHEHY Yy TIUBICTH Mepu()EepUIHIX IMyHOKOMIIETEHTHIX
KIITHH 10 aJpeHaNiHy Ta aleTIIXOTIHY MpPHU XPOHITHIX
3aMaJbHUX 3aXBOPIOBAHHIX OKa, IO BiTOOpa)xkae CUCTEM-
Hi MEXaHi3MH HEHMPOBETeTaTUBHOI ucperymii [ 16].

Pa3zom 3 tum y mamienTiB 3 HBI™ pons B - anperope-
LENTOPHOI aKTHBHOCTI SIK CHCTEMHOTO MapKepa CHMIIa-
TO-apEHANIOBOI JUCPETYISMIl Ta 11 3B’ A30K 3 KIIHITHIMHA
MIPOsIBAMH AHTiOT€HHOI aKTHBHOCTI 3aJIMIIAIOTHCS HEIO-
CTaTHBO BUBYCHUMH. BifCyTHI KITiHIYHI JOCTIKSHHS, SIKi
0 y Mexax €JIHOTO aHATITHYHOTO IiIXOAY iHTETpyBajl
KUTBKICHY OITIHKY [3-aIpeHOPEIeTITOPHOI aKTUBHOCTI 3 (pe-
HotunyBaHHsIM HBI, mopiBHIOBanmu ii piBeHh MK OCHO-
BHUMH €TIOJOTIYHIMH (POPMaMH 3aXBOPIOBAHHS Ta aHAIi-
3yBalH ii acomiamito 31 cTyneHeM pyoeo3y paitmyxku. Lle
BH3HAYAE aKTyaJbHICTh JAHOTO JIOCIHiKCHHS.

Merta. JlocmiguTy B3aeMO3B’ 30K MiX 3 - anpeHope-
LENTOPHOI0 aKTHBHICTIO K MapKepoM CHMIIaTO-aJpeHa-
JIOBOT JMICPETYIIALIT Ta KITIHITHIMH MIPOsIBAMH aHT10T€HHOL
aKTUBHOCTI y TAIIEHTIB i3 BTOPHHHOIO HEOBACKYISIPHOIO
[JIayKOMOIO.

Marepian i metogu

Ju3aiin 10c/IiKeHHS Ta XapaKTepPHUCTUKA BUOIpKH

JochimkeHHsT Mano MPOCIIEKTUBHUH, BiIKPUTHH, TT0-
PIBHSUIBHHINA, OTHOLEHTPOBUI OOCEpBalliiHUI AHU3aiiH
i Bimroganmo 188 marieHTiB i3 KINIHIYHO IMiITBEPIKEHOO
ropurHOol0 HBI. IlamienTnn Oynu po3mopifiieHi Ha ABi
OCHOBHI KJTiHIYHI TPYyTIH 3aJI€KHO BiJ €Ti0NOTi{ peTHHAIb-
HOI imemii: 1o mepmioi rpynu yBifmom 112 marienTis 3
HBT na i npomidepaTuBHOI MiabeTHYHOT PETHHOMATIT
(HBI'/TIAP), no npyroi — 76 mamientis 3 HBI" BHacminok
oxJro3ii BeH citkiku (HBI/OBC).

KontpomnpHa rpyma ckiana 34 mamieHTy, sKi Oyiu mo-
PIBHSIHI 32 BIKOM Ta CTarTiO, 0€3 03HAK TIIayKOMHU, PETH-
HaJIBHOI 1IeMil Ta CHCTEMHHUX 3aXBOPIOBAHb, 10 MOXKYTh
BIUIMBATH HA MOKA3HUKH BET€TATUBHOI PEryJsii.

JlocipKkeHHs TPOBOAMIIOCS BiIMOBITHO 710 MOJI0KEHb
KongeHmii Pann €Bpornu npo mpaBa TOAWHU Ta OioMe-
mumrHy (1997) 1 Tenbcincpkol meknaparnii BeecBiTHBOT
MeanyHoi acomiamii (1964-2013). [IpoTokon mocmiKeH-
Hs1 OyB CXBaJCHHH JIOKAJTHPHUM KOMITETOM 3 Oi0ETHKH
AV «lacTHTYT OYHMX XBOpPOO 1 TKAHWHHOI Tepamii iM.
B.Il. ®imaroa HAMH Vkpainu» (mporokon Ne23 Binx
01.05.2025). IucemoBy iH(OpPMOBaHY 3romy OTPHMAaHO
BiJl yCiX YYaCHHUKIB JTOCIiKSHHSI.

Kpwurepii BxirtoueHHs: marieHTH 3 BropuaHoro HBI™ Ha
i [T/IP abo BHacmizok OBC; BOT > 22 MM pT. CT. otipu
MaKCHMaJIbHY MiCIIEBY MEIMKAMEHTO3HY TilOTEH3UBHY Te-
partito; HasBHICTb pyOeo3y paiayKku Ta/abo ipumIoKOpHe-
aJBHOTO KyTa 3a Kiacudikariero Weiss (cramii 1-3) [17].

Kpurepii Buxirtouennss: inmri ¢opmu Bropuraoi HBI
TSDKKa 3arajlbHOCOMAaTHYHA IaTOJIOTIS, IO YHEMOXKJIHB-
JIO€ y9acTh Yy JMOCHIDKCHHI; 3aKpUTHH KyT MEPeIHbOi
Kamepu 3 pyoeo3zom Weiss 4 cTajii; akTUBHI iHpEKIiiHI
3aXBOPIOBaHHS a00 3JIOSAKICHI HOBOYTBOPEHHS; TPaBMHU
oka abo Oymp-sKi TOTepenHi IHTPAOKYIApHiI Xipypriddi
BTPYYaHHS B aHaMHeE31; CHCTEMHI CTaHH, 34aTHI CYTTEBO
BIUTUBATH Ha IIOKa3HUKH BETeTATUBHOT PeryJIswii.

Crig 3a3Ha9mWTH, MO MYKPOBUH AiabeT Ta apTepiaib-
HA TIMEpTeH31s pOo3MIINaIcS He K He3alexkHi (hakTopu
BIUIHBY, a SIK HEBIJI'€MHI CKJIAJI0OBI KIIHITHOTO (PEHOTHITY
mamienTis 13 HBI' BimmoBigHol erionorii. Metoro gocii-
JUKeHHS OyJ0 OLIHUTH [(-aIpeHOpPEHEeNTOPHY aKTHBHICTh
B YMOBax pealbHOI KITiHIYHOI MPaKTHUKH, TOMY O HO-
CITI/DKEHHS BKJTFOYAJTH MAIICHTIB 13 KOMIIEHCOBAHUM a0o
CyOKOMIICHCOBaHHM I1epediroM MHUX 3aXBOPIOBAHb, TOIL
SAK TOCTpI Ta JACKOMIIEHCOBAHI CTAaHU OylnH KpUTEPiIMU
BUKJIIOYCHHSL.

Kuiniune ogranbmonoriune o6cTeskeHHs

VciM marieHTaM TPOBOAMIN CTaHAApTHE OdTaib-
MOJIOT19HE OOCTEKEHHS, 10 BKJIIOYAJIO Bi3OMETPIit0, TO-
HOMETPIif0, 010MIKpOCKOITIO TEPEIHBOTO CErMEeHTa OKa,
TOHIOCKOTIIO 3 OI[IHKOIO HasIBHOCTI Ta CTYTICHS HEOBACKY-
nsgpu3anii paiiy’Kku Ta ipuIOKOPHEATbHOTO KyTa, a Ta-
Kkox orampmockomiro. CTymiHbs pyOeo3y palgy Ke BHU-
3HAYaJIM BiANOBIIHO 10 Kiacudikarii Weiss, sika IUPOKO
BUKOPHCTOBYETBCS JJIsL OLIHKH aKTUBHOCTI HEOBACKYJLIAP-
Horo mporecy [17].

Ouinka B-aapeHopenenTopHOi AKTUBHOCTI

YciM mamieHTaM Ha eTari BKJIFOYCHHS MAI[iEHTIB y J0-
CIIJDKEHHS, 10 BUKOHAHHS JIA3€PHUX BTPyYaHb BHUKOHY-
BaJIM J1aOOpaTOpHi JOCHiKeHHs. 3alip mepudepudHol
BEHO3HOT KPOBI IIPOBOJIMIIM BPAHII HATIIECEePIe 3 NOIallb-
IIIMM BUKOHAHHSM 3arajibHOTO KJIIHIYHOTO aHaJIi3y KPOBI.

Jnst BU3Ha4YeHHs1 [B-aJipeHOPENeNTOPHOI aKTUBHOCTI
BUKOPHCTOBYBAJIM METOJI OIIIHKH (DYHKIIOHAIBHOT Yy T/IHU-
BOCTI JiM(onuTiB nepudepuvHoi KpoBi 10 aapeHasiHy,
po3pobieHuii y nmadoparopii imynosorii Y «lHCTHTYT
OYHHX XBOpoO i TkaHumHHOI Teparii iM. B.I1. ®inatoBa
HAMH VYkpainu» Ta 3axunieHuit marentom Ykpaiau [15,
16]. MeTox 6a3yeThest Ha IPUHITUII TTapaIeIbHUX MPoo i
JIO3BOJISIE KUTBKICHO XapaKTepH3yBaTH iHAUBIyalbHY pe-
AKTHBHICTb KIIITHH /IO aJJpEHEePri4HO] CTUMYJISIII.

MononykieapHy ¢pakmito nepudepuyHoi  Kposi
OTPUMYBaJH METOJIOM I'PaJi€HTHOTO LEHTpH(YyryBaHHS
Ha ¢ikoui 3 ryctuHoro 1,076 r/em® («Cimectay, Ykpaina).
[Ticst BUIIICHHS KIITHHU ABiYi BiIMUBAIIN IICHTPUPYTY-
BaHHSM Ta TOTYBAJIM CYyCIIEH31I0 JIIM(OIHTIB JJIsl TOalb-
IIOTO JOCIiPKEHHS.

O1iHKY aJpeHepriyHoi YyTIMBOCTI MPOBOAMIM ILIS-
XOM TapaJiesIbHOI 1HKyOalii KJIITHHHOT cycreH3ii npoTs-
rom 60 xBuIIMH 1pu Temiieparypi 37 °C y 1BOX BapiaHTax:
KOHTPOJbHOMY (J1iMGpOLUTH 3 (Pi310JIOTIYHUM POZUUHOM)
Ta gociigHomy (Jaimbonutu 3 0,18% po3unHOM agpeHati-
Hy; «lapauisa», Ykpaina). Iloganpmuii po3paxyHoK mo-
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Ka3HHKa (-aIpeHOpPEenTOPHOT aKTHBHOCTI 31 ICHIOBAIIN
BIZIMTOBITHO 10 aBTOPCHKOI MeTonuku [15; 18].

Y nmanoMmy pnocmimkeHHI mokasHUK [-AR activity
po3mIAmanyu SK IHTErpajbHYy XapaKTepPHCTHUKY (YHKIIi-
OHAJBbHOI AKTHUBHOCTI [-aJpeHepridHol JIaHKH BeTeTa-
THBHOI Perylillii, BU3HAUCHY 3a PEaKTHBHICTIO Iepude-
puaHEX niMporuTiB 10 agpeHaniny. Ciix miaKpecIuTH,
mo B-AR activity BimoOpaxkae (yHKIIOHATBPHUN CTaH
-ampeHepriunoi curHamizamii, a He eKCIPECifo Y1 KiJlb-
KIiCTh [-aIpeHOpeIenTOpiB.

CrarucTuyHmii aHaiz

CrarucTu4HMi aHasi3 BUKOHYBAIU 3 BUKOPUCTAHHSIM
nporpamMHOro 3abe3rnedeHHst 3 BiaKkpuTUM komom JASP
s Windows (Bepceis 0.19.2). HopmanpHICTD po3moaity
KiTBKICHUX 3MIHHHUX TIEPEBIPSUIN 32 TOTTOMOTOI0 KPUTEPItO
Shapiro—Wilk. KinbkicHi moxa3HUKN HABOAWIH y BHTJISAIL
MeIiaHu Ta MDKKBapTHibHOTO po3maxy (Me [Q1-Q3]).
JUts OpiBHAHHSA MIDKIPYTIOBUX BIIMIHHOCTEH 3aCTOCO-
ByBasu Kputepiit Mann—Whitney (U1 1BOX He3aIeKHIX
rpym) abo kpurepiit Kruskal-Wallis (mst Tppox rpym) 3
BiamoBinHOIO post hoc kopekmiero. Kareropianbai 3MiHHI
TTOPIBHIOBATM 32 JIOTIOMOTOIO Y*-KpUTEpit0 abo TOYHOTO
kputepito Fisher 3amexHo Bif 04iKyBaHHX YacTOT.

JuckpuMiHaIiiiHy 30aTHICTH [-aapeHOperenTOpHOT
AKTUBHOCTI INOMO KIIHIYHO 3HAYYIIOTO pyOeo3y paii-
nyxkn (Weiss > 2) ouinroBanu 3a gomomororo ROC-
aHamizy 3 BU3Ha4YeHHAM Iuiomti mix xpusoio (AUC) Ta
95 % noipumx iHTepBasiB. ONTHMaIBHE MTOPOTOBE 3HA-
yeHHs J-AR Bu3Hauanu Ha ocHOBI iHAEKCY FOnmeHa 3 po3-
paxyHKOM YyTAMBOCTI Ta crmenudigHocti. Jns omiHKK
B3a€MO3B 3Ky MK piBHEM [-aIpeHOPEIEITOPHOI aKTHB-
HOCTI Ta CTyIeHEM py0eo3y palIyKKH BUKOPHCTOBYBAIN
Kopersiiani ananiz CripMeHa. Acomiariio MK piBHEM
B-ampeHOperenTopHOi aKTUBHOCTI Ta PU3UKOM KITHIYHO
3HAYYIIOTO PyOeo3y OIIHIOBAJIN 3a JOMOMOTOIO0 YHiBapi-
AQHTHOI JIOTICTUYHOI perpecii 3 po3paxyHKOM BiTHOIICHHS
manciB (OR) Ta 95 % noBipunx inTepBaniB. PiBeHs cra-
TUCTHYHO{ 3HAYYIIOCTI BCTAHOBIIOBAJIH Ha piBHI p < 0,05.

PesynsraTtun

AHami3 crymeHs pyOeo3y paimyXKu BUSBUB BiJAMiH-
HOCTi MK IiaOCeTHYHUM Ta MOCTOKIIO3IHHIM (hEeHOTHITA-
mu HBI'. JleranpHuit posmomin 3a knacudikamiero Weiss
TIpeICTaBICHO B Ta0mwi 1.

Xoda 3aranpHa 9acTKa KIIHIYHO 3HAYYIIOTO pydeosy
paiimyxku (Weiss > 2) O6yna moniororo nmpu HBI/TI/IP ta
HBI/OBC (46,4 % i 47,3 % BiAmoBinHO), y MAILi€HTIB 3
niabeTHIHUM (DEHOTHIIOM YaCTiIlle CIIOCTEPIiraBcs TSHKKHN
py6eos (Weiss 3: 17,9 % mporu 10,5 %). Lle moxe cBin-
YUTH HE CTUIBKH TIPO BHILY YaCTOTY aHTIOTEHE3Y, CKITBKU
mpo OUTpIIy HOTO IHTEHCHBHICTH Ta KIIHIYHY arpechB-
HICTh, TOB’sA3aHI 3 Mia0ETUYHOIO MIKPOAHTIOMATi€l0 Ta
CHCTEMHOIO HEHPOBEreTaTHBHOIO TUCPETYIALIEI0.

IMopiBHsAIbHA XapaKTepucTHKa [ - ajgpeHopenen-
TopHoi akTuBHOCTi mpu HBI' pi3Hoi etioJsorii Ta B
KOHTPOJBHil rpyni

Amnauti3 -aIpeHopernenTopHoi aKTHBHOCTI BUSBUB CTa-
TUCTHYHO 3HAYYII BiIMIHHOCTI M marfientamu 3 HBI ta
KOHTPOJIEHOIO TPYTIOI0, & TAKOXK MIXK €T10IOTI9HIMH (heHO-
tunamu HBT. HaiiBumi 3naueHHs -axpeHopenenTopHoi
aKTUBHOCTI cmoctepiramucs y mnamientiB i3 HBI/ITP,
HIDKY1 — TIpU TTocTokmo3iitHii HBT, Toxi sk y KOHTpOIIb-
Hilt rpymi moka3HuK B-AR OyB miHiMamsHUM (Ta0MI. 2).

Posmonin 3nagens B-AR activity y Tppox rpymnax mpo-
JIEMOHCTPYBaB TPAJI€HTHE 3POCTAHHS BiJ KOHTPOJIBHOI
TPYyIH 0 TIOCTOKIIO3iHHOI Ta niaberuanoi HBI (puc. 1).
V manienrtis i3 giabetnanoro HBI posmomin B-AR activity
XapaKTepU3yBaBCs OUTBIIIMM 3MIIICHHSM y OiK BUIINX 3HA-
YeHb MTOPIBHAHO 3 TTOcTOKII031iHOI0 HBT.

Juckpuminaniiina 3gaTHicTsb f-aapeHopenenTopHoi
AKTUBHOCTI 1I0/10 KJIiHIYHO 3HAYYIIIOTO pydeo3y

ROC-anani3, BUKOHaHUHN I BCi€l TPy MAIli€HTIB
3 HBI' (ITAP + OBC), mpoaeMoHCTpyBaB IOMIpHY, aie
CTaTUCTUYHO 3HAYYIIy AUCKPUMiHAMIWHY 31aTHICTH B-AR
IIO/I0 BUSIBIICHHSA KJTIHIYHO 3HAUYYIIOi HEOBACKYISIPHU3AIlil
paiimyxxu (Weiss > 2). [Tnormma mig ROC-kpuBOIO CTaHOBH-

Tabnuuga 1. Po3noain nauieHTiB 3 HEOBACKYNSIPHOK MMaykoMOto 3a cTyneHeM pybeosy pangyxku (knacudikauis Weiss) 3a-

NEXHO Bif €TioNorii 3axXxBOprOBaHHS

CtyniHb py6eo3y (Weiss) HBI/MAP, n (%) HBI/OBC, n (%) Pa3zom, n (%)
60 (53,6 %) 40 (52,6 %)
Weiss 1 100 (53,2 %)
¥?=0,02, p=0,90
32 (28,6 %) 28 (36,8 %)
Weiss 2 60 (31,9 %)
¥?=1,43, p=0,23
20 (17,9 %) 8 (10,5 %)
Weiss 3 28 (14,9 %)
¥x>=1,90, p=0,17
Pazom 112 (100 %) 76 (100 %) 188 (100 %)

MpumiTka. JaHi HaBegeHo y Burnsaai abCcontoTHOI KiNMbKOCTI NaLUieHTiB Ta BiACOTKIB Y Mexax BignoBiAHOI €TioNorivyHol rpynum
HBI; p — piBeHb 3HaYyLLOCTi BIAMIHHOCTEN MK NMOKa3HUKamMu — NOPIBHAHHS po3noginy ctyneHiB pybeosy (Weiss 1-3) mix
rpynamu HBI/TIAP ta HBI/OBC (x?-kputepin). HBIC — HeoBackynapHa rnaykoma; MNAP — nponicdepaTtvera giabetuyHa petu-
Honartis; OBC — okntosis BeH ciTkiBkn; Weiss — kniHiyHa knacudikauis pybeody pangyxku (ctagisa 1, 2, 3).
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Tabnuuga 2. B-agpeHopeLienTopHa akTUBHICTL (B-AR) y nauieHTiB 3 HEOBACKYNAPHOLO rNayKOMOIO Pi3HOI eTionorii Ta B KOHTP-

OfbHIN rpyni

MokasHuk

HBr / NAP (n = 112)

HBI' / OBC (n =76) KoHTponb (n = 34)

B-AR activity, Me (Q1-Q3) 14,0 (12-19)*f

12,0 (12-17)* 7,0 (6-8)

MpumiTka. OaHi HaBegeHo y Burnaai megiann (Me) Ta mikkapTunbHoro po3maxy (Q1-Q3); p — piBeHb 3HaYyLLOCTi BigMIHHOC-
Ten MK nokasHukamu; * p < 0,05 NnopiBHAHO 3 KOHTPONbHOK rpynoto; I p < 0,05 nopiBHaHO mixx rpynamu HBI. B-AR activity
— B-appeHopeuenTopHa akTuBHiCcTb; HBIM — HeoBackynspHa rmaykoma; MNOP — nponicepatuBHa giabetnyHa peTmHonarTis;

OBC — oknto3ist BEH CiTKiBKU.

ma AUC = 0,70, mo cBiguuTs mpo 3aatHicTh B-AR Binobpa-
JKaTH CUCTEMHHUH MpoaHTioreHHnii crad npu HBI (puc. 2).

Taxwum grHOM, B-AR activity mpogeMoHCTpyBaB moMip-
Hy TuckpuMiHanidny 3aatHicTs (AUC=0,70), mo xapak-
TEPHO ISl CUCTEeMHUX Olonoriganx mapkepiB. OTpumani
pe3ynbTaTé cBigdaTh, mo B-AR Moke OyTH BUKOpHCTaHHNA
JUTS KIIHIYHOTO (peHOTHITyBaHHS NamieHTiB 13 HBI, omHak
HOTO HE CIi PO3MILAATH SIK CaMOCTIHHUH 1HIWBITyab-
HUH IPOTHOCTUYHUIN MapKep nepediry 3aXBoproBaHHS a00
pe3ynbTariB JiKyBaHHS. TakoX, P MOPOTOBOMY 3HAYCH-
Hi B-AR activity > 14,0 d9yTaEBICTE METOAY CTaHOBHJIA
60 %, a crnenugivnicTs — 65 %, MO MIATBEPAXKYE HOTO
MPUAATHICTD TS KIIHITHOTO ()eHOTUITYBaHHS MAIlI€HTIB.

Posmonin marmienTiB 3a kimacugikamiero Weiss Ta 1mo-
poroBoMy 3HaueHHi -AR activity > 14,0 mpencraBieHO
B Ta0mHIl 3.

[Ipu anHami3i MOKAa3HWKA KIIHIYHO 3HAYYIIOTO pyOeosy
(Weiss > 2) BUABICHO 3HAYYIII BIAMIHHOCTI MiX €TiONO-
riganmu popmamu HBIT (% = 30,85; p<0,001), o mosxe
BiToOpaxaTH BiAMIHHOCTI B IHTEHCHBHOCTI aHTiOTE€HHOI
BIANOBIAI MK (EHOTHIIAMH 3aXBOpPIOBaHHS. BomHouac
MiABHUIIEHA [-aIpeHOPEIeNTOPHA aKTUBHICTH Oylia TiICHO
acorniifoBaHa 3 HAsIBHICTIO aKTHBHOTO Py0€03y HE3aIeKHO
BiJI eTiojorii, 301IbIIyroun fioro #MOBipHICTE ¥ 5,0 pa3iB
(OR = 5,02; 95 % Al 2,64-9,56; p<0,001). ITnoma mixn
ROC-kpuBoto (AUC = 0,70) cBim4uTh PO MOMIpHY AHC-
KpuMiHaniiHy 31aTHICTE B-AR activity mozmo ineHTugdika-
il MaIi€HTIB i3 KIIHIYHO 3HAYYIIOI HEOBACKYIIApH3alli-
€10 PANIy’KKH, 1110 TO3BOJISIE€ PO3IVISLIATH LIEH TIOKA3HUK HE
CTITBKH SIK CaMOCTIHHUHM MPOTHOCTUYHUN MapKep, CKiIb-
KU K (PCHOTHUIT-BU3HAYAFHUN 1HIUKATOP, KU MOXE Bi-
noOpakaTH CHCTEMHI MEXaHi3MH, 3allydeHi J0 mepediry
sropunHoi HBI (puc. 2).

VY MyJpTHBapiaHTHINH JIOTICTHYHIA perpeciiHii Mo-
neni (-agpeHopenenTopHa aKTUBHICTH 30epirama Hesa-
JeXHY acormiamiro 3 miabetmunanM ¢genorunom HBI mic-
TS KOpEKIlii Ha eTiOoNoTii0 3aXBOpIOBaHHS. 30UTBIICHHS
B-AR activity Ha OfHY YMOBHY OAWHUIIIO aCOIIIOBAJIOCS
31 30UIBIIEHHSAM IIAHCIB HAJIEKHOCTI ITaIlicHTa 10 ia-
6ernunoro ¢enorurry HBI Ha 7 % (OR=1,07; 95% Ml
1,00-1,15; p=0,04). ETionorisa [1/IP 3amumanacs CHiIbHUM
HezanexkHuM npeaukTopoM dernorumy HBIT (OR = 2,40;
95% 11 1,30-4,60; p < 0,01).

JomaTkoBU# KOpenmAiiiHMN aHami3 BHSIBHB CTaTHC-
TUYHO 3HAYYIMWH TIO3UTUBHHUH 3B’S30K MDK pIiBHEM
-agpeHOpenenTopHOi aKTUBHOCTI Ta CTyIEHEM pyOeo3y
paiimyxku 3a kmacudikarmiero Weiss (rs=0,69; p < 0,001).
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Puc. 1. MNMopiBHANLHMI po3noain B-aapeHopeLenTopHoi ak-
TuBHocCTi (B-AR activity) npyu HeoBackynspHiv rmaykomi pis-
HOI eTionorii Ta B KOHTPONbHIA rpyni.

Boxplot gemoHcTpye posnogin 3HaveHb 3 - agpeHopeLen-
TopHoi akTmBHOCTI (B-AR activity) y nauieHTiB 3 HeoBacky-
NSIPHOIO NaykoMo Ha Tni nponidepaTuBHOi AiabeTnyHoi
petuHonarii (HBI/MOP), BHacnigok okntosii BeH CiTKiBKM
(HBI'/OBC), a Takox Yy KOHTpOnbHIW rpyni. LieHTpanbHa ni-
Hisl BiAnoBigae mepiaHi, Mexi KOpobKN — MiXKKBAPTUIIEHOMY
po3maxy (Q1-Q3), «Byca» — MiHiManbHUM i MakCcUMarnbHUM
3HayYeHHAM 6e3 ypaxyBaHHS BUKUAIB.
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Puc. 2. ROC-kpuBa B-agpeHopeuenTopHOi akTUBHOCTI Ans
BUSIBIIEHHS KMiHIYHO 3HaudyLworo pybeosy pangyxku (Weiss =
2) y nauieHTiB 3 HEOBACKYISIPHOK rMayKOMOXO.
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Tabnuuga 3. Posnogain nauieHTis 3 HBI 3a cTyneHem py6eosy pangyxku (knacudikauis Weiss) 3anexHo Big NoporoBoro 3Ha-

YyeHHs1 B-AR = 14,0

CTyniHb py6eo3y B-AR activity 2 14,0, n (%) | B-AR activity < 14,0, n (%) Pasom, n (%)
31(33,0%) 69 (73,4%)
Weiss 1 100 (53,2%)
%2=30,85, p<0,001
36 (38,3%) | 24 (25,5%)
Weiss 2 60 (31,9%)
x?=3,53, p=0,06
27 (28,7%) | 1(1,1%)
Weiss 3 28 (14,9%)
X?=28,37, p<0,001
Pasom 94 (100%) | 94 (100%) 188 (100%)

MpumiTka. [aHi HaBeaeHO y BUMMsAAi abCOMTHOI KiNbKOCTi NaUieHTiB Ta BiACOTKIB y MexXax rpyny HEOBACKYMSAPHOI rnaykoMu;
p — PiBEHb 3HAYYLLOCTi BiAMIHHOCTEN MK MOKA3HUKAMM — MOPIBHSIHHA PO3MNOAiNy cTyneHiB pybeosy mix rpynamm B-AR activity
> 14,0 Ta B-AR activity < 14,0 (x2-kpuTtepin); B-AR activity — B-agpeHopeuenTopHa akTuBHiCTb; Weiss — kniHi4Ha knacudikauis

py6eosy paigyxku

e y3romxkyetbces 3 pedynsraramu ROC-ananizy Ta joric-
THUYHOI perpecii i MiATBEpAKYE MOXKIUBUI 3B SI30K CHM-
T1aTo-aJIpeHaIOBOl JUCPErysinii 3 aKTHBHICTIO aHTiOTeH-
HOTO IIpOIIeCy IPH HEOBACKYJISIPHIN TIIayKOMi.

O6GroBopeHHs

OTpumaHni pe3ynbTaTH JEMOHCTPYIOThb, IO HEO-
BaCKyJISIpHa TJIAyKOMa AacOILIOEThCS 3  IMiABHIICHHSIM
-anpeHopenenTopHOi aKTUBHOCTI IMOPIBHSHO 3 KOHTP-
OJIBHOIO TPYMOIO, II0 MOXE BiJOOpaXkaTH ydacTh CHC-
TEMHOI CHMNAaTo-aJpeHaIoBOl peryssiuii y ¢GpopMmyBaHHI
KIIIHIYHUX ITPOSIBIB 3aXBOPIOBAHHS. 3araioM pieHb -AR
activity y mamientiB 3 HBI" 6yB y 1,7-2,0 pa3u Bunmm
MOPIBHSIHO 3 KOHTpoJjeM. Bumi 3nauenns B-AR activity
npu HBT" na T ITJIP y3romkyroTecst 3 cydacHUMH YsiB-
JICHHSIMH TIPO HEHPOBEreTaTHBHY JTUCPETYIALII0 MIPU ITy-
KpOBOMY Jia0eTi Ta MiJAKPECIIOITh MOMJIMBHI BHECOK
CHCTEMHHUX PETYIISITOPHUX MEXaHI3MIB y nepeoir imemid-
HO-aHT10TCHHUX 3aXBOPIOBaHb OKa [12].

AJpeHepriyHa cuUcTeMa € BaXKJIMBHM PETYJISATOPOM
CYIMHHOI PEaKTHUBHOCTI, MIKpOLMPKYJLii Ta eHxore-
maneHOi ¢GyHKil. CyyacHi JDOCHIPKECHHS CBiA4arh, L0
B-anpeHopeunenTopu OepyTh ydacTh y PETrysilii CyInH-
HOTO TOHYCY, KJITHHHOI BiJIIOBi/I Ha TIIIOKCiIO Ta Mpo-
LIECIB TKAHUHHOTO PEMOJICIIOBAHHS 32 YMOB XPOHIYHOT
imemii [8]. ¥V 3B’sI3Ky 3 IIUM MOPYIICHHS 3-aApeHEPridHOT
CUTHATI3aIi1 pO3IIAAAI0Th SIK OJIUH i3 MOTCHIIIITHUX MeXa-
HI3MiB, 3aTHUX MOJYJIIOBATH aHTIOTCHHY BiIIOBIIb TpPU
CYIMHHUX 3aXBOPIOBAHHAX CITKIBKH.

[Tpu mykpoBomy niabeTi cuMIiaTo-aipeHaioBa akTHBa-
wist (hopMyeThCsS Ha TJIi aBTOHOMHOI HeWpomarii, XpoHid-
HOTO HHM3bKOIHTEHCHBHOIO 3allaJICHHs] Ta reHepallizoBa-
HOI enpoTenmianbHol qucdyHkii [12]. e Moxe cripustu
CTIHKIH Ba30KOHCTPHKII], TOCHJICHHIO IMIEMIYHUX 3MiH
paliy’)KKi Ta LWITIapHOTO TiNA, a TAaKoK (OpMyBaHHIO
MIPOAHTIOTCHHOTO MiKpOocepeIoBHUIIa. BoaHodac imemivHi
¢dopmu OBC Takok XapakTepu3yIOThCs BUPKEHOIO Tillo-
nepdy3i€r0 CITKIBKM, BEHO3HHM CTa30M Ta KaIiIIPHOIO

Herepdy3iero, Mo cTBoproe ymoBH Juist aktuBanii VEGF-
3anexxHoro anriorenesy [13, 14]. Takum unmHOM, He3Ba-
JKArOYM Ha BIZIMIHHOCTI IPOBIJHUX NAaTOT€HETHYHHUX Me-
XaHi3MiB, o0uBa ocHoBHI (¢eHoTunu HBI' peamnisyrorscs
4yepe3 CHUIbHUHN 1eMiYHO-aHTOTeHHUI KacKal.

ExcrniepumenranpHi IOCHIJKEHHS MiITBEPIKY-
I0Th OE3MOCePeHI0 yYacTh [-aJpeHEepriuHoi CHUTHa-
mizanii B perymsnii anriorenesy. [lokazano, mo [33-
aJIPEHOPELCTITOPH aKTHBYIOTBCSI B yMOBax TilOKCii Ta
OepyTb yuacts y peryssinii excripecii VEGF y xiitunax
CITKIBKHM, BKJIIOYAIOUU eHjaoTemanpHi Ta Miller-kaitunu
[10]. HemomaBHO BCTAHOBIICHO, IO TIMTOKCHYHO-1HITYKO-
BaHe nigBuiieHHss VEGF y kiniTHHAX CITKIBKM 3HAYHOIO
MIpOI0 3aJICKUTH B P3-aapeHOpeLenTopHOi CUrHai-
3amii, o MmATBEpPIUKYE 11 poib y (GopMyBaHHI MpoaHri-
orerHoro Mmikpocepenosuma [11]. Kpim Toro, OGnokana
B-ampeHopenenTopiB y MOAEISAX IMIEMIYHOT peTUHOMATIT
CYIIPOBOJIKYETHCSI 3MEHIIEHHSIM 1aTOJIOT1YHOI HEOBACKY-
nspu3anii ta npurHideHHsM VEGF-3anexxHux mexaHiz-
MiB aHriorenesy [9]. [lapanenbHo B-aapeHepriuHui HUIIX
3aJy4eHUH 10 peryisiuii 3anajbHUX IPOLECIB: 3aCTOCY-
BaHHS METOIPOJIONY 3HMKYE EKCIIPECIIO MPO3anajibHUX
LUTOKIHIB 1 MOJIEKYJI aire3ii B ymoBax rinepriikemii [19].
CyKyIHICTh [HX [TAaHUX CBIAYUTH, MO [-aJpeHepriuHa
cUrHasizamis Moke OyTH OJHMM 13 MEXaHi3MiB, uepe3 sKi
CUCTEMHA HEWpOBEreTaTHMBHA JUCPETYISLIs BIUIMBAE Ha
aHrioreHny Bifmnosiab npu HBT.

KniniyHi pe3ynbraTd HAIIOro JIOCIHIKEHHS JOIO-
BHIOIOTh €KCIICPUMEHTAJIBHI J]aH1 Ta CBi[4aTh, IO ITiJIBU-
meHa B-AR activity acomiiioBana 3 akTHBHUM py0eo30M
paiinyxku. 3okpema, B-AR activity nmpomemoHcTpyBasa
MOMIpHY JMCKPHMIHAIIMHY 37aTHICTh IOAO KJIIHIYHO
3Hauyoro pyoeosy (Weiss > 2; AUC = 0,70), a npu 1o-
poroBomy 3HauenHi B-AR activity > 14,0 pusuk pydeo-
3y 3poctaB B 5,0 pasiB (OR = 5,02; 95 % I 2,64-9,56;
p < 0,001). JlonatkoBo po3moais CTyneHiB pyoeo3y Mix
rpynamu B-AR activity > 14,0 Ta B-AR activity < 14,0
OyB cratuctuyHo 3HauymwmM (x> = 30,85; p < 0,001). Lle
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cBimunTh, O PB-AR activity Moke BimoOpakaTu cucTeM-
HUH HeHpOBETEeTaTUBHUI KOMITOHEHT aHTi0T€HHOI BiIO-
Bini mpu HBI, mo BinmoBifae cydacHUM YSBICHHSIM TIPO
OaratoakTOpHHN XapakTep Mepediry 3axBOPIOBAHHS Ta
CKIIaJHICTh cTpatudikamii pu3uky [2].

OTpuMaHi pe3yiabTaTH BIUCYIOTHCS B KOHIICTIIIIO pe-
LIENTOP-0TIOCEePEIKOBAHOT HEHMPOBETETATUBHOI PETYIAIIil
KIITHHHOI aKTUBaIii, po3podneny y (yHIaMeHTaIbHHUX
poborax Velychko 3 cmiBaBT.,, &€ TPOIEMOHCTPOBAHO
MOJKJIMBICTD KiBKICHOI OI[IHKH PELENTOPHOI Yy TIHBOCTI
SIK BiTOOpaskeHHS CHCTEMHOI PETyISITOpHOI mepelyaoBu
[15]. V xriHIYHAX DOCTiIKEHHIX TaKOXK MTOKAa3aHO 3MiHY
YyTIMBOCTI 10 HEHPOMENiaTOPiB MpH 3aHIX yBeiTaX, M0
CBITYUTH TIPO 3ATYUICHHS CHMIIATO-aJpEHATOBUX 1 XOIi-
HEPriYHUX MEXaHI3MIB PETYIAIIl B MaTOTeHEe31 OYHHX 3a-
xBopioBaHb [16]. ¥ Mexax Hamoro mociimkeHHa B-AR
activity Moxxe OyTH IHTEPIIPETOBaHWH SK IHTETpPANbHUHN
CHUCTEMHHUU MOKa3HUK CUMIIATO-aIpEHAIOBOI JUCPETYIIs-
1ii, TOTEHIIHO 3aJTy9YeHUH 0 MOAYJAIIl aHTiIOTCHHHUX
Tmporiecis i kaiHigHOTO TIepebiry HBI.

MynbTHBapiaHTHAN aHaNi3 TMIATBEPIUB HE3aJIECKHY
acomiamito PB-AR activity i3 miabeTtmuHuUM (eHOTHTIOM
HBT. 36inmemenns B-AR activity Ha OfHY YMOBHY OAH-
HUITIO CYIPOBOIKYBAIOCS 30UTBIICHHSM MIAHCIB HAJIEK-
HOCTI A0 miabetnunoro ¢eHoruny Ha 7 % (OR=1,07; 95
% AI 1,00-1,15; p=0,04). Take moeTHAHHS CHCTEMHOTO
Mapkepa HEHpOBETETaTHBHOI PETyIIAlii 3 eTiONOTIYHUM
YIHHUKOM Y3TO/DKY€ETHCSI 3 HAIIMMHU TTOTIEpEHIMA poOo-
Tamu, y akux HBI po3misimaeTpbest K MyNbTH(QaKTOpHE
3aXBOPIOBAaHHS, MEPeOir IKOr0 BU3HAYAETHCS B3a€EMOIIEI0
JIOKAJFHUX IMIEMIYHUX MEXaHI3MiB 1 CHCTeMHHUX MOAH(]i-
katopiB aHriorenHoi Bigmosizi [20, 21]. Ilpu upomy Bin-
HOCHO HIKk4i piBHI B-AR activity mpu HBI'/OBC, MmoxyTh
BimoOpakaTH mepeBakaHHs JIOKATbHUX TeMOIMHAMITHIX
MIOPYIIEHb 32 MEHII BUPAXEHOTO BHECKY CHCTEMHOI CHM-
MaTO-aIpeHAaIOBO1 aKTHBAIIIi.

OTprMaHi KIiHIYHI Pe3yabTaTH y3TOHKYIOTHCS 3 eKC-
MePUMEHTATBHUMHU Ta KIIHIYHUMH TAaHUMH IIOJ0 PO
B-ampeneprigHoi CHUTHAMI3AIl B PETYNAIii aHTiOTeHE3Y,
3aMajeHHd Ta CHIOTeTialbHOI PEaKTHBHOCTI B YMOBAax
XpoHiuHOi imewmii Ta rimeprmikemii [12, 9, 10, 19, 22].
CyKyIHICTB IIMX CIOCTEPEKEHb IMiATBEPIKYE POIH CHC-
TeMHO{ HEHpOBEreTaTHBHOI IMCPETYIAIil SK OJHOTO 3
KITFOYOBUX MEXaHI3MIB, III0 MOAYIIOE aHTIOTEHHY BiIO-
Bins ipu HBI.

Bonrouac kiiniuHy 3Hauymicts VEGF-3anexxanx me-
XaHI3MIB IITBEPHKEHO PE3yNbTaTaMi CHCTEMaTHIHOTO
omisiny Cochrane, ne mokasano, mo antu-VEGF Tepamis
3a0e3Iedye JHIIe TAMYaCOBY PETPecito HeOBaCKYIISIpH3a-
mii paiimyxku Ta 3HWKeHHS BOT, He 3amobiraroun mpo-
TpeCyBaHHIO 3aXBOPIOBaHHs 0e3 BIUIMBY Ha 0a30Bi maTo-
reHetnuHi yuHAUKY [23]. Lle migkpecaroe HEOOXiTHICTH
BIUIMBY HE JIMIIE Ha KIiHIEBY JIAHKY aHT10T€HHOTO KacKa-
Iy, a ¥ Ha CHCTEMHI peTyIsITOPHI MEeXaHi3MH.

VY3arasbHEHHS KIIHIYHUX 1 CTAaTHCTUYHHAX Pe3yibTa-
TiB JTO3BOJIJIO 3alpPOIOHYBAaTH KIIiHIKO-TTATOTEHETHIHY

MOJIeITb, 3TiIHO 3 sikofo B-AR activity Moxke BimoOpakaTu
CUCTEMHUN KOMIIOHEHT HEHpPOBEreTaTUBHOI AMCPEryIls-
11, acONiOBaHMH i3 BUPAKEHICTIO aHT10T€HHOTO TIPOIIe-
Cy TIpH HEOBaCKYJApHIN raykomi. BusBrenuit cumbHUit
MO3UTHBHUN KOPENAMIHHIA 3B'SI30K MK piBHeM [(-AR
activity Ta cTyneseMm pyoeo3y paimyxkn 3a Weiss (rs =
0,69; p <0,001), a Takox 301BIICHHS IIAHCIB HAsIBHOC-
Ti KITIHIYHO 3HAYYHIOTO pyOeo3y paimyxkku mpu B-AR
activity > 14 (OR = 5,02; 95 % AI 2,64-9,56; p < 0,001)
CBiUaTh, MO CHMIATO-aIpeHaNOBa JUCPETYIAIIS MOXKE
OyTH OTHVM i3 CHCTeMHHUX YHHHHKIB, 3aIy9eHUX 70 (op-
MYBaHHS aHTi0TeHHOTO KiIiHiuHOTO (heHOTHITY HBI.

OTpuMaHi pe3ydabTaTH JO3BONAIOTH  PO3TVIIIATH
B-ampeHOpenenTOPHY AKTUBHICTh K NEPCHCKTHBHIH
CHUCTeMHHUH MapKep KIiHIYHOTO (PEHOTHITYBaHHSA, IO JO-
TIOBHIOE OIIIHKY CTYTIEHS py0Oeo3y paily’)KKum Ta MOXKe
OyTH BUKOPUCTAHUHN IS OLTBII MTOBHOI XapaKTePUCTHKU
nepediry HeoBacKyIAPHOI TITayKOMHU.

Bopmrouac 3ampomoHoBaHa KOHIEMIIis MOTpedye Tmo-
JANBIIol Baligamii y MPOCHEKTHBHHUX JOCITIHKCHHAX 13
BKITIOUCHHSAM TPSIMUX MapKepiB aHTiOTeHE3y, CHCTEMHO-
TO 3amajieHHs Ta €HAoTeNiaxpHol muceyHkmii.Jlo oome-
JKeHb JOCIIPKEHHS HaJeKaTh ONHOICHTPOBUN NH3aliH
Ta BiICYTHICTh 30BHINTHKOI Bamigarii. Kpim Toro, He ori-
HIOBaBCs BIUIMB CYITyTHBOI CHCTEMHOI Teparii (30kpeMa
[-OmoxaTopiB Ta aHTHUTINEPTCH3MBHUX MpEIapariB), IO
MOTJIO BIUTUBATH Ha TOKa3HUKH PB-AR activity. [Togampmmi
MIPOCIIEKTUBHI OaraToakTopHi AOCTIHKEHHS 3 OiIbIIu-
MU BHOipKaM# HeOOXiTHI TS i ATBEPHKEHHS OTPUMAHUX
Pe3yIbTaTiB Ta BU3HAYCHHS KIIHIYHOI TOIITEHOCTI MOy~
Tl B-anpeHepriyHoi CHTHAMI3aIil y MaIieHTiB 3 HEeo-
BaCKYJISIPHOIO TIIayKOMOIO.

3akia0ueHHs. Y TAI€HTIB i3 BTOPUHHOIO HEOBACKY-
JSIPHOIO TJIAYKOMOIO BHSIBIICHO JOCTOBIPHE ITiABHIICHHS
B-agpeHopenenTopHOI aKTUBHOCTI MOPIBHSAHO 3 KOHTP-
ompHOIO Tpynoto (p<0,05). Piens B-AR activity y xBo-
pux Ha HBI' 6yB y 1,7-2,0 pa3u BUImKM, 0 MOKE CBijI-
YUTH PO 3aTyUCHHS CHMITaTO-aIPSHATIOBOT TUCPETYIIA
JI0 CHCTEeMHHX MEXaHi3MiB PO3BUTKY 3aXBOPIOBAHHS.

BcTaHOBIEHO CTATHCTHYHO 3HAYYIIMHA 3B’SI30K MIiXK
[-ampeHOpEenenTOPHOIO aKTHBHICTIO Ta KIIHIYHUMH TIPO-
sBaMu aHTioreHHO! akTuBHOCTI mpu HBI. PiBenp B-AR
activity MO3UTUBHO KOPEIIOBAB 31 CTyIIeHEM pyOeo3y paii-
myxkn 3a Weiss (rs=0,69; p<0,001), mo cBim4uTh mpo
acoIiaIlito Mk BUPaKEHICTIO CHMITaTO-aIPEHAIOBOI IHC-
PETYIAMIl Ta aKTUBHICTIO HEOBACKYIISIPHOTO TIPOIIECY.

B-agpeHopeneniTopHa aKTUBHICTH TPOIEMOHCTPYBAIa
MOMIpHY JIWCKPUMIHALIWHY 30aTHICTH IIOAO BUSBIICH-
HS KITIHIYHO 3HAYyIIOTo pydeo3y panmyxku (Weiss > 2)
(AUC = 0,70). ITIpu moporoBomy 3HaueHHi B-AR activity
>14 maHcH HassBHOCTI KJIIHIYHO 3HAYYIIOTO pyOeosy paii-
Iyxku 30inemyBanuca y 5,0 paza (OR=5,02; 95 % /I
2,64-9,56; p < 0,001), mo m03BOIIsAE POMIAAATH IIEH TTO-
Ka3HUK SIK TIEPCTIEKTUBHNH (PEHOTHUII-BU3HAYAIBHUN Map-
Kep KIIHIYHOI aKTHBHOCTI HEOBACKYIISIPHOI ITIAyKOMH.
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Mopskn

ABTOpPU BUCINOBMIOOTL LUMPY MOASKY 3aCTYMHUKY AMPEK-
Topa 3 HaykoBoi poboTn 1Y «IHCTUTYT O4YHMX XBOpPOO i TKa-
HWHHOT Tepanii iMm. B.IN. ®inatoBa HAMH Ykpainn», goktopy
MeauyHux Hayk Onery 3agopoXXHOMY 3a HayKOBE KOHCYNbTY-
BaHHSA, LiHHI MEeTOAOMNOoriYHi pekomeHnaauii Ta nigTpuMKy Ha
BCIX eTanax BWKOHaHHSI JocrigkeHHsl. Woro npodgeciiHnn
[OCBIO, KPUTUYHMI aHani3a OTpUMaHWX pesynbTaTiB i HayKOBi
nopagu Crpusini BOOCKOHANEHHIO AU3aiiHy [AOCHioKeHHS,
CTATUCTMYHOI 0OpPOOKM OaHWX Ta iHTeprpeTauii oTpUMaHnx
pes3ynbTariB.

ABTOPCBLKUIN BHECOK

BHeckn aBtopis: astopu Or, 1B, Ob ta MC nigTBepaxy-
I0Tb MOBHY BIANOBIAAMBLHICTE 3@ HACTYMHE: KOHUENuilo Ta
ausanH gocnigpkeHHs, 36ip gaHux, aHania Ta iHTepnpeTauito
pe3ynbTartiB, a Takox NiArOTOBKY pykonucy. Bci aBTopu npo-
YuTanu i CXBanunM ocTaToMHy BEPCit0 PyKOMUCY.

Oxxepena nigTpMMKuU

CTaTTa € NPOOOBXEHHSIM HayKoBO-AOCNiAHOT poboTn 3a
TEMO «BUBUMTM OCOBNMBOCTI 3MiH CTPYKTYP NEPELHbOTO Bia-
4iny oka, moro KpoBoobiry i TennoobmiHy npu HeoBackynsip-
Hin rmaykomi i TpaBmi», (Ne gepxpeectpadii 0119U101215),
2019-2021 pp.

BiamoBwu Big BignosiganbHocCTI

BucnosneHri y nofaHii ctaTTi AyMKU € BMAaCHUMW AyMKaMm
aBTopIB, a He OILiNHOI NO3MLIEID YCTAHOBMU.

KoHdnikT iHTepeciB

ABTOpY 3aABMAIOTb, O BOHWM HE MalOTb KOHMAIKTY iHTep-
€ciB, SIKUA Mir 61 BAMMHYTM Ha TXHIO AYMKY LWOAO npeameTa
abo maTtepianis, onncaHnx i 0BroBoOpeHUX y LibOMY PYyKOMUCI.

3asBa Npo AOCTYMNHICTb AaHUX
Yci faHi, WO CTOCYTbCA AOCMISKEHHS, BKIIOYEHi 00

ctatTi abo moxHa oTpumaTtu y aBTopa Onbru Ny3yH 3a 06-
r'PYHTOBaHWUM 3aMuTOM.

CKOpPOYEHHSA

B-AR activity — B-appeHopeuenTopHa akTuBHiCTb; HBIT
— HeoBackynsipHa rnaykoma; NMAP — nponidepatnsHa Aia-
6eTnyHa petuHonartis; OBC — oknto3ist BeH ciTkiBku; BOT —
BHYTPILLHBOOYHMI Tuck; LIO — uykposui giabet; VEGF — cy-
OVHHWUIA eHpoTenianbHuii paktop pocty (vascular endothelial
growth factor); OR — BigHoLwWweHHs waHciB (odds ratio); Ol —
posipunii iHTepsan; ROC — receiver operating characteristic;
AUC - nnowa nig ROC-kpusoto (area under the curve); rs
— koediLieHT paHrosoi kopensuii CnipmeHa.
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Abstract

Purpose. This study aimed to investigate the relationship
between body mass index (BMI) and intraocular pressure
(IOP) and to assess whether hypertension status modifies the
BMI-IOP association among adults aged >40 years.

Methods. This analytical observational cross-sectional
study was conducted at the eye outpatient clinic of PKU
Muhammadiyah Hospital Gamping from December 2023
to April 2024. Participants were recruited using purposive
sampling. Inclusion criteria were healthy men and women
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aged >40 years with no known ocular disease who provided
informed consent. Exclusion criteria included glaucoma/
glaucoma suspicion, ocular trauma, chronic ocular surface
inflammation/red eye disease, prior ocular surgery, moderate
— high myopia (spherical equivalent <—3.00 D), and topical/
systemic corticosteroid use for >1 month. BMI was calculated
from standardized weight and height measurements. IOP was
measured in both eyes (right eye/OD, left eye/OS) using a
non-contact tonometer under standardized seated conditions.
Between-group comparisons used Mann—Whitney U tests,
and BMI-IOP associations were assessed using Spearman
correlation (p < 0.05).

Results. Ninety-six participants were included: 48 hyper-
tensive (19 men, 29 women) and 48 non-hypertensive (15
men, 33 women). The hypertensive group was older than the
non-hypertensive group (p < 0.05), and systolic/diastolic
blood pressures were higher (p < 0.05). No significant dif-
ferences were found for BMI, IOP OD, or IOP OS between
groups (p > 0.05). BMI was not significantly correlated with
1OP OD or IOP OS in either group (p > 0.05).

Conclusion. BMI was not associated with IOP in either
eye among healthy adults aged >40 years, suggesting BMI
alone may not reflect glaucoma risk through an 10P pathway
in this population.

Keywords: Body Mass Index, Glaucoma, Intraocular
pressure.
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Pe3tome

Mema. [locnioumu 36's130k mixc IHOekcom macu mind
(IMT) ma enympiwnvoounum mucxkom (BOT) ma oyinumu,
yu enausae cinepmensis na 368’130k IMT-BOT y dopocaux 6i-
xom 240 pocxis.

Mamepianu ma memoou. Lle anarimuune odcepsayitine
nepexpecre 00CaiONCeHHs: OYII0 NPOBEOEHO 8 OPMAIbMONO-
eiyniti amoynamopii aikapui PKU Muhammadiyah Hospital
Gamping 3 epyoust 2023 poxy no keimenv 2024 poky. Yuac-
HUKI@ Habupanu 3a 00nomo2o10 Yinecnpamosanoi eudipxu.
Kpumepii exmiouennss KIOUAIU 300pOSUX HONOGIKIE Mmda
JHciHOK 6ikom =40 pokie 6e3 OUHUX 3aX80PIOBAHb, SKI HAOAU
iHghopmosany 3200y. Kpumepii suxiouenHs exumouanu nay-
KOMY/nioo3py Ha 2naykomy, mpagmy OKd, XpOHiuHe 3ananeH-
HSl NOBEPXHI OKA/NOYEPBOHIHHS Ouell, nonepeoHi onepayii Ha
ouax, mMioniio cepedHbo2o ma 8UCOKO20 CIyneHs (cepuunui
exsiganenm < —3,00 D) ma micyese/cucmemme 3acmocysam-
Hs Kopmukocmepoioie npomsazom >1 micays. IMT pospaxo-
8Y6AIU HA OCHOGI CIMAHOAPMUZ0E8AHUX BUMIPIOBANb 8A2U MA
spocmy. BOT eumiprosanu 6 000x ouax 3a 00nomocorw oes-
KOHMAKMHOo20 moHomempa. [is Midcepynogoco nopieHsanHs

Introduction

Body mass index (BMI) is the most common way to
measure obesity. It is worked out by taking body weight in
kilograms divided by height in meters squared (kg/m?) [1].
Being obese is now a big public health problem around
the world, even in Indonesia. About one out of every three
Indonesian adults is obese, according to national health
figures. From 2018 to 2019, the percentage of people over
18 years old who were obese rose from 14.8% to 21.8%.
Women had higher rates than men [2]. As obesity becomes
more common, people tend to follow their own eating hab-
its, which may have a greater impact on health [3].

Being obese raises your chances of having many other
illnesses, such as type 2 diabetes (T2DM), heart disease,
stomach problems, and breathing issues. Eating poorly
can make these conditions worse [4,5]. Being overweight
has been linked to many eye problems, like cataracts, dia-
betic retinopathy, age-related macular degeneration, and
glaucoma [6], in addition to diseases that affect the whole
body. Among these, glaucoma stands out as a major public
health problem that causes people to go blind and stay that
way [7]. A lot of people know that high intraocular pres-
sure (IOP) is the most important changeable risk factor
that can cause glaucoma and make it worse [8].

Earlier research has shown that there may be a link be-
tween BMI and IOP, with higher IOP readings reported
for people with higher BMI [9]. Epidemiological studies
have shown that BMI and IOP are positively linked to
each other [10-13]. Some ideas about how this association
works are: more fat in the eye sockets squishes the epi-
scleral veins; thicker blood makes it harder for the aqueous
humor to flow; obesity messes up the body's blood vessels,
which changes the way blood flows to the eyes; and high
leptitin levels can cause oxidative stress, which is linked to
trabecular meshwork dysfunction [10].

suxopucmosysanucs U-mecmu Manna-Bimui, a 36'a30x mion
IMT ma enympiwHb004HUM MUCKOM OYIHIOBABCSA 3A OONOMO-
2ot kopenayii Cnipmena (p < 0,05).

Pesynomamu. byno 6kioueno 0es'sHocmo wicms y4acHu-
Kig: 48 3 cinepmensiero (19 yonosikis, 29 sncinox) ma 48 o6e3z
einepmensii (15 uonosikis, 33 scinku). I'pyna 3 cinepmensiero
oyna cmapuwioio 3a epyny 6e3 cinepmensii (p < 0,05), a cuc-
MOATYHUL/OIACMONTYHUTL APMEPIATbHULL MUCK OYIU SULUMLU
(p < 0,05). He 6yno eusasneno cymmesux iominHocmeu 01
IMT, enympiwnvoounozo mucky OD abo OS midxc epynamu
(p>0,05). IMT ne mas cymmegoi kopenayii 3 HympiuHb00u-
Hum muckom OD abo OS 6 acoonitl 3 epyn (p > 0,05).

Bucnoseku. IMT ne 6ys nog'azanuti 3 6Hympiutnb004HUM
MUCKOM 8 HCOOHOMY 3 OUell ¥ 300pOsUX 00pocaux gikom >4(
PpoKie, wo ceiouums npo me, wo IMT cam no codi moogce He
8i000padicamu pusuK 21ayKomu uepe3 wiisax 6HympiuHb004-
HO20 MUCKY 8 Yill nonyaayii.

Kniouogi cnosa: Inoexc macu mina, enaykoma, 6Hympiutibo-
OYHULL MUCK

IOP is also affected by age; IOP levels rise with both
getting older and having a higher BMI. Since high IOP is
a big risk factor for glaucoma, people over 40 years old
and people who are overweight or fat should have their
IOP checked regularly. Also, systemic conditions like
high blood pressure can make glaucoma even more likely,
which shows how important it is for older people to get
both eye and full body evaluations [14,15].

Purpose. This study aimed to investigate the relation-
ship between BMI and IOP and to assess whether hyper-
tension status modifies the BMI-IOP association among
adults aged >40 years.

Methods

This analytical observational study used a cross-sec-
tional design and was conducted at the eye outpatient
clinic of PKU Muhammadiyah Hospital Gamping from
December 2023 to April 2024. Participants were recruited
using purposive sampling from clinic attendees who met
eligibility criteria.

Inclusion criteria were: (1) men or women aged >40
years; (2) in good general condition and able to complete
examinations; (3) no known ocular disease based on his-
tory and routine clinical screening at recruitment; and (4)
provided written informed consent. Exclusion criteria
were applied to minimize confounding factors that could
influence 1OP. Participants were excluded if they had: a
history of glaucoma or glaucoma suspicion, prior ocular
trauma, chronic ocular surface inflammation or chronic red
eye disease, previous ocular surgery (including cataract or
refractive surgery), moderate to high myopia (spherical
equivalent < —3.00 D), or topical/systemic corticosteroid
use for >1 month.
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Table 1. Hypertension severity

Table 3. BMI categories

Hypertension severity n % . Non-

) BMI category Hyperﬁenswn hypertension
Mild 25 52.1 (n=48) (n=48)
Moderate 14 29.2 Underweight (extremely 5(10.4) 4(8.4)
P 9 185 thin + thin), n (%) <18.5

Normal, n (%

Total 48 100 18.5-24.9 (%) 30 (62.5) 32 (66.7)
Notes: Mild: 140-159/90-99 mmHg; Moderate: 160- Overweight, n (%) 8 (16.7 5(104
179/100-109 mmHg; Severe: 2180/2110 mmHg. 25.0-29.9 (16.7) (104)

0,
Table 2. Subject characteristics by sex S3b0ege, n (%) 5(10.4) 7 (14.6)

Sex Hypertension Non-hypertension Total 48 (100) 48 (100)

(n=48) (n=48)

Male, n (%) 19 (39.6) 15(31.2) Table 4. Clinical characteristics including right and left eye I0P

Female, n (%) 29 (60.4) 33 (68.8) Non

Total 48 (100) 48 (100) Parameter ":nyn‘:f‘ef;'g; hypertension |p-value

- (Mean * SD)
. . . . Age (years) 63.02+8.4 56.58 + 10.0 <0.05

Participants were categorized into hypertensive and -

non-hypertensive groups based on blood pressure status; | WWeight (kg) 54.01+£11.6 57.40 £13.8 >0.05

hypertension severity (mild/moderate/severe) followed the | Height (m) 1.53 + 0.10 1.56 + 0.10 >0.05

criteria presented in Table 1. Body weight and height were 2

measured using the ZT-120 GEA Series device (or equiva- BMI (kg/m?) 22.78436 231943 >0.05

lent) with light clothing and no shoes, and BMI was cal- | Systolic BP 16167+217 | 122384103 | <0.05

culated as kg/m?. IOP was measured in both eyes right eye | (MmHg) S S '

(OD) and left eye (OS) using a SNT-700 soft non-contact | Diastolic BP

tonometer under standardized seated conditions. (mmHg) 90.25+14.3 7.29+7.2 <0.05
Data were analyzed using SPSS. Between-group ||0p OD

comparisons used the Mann—Whitney U test for continu- | (mmHg) 16.66 £ 4.1 14.77£3.5 >0.05

ous variables as reported, and categorical variables were  [|0p 0g

summarized as counts and percentages. The association | (mmHg) 16.53+4.8 152237 >0.05

between BMI and IOP (OD and OS) within each group
was evaluated using Spearman rank correlation. A p-value
< 0.05 was considered statistically significant. This study
was approved by the Ethics Committee of RS PKU Mu-
hammadiyah Gamping, Yogyakarta, Indonesia (Approval
No. 191/KEP-PKU/X11/2023; 11 December 2023). Writ-
ten informed consent was obtained from all participants
prior to data collection.

A total of 96 participants were included: 48 hyperten-
sive and 48 non-hypertensives. Women predominated in
both groups (Table 2). Most participants in both groups
had normal BMI, with fewer participants categorized as
overweight or obese.

Results

A total of 96 participants were included in this study,
consisting of 48 participants with hypertension and 48
participants without hypertension. Among participants
with hypertension, most were classified as having mild hy-
pertension, followed by moderate and severe hypertension
(Table 1).

The distribution of participants by sex is presented in
Table 2. Women predominated in both groups, with 29

women (60.4%) in the hypertensive group and 33 women
(68.8%) in the non-hypertensive group.

Most participants in both groups had normal BMI,
while underweight, overweight, and obese categories were
also represented (Table 3). In the hypertensive group,
30 participants (62.5%) had normal BMI, 8 participants
(16.7%) were overweight, and 5 participants (10.4%)
were obese. In the non-hypertensive group, 32 participants
(66.7%) had normal BMI, 5 participants (10.4%) were
overweight, and 7 participants (14.6%) were obese.

Clinical characteristics, including age, weight, height,
BMI, blood pressure, and intraocular pressure, are present-
ed in Table 4. The hypertensive group was significantly
older than the non-hypertensive group (63.02 + 8.4 years
vs. 56.58 £ 10.0 years, p < 0.05). As expected, systolic
and diastolic blood pressures were significantly higher in
the hypertensive group than in the non-hypertensive group
(p < 0.05). However, there were no significant between-
group differences in weight, height, BMI, IOP OD, or IOP
OS (p > 0.05). The mean BMI was 22.78 + 3.6 kg/m? in
the hypertensive group and 23.19 + 4.3 kg/m? in the non-
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hypertensive group. The mean IOP OD was 16.66 + 4.1
mmHg in the hypertensive group and 14.77 £ 3.5 mmHg in
the non-hypertensive group, while the mean IOP OS was
16.53 + 4.8 mmHg and 15.22 + 3.7 mmHg, respectively.

Spearman correlation analysis showed no significant
association between BMI and IOP OD or IOP OS in either
the hypertensive or non-hypertensive group (p > 0.05).
These findings indicate that BMI was not significantly
related to intraocular pressure in either eye, regardless of
hypertension status.

Discussion

This study found no significant correlation between
body mass index and intraocular pressure in either hy-
pertensive or non-hypertensive adults aged over 40 years.
These findings suggest that BMI alone may not be a de-
termining factor for elevated intraocular pressure in this
population. The results are consistent with the findings
who also reported no significant association between BMI
and IOP. While Albuquerque’s study involved a younger
population, the present study extends these observations to
an older age group, which is more clinically relevant given
the increasing risk of glaucoma with advancing age.

It is in line with a reported study about the association
between BMI and IOP may vary according to body posi-
tion, with significant correlations observed in the supine
position but not in the seated position [16]. Since intraocu-
lar pressure measurements in the present study were per-
formed in a seated position, postural influences may partly
explain the absence of a significant association. Further-
more, the present results support the findings of Asaoka
who reported no direct relationship between BMI, blood
pressure, and intraocular pressure, emphasizing the com-
plex and multifactorial regulation of IOP [17].

In contrast, several previous studies have reported a
positive correlation between BMI and intraocular pressure,
suggesting that higher BMI is associated with increased
IOP [9-11,18-21]. Coster et al. demonstrated a statisti-
cally significant positive correlation between BMI and IOP
in both eyes, while Ernawati et al. reported similar findings
in an Indonesian population. These associations have been
attributed to mechanisms such as increased fat deposition
around the neck and orbit, which may reduce venous re-
turn, elevate episcleral venous pressure, and impair aque-
ous humor outflow, thereby increasing intraocular pressure
[10,11].

The lack of a significant association observed in this
study may be explained by several factors. First, intraocular
pressure is influenced by multiple variables beyond BMI,
including age, sex, blood pressure control, ocular health
status, circadian variation, and measurement conditions.
Second, more than 60% of participants in both hyperten-
sive and non-hypertensive groups had normal BMI, result-
ing in limited representation of obese individuals, who are
more likely to demonstrate obesity-related elevations in
IOP. Previous studies have indicated that increases in IOP
are more pronounced in individuals with obesity compared

to those with normal or mildly elevated BMI [9,19]. Ad-
ditionally, although the hypertensive group in this study
exhibited slightly higher mean IOP values (approximately
2 mmHg) compared with the non-hypertensive group, this
difference did not reach statistical significance. This find-
ing may suggest that blood pressure among hypertensive
participants was adequately controlled, thereby preventing
substantial increases in ciliary artery pressure and aque-
ous humor production. The present study did not evaluate
other metabolic parameters, such as lipid profiles or insulin
resistance, which may also influence intraocular pressure
and should be considered in future research. This limita-
tion highlights the need for more comprehensive studies
to better elucidate the complex relationship between BMI,
systemic health factors, and intraocular pressure.

Conclusion

In this study, we examined whether body mass index
(BMI) was related to intraocular pressure (IOP) in adults
aged >40 years, comparing 48 participants with hyperten-
sion and 48 without hypertension. The two groups had
broadly similar BMI profiles, with most participants fall-
ing in the normal BMI range. As expected, the hyperten-
sive group was older and had higher systolic and diastolic
blood pressure, but BMI and mean IOP in both eyes did
not differ significantly between groups. Spearman corre-
lation analysis showed no significant association between
BMI and IOP OD or IOP OS in either hypertensive or non-
hypertensive participants. Taken together, these findings
suggest that, in this glaucoma-free population and within
the BMI range represented in the sample, BMI alone does
not meaningfully explain variation in IOP. Clinically, this
implies that body size should not be relied upon as a sur-
rogate marker for elevated IOP; instead, IOP assessment
should remain part of a broader risk-based eye evaluation.
Future studies with larger samples, wider adiposity rang-
es, repeated IOP measurements, and inclusion of central
adiposity and glaucoma-related outcomes are needed to
clarify whether adiposity influences glaucoma risk through
IOP-dependent or IOP-independent mechanisms.
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Mamepian ma memoou. Y npocnekmuere 00CNiOH#CeH-
HS (084 poKu cnocmepexcenHs) 6KkuoueHo 358 nayicHmis
i3 L[/12 ma JIP: 189 i3 nenponipepamusnoro (HIIJP), 96 i3
npenponicpepamusroro (IITIJP) i 73 i3 nporighepamusroro
(I1{P). Biomapkepnuii ananiz nposedeno y nioepyni (n=136).
Busnauanu 3acanvroxniniuni noxaszuuxu, napamempu OKT
— yeumpanvny moswuny (LTC) i maxynapuuii 06’em (MO)
ma pieHi cuposamrosux biomapkepie — ghakmop por Binne-
opanoa (VWF), L-cenexmun (LS), E-cenexmun (ES), enoo-
menin-1 (ET-1), sucoxouymausuti C-peakxmueHuil npomei,
eHOOMenianbHO-MOHOYUMAPHULL  AKMUBYIOUULL  NOATNEeNnmuo
Il (EMAP 1), enoomenianvry NO-cunmazy (eNOS), paxmop
nexpo3sy nyxaun o. (TNF-a,), inmepnetikin-1§ ma -6 (IL-1p, IL-
6), memabonimu NO. I[layiecnmu ompumysanu cmaodisi-cne-
yupiune nikysanns (xomcepsamugne, nasepme, anmu-VEGE,
simpexmomis abo ix komoinayis). Heepexmuenicmo mepanii
(weuoke npoepecysannsi [[P) oyinosanu 3a donomozoro baza-
mocgaxmoproi nozicmuuroi peepecii ma ROC-ananisy.

Pesynomamu. Ceped KNiHIKO-iHCMPYMEHMAIbHUX NApa-
Mempie HaUGUWY He3ANeHCHY NPOSHOCTUYHY YIHHICMb MATu
nokaznuxu OKT, enikosunvosanuii cemo2nobin (HbAlc), na-
A6HIicmMb MmaKkynonamii ma 0iabemuuHo20 MaKyIapHO20 Ha-
opaky. Maxcumanvna ouckpuminayitina soammuicme L{TC i
MO cnocmepizanacs npu TP (AUC 0,834 ma 0,824 eio-
nogiono). Ceped biomapkepie HamingopmamusHiwumu Oyau
LS, EMAP II, ES, IL-1 ma eNOS. Haiixpawyy cmadis-cneyu-
@iuny mounicmo sussunu: LS npu HIIJIP (AUC 0,979), IL-1
npu TP (AUC 0,990), a maxoxc EMAP II (AUC 0,988)
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ma eNOS (AUC 0,952) npu I1J]P. 3acmocyeantns onmumizo-
BAHUX NOPO2I6 D0360MUN0 I0eHMUDIKY8amMU SPYNU BUCOKO2O
PUBUKY, 0e YacmKa WEUOKO20 NPoSpecy8ants nepesuuyyead
80-85% mezanesxcno 6i0 obpanoco memooy nikyeauus. Bu-
cHosku. Heepexmusnicms nikysanus npu /[P y xeéopux Ha
L[/]2 mae supanxcenuii cmaodisi-cneyughiunuii xapakmep. lnme-
epayis OKT-napamempis i3 cuposamkosumu diomapkepamu
3ananenHss ma eHoomenianbHol oucynkyii 3abesneuye Kii-
HIYHO 3HAYYWy cmpamugikayio pusuxy i modxce 6ymu 6u-
KOpUucmana 0iisl paHHb020 UAGTEHHS NAYIEHMIG I3 GUCOKOIO
UMOBIPHICIIO WIBUOKO20 NPOZPECYBAHHs 3AX6OPIOGAHHI HA
miai cmanoapmHoi cmapmogoi mepanii.

Knrouosi cnosa: oiabemuuna pemunonamis; yykposuil
diabem 2-20 muny, onmuura KozepeHmua momozpagis, oio-
mapkepu; mediamopu 3andieHHsl; CYOUHHU eHOoOmenii, He-
eexmueHicmo NIKY8AHHSA, CIMKIGKA .

Abstract

Purpose. To assess the prognostic value of clinical and
instrumental parameters and serum biomarkers of inflam-
mation and endothelial dysfunction for the development of
stage-specific risk stratification of rapid progression of dia-
betic retinopathy (DR) and prediction of treatment failure in
patients with type 2 diabetes.

Material and methods. A prospective study (2 years of fol-
low-up) included 358 patients with type 2 diabetes and DR:
189 with nonproliferative (NPDR), 96 with preproliferative
(PPDR) and 73 with proliferative (PDR). Biomarker analysis
was performed in a subgroup (n=136). General clinical indi-
cators, OCT parameters — central retinal thickness (CRT) and
macular volume (MV) and serum biomarker levels — von Will-

Bctyn

Miabernuna perunonaris (JIP) 3anumaerses ogHuM i3
MIPOBITHUX MIKPOCYAMHHHX YCKJIaJHEHb I[yKPOBOTO Jia-
6ety (LIJ]) Ta oqHi€ro 3 rOJIOBHUX NPUYMH 3HIKEHHS 30Dy
cepe ocib npare3aaTHoro Biky. [lompu cyTTeBuii mporpec
y CKpHUHIHTY, Bi3yasi3al[ifHAX TEXHOJOTISX 1 JIIKyBaHHI,
JIP xapakTepHu3yeThCsi 3HAYHOIO KIIHIYHOO T'eTepOreHHic-
TIO, IO YCKJIAJHIOE 1HIUBIIyalbHUH MPOTHO3 mepediry
3aXBOPIOBAHHS Ta PE3yNIbTaTIB JiKyBaHHs [ 1-4].

CydvacHi KIIiHIYHI HacTaHOBH YITKO PENIAMEHTYIOTh
IMiIXOIM 10 BEJACHHS MAIli€HTIB 3aIexHo Bif ctazii [P, Ha-
SIBHOCTI J11a0€THYHOTO MaKyJsIPHOTO HAOPSIKY, IIEeMIYHUX
3MiH Ta HEOBACKYJISpH3allil, BKIIOYHO 3 ONTHUMI3alli€ro
CHCTEMHOT'O KOHTPOJIIO, Ja3epPHUMH METOJaMH, IHTpaBi-
tpeanpHO0 aHTU-VEGF (Vascular Endothelial Growth
Factor) Tepanieto Ta BiTpeOpeTHHAIBHUMH BTPYYaHHIMH
[2, 3]. BogHouac, HaBiTh 32 BUKOPHCTAHHSI CTAaHJIaPTHUX
QITOPUTMIB JIIKyBaHHsI HE BC1 XBOPI JIEMOHCTPYIOTh OYi-
KyBaHUH aHaTOMIYHMH 1 KiiHiyHMA edekT. e Bkasye Ha
0OMEKEHICTh BHKIIIOUHO (h)EHOTHITOBOI O(TaTIBLMOCKOIIY-
Hoi crparudikamnii Ta micuioe norpedy B MOIIYKY iH-
CTPYMEHTIB, SIKi JI03BOJIMIIM O 1€ JI0 1OYaTKy JIiKyBaHHS
BHOKPEMJIIOBATH MIATPYIH BUCOKOTO PH3MKY IIBUIKOTO

ebrand factor WWF), L-selectin (LS), E-selectin (ES), endothe-
lin-1 (ET-1), high-sensitivity C-reactive protein, endothelial-
monocyte activating polypeptide Il (EMAP 1), endothelial NO
synthase (eNOS), tumor necrosis factor o. (TNF-a), interleukin-
14 and -6 (IL-1p, IL-6), NO metabolites were determined. Pa-
tients received stage-specific treatment (conservative, laser,
anti-VEGE, vitrectomy or their combination). Ineffectiveness of
therapy (rapid progression of DR) was assessed using multi-
variate logistic regression and ROC-analysis.

Results. Among the clinical and instrumental parameters,
the highest independent prognostic value was possessed by
OCT indices, glycosylated hemoglobin (HbAlc), the presence
of maculopathy and diabetic macular edema. The maximum
discriminatory ability of CRT and MV was observed in PPDR
(AUC 0.834 and 0.824, respectively). Among the biomarkers,
the most informative were LS, EMAP II, ES, IL-15 and eNOS.
The best stage-specific accuracy was found in: LS in NPDR
(AUC 0.979), IL-15 in PPDR (AUC 0.990), as well as EMAP
11 (AUC 0.988) and eNOS (AUC 0.952) in PDR. The use of
optimized thresholds allowed to identify high-risk groups,
where the proportion of rapid progression exceeded 80-85%
regardless of the chosen treatment method.

Conclusion. Treatment failure in DR in patients with
T2DM is markedly stage-specific. Integration of OCT param-
eters with serum biomarkers of inflammation and endothelial
dysfunction provides clinically meaningful risk stratification
and can be used for early identification of patients with a high
probability of rapid disease progression on standard initial
therapy.

Keywords: diabetic retinopathy; type 2 diabetes; optical
coherence tomography; biomarkers; inflammatory media-
tors, vascular endothelium, treatment failure, retina.

NIPOrpecyBaHHs 3aXBOPIOBAHHS 1 HeepEeKTHBHOCTI CTapTO-
BO1 TepaneBTUUHOI TAKTUKH [4, 5].

OcranHiMu pokamu JIP memani mepekoHIUBIIIE po3-
IVISLTAFOTH HE JIMIIE SIK JIOKaIbHE MIKPOCYIMHHE ypPayKeHHS
CITKIBKH, a SIK KJIIHIYHO T€TEpPOTCHHHUII HEHpOBaCKYJIsp-
HUH MpoIiec, y SIKOMY MEpeIuliTaloThCs 1eMis, XpOHIuHe
HU3BKOPIBHEBE 3aMalIeHHs], TOPYLICHHS T'eMaToOpeTHHAIIb-
HOTO 6ap’epy, AMCOYHKIIS SHAOTENII0 Ta PEMOICTIOBAHHS
MiKponupkyiasitopuoro pycia [4, 6-9]. Came Tomy ais
MIPOTHOCTHYHUX MOJIeNIe 0COOMMBHI 1HTEpEeC CTaHOBUTH
MO€THAHHS JIBOX TPy NOKa3HWKIB. [lepmia 3 HMX Bino-
Opakae JIOKJIBHUH CTPYKTYPHO-(YHKIIOHAJIBHUH CTaH
CITKIBKH, ITepelyCciM 3a JaHUMH ONITHYHOI KOTepEeHTHOT TO-
morpadii (OKT). Ipyra xapakrepusye cuctemMHi narooio-
XIMIYHI TIPOLECH, III0 MOXKYTh MOAYJIIOBATH T1epedir peTu-
HAJBHOTO YIITKOJDKCHHS Ha pizHuX cramisx [P [5, 6, 10].

OKT cporomni € 6a30BMM iHCTpyMEHTOM OLIIHKH Ma-
Kymsapaux 3MmiH npu JIP, a mopdomeTpuuHi MokasHUKH,
30Kpema 1eHTpasibHa ToBiuHa citkiBky (LITC), maxyssp-
Huii 06’eM (MO) Ta cam (akT MaKyJIsIpHOTO 3aJTy4ECHHS,
MaroTh OYEBHJHE KJIIHIYHE 3HAYEHHS JJISI XapaKTepUCTHU-
KH TSDKKOCTI ypaskeHHs [6, 11, 12]. Pa3om i3 TuMm cydac-
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Hi ODJISAM TOKa3yIOTh, IO MPOTHOCTHYHA POJb OKPEMHX
OKT-moka3HUKIB HE € yHiBepCaIbHOO: IXHIN 3B 30K i3
(YHKIIOHATPHUMH HACHTiTKAaMH Ta BiIIOBIINI0 HA JIKY-
BaHH Bapiloe 3aJIeKHO Bi (peHOTUTY ypakeHH:, 3aCTOCO-
BaHOI Teparmii Ta crmoco0y iXHBoI cTanmapru3armii [11, 12].
e o3nauae, mo HaBiTh iHPopMaruBHI OKT-mapamerpu
moTpeOyIOTh IHTepIpeTallii He i30JIbOBAHO, @ B KOHTEKCTI
craxii JIP Ta CymyTHIX CHCTEMHHUX MEXaHI3MIB.

Cepen TakuX MEXaHi3MiB IIEHTpallbHE MIcCIle Tocina-
IOTh 3alajieHHs Ta eHaoTemianbHa auchyHkmis. [imep-
IJTIKeMis, OKCHIATUBHUHA CTpeC, HAKOMUYEHHS KiHIICBHX
mponykTiB Trmikamii (AGEs), axrtuBarmis mpo3amambHIX
IUTOKIHIB 1 TOPYIICHHA PETYIALil CyIHWHHOTO TOHYCY
CIIPUSIOTH YIIKOKEHHIO PETHHAIBHOTO SHIOTEIII0, Ti-
BHIICHHIO IPOHUKHOCTI CYAMHHOI CTIHKH, JIEHKOCTa3y, Ka-
MUTIPHIH OKITIO3i Ta MMOJaIbIIOMY IIPOTPECYBAHHIO iIeMil
[7-9]. Y upoMy KOHTEKCTi CHPOBATKOBI OiOMapKepH € IpH-
BaOJMBIMH 3 KIIIHITHOT TOYKH 30pY, OCKUTBKHU ITOTEHIIITHO
JAfOTh 3MOTY MiHIMalbHO 1HBAa3WMBHO OIIHIOBATH AaKTHB-
HICTH IIPOIIECiB, AKi HE 3aBKIH MMOBHOIO MipOIO BimoOpa-
YKAFOTHCS JIUIIIE 32 O TATBMOIOTIYHUME 03HaKaMu [6, 10].

Jlo HaWOITBII MEePCIeKTUBHAX KaHAWIATIB HaJC)KATh
PO3YMHHI MOJEKYIH anaresii, mpo3amaibHi MeaiaTopu Ta
MapKepH eHIO0TelNianbHOi peakTHBHOCTI. CelleKTHHH Biji-
TPalOTh KIIOYOBY POJIb y paHHIX eTarax B3aeMOIii JIeHKo-
uTiB 3 eHoTenieM; L-cenextun (LS) acomiroeTbes 3 akTH-
BAIli€I0 Ta PEKPYTHHIOM JICHKOIHNTIB, Toxi 5K E-cenextun
(ES) BimobOpaskae akruBairo eagorenito [13—15]. B oxpe-
MHUX MPOCHEKTUBHUX KIIHIYHUX CIIOCTEPEKEHHIX IiIBH-
IICHUH piBeHb po3unHHOTO ES po3mismaBcs sSK MOTSHIIN-
HUH IPETUKTOP PO3BUTKY peTrHOomaTii pu L] 2-ro Ty
[16]. ImTepmetikin-1B (IL-1PB) € omHuM i3 HEHTpaIBHUX
MeiaTopiB iH(pIaMacoMa-OIoCepeIKOBaHOTO 3alajIeHHS,
SIKE Il JacTille po3TISAAlOTh SK CKIAIOBY TIPOTPECy-
BanHs JIP [8, 9, 17]. Enmoreniansaa NO-cuaTasza (eNOS)
€ KPUTWYHOIO ISl MIATPUMAHHS CYIMHHOTO TOMEOCTa-
3y Ta PETysIil peTHHAIBLHOTO KPOBOTOKY, @ HOPYIICHHS
NO-3aneXHIX MEXaHi3MIB PO3TIAIAIOTH SIK OHY 3 JIJAHOK
€HIOTeMaNbHOI TUCYHKINT TPH AiabeTHIHUX MiKpOCY-
IUHHUX ypakeHHsX [7, 18]. EnporeniansHO-MOHOIIUTAP-
Hull axtuByrounii mominentux 11 (EMAP-II) Takox mpu-
BepTae yBary Sk 0arato(yHKIIOHAJHHHUN TpO3anaibHUN
MeiaTop, KUl paHile MoB’ I3yBaJIN 3 MIKPOCYTUHHUMHA
YCKITaTHCHHSMH /1ia0eTy; BOMHOYAC HOTO MicIie B CTpaTH-
¢ikarii pusuky came rnpu [P BuciTiieHe ooMesxeHo [19].

OTxe, HasBHI JaHI MEPEKOHIUBO MiITPUMYIOTH KOH-
LETIII0 MyJIFTUMOIATBHOTO IPOTHO3YBaHHA niepediry P,
OTHAK OITBIIICTh OMYyOJIKOBaHUX POOIT CTOCYETBCA abo
OKpeMux OiomMapkepiB, a00 IPOTHO3YBaHHS HASIBHOCTI YU
TsoxKocTi [P, a6o BiamoBiai Ha JTIKyBaHHS B MEXKax BY3b-
KUX KIIHIYHAX (DEHOTHUIIB, HacamIiepern IiabeTHIHOTO
MakyisgpHoro HaOpsky [5, 6, 10-12]. HatomicTs KitiHIY-
HO TIPUIATHI MO, IO iHTerpyBaiu O KIiHIKO-iHCTPY-
MEHTaJBHI TapaMeTpH CITKIBKH i3 CHPOBAaTKOBHMHU 0i0-
MapKepaMH 3alalieHHs Ta €HIOoTeNianbHOI TUCHYHKIN i
BOIHOYAC BpaxoByBanu 0 crazito [IP, 3anumaroTbcs Heo-
CTaTHBO PO3POOTICHUMH.

Meta po6oTu. OmiHUTH TPOTHOCTUYHY IIHHICTH KJIi-
HIKO-IHCTPYMEHTAJIbHAX MapKepiB i CHpPOBAaTKOBUX 0io-
MapKepiB 3armajeHHs Ta CHIOTeNiaNbHOI TUCOYHKINT It
po3po0ku  cramig-cnennuigHol cTpatudikamii pPH3HKY
MIBUIIKOTO TIporpecyBanus /P Ta mporHosyBaHHs Heedek-
TUBHOCTI JiKyBaHHA mipu LI/ 2-ro Tumy.

Marepian Ta metoam

3a mu3aiiHOM JOCHiIKEeHHS OYyII0 OJHOIICHTPOBUM,
MPOCIIEKTUBHUM, KOTOPTHHUM, JIOHTITIOAHUM 3 2-pIYHUM
CIIOCTEPEKECHHSIM.

VYei gocmimpkeHHs Oynmy TPOBEACHI 3 IOTPUMAaHHSIM
OCHOBHUX monoxeHb Konsenuii Pagn €Bpornm mpo mpa-
Ba JIIOMWHA Ta OioMeauiuHy, [elmbpciHChKOI mexapartii
BcecBiTHROI Memu4HOI acoriarii mpo eTHYHI MPHHIHITN
MIPOBE/ICHHSI HAyKOBUX MEAWYHHUX JIOCITIKEHb 33 y4acTIO
mronuHA (1964 p., 3 MOJANBIIMME JTOTIOBHEHHSIMH) Ta Bij-
TIOBi1aJIM YNHHOMY 3aKOHOIABCTBY Ykpainu. Ha nmpoBezen-
HS JOCHIDKEHHs OyB OTPUMAaHUH O3BIJI KOMICI{ 3 €THKH Ta
akazeMidHoi qoopodecHocTi HamioHampHOTO yHiBepCcHTe-
Ty 0XOpoHHU 3110poB’st Ykpainu imeni [1.JI. Hlymmka.

Bcei ydacHWKM MOCHIIDKEHHS Hamamd iHQOPMOBaHY
3rojly Ha BHKOPHCTaHHS PE3yJbTaTiB y HAyKOBHX IIIJIAX.
KpuTtepisim BKIFOYCHHS 10 JOCTIKCHHS BiIIIOBIIaH T1a-
IIEHTH YOJIOBIUOi Ta *kiHOUOi cTari BikoM 50—75 pokiB 3
/I 2-ro Tumy 3 yKpaiHCHKOI MOMYIIALi, SIKi HAPOIUIIHACS
Ta MOCTIHHO MPOXXUBAIK B YKpaiHi; mamieHTu 3 [IP Bcix
craniit. Kpurepii Buximoduenss: namienta 3 L[ iAmmx,
KpiM 2-TO, THIIiB; MAI[IEHTH 3 CYIIyTHHOIO BasKKOIO I1aTOJIO-
riero, sika He Oyna ycknagaeHHsM [1J] 2-ro Tumy; mamienTn
3 TOCTPUMH 200 XPOHIYHUMH 3aXBOPIOBAHHIMH 3y00-111e-
nemHoTO anapary abo JIOP-opraniB; mamieHTH 3 TOCTPUMHA
a00 XpOHIYHIMH 1H()EKIIHHUMH 3aXBOPIOBAHHSIMH, YBe-
iramu, BpomkeHOI0 ab0 HaOyTOIO ITIayKOMOIO, TPAaBMOIO
a00 ONepaTHBHUM BTPYYaHHSAM Ha OIli B aHAMHE3I.

3aranoM y ToCIiKeHHs Oyiio BKIFOYeHO 358 malieHTiB
13 LIJ] 2-ro tumy ta [P, 3 skuX A7 AeTanbHOTO OioMapkep-
HOTO aHamizy Oymo BuaiineHo miarpymy (n=136). Crazgiro
JP Bm3Havanu BigmoBimHo mo kiacudikarii P Kohner
ta Porto ( 1991 pik), pekomennoBany BOO3, mo mmpo-
KO BUKOPHUCTOBYETHCS Y CYJacHIH KIiHIUHIHN npakTuti [20,
21]. Buninsmu venpomideparusry AP (HITAP, 1-ma rpy-
na, n=189), npenpomideparusry P (IIIIAP, 2-ra rpyma,
n=96) Ta mpomnideparusuy AP (IIAP, 3-tsa rpyma, n=73).

KomriekcHe 00CTEKeHHS! MALliEHTIB PO3MOYNHATIOCS
3 IeTabHOTO 300py aHAMHE3y Ta PeecTpallii KITiHIKO-Ie-
Morpadiyanx maux. QikcyBaid BiK, CTaTh, TPUBAIICTh
niabeTy y pokax, CTaTycC MATiHHS, a TaKOK PiBHI CHCTO-
JIYHOTO Ta JIIaCTOJIYHOTO apTepiaIbHOTO TUCKY. PeTenpHO
JOKyMEHTYBAJIM XapaKTep IMOTOYHOI IIyKPO3HIKYBaJIbHOT
Teparmii Ta HasBHICTh CYNyTHIX CHCTEMHHUX YCKJIaJHEHb
(momineiiporatis, giabeTnyHa CcTOma, Hedpomaris, cHIle-
(hamomarisi, MIKpOaHTIOIIATisI, TeTaTomnaTis ado IX moeIHaH-
Hs). YciM marieHTam OyiTd BUKOHAHI 3aralbHONIPHUAHSTI
0o TaTBEMONOTIYHI 0OCTEKEHHS: BI30OMETPis Ha TMPOEKTOPL
tectoBux 3HakiB Huvitz CCP-3100 Ta mudposomy doporr-
tepi HDR-7000 Huvitz; cratnyna mepuMeTpis Ha puiai
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Humphrey Field Analyzer model 740i ¢ipmu Carl Zeiss
Meditec; pedpakTomerpis Ha aBropedpakromeTpi HRK-
7000 Huvitz; ToHOMETpis Ha aBTOMAaTHIHOMY O€3KOHTaK-
tHOMY ToHOMeTpi Huvitz HNT-7000; kepatomaximerpis
Ha mpmiani Oculus Pentacam AXL; Giomikpockormis Ha
mrinmmaHIA tammi SLM-2ER Kanghua; roriockorrist 3 BUKO-
PHCTaHHAM KOHTaKTHOT TPHI3epKaIbHOI JTiH3H [0baMana
Ocular; opramesmockoris 3a goromororo JiH3 Volk Digital
wide field Ta koHTaKTHOI TpHUA3EpKaTHHOI JTiH3M [0 IMA-
Ha Ocular; onTndHa KorepeHTHa ToMorpadis Ha mpuiIai
Optoview RTVue RT-100, 100-2; 3a HeoOxigHOCTI — o-
TorpadyBaHHSI OYHOTO JHA 3a JOTIOMOTOI0 (hyHIyC-Kame-
pu TOPCON TRS-NW7SF, a 3a moka3aHHAMH TIPOBOIH-
U (QIyopecrenTHy aHriorpadiro. DikcyBann HasBHICTH
OyIb-SKOTO aKTHBHOTO O(TAIBMOIOTIYHOTO JIIKyBaHHS Ha
BuximHoMy piBHi. Ha ocroBi OKT BU3Ha9amm KimbKicHI
mapaMeTpu: IeHTpanbHy ToBImHY citkiBKH (L[TC, MxM)
Ta MaKysIpHuiA 00’ eM (MO, Mm3). HasBHICTB pi3HUX TIpO-
sBiB miabetnarO1l Makymomartii (JIMII), siki oriHIOBaIN 5K
OiHapHY 3MiHHY (BIACYTHS/HAasBHA) i pO3TISAANM SK iH-
TeTpalbHUH MMOKa3HUK YPa)KeHHS MaKyIsIpHOI 30HU [21].
Kpim Toro, dikcyBamu HasBHICTh 1ia0ETHIHOTO MAKYILSIP-
Horo Habpsky (JAMH) [23].

Jus Bu3HaueHHs OiomapkepiB Oymu paHIOMHO Bifi-
Opani ipodu kpoBi 136 marieHTIB 3 YHCIIa OCHOBHOI Tpy-
mu, cepex skux 3 HITJIP (1-a rpyma) 6yno 60, 3 TITIIP
(2-a rpyma) — 42 i 3 I1JIP (3-s rpyma) — 34. Y cuposarii
KpOBi TIPOBOIIIIM BHU3HAYEHHS BMICTY IJIFOKO3HM HATIIE,
mIiko3mwiasoBaHOTo Tremornobiny (HbAlc), 3arampHOTO
XoIecTepuny, Jinonporeinis Bucokoi (JINIBIL), au3pKoi
(JIITHII) Ta myxe wHmspkoi (JIIIAHIL) mimeHOCTI, TpH-
DTIIepuAiB, a TaKoK (iOpPHHOTEHY KOJIOPUMETPUIHUM
METOIOM 3a JOTIOMOTor0 peakTtruBiB «Roche Diagnostics»
(CIIA) ta aBTOMaTWmyHOTO OiOXIMIYHOTO aHali3aTropa
Cobas c311 (Himeyunna). CTaH KoarymsmiiHOTO TeMOC-
Ta3y OIIHIOBAJH 3a PO3IIMPEHOIO MAHEIITI0 TMOKA3HHUKIB!
aKTUBOBaHWH dac pekambuudikamnii (AYP), mporpomoOi-
HOBHH 9ac, MpOTpOMOiHOBHII iHAEKC, piBEHB MPOTPOMOi-
Hy 3a KBikoMm, MiDKHapoIHE HOpMaTi30BaHE BiTHOIICHHS
(MHB), axTmBOBaHWII YaCTKOBHH TpPOMOOILIaCTHHOBUI
gac (AYTY) i TpomMOiHOBHMH Yac BH3HAYAIHU 32 JOTIOMO-
TOI0 CTAaHIAPTU30BAHUX JAOOPATOPHUX METOOUK [24].
Jnst mormiOIeHOro BUBYCHHSI CHCTEMHOTO 3alalieHHs Ta
eHjoTenianbHol AUChYHKINT y CHpOBaTIi KPOBi IMyHO-
(epMEHTHIM METOJOM BH3HAYajHM PIiBHI CIEIUPITHIX
MapKepiB i3 3aCTOCYBaHHSAM ILIAIIKOBOTO (OTOMETpa
STAT FAX 303/Plus (Awareness Technology, Inc., CILIA).
30KkpemMa, TOCTiKYBall BUXiNHI piBHI (akTopa GoH Bi-
mnebpanma (VWF), LS ta ES (Peninsula Laboratories, Inc.,
CIIA), enpmoreminy-1 (ET-1) (Peninsula Laboratories,
Inc., CIIIA), BucokouyTimBoro C-peakTuBHOTO OinKa (B4-
CPII) (Monobind, CIITIA), EMAP-II (BioSource, CIIIA),
eNOS (BCM Diagnostics, CIIIA), a Takox ¢akTopa He-
kposy myxumH anbda (PHII-a), IL-1P ta iHTepieiikiny-6
(IL-6) (Bender Medsystems, ABctpis). Bmict y kposi
OKCHIY a30Ty BU3HadaIn 010XiMI9YHAM METOIOM 3a KiHIle-
BHUMH TIpOAyKTamu foro Metabomizmy (NOX) — HiITpUTaMu

(NO2-) i mitparamu (NO3-) i3 3aCTOCYyBaHHSIM pPEaKTHBY
I'pica [25].

YIpomoBx TepioAy CHOCTEpeXeHHS MAli€HTH OTpPH-
MyBalu au(epeHIiiioBaHe cTapTOBE JIKYBaHHS 3aJICKHO
BiX cTaxii maronorigHoro mporecy. KoHcepBatuBHE JiKy-
BaHHS IPU3HAYAIOCS TIepEeBaKHO MarlieHTaM 1-i rpymm ta
iHOMI 2-1 TPYIIH 1 BKITIOYAJIO IYKPO3HIKYBAIbHY TEpaTtlifo,
BiTHOBJICHHSI T€MOCTa3y, aHTIOMPOTEKIIIo, a 3a HeoOXia-
HOCTi — (hiOpaTh Ta cTaTHHHU, MeTabOIIYHy Teparrito. Jla-
3epHe JiKyBaHHS MpHU3HAYaNocs y 2- Ta 3-i rpymnax ma-
LI€HTIB 1 BKIIIOYAJIO MMAHPETHHAIBHY JIa3epHY KOATYIIAIIII0
(ITPJIK) Ta 3a HeoOXigHOCTI (hOKATBHY JIa3ePKOATYIIAIIIIO.
AuTH-VEGF (BackynoeHpoTenianpHUA (aKTop pOCTY)-
Teparis IMpu3Havdasacs MepeBakHO marfientam 2-1 ta 3-i
TPYTI Ta BKITIOYAJIa iHTpaBiTpeaIbHE BBEICHHS MIperapaTiB
OZIMH pa3 Ha MicAllb; 3aralbHAN KypC JIIKyBaHHS BKIIIOYaB
AT 1H €KIIH, AKUH Hagami MepeBOIIIH Y PeXKuM treat-
and-extend. Ilpm mpomy IIPJIK moumnann mpoBOAWUTH
4yepe3 OIMH MICSIh IMICII BBEACHHS MepIIoi iH €Kil ad-
TMOepIenTy y I'ATh €TaliB, 3aJIeKHO BiJl HAasIBHOCTI 30H
imeMii. [lapaMeTpu BHIIPOMIHIOBAHHS ITiIOUPAH B MEXK-
ax: TOTYKHICTh BunpoMiHtoBaHHI — 100-200 MBT, TpH-
BayicTh iMmynecy — 100-200 mc, inTepBanr — 100-150
MC.

Xipypriuae JiKyBaHHS MPOBOIIIN IIEPEBaKHO Y TIa-
Li€HTIB 3-1 TpymH, SKe BKIIOYANIO 3aKPUTY CYOTOTaIbHY
BiTpekTomiro 25 Ga 3 erarom [1PJIK 3 BumaneHHs M ermipe-
THHAIBHUX MEMOpaH Ta eHxoTaMmoHano 18% raszormo-
BiTpsHOIO cymimmrio C3F8 abo cuiikoHOBOTO Omieto 5700
Ml la 3amexHo Bix cTamii mpomecy.

KoMbiHOBaHe iKyBaHHS MPH3HAYAIOCS MEPEBaKHO
marfieaTam 2-1 1 3-1 rpym Ta BKII0Yaro KOMOiHAIi0 iHTpa-
BiTpeansHOTO BBenmeHHs aHTH-VEGF-mpemaparis, [TPJIK
Ta 3aKpHUTOI CyOTOTANBHOI BiTpekToMii 25 Ga.

[Ipu cTabinpHOCTI 0()TATHPMOIOTIYHUX TOKA3HUKIB BU-
3Ha4aiu BiAcyTHicTH mporpecii [P (grade 0), moBimpHY
mporpecito (grade 1) BU3HAYaIN MIPH MOTiPIICHH] AKX
TTOKa3HUKIB, a MBUAKY Tporpecito (grade 2) — mpu BcTa-
HOBIIEHHI HAacTymHOI cTafii JIP abo cyTrTeBoMy moripieHi
OunpmocTi mokasHukiB (i marientiB 3 I1JIP). Ha min-
CTaBl IIMX JaHUX BH3HaYanIach €(hEeKTUBHICTH JIKYBaHHI:
e(eKT BiJ HHOTO BBaXKaJM JOCSATHYTUM TPHU BiICYTHOCTI
abo moBineHOMY TporpecyBaHHi [P, sKmo BimOyBasocs
IIBHJIKE TIPOTPECYBaHHS, €()EKT BBAYKAIN HE JOCATHYTHM.

CTaTuCTHYHUHA aHaNi3 BHUKOHYBaBCS B CEpEIOBH-
mi EZR v.1.54 (rpadiunnii intepdeiic no R statistical
software v.4.0.3, R Foundation for Statistical Computing,
ABcTpis) [26] i3 3acTOCyBaHHAM MiAXOAy complete-case;
piBeHB CTAaTHCTHYHOI 3HauymocTi craHoBuB p<0.05 mms
BCiX nBOOIUHMX TecTiB. JlW3aifH aHamizy CKiamaBcs 3
TPHOX IOCIIIOBHUX €TamiB i OyB CIIPsAMOBaHMIA Ha CTpa-
THA(DIKAIIIO MAIiEATIB 32 PiBHEM PU3HUKY B MEKaX KOXKHOL
cTazii Ta MOpiBHAHHSA €()EKTHBHOCTI PI3HUX JIKYBaTbHUX
CTpaTeriil y BUIUIeHNX miarpymnax. Ha meprmomy erarri st
KO)KHOTO MapKepa OKpPeMO OIiHIOBAJIM HOTO MPOrHOCTHY-
Hy IIHHICTH OO0 IIBUAKOTO MporpecyBaHHs JIP (grade
2 vs grade 0-1) 3a momomororo OGiHAapHOI JOTICTHYHOI
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perpecii 3 KOpekIi€o Ha BiK, CTaTh, TPUBANICTh Jia0eTy,
BHXimHYy cTanito JIP Ta HasgBHICTP aKTHBHOTO CTapTOBO-
o JIiKyBaHHS. [HpOpPMATHBHICTE MapKepiB OIIHIOBAIA 3a
mpupoctoM BimHomeHHs mpaspomoniorocTi (likelihood
ratio ¥2, LR ¥2) BinHOCHO 0a30BOi MOzENi 3 MOAATBIINM
KOPUTYBAaHHSM p-3Ha9CHb 3a METOOM beHmkaMiHi—Xox-
6epra (FDR) mnst KOHTpOJIO 9acTKH XUOHUX BiTKPHTTIB.
Ha nmpyromy erami s HaiiHQOpMAaTHBHIIAX Mapke-
piB mpoBommmu cramig-cnenndpiganit ROC (Receiver
Operating Characteristic)-aHami3: KpuBi OyayBaIn OKpeMo
st HITZP, TIIIAP ta ITJIP, mo 103BOMISIO HiBETIOBATH
BIUTMB MDKCTaNiHOI BapiaOeNbHOCTI PO3MONITY MapKe-
piB. g KokHOI MIATPYNH PO3PaxOBYBAIH IUTONTY T
kpuBoro (area under the curve, AUC) i3 95% noBipunm in-
tepBanioM (confidence interval, CI) 3a meromom DelLong,
a ONTHUMANFHUH TOPIT BiACIKAHHS BU3HAYANH 3a 1HIEK-
com IOnena. Ha TpetroMy erami mamieHTiB KOKHOI cTail
MOAISUTH Ha MIATPYNN BHCOKOTO Ta HU3BKOTO PHU3HKY 3a
cTafig-cenuiYHIM TOPOTOBUM 3HAYCHHAM Mapkepa. Y
CTBOPCHHUX MiATPYTIaX PO3pPaXOBYBAIN YACTKY IAIIEHTIB 31
IIBHIKMM MPOTPECYBaHHSIM OKPEMO AJISI KOXKHOTO METOY
6a3oBoro JiKyBaHHs. [laHi MoJaBaiyl y BUTIIAI OITMCOBUX
YacTOK; TIOPIBHSIHHS METOIB HE TPaKTyBaJOCs K JIOKa3
TIepeBary 4epe3 BiACyTHICTh paHIoMi3allii.

Pe3ynkratn

VY Xoni NpOCHEKTHBHOTO CHOCTEPEKECHHs ITOBHOI KO-
TOpTH mamieHTiB (n=358) Ta BUAiICHOT OioMapKepHOI Ti-
rpymu (n=136) Oyino OIiHeHO KIiHIYHY TpaekTopiro [IP
TicyIst IpU3HAYeHHS CTApTOBOTO JIIKyBaHHs. J{yis BUsBIICH-
HS HaflBaroMimux MpenuKTopiB Hee(PEeKTUBHOCTI Teparii
(LIBHAKOTO TPOTPECYBaHHs 3aXBOPIOBAHHS) HA HEPLIOMY
eTarti OyJo peaii3oBaHO CKPUHIHTOBHI aHaJi3 3a TOTIOMO-
roro OiHapHOI JIOTICTHYHOI perpecii 3 MOMpaBKoIO Ha BIK,
CTaTh, TPUBAIICTH IiabeTy, BUXigHY crafito /[P Ta HasB-
HICTb aKTHBHOTO JIIKYBaHHs. 3a IIOKa3HUKOM rpupocty LR
x> Ta MICJIsl KOHTPOJIO YacTKu XuOHUX BigkpuTTiB (FDR)
OyJ10 BCTAaHOBJICHO i€papXito iIHPOPMATHBHOCTI AOCITIIKY-
BaHUX MapaMeTpiB.

Cepen 3aradpbHOKIIHIYHHX Ta OQTaIbMOJIOTIYHUX
MapKepiB HaHOUTBIIy HE3aJe)KHY MPOTHOCTUYHY IIiH-
HicTh mpopeMoHcTpyBan mapamerpu OKT — IITC Ta
MO, mo cBiZYMIO TIPO PO3BUTOK pi3HUX TposBiB JMIIT
(yci g<0.05). Cepen Bu3Ha4eHUX OiOMapKepiB HABHIIUIA
NPOTHOCTHYHUI TTOTEHLia] BUSBHWIN MMOKA3HUKH SHIOTe-
mianpHOi mucdyHKIil Ta 3anmameHss: LS, EMAP II, ES,
IL-1B Ta eNOS. Came mi moka3Huku Oynu BimiOpaHi s
MOJAJTBIIIOTO ITOIMOICHOTO aHaIi3Y.

s TOYHOI KiNBbKICHOI OWIHKH MPOTHOCTHUYHOI 37aT-
HOCTI BiiOpaHUX MapKepiB Ta BU3HAYCHHS TOYOK BIJICi-
kaHHs (cut-offs) Ha mpyromy erami OyJ0 IPOBEICHO CTa-
nist-criermudivamit ROC-anami3 (Tadm. 1).

Sk cBimuaTth nmaHi, HaBeneHi y Tadmumi 1, mporHOc-
TUYHA TOYHICTh 3aTalIbHOKIIIHIYHUX MapaMeTpiB CyTTEBO
3aneskana Bix BuxigHoi ctanii J{P. 3oxpema, KibKicHI TO-
Ka3HUKH MakynsipHoro Haopsaky (LITC ta MO) nponeMoH-
CTpyBaJId HAWBHIY TUCKpUMiHamiiHy 3xaTHicTs (AUC >

0.82) came Ha craxii ITITJP, Toxi sk Ha cramisx HITJIP ta
IIJIP pernHoMmAaTIi iXHI TOYHICTE OyIia IOMipHOIO.

AHanoTiyHuiA cTamif-ciennuiqYHni maTepH CIOCTepi-
raBcs i i 9ac aHawizy OiomapkepHoi miarpymnu (Tadm. 2).

BinmoBimHo mo Tabmumi 2, cHpOBaTKOBI OioMapkepu
3arajioM HpPOAEMOHCTPYBAJIN BHILY NPOTHOCTHYHY TOY-
HICTPH (TIepeBakHa OimbmicTh 3HaYeHb AUC mepeBuiryBa-
ma 0.85) mopiBHSHO i3 3araJbHOKIIHIYHAMH MTOKa3HHUKA-
mu. [Ipu npoMy OyIt0 BHSABICHO UiTKY CTadif-CIeHUDITHY
3MiHY JifepiB: ko Ha ctaxii HII/IP waiBumry To4HIiCTH
MaB L-cenmexTtnH, To mpu mporpecyBanHi mo IIIIJP Ta
IIJIP makcmmamnbHI 3HaueHHs Twromi mix kpuBoro (AUC
> 0.94) dixcysamucs gt EMAP II ta IL-1B. Orpumani
ONTUMAIIBHI TIOPOTOBi 3HAUEHHSI /U KO)KHOTO MapKepa B
MeXxax KOKHOI cTaii (3a ingekcom IOmena) cramu ocHo-
BOTO UL (DiHATBHOTO eTaIry TOCIiIKEeHHS — CcTpaThdika-
il Mmari€eUTIB.

Ha TtpersoMy erami koropTy Oyno pO3MOIITIEHO Ha
HiATPYNH HU3BKOTO Ta BHCOKOTO PH3HKY 3a JOMOMOTOIO
CTaisA-CIeNN(IYHAX TIOPOTiB, IMICIS YOTO OI[IHIOBAJIACS
e(heKTUBHICTH PI3HUX METOMIB CTAPTOBOTO JiKyBaHHA. SIK
€TAJIOHHI MPHUKIAAN peaizalii IOro MiAX0xy HaBEICHO
cTpatudikamito 3a HAMKpamuM iHCTPYMEHTAIEHUM Map-
kepom — LITC, Ta Halikpamum paHHIM OioMapKepoM —
L-cenextunom (puc. 1).

AHami3 cTpaTu]iKOBaHHX pE3yJbTaTiB BUSBUB [Ba
CTIMKMX KIIHIYHO 3HAYYIINX MaTepHH, MO0 BiATBOPIOBA-
JUCST HE3aJIeKHO Bill TOTO, SKWH came Mapkep (IHCTpy-
MEHTAJIBHUHA 49X J1a00paTOpHHI) BUKOPHUCTOBYBABCS IS
posmoniny. [lo-miepire, y miarpymax BUCOKOTO pU3HKY (Ha
Oymp-sikiit cramii JIP) wacTka MIBHAKOTO MpOTpecyBaHHS,
IO CBIMYHUTH TPO HeePEKTHBHICTH JIIKyBaHHSA, Oyla Kpu-
THYHO BHCOKOIO 1 TNepeBakHO mepesunryBaia 80-85%.
s Ternenmis 30epiranxacs He3aleKHO BiJ 0OpaHOl JiKy-
BaJIBHOI cTpaTerii (KOHCEPBAaTHBHOI, JTa3epHOi, Xipyprid-
Hoi, aHTH-VEGF-Tepanii un koMOiHOBaHOI), IO BKa3ye
Ha arpeCHBHUH (DEHOTHUT 3aXBOPIOBAaHHA y [INX MAIlI€HTIB,
SIKAH TIOTAHO MiJIa€THCSI CTAHIAPTHAM METOAAaM KOPEKIIi.
[Mo-gpyre, y miarpymax HA3HKOTO PU3UKY CIIOCTEpiranacs
MIPUHITAIIOBO iHINIA KAPTHHA: Bi/IOBIIb Ha JIIKyBaHHS Oylia
3HAYHO KpaIiolo, mpu mpomy Ha cramisx [TITJIP ta TT/IP
Xipyprigae BTpy4YaHHA a00 KOMOiHOBaHa TaKTHKa aCOIli-
IOBINCS 3 HAlMEHIIOI0 YacCTKOIO HIBHIKOTO IPOTpecy-
BaHHS TOPIBHAHO 3 i30JIbOBAHOIO MOHOTepariero. Takum
YUHOM, 3aCTOCYBaHHS BH3HAYCHUX CTaIis-CIICIH(ITHIX
MOPOTOBUX 3HAYEHb TO3BOJIIIO YiTKO BHOKPEMUTH KOTOp-
Ty TIAII€HTIB, U SKUX CTAHIAPTHI aJTOPUTMH JIIKyBaHHS
3 BHCOKOIO WMOBIPHICTIO BHSBIATHCS HEe()EKTUBHIMU,
0 MOXXe OOTpPYHTYBaTH NOTpeOy B iXHbOMY Heperisimi
ab6o iHTeHCcH}iKamii Ha OLTBII paHHIX eTamax.

O6rosopeHHA

VY npoBeneHOMY JOCIIKEHHI MOKa3aHo, [0 MPOTrHO-
3yBaHHS Hee()EKTUBHOCTI CTApPTOBOTO JIIKYBaHHS y XBO-
pux Ha /I 2-ro Ty 3 JIP, sike B mamiit poOoTi Bimmo-
BiIaJIO IIBUJIKOMY IIPOIPECYBaHHIO 3aXBOpIOBaHHs (grade
2), He MOXKEe CIHPATHUCS Ha YHIBepCcalbHUI Habip O3HAK,
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Tabnuuga 1. Cragis-cneundiyHi pesynstatm ROC-aHanisy 3aranbHOKMIHIYHMX MapKepiB ANs NPOrHO3yBaHHS LWBWAKOrO Npo-
rpecyBaHHs fiabetnyHoi peTuHonarii (moBHa koropTa, n=358)

Mapkep [Ctagis [P n AUC (95% CI)* OnTMnh:I)apl'ilrbHMﬁ '-Iy'rn:ric'rb, Cneum?;iquicm, Yot;den
HNaP 189 0,683 (0,576-0,789) >0,23 31,2 96,8 0,281
'\h;l'\%’ nngp 96 0,824 (0,733-0,915) > 0,21 89,4 70,0 0,594
napP 73 0,664 (0,518-0,811) > 0,35 60,8 77,3 0,381
HNaP 189 0,682 (0,576-0,788) > 298 31,2 96,8 0,281
L,\l/lﬁ nnap 96 0,834 (0,747-0,921) > 271 89,4 70,0 0,594
nap 73 0,659 (0,507-0,810) > 317 68,6 72,7 0,414
HNaP 189 0,634 (0,551-0,717) = 31,2 95,5 0,268
amn nnap 95 0,705 (0,606-0,804) = 67,7 73,3 0,410
napP 73 0,707 (0,592-0,822) = 68,6 72,7 0,414
HNaP 189 0,615 (0,538-0,692) = 25,0 98,1 0,231
OMH nnape 96 0,529 (0,439-0,619) = 25,8 80,0 0,058
naP 73 0,560 (0,434-0,686) = 52,9 59,1 0,120
HNAOP 189 0,604 (0,497-0,711) >7,7 78,1 42,7 0,208
Hb;\; G nnapr 96 0,693 (0,587-0,800) >9,6 62,1 80,0 0,421
naP 73 0,574 (0,434-0,714) >11,2 56,9 63,6 0,205

MpumiTkn, ONTUManNbHWIN NOPIr BU3HAYEHO 3a MakCMMarnbHUM 3HadYeHHAM iHaekcy KOaeHa, *95% fosipumn iHTepean (Cl) pospa-
xoBaHo 3a Metogom Delong, [ins sikicHux nokasHukie (Makynonaris, IMH) = 1 o3Hayae ix HasiBHicTb, [IP — giabeTnyHa peTnHo-
nartia; HMAP — Henponidepatvnera [AP; MMNAP — npenponicdepaTtusHa AP; MAP — nponidepartnsra AP; MO — makynspHuii 06’em
citkiBku; UTC — ueHTpanbHa ToBLmHa citkiku; HbA1c — rnikoannboBaHuii remorno6id; AMH — giabetnyHunii MmakynsapHuii Habpsik;
OMTT - giabetnuHa makynonartis; ROC — receiver operating characteristic; AUC — nnowa nig kpueoto (area under the curve).

Tabnuuga 2. Ctapia-cneumndiyni pesynstatn ROC-aHanizy 6iomapkepis 3ananeHHs Ta eHgoTenianbHoi AMcyHKUIT Ans npo-
FHO3yBaHHS LUBWAKOrO NporpecyBaHHs AiabeTuyHoi peTuHonartii (biomapkepHa niarpyna, n=136)

Mapkep C'Egiﬂ n AUC (95% CI)* OnTMnn::;)?:Huﬁ qun:l/oBiCTb, Cneuuc!;:quich, Yot.‘ljden
HNOP | 60 | 0,979 (0,949-1,000) >334 94,4 95,2 0,897
Hb‘:’n’n nnoP | 42 | 0,929 (0,846-1,000) > 49,0 93.9 778 0,717
noP | 34 | 0,774 (0,551-0,997) > 59,6 75.0 833 0,583
HNOP | 60 | 0769 (0,648-0,889) > 3,59 94,4 54.8 0,492
Emnpn”' nnoP | 42 | 0,943 (0,878-1,000) > 7,04 84,8 100,0 0,848
noP | 34 | 0,988 (0,960-1,000) > 8,65 92,9 100,0 0,029
HNOP | 60 | 0,695 (0,514-0,876) >32,5 61,1 88,1 0,492
HE/?AH nnoP | 42 | 0,902 (0,807-0,997) > 50,0 84,8 100,0 0,848
noP | 34 | 0,020 (0,820-1,000) > 58,6 89,3 833 0,726
HNOP | 60 | 0,580 (0,403-0,757) > 64,5 333 92,9 0,262
'nLr/:A‘i nnoP | 42 | 0,990 (0,968-1,000) > 77,2 97,0 100,0 0,970
noP | 34 | 0917 (0,822-1,000) >192,2 82,1 100,0 0,821
eNOs, | MNP | 60 | 0708 (0,566-0,851) <206 722 73.8 0,460
nvons/ | MNAP | 42 | 0,747 (0,599-0,896) <193 57,6 100,0 0,576
mn nop | 34 | 0,952 (0,883-1,000) <121 89,3 100,0 0,893

MpumiTkn: ONTUMaNbHWIA NOPIr BU3HAYEHO 3a MaKCUMarnbHUM 3HaveHHAM iHaekcy KOpeHa, * 95% posipuni iHTepsan (Cl) pos-
paxosaHo 3a metogom Delong, P — giabetnyna petunHonartia; HMNOP — HenponicdepaTtveHa AP; MMAP — npenponicdepaTtneHa
[OP; NOP — nponicdepatueHa [OP; LS — L-cenektuH; ES — E-cenektuH; EMAP Il — eHgoTenianbHO-MOHOLMTAPHNUIA aKTUBYHOUUIA MO-
ninentug Il; IL-1B — inTepnewikin-1B; eNOS — enpgoteniansHa NO-cuHTasa; ROC — receiver operating characteristic; AUC — nnowa
nig kpmeoto (area under the curve).
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Puc. 1. EdpekTrBHICTb METOAIB CTApPTOBOrO NiKyBaHHA AiabeTn4HOT peTMHoNaTii 3anexHo Bia cTagis-cneumdiyHoi ctpaTtudika-
Ljii pU3nKy 3a MOKa3HWKOM LieHTpanbHoi ToBwmHM ciTkiBku (LITC). HaBegeHo YacTku naujieHTiB i3 BiACYTHICTIO abo MOBiNbHMM
nporpecyBaHHsIM 3axBoptoBaHHSA (grade 0—1, CBITNO-Cipi cermeHT) Ta LWBWMAKMM NporpecyBaHHAaM (grade 2, HeedeKTUBHICTb
NiKyBaHHS1, TEMHO-CIpi CErMeHTK) y NoBHin koropTi (n=358). Po3nogin Ha Mmigrpyny HU3LKOro Ta BUCOKOTO PU3MKY 3AINCHEHO 3a
cTagig-cneundiyHuMy NoporoBnMmK 3HadeHHsimu LITC, BusHadeHumn 3a gonomoroto ROC-aHanisy: <298 ta >298 mkm ans
HMOP; <271 Ta >271 mkm gna MNMNAQP; <317 ta >317 mkm ans MAP BignosigHo. 3HayeHHs n nig Biccto abcumc Bkasye Ha 3a-
ranbHy KinbKiCTb MaUieHTIB y BiQMOBIAHIM Miarpyni pusuky. MNopiBHAHHA NiKyBanbHWX CTPATETI € ONNCOBUM.

[P — piabetnyHa petuHonartis; HMNOP — HenponidepaTtueHa OP; MMNOP — npenponicdepatmsHa AP; MNOP — nponidepaTtneHa
[P; KoHc. — koHcepBaTuBHe nikyBaHHs; KoMBiH. — komBiHOoBaHe nikyBaHHs; Xipypr. — XipypridyHe nikyBaHHsI.
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Puc. 2. EcbekTVBHICTb MeTOAIB CTApTOBOrO NiKyBaHHA AiabeTUyYHOI peTnHonarTii 3anexHo Big ctagig-cneuundivHoi cTpatundi-
Kauii pusuky 3a cMpoBaTKoBUM piBHeM L-cenekTuHy (LS). HaBegeHo yacTkm nauieHTiB i3 BiACYTHICTIO abo NOBiNbHUM nporpe-
CyBaHHAM 3axBoptoBaHHs (grade 0—1, CBITNO-Cipi CErMeHTH) Ta LWBWMAKUM MporpecyBaHHAM (grade 2, HeeheKTUBHICTb NiKy-
BaHHS, TEMHO-Cipi cermeHT) y 6iomapkepHin niarpyni (n=136). Posanoain Ha migrpyny HU3bKOro Ta BUCOKOrO PU3MKY 34iCHEHO
3a cTagig-cneuundiyHMU NOPOroBMMY 3HA4YEHHSAMM L-cenekTuHy, BusHadeHnmMm 3a gonomoroto ROC-aHanisy: 33,4 Ta >33,4
Hr/mn ans HMOOP; <49,0 ta >49,0 Hr/mn ansa MNMNAP; 59,6 ta >59,6 Hr/mn ansa MNOP BianoBigHo. 3Ha4YeHHS n nig Biccto abcumc
BKa3ye Ha 3aranbHy KiMbKiCTb MauieHTiB y BignoBigHiv nigrpyni pusuky. MNMopiBHAHHA NikyBanbHWX cTpaterin € onucosum. [P
— piabetnyHa petuHonaris; HMNOP — HenponidepatusHa OP; MMNOP — npenponidepatvera AP; NAOP — nponidepatveHa [P;
KoHc. — koHcepBaTvBHe nikyBaHHs; KOMGiH. — komGiHOBaHe nikyBaHHS; Xipypr. — XipypriyHe nikyBaHHS.
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OJTHAKOBO TPUAATHUN IS BCiX cTaniit. Haitbimpm npuH-
LUITOBUM PE3YJIBTATOM CTAJIO BUSABJICHHS CTaliH-3aIeKHOT
3MiHH TMIPOTHOCTHYHO HaiH()OPMATUBHIMINX apaMeTpiB:
cepel KIiHIKO-IHCTPYMEHTATbHUX TOKa3HUKIB TPOBiTHE
Micre nocinmm napametpu OKT, Tomi sk cepen cupoBaTko-
BHX MapkepiB Ha ctazii HIT/IP maiikpanry nuckpuMiHaIlio
nemoHcTpyBaB LS, a ma cragisx [P i IT/IP — EMAP-II,
IL-1B, ES Ta eNOS. Takwii nmarepH 100pe y3roKyeThCs
3 Cy4acHOIO KoHmeriero /1P sk muHaMigHOTO HelpoBac-
KYJSIPHOTO TIPOIIECY, B SIKOMY JIOKaJTbHI CTPYKTYPHI 3MiHA
CITKIBKA TIO€IHYIOTBCS i3 CHCTEMHUMH IIPOSBAMH 3alla-
JIEHHS Ta CHIOTENiadbHOI MUCOYHKINI, a MPOTHOCTHIHA
Bara OKpeMIX MapKepiB 3MiHIOETHCS B Mipy IIPOTpeCcyBaH-
Hs XBopoOwu [5, 6, 10, 27, 28].

Te, o0 cepen 3araIbHOKITIHIYHAX Ta 0(PTaIBMOIIOTIU-
HUX TIOKa3HUKIB HalOLIBIITy He3aIeKHY IIHHICTh y HAIIIH
xoropti Mamu L{TC, MO ta ixmi xminigai o3Haku JIMII,
BHUAaeThCs marodizionorigno jorigauMm. [lepeBara OKT-
mapameTpiB Hax HbAlc cBiAUUTH, MO IS IPOTHO3Y HE-
e(eKTHBHOCTI JTIKyBaHHS BaXKJIHBIII Oe3II0cepeHi 03Ha-
KM aKTHBHOCTI PETHHAJIBHOTO YPaXKCHHS, HIK CepenHi
TTOKa3HUKH METa0OTIYHOTO KOHTPOII0. OCOOIMBO MOKa30-
BHM € Te, [0 Haifkpara fucKpuMiHatiitaa 3nataicts L{TC
i MO cmocrepiranacs ma crazii [IITJIP. ImoBipHO, came
Ha IIbOMY eTalli MaKyISIpHUK HaOpSIKOBUH Ta iMIeMiqHAN
KOMITIOHEHTH B)KE€ JOCTaTHhO BHPaXKEHI, 0O BIUIMBATH Ha
TTOJANIBITY KIIHIYHY TPAEKTOPiIo, aje Ie HEe «IepeKpH-
BAIOTBCS» TIEI0 CKIATHOIO0 CYKYITHICTIO (hiOpO3HO-TIpOITi-
(epaTHBHUX 1 TPAKIIMHUX 3MiH, sIKa BIIACTHBA ITi3HIIIII
cranii I[IJIP. Taka iHTeprpeTallisi BiINOBiTa€ CyYacHUM
YSIBICHHSIM IIPO (pEHOTHII-3aJICKHY HPOTHOCTUYHY POJb
OKT-moka3HuKIB TpH Mia0eTHIHOMY YpaKeHHI MaKyIh
[11, 12, 29, 30]. 3 iHmoro 60Ky, ¢popMyBaHHS ITUX He-
CHPUSATINBUX CTPYKTYPHUX 3MiH CITKiBKHU TiCHO TTOB'sI3aHE
i3 CHCTeMHHMH METaOOJTIYHUMH TOPYIISHHSIMA. SIK MU
MOKa3alli y HAIlOMy HEIIOJaBHBOMY JOCIHIKEHHI, are-
poreHHa mucmimigemis (30Kpema, WiJABHUINCHHS piBHA
JITTHIT, JITTIHILL Ta re-JITIBII]) € BaroMuM CUCTEMHUM
MIPEIUKTOPOM PO3BUTKY Mia0ETUIHOTO MAaKYJISIPHOTO Ha-
Opsiky Ta moripmenHs mapametpis OKT [31]. Lle momaTko-
BO TIIKPECITIOE€ HEOOXITHICTh KOMITIEKCHOTO IMiAXOAY IO
cTpatudikarii pu3nKy, Mo 00'eJHy€e JTOKAIbHI PeTHHATBHI
XapaKTePUCTUKA Ta CUCTEMHUH MeTaboIiYHAN (OH.

Cepen cHpOBaTKOBHX MOKA3HUKIB HAHOLTBII 3MiCTOB-
HUM U paHHBOI cTparndikarii pu3uKy BusBHBCS LS.
e cmocrepeskeHHS Mae TEPEKOHINBE OiOJMOTIYHE Tij-
TPYHTS, OCKLIBKH CEJIEKTHHH € KIIOYOBHMH MeiaTOpaMu
II0YATKOBHUX €TAIllB B3a€MO/I]l JIEMKOLUTIB 3 €HJIOTEIIEM,
a JeWKoCTa3 BBAKAIOTH OHICIO 3 paHHIX JJAHOK MiKpOCY-
JUHHOTO YIIKO/DKEHHS CITKIBKH Tipu nmiabderi [7, 13—15, 28,
32-35]. Orxe, BUCOKA MIPOTHOCTHYHA MiHHICTh LS came
mpu HITJIP moxe BimoOpakaTw CUTYyaIito, KOTH KIiHIY-
HO II[e He TOMIHYIOTh HE3BOPOTHI TpoitiepaTHBHI 3MiHH,
aje BKEe aKTHBHO MPAIIOIOTh MEXaHI3MH JICHKOIIUTAPHOT
azresii, JJOKaJILHOTO 3aIaJeHHs Ta MOPYIICHHS TeMaTope-
THHAIBHOTO Oap’epy. PaHime Mu Bke 3BepTand yBary Ha
KPUTHYHY BaKJIHMBICTH iMCHTHUQIKAI] MPEIUKTOPIB TIPO-

TpecyBaHHS caMe Ha II0YaTKOBiH, HempoiiepaTHBHIN
cranii [P, mocmimkyroun pons HbA lc, mimonporeini Ta
MTOKa3HUKIB Koarymorpamu [36]. IToTouHi pe3ymbraTti 10-
TIOBHIOIOTH IIi JIaHi, BKa3yIOYH Ha Te, IO Cepell CIeriai-
30BaHOI ITaHEN MapKepiB 3amaleHHS Ta CHIOTENiaTbHOI
TUCOYHKINT caMe PO3YHMHHUHN L-CelIeKTHH BHUCTYIae Haii-
OUTBII paHHIM 1 YyTIWBUM IHAWKATOPOM IIEPEXOTY IO HEe-
CpuATIUBOTO Tiepediry. Bognowyac mocwrenss pori ES Ha
crangiax IITTJIP i [1/IP € He MeHII 3aKOHOMipHUM, OCKiJTBKH
et Mapkep Oe3mocepenHpo BitoOpakae aKTUBAIIIIO CaMO-
TO €HJIOTEINiI0, TOOTO TOH piBEHb CYAMHHOTO CTPECY, IKUN
OYiKyBaHO TIOTIHOIIOETHECSA B Mipy HEPEXOay A0 THKIMX
craniit AP [7, 13—-15, 28, 32-35].

Pazom i3 TMM Hami JaHi HE CNiJ TPaKTyBaTH SK IIif-
TBEp/UKEHHS aOCONIOTHOI YHIBEPCaTbHOCTI ITHPKYIIO-
IOYMX MOJIEKYT anaresii A BCiX MOMyMAIiil XxBopmx. Y
JiTeparypi € i poOOTH, B SKHX TMEPEKOHJIHBOTO 3B’S3KY
MDXK PO3YHMHHUMH MOJIEKYJIaMH aire3ii Ta pO3BUTKOM pe-
THHOMATIi He BUsABIeHO [16]. HaifiMmoBipHire, Taka Bapia-
OeTpHICTH 3yMOBIICHA BIIMIHHOCTSIMH Aw3aiHy, Tary L1/,
CTaiHOI CTPYKTYpH BHOIpKH, BUOPAHUX KiHIIEBUX TOUOK
1 BIZICYTHICTIO MTOJILITy TIAITIEHTIB 3a BUXigHOIO cTafiero JIP.
IToka30Bo, 110 MPOCHEKTUBHI CIIOCTEPEKEHHS Ta KOTOPT-
Hi TOCITi/PKEHHS BCE K MIATPHUMYIOTH IPOTHOCTHYHY POJTh
EH/IOTeNiaIbHOI TUCYHKINT i HU3BKOTPaIi€HTHOTO 3ara-
JICHHSA y PO3BUTKY Ta MPOTPECyBaHHI peTHHOMATII [16, 28,
37-39]. Y mpoMy KOHTEKCTi HAIIll pe3yibTaTd He Cymep-
euars MOTNIePeIHIM JaHUM, & PAJIIEe YTOYHIOIOTH YMOBH, 32
SIKFX TaKi MapKepH € CIIPaBIi KIHIYHO iH)OPMATHBHIMH.

[Ile GimpII BaKIIMBUM BHIAETHCS 3MIIICHHS «Oiomap-
KepHuX ninepiBy» npu mepexomi go TP i ITJIP. Bucoka
toyHicTh EMAP-II Ta IL-1f Ha nux cTamisx ma€ miacTaBu
MIPUTTYCTHTH, IO B Mipy mporpecyBanHs /P BH3Hauanb-
HUM CTa€ HE CTUIBKM paHHIN eTam anre3ii JICHKOIHWTIB,
CKUTBKH XPOHI30BaHE TIIpO3amalibHE MIKPOCEPEIOBUILE
i mmomre enporenianpHe ymkomkeHHsa. s IL-1p taka
IHTEepIpeTaris 0COOIMBO TEPEKOHIIIBA, OCKUTBKU TIEH IH-
TOKIH € OTHHM i3 IICHTpaJbHUX e(eKTOpiB iH(pIaMacoma-
OTIoCepeTKOBaHOI BiATIOBII, IO TTOB’sA3aHa 3 MiPOITO30M,
TIBUIICHHSIM CyIMHHOI IIPOHUKHOCTI Ta IIPOTPECYBaHHIM
pernHanpHOTO ymIKommkeHHS [8, 9, 17, 40]. [anmi mono
EMAP-II y xonrtekcti P 3anmmaroTecsi 0OMEKEHHMH,
OJTHAK BiZOMO, 110 1Ieif MemiaTop Oepe yJacTs y B3aeMOIil
MOHOIIUTIB 3 €HIOTENi€M, aroITO31 Ta MATOJIOTITHOMY CY-
TUHHOMY pemorentoBanHi [ 19,41, 42]. Came Tomy #oro BH-
coka nuckpuMiHamniitaa 3aatHicts y TP i ITJIP € omauM
13 HAMOLTBI IKaBUX PE3yNbTaTiB qaHol podoTw. He meHmn
TTOKa30BUM € i Te, mo it [1IP inpopmaTHBHAM TIpeInK-
TopoMm BusBIIocs 3HmkeHHS eNOS. Lle moOpe y3romxky-
€TBCS 3 YSABICHHAM NPO BHCHaXKeHHST NO-3aIe)KHUX Ba30-
MIPOTEKTOPHUX MEXaHi3MiB, MOTipPIICHHS E€HAOTETiaIbHOT
PEaKTHBHOCTI Ta BTPaTy CYIMHHOIO TOMEOCTa3y B yMOBax
TsDKKO{ Mikpoanriomarii [7, 18]. Otpumani maHi € Jioriv-
HHUM TIPOJIOBKCHHSM HAIINX TTOTIEPEIHIX HAIPaIfOBaHb, B
SKHX OylO po3poOIIEHO MPOTHOCTUYHY MOJENb e(heKTHB-
HOCTI JikyBaHHS [IP Ha OCHOBI MapKepiB eHAOTETiaTbHOT
muchyrkmii, ie EMAP II Ta eNOS mpomemoHcTpyBanmu
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BaroMmy kiacuikaniitny 3mataicts [43]. OgHAK, TOTOUHE
JOCTIKCHHS CyTTEBO PO3IIMPIOE € PO3YMIHHS, TOBOJISI-
YH, 10 MMPOTHOCTHYHA Bara IUX CHAOTENiaNbHUX (hakTo-
PiB HE € CTATHYHOIO, a JOCATAE CBOTO MKy Ta CTA€ KIIIHIY-
HO BH3HAYAJHHOIO CaMme Ha TMi3HIX (TpempodidepaTnBHiit
Ta TporiepaTHBHIN) CTATIsIX 3aXBOPIOBAHHS.

VY CcyKymHOCTI OTpHMaHi IaHi T03BOJSIOTH BUOYITyBaTH
TIOCITIIOBHY ITaTOO10JIOTIYHY CXeMY: BiJl paHHBOI JICHKOIIH-
TapHO-CHJOTETIATBHOI AKTUBALL, HA Ky UyTJIHBO pearye
LS, gepe3 OurpmI BHpakeHy €HAOTETIalbHY BiAMOBIIH i3
migBumeHHEsM ES, mo criiikoi 3amanpHOI amrumidikarii,
moB’s13aH0i 3 IL-1B Ta EMAP-II, i, 3pemToto, 10 BUCHA-
JKCHHSI CHJOTENIaTbHOTO pEe3epBy, IO BimoOpaXkaeThCs
3HmKeHHsM eNOS.

Taka cxema Ma€ eKCIIEpHUMEHTANbHE MIATPYHTS: JIeH-
KOCTa3, MDKKIIITHHHA a[re3is Ta 3amajeHHs IpsMO 3aiy-
YeHi JI0 PO3BUTKY CYIWHHOI MPOHUKHOCTI, OKIIO3i1 Karti-
TApiB 1 3armberni eHAOTeNiaNbHAX KITHH y Aia0eTHIHINA
citkiBi [34, 44-46]. IlpakTnuHe 3Ha4YCHHS HAIIUX pe-
3yJBTATIB MOJATAE HE CTUTBKH Y BHOOpI HAWKPAIIOro Me-
TOAy JIKyBaHHS, CKINBKH B iIEHTH(]IKaIMii arpecruBHOTO
¢denorumy P me mo modaTky Teparii. Te, mo B miarpymax
BHCOKOTO PH3HKY YaCTKa IIBHJIKOTO IPOTpecyBaHHs Oyna
Jy>K€ BHUCOKOIO 1 TIepeBakHO TepeBuiyBana 80—85% He-
3aJIeXKHO BiJ THUILy CTApTOBOTO BTPYYAHHS, CBIIYNTH PO
00MEXEHICTh CTAaHIApPTHOTO MOKPOKOBOTO IIXOMY B Iii
KaTeropii xBopux. BomHOWac kparmmi pe3ynsTaTH B Tia-
rpynax HHM3bKOTO PH3HKY Ta HIDKYA YacTOTa IIBUIKOTO
TIPOTPEeCYBaHHS MIPH XipyprigHiii a0o KOMOIHOBaHIH Tak-
tumi Ha cramisx [ITIAP/TI/IP ciim TpakTyBaTH 00EepeKHO,
OCKUTBKH TTOPIBHSAHHS JIIKyBaJIbHUX CTPATETiid y HAIIOMY
JOCTI/DKCHHI Mallil JIMIIEe OIHMCOBHWHA Xapakrep. llpore
caMa MOXUJTHBICTh BUIUIATH TAILI€HTIB, U SKAX PaHHIN
TIePerIsi TAKTUKH, IIUTBHIINH MOHITOPHHT a00 MYIIBTH-
MOJaNbHE BEICHHI MOXXYTh OyTH JOLITHPHUME, Ma€ Oe310-
CepeHIo KIIiHIYHY MiHHICTE [2, 3, 5, 9, 11, 30].

CUIBHUMH CTOPOHAMHU JOCHIHKEHHS € TPOCHEKTHB-
HUHM OW3aifH, KIIHIYHO peJeBaHTHA KiHI[EBa TOYKA, IO-
€HaHHS TIOBHOI KOTOPTH 3 MOIIHOICHIM OioMapKepHUM
aHaJ30M y TIATPYIIi, a TAaKOXX BU3HAYCHHS MPAKTUIHUX
TTOPOTOBUX 3HAUEHb OKPEMO ISt KOykHOT cTamii JIP.

BonmHowac oTpumani pesyibpTaTd MOTPIOHO iHTEp-
NIPETyBaTH 3 ypaxyBaHHIM HHU3KH OOMexeHb. [lo-mepiue,
OiomapkepHa miarpyma Oyia IMOMipHOIO 32 00CATOM, TOMY
TOYHICTh OKPEMHX OI[IHOK IMOTpeOye MiITBepIKCHHS B
Oimpmmx BuOipkax. Ilo-mpyre, yci cHpOBAaTKOBI MapKepHn
BH3HAYAINCA OJHOPA30BO Ha BUXIMTHOMY €Talli, TOMi SIK
iXHS IWHAMIKA ITi] BIUIMBOM JIIKyBaHHS MOTTa O MaTH I10-
JIaTKOBE TMPOTHOCTHYHE 3HaueHHd. [lo-TpeTe, 3ampomnoHo-
BaHi IMOPOTOBI 3HAYCHHS MAIOTh MParMaTU9IHUN XapakTep
JUTA TAaHOT KOTOPTH ¥ MOTpeOyrOTh 30BHIMIHBOI Bajimarii
mepes; IIMPOKUM BIIpOBa/KeHHAM. Hapemrri, pobora He
Oya TIpU3HaYeHa I TIOPiBHSIIBHOT OIIHKN €(EKTHBHOC-
Ti OKpeMHUX JIIKyBaJbHHUX CTpATETii, TOMYy OyIOb-iKi BH-
CHOBKW IIIOJI0 TIEPEBard IIEBHOTO BTPYYaHHS Oynam O He-
KopekTHUMH. llompu 11e, MOCTIHKEHHS NEMOHCTPYE, IO
iaTerparnis OKT-mapameTpiB i3 cHpoBaTKOBUMH MapKepa-

MU 3allaJIeHHs Ta EHA0TeTIalbHOI TUCHYHKITIT MOXKE CTaTH
PeaTiCTHIHOI0 OCHOBOIO IS O1IBII TOYHOI MIEPCOHATI30-
BaHOI cTpaTudikamii pu3NKy Hee(hEeKTHBHOCTI CTAPTOBOTO
mikyBaHHs ipu [IP.

BucHoBku

1. ¥V xBopux Ha IIJ] 2-ro tumy i3 JIP mporaoctuuna
IIHHICTh MapKepiB Hee(EeKTHBHOCTI CTapTOBOTO JIKY-
BaHHS, Ky B JOCIHI/DKCHHI BH3HA4Yal M SIK IIBUJIKE IPO-
rpecyBaHHSI 3axBOpioBaHHA (grade 2), Mae BUpakeHHH
cTajis-crienu(iyHuil XapakTep; BHUKOPHCTAHHS €INHOTO
YHiBEpcaIbHOTO HA0Opy MPEeIUKTOPIB /Ui BCix craniit JIP
€ HeIOCTaTHBO 1H()OPMATHBHUM.

2. Cepen KIIiHIKO-0() TAIEMOIOTIYHUX OKA3HHUKIB Hali-
OinbIly He3alle)KHy NMPOrHOCTHUYHY I[IHHICTH IPOAEMOH-
crpysamu mapamerpu OKT — LITC, MO Ta 03Hak# pi3HHX
nposieiB JIMII; npu npoMy HalBHIY AWCKPUMIHAIINHY
3natHicTh LITC i MO manu Ha cranii [TTT/IP.

3. CupoBarkoBi OioMapKepy 3arajeHHs Ta eHJI0Teli-
aNpHOi JAUCOYHKIIT 3arajJoM NPOAEMOHCTPYBAJIM BHUIILY
MPOTHOCTHYHY TOYHICTb, HDXK 3arajlbHOKIIHIYHI TOKa3-
nukn. Ha cranii HIIIP naiiindopMaTHBHIIIMM MapKepoM
oyB LS, na cranii [IITJP — IL-18 ra EMAP II, a Ha cranii
TP — EMAP II ta eNOS.

4. BusHaueHHS CTamisg-Cenu()iYHUX TTOPOTOBHUX 3HAa-
YeHb Ul HalO1IbII iIHPOPMATUBHUX KITIHIKO-IHCTPYMEH-
TAIBHUX 1 1a00paTOPHUX MapKEPiB JO3BOJIHIIO PO3NOALIN-
TH TANi€HTIB HA MIATPYIH HU3BKOTO Ta BUCOKOTO PH3HKY
Hee(DeKTHMBHOCTI CTapTOBOTO JIKYBaHHS; Y MIATPyNax BHU-
COKOTO PU3HUKY YacTKa IIBUAKOTO Tporpecysanus /[P me-
peBaxkHO nepesulnyBana 80—-85%.

5. Interposane 3actocyBanHs OKT-mapamerpis i cu-
POBaTKOBUX OlOMapKepiB 3amajieHHs Ta EHJIOTeNialbHOT
JucYHKIIT € 00IpPYHTOBAHUM ITiIX0JIOM JI0 IEpCOHATII30-
BaHOI cTafis-crienudigHo1 cTpaTudiKaLii pU3HKy Ta MOXKE
OyTH BUKOpHUCTaHE JUI PAaHHBOTO BHOKPEMJICHHS TaIli€H-
TiB 13 BUCOKOIO HMOBIPHICTIO HEE()EeKTUBHOCTI CTAPTOBOTO
JIKyBaHHS.
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3asiBa Npo AOTPUMaHHA €TUMHUX HOPM

Lis pobota nposoaunacs 3a ydacTio niogen. Lle gocni-
OXeHHst 6yno cxBaneHo MicLueBUM KOMITeTOM 3 BioeTuku. Yci
nauieHTn ganu iHopmoBaHy 3rogy Ha y4acTb Y AOCHIOXEHHI.
HocnigxeHHs 6yno npoBeaeHo 3rigHo 3 lenbCiHCbKOW Aekna-
pauieto. Lle pocnigxeHHs He BKNOYano ekcnepuMeHTU Ha
TBapuHax.

3asiBa Npo AOCTYMNHIiCTb AaHUX

[aHi, oTpumaHi Ta/abo npoaHanisoBaHi nig Yac Lboro ao-
CNiJXXeHHs, MOXHa OTpMMaTK Yy BiAMOBIAHOrO aBTopa 3a 06-
I'PyHTOBaHMM 3annToM.

CKOpOYeHHA

Bl — Biporighun iHTepean; BLU — BigHOLWEHHS LIaHCIB;
OMH — piabeTnyHuin MakynspHuin Habpsik; [P — giabetuyna
petuHonartis; ET-1 — egotenin-1; HMNAP — HenponicdepaTtue-
Ha giabetuyHa peTuHonatis; OKT — onTuyHa KorepeHTHa
Tomorpadis; MAP — nponidepatnBHa diabetnyHa peTuHona-
Tis; MNOP — npenponicdepatnBHa gdiabetnyHa peTuHonaTis;
MPIK — naHpeTMHanbHa nasepHa Koarynsuis; p — piBeHb 3Ha-
yywlocTi BiamiHHocTen; LI — uykposuit giabet; AUC — nnowa
nig, KPMBOK onepavuiiHuxX xapakTepucTuk; btm — koediuieHT
MoZeni Ta noro ctaHgapTHa noxubka; EMAP-II — engoTeni-
anbHWU MoHouMT-akTMBYtounin noninentug-ll; eNOS — eHgo-
TenianbHa NO-cunHTasa; HbA1c — rnikoBaHuii remorno6iH; IL-
1B — inTepnenkiH 1B3; IL-6 — iHTepnelikiH 6; NO — okcug asoTa;
NOx — meTabonit okcuay asoTy.
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Macular thickness in patients with type 2 diabetes without clinical
diabetic retinopathy: a cross-sectional study
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Abstract

Background. Diabetic retinopathy (DR) is a major cause
of visual impairment. Optical coherence tomography (OCT)
enables the detection of early retinal structural changes
before clinically evident retinopathy, however, findings on
macular thickness in diabetes without retinopathy remain in-
consistent, and data from Iraqi populations are limited. This
study aimed to evaluate macular thickness in Iraqi patients
with diabetes mellitus (DM) without clinical DR.

Methods. This observational, analytical cross-sectional
study was conducted from January 2025 to January 2026 and
included 53 participants (26 patients with DM without DR
and 27 healthy controls). All participants underwent a stan-
dardized ophthalmic examination. Macular thickness was
measured using spectral-domain OCT (Topcon 3D OCT).
Only the right eye was analyzed to avoid inter-eye correla-
tion. Central subfield macular thickness (CSMT) and ET-
DRS-based regional thickness were recorded.

Results. The diabetes group was significantly older than
controls (p < 0.001). CSMT differed significantly between
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groups in unadjusted analysis (p < 0.0001). However, after
adjustment for age, the direction of this association was re-
versed, indicating a strong confounding effect. No significant
differences were observed in the parafoveal region. In the
perifoveal region, the nasal subfield was significantly thicker
(p = 0.004), and this difference remained significant after age
adjustment (p = 0.009), while the temporal difference was
not significant after adjustment. ROC analysis showed high
discriminative ability of CSMT (AUC = 0.965), with a cutoff’
of <236 um yielding high sensitivity (96.2%) and specificity
(88.9%).

Conclusions. Patients with DM without clinical DR dem-
onstrated alterations in macular thickness, including local-
ized nasal perifoveal thickening, suggesting early retinal
structural changes detectable by OCT. While CSMT demon-
strated strong discriminative performance, its sensitivity to
age-related effects limits its reliability as a standalone bio-
marker. These findings are exploratory and require confirma-
tion in larger, well-controlled studies.

Keywords: diabetic  retinopathy, diabetes mellitus;
macula; optical coherence tomography, retinal thickness.

Pesome

Hiabemuuna pemunonamis (/[P) € 00Hi€l0 3 0CHOBHUX npu-
yun nopywients 3opy. Onmuuna xocepenmua momozpagis
(OKT) 0o36ons€ 8ussisamu panHi CmpykKmypHi 3MiHU CIMKiG-
KU e 00 Noseu KAHIYHUX 03Hak pemunonamii. OOHax OaHi
W00 MOGUWUHU MAKYIU Y RAYIEHMIB 3 YYKPOSUM diabemom
6e3 JIP 3anuuaromscs cynepeunusumu, a ingopmayis uooo
ipakcokoi nonynsyii oomedicena. Memoro ybo2o 0ociodicerts
6Y10 OYTHUMU MOBWUHY MAKYIU Y NAYIEHMIB 3 YYKPOBUM dia-
b6emom (LI/]) 6e3 kniniunoi /{P.

Memoou. Ile obcepsayiiine anarimuune nonepeure 0o-
cnioxcennst Oyno nposederno 3 ciuns 2025 poxy no ciuenw
2026 poxy ma exaouanro 53 yuacwuku (26 nayienmis 3 L[]
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6e3 /[P ma 27 300pogux oci6 koHmponvhoi epynu). Yci yuac-
HUKU NPOULLTU CMAHOAPMU308ane opmanbmonociyne oocme-
orcents. Towuny maKynu uMipioganu 3a 00NOMo2010 Cnek-
mpanvro-oomennoi OKT (Topcon 3D OCT). [na ynuknenns
MICOUHO020 KOPEeNAYILHO20 GNAUGY AHANIZY6ANU TULUE NPase
oko. Oyintosanu yenmpanvy mogwuny maxyau (CSMT) ma
PecioHanbHy moswury 8ionogiono oo cimxku ETDRS.
Pezynomamu. I pyna nayienmie 3 L[/] 6yna cmamucmuuno
3Hayywe cmapuior 3a KonmpoasbHy epyny (p < 0,001). CSMT
00CMOBIPHO GIOPIZHANACA MIdIC ePYNAMU 68 HEeKOPULOBAHOMY
ananizi (p < 0,0001). Oouak nicna kopexyii 3a 8ikom Hanpsi-
MOK Yb020 38 3Ky 3MIHUBCS HA NPOMUNENHCHUL, WO CEIOYUMD
npo 3Haunull 6naue Kougaynouney. Y napaghoseanvuii 30mi
CMamucmuyno 3Hayywux 6iOMiHHOCmell He uasieno. Y ne-
pughoseanvHitl 30Hi MOBWUHA 8 HOCOBOMY NIONOAL Oyna 3HA-
uno 6invuoro (p = 0,004), i ys pisnuys 3a1unanacs cmamuc-
MUYHO 3HaAUywor nicis kopekyii 3a sixkom (p = 0,009), mooi
5K PI3HUYS 8 CKPOHEGOMY NIONOAL 6Mpamuia Cmamucimudmy

Introduction

Diabetic retinopathy (DR) and diabetic macular edema
are common vision-threatening complications of diabetes
mellitus (DM) [1]. Macular involvement is a leading cause
of blindness, and assessing retinal thickness is clinically
important [2]. Clinically, macular edema detection depends
on the biomicroscopic examination of the fundus [2, 3].
Retinal thickness can be objectively and reproducibly mea-
sured using Optical Coherence Tomography (OCT), which
is widely used to assess macular thickness abnormalities
[4]. OCT distinguishes between two groups of thickness
disorders: macular thickening and thinning [4, 5].

The latest IDF Diabetes Atlas (2025) reports that ap-
proximately 11% of the adult population lives with DM,
and this number is projected to increase to more than
850 million by 2050 [6]. Statistically, all type 1 DM and
greater than 50% of type 2 DM patients develop at least
one form of DR [1]. Visual impairment is caused by pro-
liferative DR and diabetic macular disease (edema and
ischemia) [1], mostly in type-2 DM. Traditionally, macu-
lar disease has been diagnosed by slit-lamp biomicroscopy
and fundus fluorescein angiography [4, 5]. However, new
non-invasive imaging techniques provide great detail in-
side-the-eye layer-by-layer pictures of the retina, allowing
consistent checking of thickness and size in the macula
[5]. On the other hand, spectral-domain optical coherence
tomography (SD-OCT) is a new third-generation high-res-
olution OCT instrument that provides many advantages,
including quick data acquisition time, three-dimensional
reconstruction capabilities for retinal imaging, enhanced
visualization of fine details within retinal microstructures,
as well as the ability to detect very subtle changes within
the foveal region not visible clinically. It plays an impor-
tant role in research studies as well as in clinical practice
regarding diagnosis, management, and follow-up assess-
ment concerning foveal edema [5, 7].

sHauywiicms nicis kopexyii. ROC-ananiz noxkasas 6ucoxy
ouckpuminayiiny 30amuicmoe CSMT (AUC = 0,965) 3 nopo-
206uM 3HaueHHam <236 MM, wo 3a0e3neuyc GUCOKy Yymiu-
sicmb (96,2%) ma cneyughiunicmo (88,9%).

Bucnoeku. YV nayicumis 3 L[/[ 6e3 xniniunux osnax J{P
BUABTIEHO 3MIHU MOBWUHU MAKYIU, 30KpeMd JLOKAni308ane
NOMOGUEHHS. 8 HOCOGOMY NepupoeeanbHoMy Hiononi, wo
C8IOUUMb NPO PAHHI CIPYKIMYPHI 3MIHU CIMKIGKU, SKI MO-
acymev oymu euseneni 3a oonomozoro OKT. Xouwa CSMT
NPOOEMOHCIMPYBANA  BUCOKY OUCKPUMIHAYIIHY 30amHichib,
i1 uymnusicmos 00 IKOBUX 6NIUEIE OOMENCYE HAOIUHICMb AK
camocmitinoz2o Giomaprepa. Lli pesynomamu € nonepeoHimu
ma nompebyoms niomseeporiceHus y Oibuux, 00ope KoHmp-
0IbOBAHUX OOCNIONCEHHSX.

Kniouoei cnosa: oiabemuuna pemunonamis, yyKposuil
Oiabem; maxyna, onmuuHa Ko2epenmua momozpagisa,; mos-
WUHA CIMKIBKU

SD-OCT-based studies have shown that diabetes can
cause significant changes in the structure of retinal lay-
ers [8]. Inner retinal layer thinning has been noted as an
early neurodegenerative change, possibly even before DR
clinically manifests. Conversely, outer retinal layer thick-
ening is seen in eyes with established diabetic retinopathy
when compared to diabetic eyes without retinopathy. Pub-
lished findings are not fully consistent [3, 5]. Some reports
describe retinal thinning that may reflect early neurode-
generation; others show localized thickening or altered
perfusion in selected macular regions [9, 10]. In addition,
evidence from Middle Eastern populations remains lim-
ited, and data from Iraqi patients are scarce. Accordingly,
the present study aimed to assess macular thickness in
Iraqi patients with early diabetes and to determine whether
structural changes are present before clinical retinopathy
develops.

Methods

Study design and population

This was an observational, analytical cross-sectional
study conducted at Al-Kindy Teaching Hospital (Bagh-
dad, Iraq) from January 2025 to January 2026. Ethical ap-
proval was obtained from the Institutional Review Board
of the Department of Ophthalmology, Al-Kindi Teaching
Hospital (No. 2033, 2024). Written informed consent was
obtained from all participants in accordance with the prin-
ciples of the Declaration of Helsinki.

No formal a priori sample size calculation was per-
formed. Although previous studies have evaluated macular
thickness in patients with DM without DR, their findings
are heterogeneous and do not provide a consistent basis for
reliable effect size estimation. Therefore, given the explor-
atory nature of the study and the lack of reliable prelimi-
nary data for this specific population, all eligible partici-
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pants who presented during the study period and met the
inclusion criteria were consecutively included.

Inclusion criteria

1. Patients diagnosed with type 2 DM without clinical
signs of DR

2. Age >18 years

3. Ability to undergo an OCT examination, defined as
adequate fixation, sufficient patient cooperation, and ab-
sence of significant media opacity affecting image quality.

Exclusion criteria

1. Macular diseases (macular edema, macular holes,
age-related macular degeneration)

2. Uveitis

3. Severe myopia (spherical equivalent < —6.00 diop-
ters)

4. Glaucoma

5. Vascular occlusive diseases

6. Cataract affecting the OCT image quality

7. Previous ocular interventions (intravitreal therapy,
retinal laser treatment, or vitrectomy)

Exclusion criteria were assessed based on clinical oph-
thalmic examination, OCT findings, and review of medical
records.

DM was defined as a prior clinical diagnosis of type
2 DM and/or current use of antidiabetic therapy, as docu-
mented in the medical records.

The absence of DR was confirmed by a comprehensive
fundus examination performed by an ophthalmologist.
OCT was additionally used to assess macular structure and
exclude macular pathology.

The control group consisted of individuals without
DM who attended the same clinic for routine ophthalmic
examination and had no history of retinal disease. The ab-
sence of diabetes was based on medical history and patient
report. Participants were not age-matched; therefore, age
was included as a covariate in the statistical analysis. De-
mographic data (age and sex) were obtained through direct
patient interviews.

Ocular examination and OCT assessment

All participants underwent a standardized ophthalmic
evaluation to determine eligibility for inclusion in the
study. Fundus examination was performed by an oph-
thalmologist to confirm the absence of clinical DR in the
diabetic group and to exclude other retinal or macular pa-
thologies in both groups. Examiners were not blinded to
group allocation, as assessments were performed in a rou-
tine clinical setting.

Macular thickness was assessed using an SD-OCT
device (TOPCON 3D OCT, Topcon Corporation, Tokyo,
Japan) [16-18]. All OCT scans were performed under stan-
dardized conditions by a trained operator.

Only high-quality scans with correct segmentation
were included based on signal strength and segmentation
quality provided by the device software. Scans with mo-
tion artifacts, poor fixation, or segmentation errors were
excluded to ensure measurement accuracy.

Figure 1. ETDRS macular grid showing CSMT, perifoveal
(outer ring), and parafoveal (inner ring) subfields.

Macular thickness measurements were obtained using
the built-in macular mapping software based on the Early
Treatment Diabetic Retinopathy Study (ETDRS) grid. The
ETDRS grid divides the macula into central, perifoveal
(outer ring), and parafoveal (inner ring) regions.

Central subfield macular thickness (CSMT) was de-
fined as the mean retinal thickness in the area of a circle
with a 1-mm diameter centered on the macula. Besides the
subfield central, macular thickness was also assessed in
eight contiguous regions: four parafoveal subfields — su-
perior, nasal, inferior, and temporal, and four perifoveal
subfields — superior, nasal, inferior, and temporal. All mea-
surements were taken with the same OCT device and scan
protocol to maintain consistency between subjects. Figure
1 shows the ETDRS macular grid applied for thickness
analysis.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics (version 26.0; IBM Corp., Armonk, NY, USA).
Normality of data distribution was assessed using the
Shapiro—Wilk test. Continuous variables are presented as
mean and the standard deviation (M £+ SD) or median and
interquartile range [Me (Q25-Q75)], according to data dis-
tribution. Categorical variables are presented as frequen-
cies and percentages.

To ensure independence of observations and avoid in-
ter-eye correlation, only one eye per participant (the right
eye) was included in the analysis. Between-group compar-
isons were performed using the independent-samples t-test
for normally distributed variables and the Mann—Whitney
U test for non-normally distributed variables. Effect sizes
are reported as mean differences or Hodges—Lehmann
median differences with corresponding 95% confidence
intervals (95% CI). For variables showing statistically
significant differences in univariate analysis, analysis of
covariance (ANCOVA) was performed to evaluate group
differences after adjustment for age. Assumptions of AN-
COVA, including homogeneity of variances and homoge-
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neity of regression slopes, were assessed using Levene’s
test (p > 0.05 for all models).

Correlation between age and macular thickness param-
eters was evaluated using Spearman’s rank correlation co-
efficient.

Receiver operating characteristic (ROC) curve analysis
was performed as an exploratory assessment of the dis-
criminative ability of CSMT. A p-value < 0.05 was consid-
ered statistically significant.

A post hoc power analysis was conducted based on the
observed difference in CSMT between groups to provide
additional context for the observed effect size. Statistical
power was estimated using G*Power software (version
3.1.9.7; Heinrich Heine University, Diisseldorf, Germany)
for a two-tailed independent-samples t-test at a signifi-
cance level of 0.05.

Table 1. Baseline characteristics of the study participants.

Results

A total of 53 participants were included in the study,
comprising 26 patients with type 2 DM without DR and
27 healthy controls. The diabetes group was significantly
older than the control group (p < 0.001), while sex dis-
tribution, visual acuity, refractive error, and OCT signal
strength were similar between the groups (Table 1).

The overall CSMT of the right eye was significantly
greater in the DM without DR group compared with con-
trols (p <0.0001). A post hoc power analysis demonstrated
a large effect size (Cohen’s d = 2.11). Using a two-tailed
independent-samples t-test with an alpha level of 0.05 and
the present sample sizes (n =26 and n = 27), the estimated
statistical power (1 — ) was >0.99, indicating high statisti-
cal power for the observed difference.

Detailed macular thickness measurements across ET-
DRS subfields are presented in Table 2.

Variable DM without DR (n=26) Control (n=27) Mean difference (95% CI) | p-value
Age (years) 56.73 + 8.04 46.56 + 9.15 10.17 (5.44; 14.90) <0.001
Sex, n (%)

* Male 13 (50.0) 15 (55.6) — 0.68

» Female 13 (50.0) 12 (44.4) —
Visual acuity (LogMAR) 0.190.14 0.15+0.12 0.04 (-0.03; 0.11) 0.27
Spherical equivalent (D) -0.31 £ 2.11 -1.12+£2.32 0.81(-0.39; 2.01) 0.18
OCT signal strength 76+1.2 7.8+0.92 -0.20 (-0.78; 0.38) 0.49
CSMT (um), right eye 250.26 + 14.97 218.92 £ 14.70 31.34 (23.32; 39.36) <0.001

Data are presented as M + SD. Between-group differences are expressed as mean differences with 95% CI. P-values were
calculated using the independent-samples t-test. Abbreviations: D, diopters; pym, micrometers; LogMAR, logarithm of the

minimum angle of resolution; CSMT, central subfield macular thickness; OCT, optical coherence tomography.

Table 2. Macular thickness measurements in ETDRS subfields (right eye).

Parameter (um) Control (n=27) DM without DR (n=26) Difference (95% CI) p-value
Parafoveal

Superior 277.89 £ 11.46 278.18 £ 11.54 0.29 (-4.77; 5.37) 0.904
Nasal 294.33 £ 8.87 288.11 £ 9.77 -6.22 (-11.11; -2.33) 0.003
Inferior 276.41+8.18 273.66 + 10.25 -2.75 (-7.62; 2.12) 0.261
Temporal 301 (290-309.75) 299.5 (290-310) -1.0 (-8.0; 7.0) 1.000
Perifoveal

Superior 280 (274-287.75) 276.5 (275-283) -3.0 (-9.0; 4.0) 0.748
Nasal 287.62 + 6.96 294.33 + 8.87 6.71 (2.40; 11.02) 0.004
Inferior 277 (270.5-282) 274 (269-279) -3.0 (-8.0; 4.0) 0.407
Temporal 264 (260-270) 259.5 (257-264) -4.0 (-8.0; -1.0) 0.047

Data are presented as M = SD and Me (Q25-Q75), according to data distribution. Between-group differences are expressed
as mean differences with 95% CI for normally distributed variables and as Hodges—Lehmann median differences with 95%
Cl for non-normally distributed variables. P-values were calculated using the independent-samples t-test or Mann—Whitney U
test, as appropriate. Abbreviations: DM, diabetes mellitus; DR, diabetic retinopathy.
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Table 3. Adjusted analysis of macular thickness (ANCOVA, right eye).

Parameter (um) Adjusted Mean (Control) | Adjusted Mean (DM without DR) | F-value | p-value | Partial n?
CSMT 246.07 223.27 29.53 | <0.001 0.37
Perifoveal nasal 294.32 287.63 6.68 0.013 0.12
Perifoveal temporal 263.13 268.63 0.64 0.428 0.01

Abbreviations: CSMT, central subfield macular thickness; DM, diabetes mellitus; DR, diabetic retinopathy.

In the parafoveal region, no statistically significant
differences were observed between groups in any of the
subfields (superior, nasal, inferior, or temporal). In con-
trast, within the perifoveal region, a statistically significant
increase in thickness was observed in the nasal subfield in
the DM without DR group compared with controls (p =
0.004). A statistically significant difference was also noted
in the temporal perifoveal subfield (p = 0.047). No sig-
nificant differences were found in the superior or inferior
parafoveal subfields.

To account for the effect of age, analysis of covariance
(ANCOVA) was performed for variables that were signifi-
cant in univariate analysis (Table 3).

After adjustment for age, the difference in CSMT be-
tween groups remained statistically significant (F =29.53,
p <0.001), with a large effect size (partial n> = 0.37). The
adjusted mean CSMT was lower in the DM without DR
group compared with controls. Similarly, the perifoveal
nasal subfield remained significantly different between
groups (F = 6.68, p = 0.013), with a moderate effect size
(partial n? = 0.12). In contrast, no significant difference
was observed in the perifoveal temporal subfield (p =
0.428), with a negligible effect size (partial n? = 0.01).

Correlation analysis demonstrated a significant nega-
tive association between age and CSMT, indicating that
macular thickness decreases with increasing age (Spear-
man p = -0.64, p <0.001; Figure 2).

ROC analysis demonstrated high discriminative per-
formance of CSMT between groups, with an area under
the curve (AUC) of 0.965 (p <0.001). In this cohort, a cut-
off value of <236 pm yielded high sensitivity (96.2%) and
specificity (88.9%) (Figure 3). However, this analysis was
performed as an exploratory assessment and should be in-
terpreted with caution, as the model was derived and tested
on the same dataset, has not been externally validated, and
does not imply clinical or diagnostic applicability.

Representative OCT images are shown in Figure 4 (see
cover page 2). Control subjects demonstrated normal fo-
veal contour and thickness distribution, whereas patients
with diabetes showed subtle structural irregularities and
localized variations in macular thickness.

Discussion

The present study provides new data on macular thick-
ness in Iraqi patients with early DM before the develop-
ment of clinical DR, a population that is underrepresented
in current literature. Using spectral-domain OCT, it focus-
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Figure 2. Scatter plot showing the relationship between age
and CSMT.
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Figure 3. ROC curve analysis of CSMT showing its discrimi-
native performance between patients with DM without DR
and control subjects.

es on detecting early structural retinal changes that are not
visible on routine examination.

The main finding of our study is that CSMT was sig-
nificantly higher in patients with DM without DR com-
pared with healthy controls. In addition, localized thicken-
ing was observed in the perifoveal nasal subfield, while
no significant differences were found in the parafoveal re-
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gion. After adjustment for age, the direction of the associa-
tion for CSMT was attenuated and reversed. This finding
suggests that age exerts a substantial confounding effect
on macular thickness measurements. Importantly, this re-
versal suggests that the initial unadjusted finding may be
misleading and that age substantially influences both the
magnitude and interpretation of CSMT differences.

ROC analysis showed that CSMT had high discrimina-
tive ability between groups (AUC = 0.965), with high sen-
sitivity and specificity at the identified cutoff value. How-
ever, this finding should be interpreted as exploratory, as
the analysis was performed on the same dataset and does
not imply clinical applicability. A negative association be-
tween age and CSMT was also observed, indicating that
macular thickness tends to decrease with increasing age,
which is consistent with known age-related retinal thin-
ning patterns [11, 12].

Taken together, our results indicate that early diabet-
ic retinal changes are localized and region-specific. The
presence of differences in the perifoveal region, with no
corresponding changes in the parafoveal region, suggests
that early structural alterations may initially affect more
peripheral macular zones rather than the central inner ring.

Previous studies have reported inconsistent findings
regarding macular thickness in patients with DM without
DR. Some studies have demonstrated increased macular
thickness, suggesting early subclinical edema or vascular
dysfunction [13, 14], while others have reported thinning
of the macula, which has been attributed to early neurode-
generative changes in the retina [15, 16]. For example, the
Maastricht study found central macular thinning in patients
with DM without DR, due to early neurodegeneration [16,
17]. Karti et al. also showed reduced ganglion cell layer
thickness in early DM without DR [17]. In contrast, Wei
et al. reported increased macular thickness linked to risk
factors like disease duration and lipids in early diabetic
retinopathy [13]. Shah et al. found thicker inner retinal lay-
ers over 7 years in young type 2 DM patients, supporting
early subclinical edema [14]. These differences may be
explained by variations in study design, OCT technology,
patient characteristics, glycemic control, and the retinal re-
gions analyzed. In addition, some studies assess total retinal
thickness, whereas others evaluate individual retinal layers,
which may show different patterns of change [5, 18].

Overall, these findings can be interpreted within two
main mechanisms: microvascular dysfunction leading to
retinal thickening, and neurodegenerative processes lead-
ing to thinning [13, 19]. The variation between studies
likely reflects differences in study populations, disease
stage, OCT methodology, and whether total or layer-spe-
cific measurements were analyzed.

In this context, the findings of the present study are
more consistent with studies reporting localized thicken-
ing [14, 20]. However, they also demonstrate that this pat-
tern is not generalized across the macula and is influenced

by age. This helps explain part of the inconsistency in the
literature, as age adjustment is not uniformly applied in
previous studies. Therefore, the results of this study sup-
port a combined mechanism, where early microvascular
alterations and neurodegeneration may coexist and pro-
duce heterogeneous structural changes, including local-
ized areas of both thickening and thinning. The observed
nasal perifoveal thickening may represent a region of in-
creased susceptibility to early microvascular dysfunction.

There are several limitations in the study. The number
of participants was relatively small; therefore, the results
may not be conclusive for a larger population. Since our
study is cross-sectional, it does not allow us to conclude
causation or progression of DR. The DM without DR
group was significantly older than the control group, and
although statistical adjustment was performed, residual
confounding by age cannot be fully excluded. In addition,
the study was conducted at a single center, and the lack
of examiner blinding may introduce potential assessment
bias. Important clinical variables, including duration of
diabetes, glycemic control (HbAlc), and treatment status,
were not collected. These factors may influence macu-
lar thickness and represent potential sources of residual
confounding. Functional visual assessments were also
not performed, and thus, structural findings could not be
correlated with visual function. The ROC analysis results
should be interpreted with caution since the cutoff value
was derived from a relatively small sample and was not
externally validated. Therefore, its clinical applicabil-
ity may be limited. Although one eye per participant was
analyzed to avoid inter-eye correlation, this approach may
not fully reflect bilateral retinal involvement. In addition,
measurements were obtained using a single OCT device,
and results may vary with different instruments or segmen-
tation algorithms. Future longitudinal studies with larger
sample sizes, external validation cohorts, and inclusion of
metabolic and functional parameters are needed to confirm
these findings and determine their role in predicting the
development of diabetic retinopathy.

Conclusion

Patients with DM without clinical DR demonstrated
significant alterations in macular thickness, suggest-
ing early retinal structural changes in diabetes. Although
CSMT differed significantly between groups, the change
in its direction after age adjustment indicates that this find-
ing is influenced by confounding factors and should be in-
terpreted with caution. These results suggest that CSMT
alone may not be a stable marker of early diabetic retinal
changes, and localized alterations, particularly in the peri-
foveal region, may provide additional insight.

Overall, these findings support the ability of OCT to
detect early retinal changes in diabetes. However, their
clinical relevance remains uncertain and requires confir-
mation in larger, well-controlled, and longitudinal studies.
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KniHi4yHi ocobnmMBoOCTi TpaBMaTUYHUX PO3PUBIB MaKysnn Npu KOHTY3il
O4YHOro fbnyka Ta npmM MiHHO-BMOYXOBiN TpaBMi OKa
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Clinical features of traumatic macular holes secondary to globe contusion versus
those secondary to blast-related ocular trauma
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Pes3tome

Mema. /[ocnioumu KAiHiuni 0codOaU80Cmi mpasmamut-
Hux pospusie maxynu (TPM) npu konmysisix ounozo sa6ayka
ma npu MiHHO-8UOYX08Ill MPaeMi OKa HA OCHOBI 36ePHEHb
nayienmie 0o /1Y «Ilncmumym ounux x6opo6 i mKkaHuHHOT
mepanii im. B. I1. @inamosa HAMH Ykpainuy.

Mamepian ma memoou. [Iposeoeno pempocnekmug-
nutl ananiz 35 eunaoxie TPM y nayicnmie, sKi npoxoou-
au obcmedicenns ma nikysanns 8 JY «lncmumym ounux
X80pob i mxanunnoi mepanii im. B. I1. @inamoea HAMH
Yipainuy. Hayicumu 6ynu posnodineni na 06i epynu 8
3anedcHocmi 8i0 mexanizmy mpaemu. /o nepuioi epynu
0yno eioneceno xeopux i3 TPM, wo eunuxiu 6Haciiook
3aKpumol mpasmu oKkd, a came KOHmysii 0uH020 SA01yKa
(18 oueii). /lo opyeoi epynu sxmouunu nayicumie iz TPM,
cnpudunenumu Minno-eubyxosoro mpasmoro (MBT) opaa-
na 30py (17 ouetl).
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Pesynomamu. Bcmanoseneno, wo TPM npu xonmy3sii
0UH020 AONYKA XAPAKMEPU3YIOMbC 8IOHOCHO MEHUIUMU
PO3MIPAMU, 0BATILHOIW (OPMOIO MA MOICIUBICINIO CHOH-
MAHHO20 3aKPUMMA 3 NOKPAWEHHAM 30POGUX (DYHKYIIL.
Ipu MBT opeana 30py TPM maroms 6i0HOCHO Oinbuui pos-
Mipu, okpyeny ¢opmy, cnocmepieaomovcsi NOOOUHOKI abo
MHOMACUHHI po3pusu cyOurHoi obonouku. Ilpu TPM ena-
cniook MBT, wo cynposodaicyromucs cybgoseonapHumu
PO3pUBAMU CYOUHHOT 0O0NIOHKU, BIO3HAUEHO HUIICYL NOKA3-
HUKU 20CMPOmu 30py ma 0OMedceny no3umueHy OuHami-
Ky nicas XipypeiuHo2o NiKy8aHHs. Y yacmunu nayieHmie
nicas XipypeiyHo2o 6MPYYAHHA AHAMOMIYHO20 3aKPUMMs
PO3pUBy 00csiemu He 80a10CA.

Bucnosku. TPM, cnpuuuneni KoHmys3ier ouHo2o 201yKd,
maroms cymmesi giominHocmi 3a Mopghonozicio, nepebicom
ma (OYHKYIOHATbHUM NPOSHO30M XIDYPSIUHO2O JIKYBAHHS
nopienano 3 TPM, cnpuuunenumu MBT. Konmyszitini ywiko-
OJICEHHS XapaKkmepusylomscs OLIbW CHPUAIMIUGUM KIIHIY-
Hum nepedicom, mooi ax MBT cynposodxcyromecs Oinvuu
MAIICKUM YPAIICEHHAM OKA, HUIICHUMU NOKASHUKAMU 30PO-
8UX QOYHKYIL MA CKIAOHTWUMU YMOBAMU OiACHOCIMUKU.

Kniouogi cnoea: mpasmamuynuii pospue Maxyiu, MiH-
HO-8UOYX08a MPasma, KOHMY3is OUHO20 AOTYKA, PO3PUE Md-
KYIU, ONMUYHA KO2ePEeHMHA momopadis, GIimpexmomis,
sclopetaria, cimkieka.

Abstract

Purpose. To examine the clinical features of traumatic
macular holes (TMHs) secondary to globe contusion ver-
sus those secondary to blast-related ocular trauma (BROT)
based on the review of medical records of patients visiting SI
“The Filatov Institute of Eye Diseases and Tissue Therapy
of the National Academy of Medical Sciences of Ukraine” in
2018-2025.
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Material and Methods. We retrospectively reviewed the
medical records of 35 patients with TMH who underwent ex-
amination and treatment at SI “The Filatov Institute of Eye
Diseases and Tissue Therapy of the National Academy of
Medical Sciences of Ukraine” in 2018-2025. Patients were
divided into two groups based on the mechanism of trauma,
with group 1 including 18 patients (18 eyes) with TMHs sec-
ondary to a closed-globe injury (namely, globe contusion),
and group 2, 17 patients (17 eyes) with TMHs secondary to
BROT.

Results. We found that TMHs secondary to globe contu-
sion had a smaller size and an oval shape, and may spon-
taneously close, with better functional outcomes. TMHs sec-
ondary to BROT were relatively large and round, and were
associated with isolated or multiple choroidal ruptures. The

Betyn

TpaBmarnuni po3pusn makynmu (TPM) — BigHOCHO
piaKicHa, ajie KJIHIYHO 3HAYyIla MaroJIoris, IO CYIpo-
BOJDKYETHCSI 3HAYHUM 3HIDKCHHSIM ILIEHTPAJILHOTO 30Dy Ta
ICTOTHO MOTIpIIyE SIKICTh )KUTTS NalieHTiB. Briepie naHe
ypaxkeHHst Oyio ormucano Knapp B 1869 pori y Mosonoro
nani€eHTa, sk nepenic TpaBMmy oka.[1] 3rinHo 3 naHuMu
3apyOikHUX fociimkenb, TPM tpamsitorses y 1,4% Bu-
NaJKiB 3aKpUTHX TpaBM oka Ta 'y 0,15% BiIKpHUTHX yIIKO-
JUKeHb [2, 3].

Y mupnuit wac TPM 3ycrtpivaroTbest Hewacto U 3a-
3BMYali TOB’s3aHI 31 CIIOPTHBHUMH, TOOYTOBUMH a00
BUPOOHUYUMH TpaBMaMH. Y TaKUX BHIAJKaxX 3aIporio-
HOBAHO KiJIbKa MeXaHi3MiB ()OpMyBaHHSI PO3PHBIB, O1-
Hak Haiyacrimie iX MOsCHIOIOTh PI3KHM CIUTIOLICHHSM Ta
KOMIIEHCAaTOPHUM TI€PEPO3TATYBAHHSIM CITKIBKM BHACIIi-
JIOK PanToBO CHpUYMHEHOT JAedopmarii ouHOro soIyKa 3
(hopMyBaHHSIM PO3PUBY CITKIBKH B TOUI[I HAMEHIIIOT TOB-
nMHY B Gosea [4].

B ymoBax cy4acHHX BOEHHHX [ili BiJI3HAYAETHCS 3Mi-
Ha CTPYKTYpPH TPaBM OKa 3 iICTOTHUM 3POCTaHHSM YacTOTH
MiHHO-BHOyX0oBHX (MBT) Ta BOrHenajabHUX YIIKOIKEHb
oprana 30py. OCOOJIMBICTIO TAKHX TPABM € CKJIQJHUI KOM-
O1HOBaHMI MEXaHI3M ypa)KEHHs, [0 BKJIIOYAE IO YIapHOI
XBHJI1, Pi3Ki KOJIMBaHHS BHYTPIIIHBOOUYHOTO THCKY Ta 0e3-
rocepeIHe MeXaHiyHe TOIIKO/DKEHHS TKaHUH. Y pe3yJibra-
Ti pOpMYIOTHCST OB TSKKI 1 PO3IIOBCIO/PKEH] YPaKeHHS
3aJHBOTO CETrMEHTa OKa, 30KpeMa MaKyJSpHOI UISTHKH.
MBT wuyacto CynpoBOPKYIOTHCS PO3BUTKOM YHCICHHHX
CYIYTHIX IaroJIOTIYHMX 3MiH, CEpe/l SKUX TpaBMaTHiHa
KarapakTa, remoraibM, CyOpeTHHaJbHI KPOBOBMIIMBH,
BiALIApyBaHHS CITKIBKH, PO3PHUBH CYAMHHOI OOOJIOHKH,
a takok xopiopetuHiT Sclopetaria [5]. [ToenHaHHS 1HX
CTaHIB 3HAYHO YCKJIQJHIOE KIIHIYHY KapTUHY, HOTipIIye
(DYHKIIIOHANBHUI MPOTHO3 Ta CTBOPIOE TPYAHOI Y Jia-
THOCTHIII PO3PHUBIB MaKyJIH.

3osotuM cranaaproM giarHoctuke TPM e ontiyHa Ko-
repentHa Tomorpadis (OKT), sika 103BoJIsI€ OLIHUTH MOP-
(honoriro pedekry, Horo po3mipu, CTaH MIapiB CITKIBKU Ta
CYIYTHI CTPYKTypHi 3MiHH. Haituacriie BUKOPHCTOBYIOTh
JIBa KJIIOYOBI MapamMeTpu: MiHIMalIbHUH JiaMeTp pO3puBY

latter TMHs, when accompanied by subfoveally located cho-
roidal ruptures, had lower visual acuity and limited improve-
ment toward closure after surgical treatment. Surgery failed
to achieve anatomical hole closure in two patients.

Conclusion. There are substantial differences in morphol-
ogy, course, and visual prognosis of surgery between TMHs
secondary to globe contusion and those secondary to BROT.
The former are characterized by a more favorable clinical
course, whereas the latter are accompanied by more severe
ocular lesions, with lower visual function and the conditions
creating a challenge in the diagnostic evaluation.

Keywords: traumatic macular hole, blast-related trauma,
globe contusion, macular hole, optical coherence tomography,
vitrectomy, sclopetaria, retina.

(HaiiMeHIIa BiicTaHb MK KpasiMu ie(eKTy) Ta Oa3aabHUH
niamerp (IIMpHHA Ha PiBHI MITMEHTHOTO EIiTENII0 CITKiB-
Kkn). [6].

BignosigHo 10 cywacHOi kimacuikarii po3puBd Ma-
KyJIM TIOAUIIOTE Ha Maii (<250 mxm), cepemni (250—400
MKM) Ta Beduki (>400 mxm). [7].

it mporHO3yBaHHST TEpeOiry TaKoXK 3aCTOCOBYIOTh
MopdoMeTpuyHi iHAeKcH. 30KpeMa, 1HAEKC MaKyJIspHOTO
PO3pHBY (BIHOIICHHS BHCOTH PO3PHBY J0 HOT0O 0a3aibHO-
TO JliameTpa), e 3HaueHHs >0,5 BBaXKAETHCS CIPUATIMBAM
MPOrHOCTUYHHUM (DakTOpoM. Jl0/1aTKOBO OLIIHIOIOTH (haKTop
(hopMu po3puBY, KM Bi0OpaXka€ TEOMETPUYHI CHIBBIJI-
HOIIICHHS KpaiB Ie()eKTy Ta TaKOXK Ma€ POrHOCTHYHE 3HA-
YEHHSI.

€MHOTO MIIX0y A0 BU3HAYEHHSI TAKTHKH JIIKYBaHHS
TPM Hemae. BaxaeTbcs, 1110 PO3PUBH MAJINX PO3MIpIB
(mo 250 MKM) y MOJIOMUX MAIli€HTIB MOXYTh MaTH TCH-
JICHIIIO IO CIIOHTaHHOTO 3aKPHUTTS MPOTSATOM 3—6 Mics-
I[iB, OCOOJIMBO 3a BIJICYTHOCTI BiANIAPYyBaHHS 3aJHBOT
rianoiHoi MeMOpaHM Ta BUPaXEHUX IHTPapeTHHAIBHUX
kict [8—11]. BogHouac 3a BiJICyTHOCTI TO3UTHUBHOI JHU-
HaMiku abo NpH HasBHOCTI CYITyTHBOI MATONOTii TMOKa-
3aHe XipypriuHe JIKyBaHHsS, OCHOBHHM METOIOM SIKOTO
€ TpaHCIMIiapHa BITPEKTOMisl 3 MUIIHIOM BHYTPILIHBOT
MexoBoT MeMOpanu. [12]

HesBaxatoun Ha BiTHOCHO HeBeJMKY 4yacTky TPM vy
3arajpHiil CTPYKTYpi TpaBMH OKa, 1X KJIiHIYHE 3HAYCHHS €
Ha/[3BUYaiHO BUCOKHMM. L{e 3yMOBIICHO THM, 110 TIepeBak-
Ha OUTBIIICTh MAI[IEHTIB HAJIGKHUTH JIO 0CI0 TMparie31aTHoro
BiKY, 1110 BU3HAYa€ HE JIMIIC MEAUYHY, a i COLliaIbHO-EKO-
HOMIYHY 3HaUyIIiCTh IPOOIEMH. 3pOCTaHHS YaCTOTH TSIK-
KUX TPaBM OpraHa 30py B YMOBax BOEHHOTO 4acy 3yMOB-
JIFO€ HEOOXIHICTB MOMTNOIEHOT0 BUBUCHHS 0COOIMBOCTEH
TPM, 30Kkpema 3aJIe)KHO BiJl MEXaHI3MY YIIKOIKCHHS.

Mera. [locnianTi KiiHIYHI 0COOIMBOCTI TpaBMaTHy-
HUX PO3PUBIB MakyjJM INPH KOHTY3il OYHOro s0iyKa Ta
MIHHO-BHOYXOBIi TpaBMi OKa Ha OCHOBI aHaJIi3y 3BEpHEHb
narieHTiB 10 Y «lHCTUTYT O4HHUX XBOPOO | TKAHMHHOI Te-
pamii im. B. I1. dinaroBa HAMH Vkpaiun» 3a 20182025
POKH.
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Marepian Ta metogm

[TpoBeneHO peTpOCIIEKTUBHMI aHaNi3 MEANYHOI JOKY-
MeHTanii namieHTiB i3 TPM, sxi mpoxoaminn oOCTeKeHHS
Ta jikyBaHHA B /1Y «[HCTUTYT OYHHX XBOPOO 1 TKAHWHHOI
teparii im. B. T1. ®inatoBa HAMH VYkpaian» y 2018-2025
pokax. Jlo mociipkeHHS BKIIOYEHO 35 TAIli€HTIB BIKOM
Bix 9 mo 50 pokiB (3647 pokiB), 3 SKUX YONOBIKiB — 34
(97,14%), xinox — 1 (2,86%). JliarHO3 «TpaBMaTHIHUI
pPO3pHMB MaKyiIW» BCTaHOBIIOBAaBCS Ha MIACTaBl JaHUX
aHaMHe3y, O(TaIEMOCKOIIIYHOTO OOCTEeKECHHS Ta IaHHUX
OKT. V¥V gactman xBopux (8 MAalLi€HTIB) 3 BHPaKCHUMH
MTOMYTHIHHSAMHU ONTHYHUX CEPEIOBUI a00 reMO(TaIbMy
JiarHO3 BCTAHOBIIOBAIM iHTpaorepamiiiHo. B ocHOBY BH-
3HAUCHHS TaKUX PO3PUBIB Opasli BiMHOIICHHS 1X 10 TUCKY
3opoBoro Hepaa (JI3H), sik BUKOPHUCTOBYIOTH A€sKi aBTOPH
B cBOix poOotax [13]. Po3puBu Mammx po3MipiB BiAmoBi-
mamu posmipam 0,1-0,2 J13H (3 Bumagkm, 17,64%), Tomi
SIK BEJIMKAMU BBaXKanmuch po3pusu > 0,5 /13H (5 Bumankis,
29,4%).

3aJe’KHO BiJf MEXaHI3MY TPaBMU MAIi€HTIB OyII0 pO3IIo-
nireHo Ha aBi rpymu. o nepiroi rpymnu BitoueHo 18 marri-
enTiB (18 oueit) i3 TPM, 1m0 BUHUKIIN BHACTIIOK KOHTY3i1
o4HOTO s10TyKa. Jpyry rpymy craHoBwiy 17 mamientis (17
oueif) i3 TPM Bracminok MBT oka.

VYciM marieHTaM TPOBOIIUIH OIIHKY MOPQOIOTIYHIX
0COOMHMBOCTEH PO3PUBIB MaKyJH, IX JIOKATi3aIlil, a TaKoXK
aHaJi3 CyNyTHIX YIIKOKeHb. OmiHKa (YHKIIOHAIBEHOTO
CTaHy OpraHa 30py BKJIIOYajla BU3HAYECHHsS MaKCHMAaJbHO
xopuroBanoi roctporu 3opy (MKI'3) mpu mepBuHHOMY
3BEpPHEHHI Ta B TUHAMIII CITOCTEPEKCHHS.

3a HasgBHOCTI sKicHnX OKT-300pakeHb BU3HAYAIN Mi-
HIMaNBHUN Ta 0a3aidbHUH JiaMeTp MaKyJISIPHOTO PO3PHUBY.
MinimMaapHUH HiaMeTp BH3HAYAIN SK HAMEHIITy BiJICTaHBb
MK KpasMu Aedekry, 0a3ampHHN TiaMeTp — SIK MaKCH-
MaJbHY IIUPUHY PO3PHUBY HA PiBHI MITMEHTHOTO EIIITEIII0
ciTkiBku. JlomatkoBo aHami3yBanu Gopmy nedexTy Ta cTaH
HABKOJIMIIHIX MIAPiB CITKIBKH.

TakTUKy JiKyBaHHS BH3HA4Yalldl iHIUBiIyadbHO 3 ypa-
XyBaHHSAM BIKYy Talli€HTa, MEXaHi3My TpaBMH, PO3MipiB
i MOp(hOTOTIYHUX XaPAKTEPUCTHK PO3PUBY, TPHBAIOCTI
HOTr0o iCHyBaHHS Ta HAasBHOCTI CYIYTHIX YIIKO/DKEHB. Y
MAIIEHTIB i3 HEBENMKUMH TPAaBMAaTHIHUMH PO3PHUBAMHU
Makymd (1o 250 MKM), 0COOIIBO MOJIOIOTO BiKY, KM HE
BHUKOHYBAJIOCS ITEPBUHHE XipypridHe JIKyBaHHS, IIPOBOIH-
JIOCS TMHAMIYHE CITOCTEPEKEHHS TPOTIATOM TPHOX MICSIIIB
i3 perymsipaum OKT-koHTponeM ISt OIIHKH MOYKIIBOCTIL
CIIOHTaHHOTO 3aKpUTTA AedekTy. [Ipu po3puBax po3mipom
250-600 MKM pilIeHHs IIOJ0 ONEpPaTUBHOTO JiKyBaHHS
MpUiiMay 32 HasSBHOCTI OJHIET 3 3a3HAUCHUX yYMOB: BiJ-
CYTHOCTI O3HaK HOCTYIIOBOTO CAaMOCTIHHOTO 3aKPUTTSI, TIPH
CTaOlLTbHO HU3BKUX 30pOBUX (DYHKIISX a00 HASBHOCTI Cy-
IMyTHBOI TATOJIOTii. Y BHITQAKaX BEIUKHUX po3puBiB (>600
MKM) TIepeBary HaJaBajld PaHHbOMY XipypridHOMY JIiKy-
BaHHIO. XipypriuHe BTpYYaHHS Tependadano MpOBEICH-
HS TPAHCIIWIIApHOI BITPEKTOMIi 3 MIIHTOM BHYTPIIIHBOI
MekoBOi MeMOpanu. [Ipn BenMKNX MakysIsIpHHX pO3pUBAx
3aCTOCOBYBAJI TEXHIKY iHBEPTOBAHOTO (pJIemy BHYTPIII-

HBOI MEKOBOT MEMOpaHH Ul MiJBUIICHHS WMOBIPHOCTI
AQHATOMIYHOTO 3aKPUTTS Te(EKTY.

[IpencraBimeHa pobOoTa € YaCTHHOIO HAYKOBO-IOCIII-
HUX poOIT «BHU3HAYNTH O0COOIMBOCTI BITPEOPETHHAIHHOT
Xipyprii Tpu maTonorii MaKynd y BOEHHHU dacy (Iepik-
peectparis Ne 0125U002074); «BoockoHaneHHs BiJTHOB-
JOBAJIEHO-PEKOHCTPYKTHBHOTO XipYPTi9HOTO JTIKYBaHHS
OottoBoi TpaBMHE OKay (aepkpeectparis Ne 0126U001871).

Craructuyay 00poOKy NaHWX IPOBOIIIIN 3 BUKOPHC-
TaHHSIM HEMapaMeTPUYHUX METOMIB. SIKiCHI ITOKAa3HUKH
HaBEJCHO Yy BHUIVIANI aOCONIOTHUX 3HAYEHBb Ta BiJICOTKIB.
JUis TIOpiBHSHHS TPYH 3aCTOCOBYBAJIM TOYHHH KPHTEpPIl
®imepa. CTaTUCTUYHO 3HAYYIIIMMHU BBaKAJIHM BiAMIHHOCTI
mpu p<0,05. CraTucTHYHAI aHAII3 TPOBOANBCS 3 BUKOPHC-
TaHHsM Tiporpamu Microsoft Excel.

Pe3ynkraTtn

[IpoBeneHuii aHami3 KIIHIYHAX BATIA/IKIB JTO3BOJIHB BH-
SIBUTH CYTT€BI BiIMiHHOCTI Mi>k TPM, 1110 BUHHKAIOTH BHA-
CITiOK KOHTY3ii ouHoro sibmyka Ta mpu MBT oprana 3o0py.

3a garumu odrampmockorii Ta OKT BcTaHOBIIEHO, 110
IIPU KOHTY31HHUX TpaBMax pPO3PHUBH, SK HPaBHIO, OyiH
MEHIIMMH 32 PO3MipaMH Ta MajH TIEPEBaKHO OBAIBHY
¢dopmy (puc. 1 — ouB. 2 crop. obkmaguHkn). HatomicTs
pu MBT po3puBHu XapakTepu3yBaucs OLTbII BUPaKCHNU-
MH MOP(]OIOTIYHIMHU 3MiHAMHU: BOHU OynH OITBIIAMU 32
po3MipaMu, Maid OKpyTiITy (GOopMy Ta BHpakeHI KiCTO3HI
3MiHHU CITKIBKH IT0 Kparo po3puBy (puc. 2 — AuB. 2 CTOP.
0OKITaMHKM). Y YaCTHHHM TMAIIEHTIB IPYTOi TPy BU3HA-
YeHHS TOYHHX PO3MIpiB pO3pUBY IO oreparii Oyno He-
MOXXJIMBAM 4Ye€pe3 MOMYTHIHHS ONTHYHHX CEPEIOBHI Ta
reMo(TaIbMy.

CyTTeBI BIIMIHHOCTI CITOCTEPITaics 1 MO0 JIOKaTi3a-
i1 CYITyTHIX YIIKOIKeHb CyAMHHOI 0000HKH. [Tpn KOHTY-
31HHMX TpaBMax pPO3PHUBHU CYIMHHOI 0OOJIOHKH JIOKAIi3yBa-
JHCS SIK [EHTPAJIBHO, TaK 1 Mapad)oBEOsIIpHO. Y BUIAIKY
MBT cnocrepiranmcst mepeBakxHO CyO(QOBEOIAPHI PO3PH-
BU CYTMHHOI OOOJIOHKH.

30poBi (yHKIIT y TALi€HTIB TBOX TPYH TaKOXK ICTOTHO
BiZIPI3HSIHCS. AHAJII3 IPOBOAMIA 3 PO3MOALTIOM IMAIiEHTIB
3a pieaeM MKI'3 110 Ta micis JTiKyBaHHS.

VY rpymi KOHTY3IMHHX TpaBM HpPH NEPBHHHOMY 3BEp-
HEHHI CBITIOBIAUYTTS BU3Hadanocs y | mamienTa (5,55%).
VY oimpmocti xBopux (14 mamienris, 77,78%) MKI'3 cra-
HoBmia B Mexkax 0,48-2,3 LogMAR, Toxmi sik y 3 marfieHTiB
(16,67%) Gyna xpamroro 3a 0,48 LogMAR. Ilicns nmikyBaH-
HS B il TPy Big3HA4Yamacs MO3UTHUBHA JHHAMIKA: YacTKa
namieHTiB i3 MKI'3 kpammoro 3a 0,48 LogMAR 36insmmna-
cs o 10 (55,56%), Tomi sk y 8 mamientis (44,44%) BoHa
3anuanacs B Mexax 0,48-2,3 LogMAR.

VY rpyni MBT nipu nepBUHHOMY 3BEpHEHHI y 6 Taili-
entiB (35,29%) BU3HA4AnIOCSA CBITIOBIAUYTTS, IO CIO-
CTepiranxocsl JacTilie MOPIBHAHO 3 TPYIOI0 KOHTY3IHHHIX
TpasMm (35,29% mpotu 5,55%; p < 0,05, 3a TouHNM KpHuTe-
piem ®imrepa). Y 10 martienTi (58,82%) MKI'3 cranoBma
0,48-2,3 LogMAR, i mumie B 1 mamienra (5,89%) BoHa 11e-
pesumryBana 0,48 LogMAR. Ilicns mikyBaHHS y Ii# rpyTIi
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3HAYHOTO TIOKpPAIIeHHS 30pOBUX (DYHKIIIH HE crocTepira-
JIOCS: YacTKa TIAIi€HTIB 13 TOCTPOTOIO 30pYy KpPamoro 3a
0,48 LogMAR 3anumanacsi 3Ha4HO HIKYOIO TTOPiBHSHO
3 TPYyNoOI0 KOHTY3IHHHUX TpaBM (5,89% mpotn 55,56%; p
< 0,01, 3a Tournm kputepiem dimrepa), Tomi Ik y 12 ma-
mieHtiB (70,59%) Bona 3amumranmacs B Mexax 0,48-2.3
LogMAR, ay 4 (23,52%) — Ha piBHI CBITJIOBIJUYyTTSL.

CyTTEBOIO BiIMIHHICTIO MIXK TOCIIIKYBaHUMH TpyTa-
MH Oyia TaKOK 4acTOTa CYITyTHIX YIIKO/DKEHb Oka. Ilpm
KOHTY31MHHX TpaBMax BOHH TPAIUIUTHCS BIIHOCHO PIIKO
1 Oynu IpencTaBiIeHi MepeBaKHO TPAaBMAaTHIHOO KaTapak-
Toro (3 Bumaaku, 16,67%) Ta MOONMHOKHMH PO3PUBAMHU
CYIMHHOI 000JOHKH NapamnaniisipHo (4 Bunaaku, 22,22%).

Haromicts y rpymi mamienTiB i3 MBT Big3Hagamacs
3HAYHO BUINIA YaCTOTa CYMyTHIX YIIKOI KeHb. HaifgacTi-
e criocTepiraiucs remopTanbMu (5 Bumaakis, 29,41%),
BiImIapyBaHHA CiTKiBKH (6 BUManKiB, 35,29%), MHOXHH-
Hi pO3pHBH CyAWHHOI oOosoHku (5 Bumankis, 29,41%),
xopiopetuHiT sclopetaria (5 Bumazkis, 29,41%), a Takox
MIOMYTHIHHS poriBku (4 Bumazakw, 23,5%). YV marjieHTiB
i3 MBT ominka po3mipiB po3puBy Oyna yTpyIHEHa dUe-
pe3 3HIKeHHA Bi3yamizamii. B Hamriit rpymi B 8 Bumagkax
(47%) niarHOCTYBAJIM IHTpAOTIEPALIITHO.

BaxnnBoro BiIMIHHICTIO MK JOCTIKYBaHHUMHU TPY-
mamu OyiTa TWHAMiKa pO3PHBIB MaKymu. Y TPyIi KOHTY-
31HAX YIIKOPKEHb CIIOHTAHHE 3aKPUTTS Ne(eKTy CIo-
crepirasiocsd y 3 manieHTis (16,67%) mpotsrom 3 micsIis.
VY Bcix BHMAAKax PO3PHBH Oy HEBEIMKHUX PO3MIpiB (10
300 MKM) 1 crIoCTEpiraMch y Malie€HTiB MOJIOAOTO BiKy. B
TaKUX BUMAIKaX Yy JMHAMIII CTOCTEpIragocs IMOCTYIOBE
3MEHIIEHHS PO3MipiB Ie(eKTy 3 TMONATBIINM BiTHOBJICH-

HSM aHATOMIYHOI IUTiCHOCTI (poBea, IO CYIpOBOIKYBa-
JI0CS TIOKPAIIEHHIM 30poBUX (YHKIIH (puc. 3).

VY rpymi namienTiB i3 MBT nuie B omHOMY BHTIAIKY
(5,8%) crocrepiranocst CIOHTaHHE 3aKPUTTSI MAKyJISIPHO-
TO PO3PUBY, SIKE BiIOYIIOCS Yepes MICsIb MiCIIsT OTPUMaHO1
TpaBMHA. Y OUTBIIOCTI BUMAIKIB IIPOTATOM CIIOCTEPEKCHHS
HE BiJI3HAYAJIOCS O3HAK CIIOHTAHHOTO 3aKPUTTS ePEKTY,
0 3yMOBITIOBAJIO JOIIBHICTD XipyprigHOTO BTPYYaHHS.
JlonaTkoBUMH ITOKA3aHHIMH JI0 OIIEPaTHBHOTO BTPYYaHHS
Oyna HasSBHICTH CYITyTHIX YIIKOKEHb, 30KpeMa TreMod-
TaJbMy, BiIIApyBaHHS CITKIBKH Ta PO3PHBIB CYIWHHOI
00OJIOHKH.

[Micns mikyBaHHA y TPyIi KOHTY3IMHHX YIIKOMKCHD
Bizmcorok marieHTiB i3 MKI'3 monax 6/20 3010bIIHBCA 3
16,67% mo 55,56%, mo cBigumiIO Tpo 3HaYHE (PYHKITIO-
HaJIbHE IOKPAICHHS.

VY rpyni MiHHO-BHOYXOBOi TpaBMHU ITO3WTHBHA IHHA-
Mika Oyma MeHII BupaxeHoro. Ilicis mikyBanusa y 12 ma-
mienTiB (70,59%) roctpora 30py 3anmmanacs B Mexkax
6/1200-6/20, a y 4 namienTiB (23,52%) 30epiranacst Ha
piBHI cBiTIIOBiMUyTTS. Y ABOX BHmankax (12,5%) micms Xi-
PYPTIYHOTO BTPYYaHHS aHATOMIYHOTO 3aKPHTTS MaKyJsip-
HOTO pO3PUBY AOCATTH HE BHanocs (puc. 4).

O6rosopeHHA

IIpoBeneHuit peTpOCHEKTUBHUHN aHAII3 CBIIYHTH, IO
KIiHIYHAE nepebir TPM 3HauHOIO MIpOIO 3aJeKUTh Bif
MeXaHi3My TpaBMH. Y TAaIi€HTIB i3 KOHTY3i€I0 OYHOTO
s0IyKa pPO3PHBH MaKylll XapaKTE€PU3YBAJINCS BiJHOCHO
CIPUATIUBUM TIepediroM, TOIi K MPH MIHHO-BHOYXOBiit
TpaBMi CIIOCTEPIranocs OUTBIN TSHKKE YPaXKCHHS MaKyIsip-

Puc. 3. OKT-guHamika cnoHTaHHoro 3akpuTta TPM y nauieHTa 3 KOHTY3ieto o4HOro siényka gytbonsHuM M syem. A — npu
rocnitanisadii, MKI'3 — 6/20, 6a3ansHuin po3mip po3pusy — 306 Mkm; b — yepe3 3 gHi MKI'3 — 6/20; B — yepes 10 gHiB nicns

Tpaemu MKI'3 — 6/12.

Puc. 4. OKT makynu nauieHta 3 TPM BHacnigok MBT 3 He3akpuTTsiM po3puBy MIiCNsA BITPEKTOMIi 3 3aCTOCYBaHHAM TEXHIKU
iHBepTOBaHoro dneny.

58



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | May-June | Number 3 (530)

Puc. 5. OKT-3HimMK1 CITKIBKM ONepoBaHOro po3puBy Makymnu. A — Npy KOHTY3il, TOBLUMHA LieHTpanbHOI 30HM 276 MkM; B — npu
MBT, ToBLMHa LeHTpanbHOi 30HN 190 MKM.

HOI JUISSHKM Ta HWK4Yl (DYHKI[IOHAJIBHI pe3yJbTaTh JIKY-
BaHHSI.

OnHi€ero 3 0COONMBOCTEH KOHTY31HHHX TPaBMaTHYHUX
PO3PUBIB MaKyJld € MOXKJIMBICTh 1X CIIOHTAHHOTO 3aKpPHUT-
Ts. 3a JAaHMMU JITepaTypH, CaMO3aKpHUTTs HaivacTiiie
BiZIOYBA€ThCA y MOJIOAMX MAIIIEHTIB MPU HEBEIHKHUX PO3-
Mipax Je(eKTy MPOTArOM MEPUIMX MICSIIB MiCIs TPaBMH
[5, 6,9, 10, 14]. V HamoMy IOCIHIIXKEHHI CIIOHTaHHE 3a-
KPHUTTS TaKOK CIIOCTEPIrajocs MepeBaKHO y MAIlI€HTIB i3
KOHTY31€10 OYHOTO s0JIyKa, 110 MiATBEPIKYE AOLIBHICTD
KOPOTKOYACHOTO JIMHAMIYHOTO CIIOCTEPEIKCHHSI B OKPEMHUX
KIIHIYHUX CHTYaIlisX.

Ha BinMiHy BiJl KOHTY31MHUX YIIKOMXKEHb, MIHHO-BH-
OyxoBa TpaBMa CYNPOBOKYBaNacs OiNbII BUPAKCHUMHU
CTPYKTYpPHUMH 3MiHAMH 33JJHHOTO CErMEHTa OKa. Y Ipo-
BEJICHOMY JOCIIDKEHHI BCTAHOBJICHO, IO IS L€l Tpy-
nu Oyliu XapakTepHUMH OibIi 32 po3MipaMH PO3PUBH,
MO€AHAHHS 3 PO3PUBAMM CYAMHHOI OOOJIOHKH Ta BHCOKa
yacToTa BiTpeopeTHHanpHOI matosorii. Ile moB’s3aHo 3
KOMOIHOBAHOIO €0 yIapHOI XBWJII Ta PI3KUX KOJIMBaHb
BHYTPIIIHBOOYHOTO THUCKY, SIKI CIIPUYMHSIOTH OLIBII TIIH-
0OKe YIIKOPKSHHSI XOPIOPETHHAILHOTO KOMILIEKCY MOpPiB-
HSTHO 3 130JIb0BaHOO KOHTY31€10. [15]

Takum 4YMHOM, pe3yJabTaTh TOCIIHKEHHS MIATBEPIIKY-
10Th, 0 TPM mnpu KOHTY3ii 04HOTO 0IyKa Ta MiHHO-BHU-
OyXOBIii TpaBMi € pI3HUMH KJIIHIKO-TTATOTeHETUYHUMH CTa-
Hamu. [le 00ymMoOBITIO€ HEOOXITHICTh TU(EPEHITIHOBAHOTO
MiAX0My 10 MIarHOCTHUKU, BUOOPY TAKTHKH JIIKYBaHHS Ta
NPOTHO3YBaHHS (YHKIIIOHAJIBHUX PE3YJIBTATIB 3aJIe)KHO
Bl MEXaHI3My TpaBMH.

3rifHo 3 OmyOJiKOBAHUMHM paHilIe JOCIiHKEHHS-
MH OCOOJHMBOCTEH KJIIHIYHOTO mepediry Ta pe3yibrarTiB
XIpYpriuHOTO JIIKyBaHHsI MAIL€HTIB 3 XOPIOPETHHITOM
Sclopetaria micass MBT oka, yactora MakyJIsIpHHX pPO3-
PHBIB IIpH 1IbOMY cTaHi cTaHoBUTH 20,8% [5]. fAkmmo Bpa-
XyBaTH, IO 10 MOP(OIOTiYHUX BiIMIHHOCTEW XOPiopeTH-
HaJIbHOTO KOMIUIEKCY TP CKJIOTIETAPHOMY XOP1OPETHHITI
HOPIBHSHO 3 MOCTKOHTY3IMHUMH TPaBMAaTHYHUMHU PO3PH-
BaMU cyauHHOI 00onoHkH 3a ganumu OKT BimHOCATHCS
reHepaizoBaHuii cyopeTnHanbHuN (i0p03 3 BUPAKEHOIO
peTHHANBHOO aare3iero kpaie TPM, € HijIkoM OueBUIHUM
HECTPUSATIMBUAN NPOTHO3 1010 3aKPHUTTSI HABITh BIJIHOCHO

HEBEJIMKHUX PO3PHBIB 200 3aKPUTTS 3 HU3bKUM (YHKIIIO-
HaJIbHUM PE3YJIBTaToOM.

[Ticnst Xipypri4Horo JiKyBaHHS HaBiTh IPH TO3UTHB-
HOMY Pe3yJIbTaTi 3aKpUTTsl PO3pUBY 30poBi (yHKIIT y na-
uientiB 3 MBT Oynu HIKYMMU 32 paxyHOK 3MIH CITKIB-
KM, BUTOHYEHHS Iapy oropenentopiB (puc. 5). Takum
YMHOM, Tipiii (QYHKIIOHAJIBHI PE3yNbTaTH y MAl[€HTIB i3
MBT 3ymoBiieHi He juiie MOPGOIOTTYHUME OCOOTHBOC-
TSIMH MaKyJSIpHUX PO3PHUBIB, a il KOMIUICKCHUM XapakTe-
POM YIIKO/DKEHHSI TKAHHH OKa.

OTKe pe3yibTaTd AOCIIIHKCHHS MIATBEPKYIOTh, 10
TPM mnpu koHTy31i 04HOTO sI0JIyKa Ta MiHHO-BHOYXOBIi
TpaBMi € PI3HUMH KIIHIKO-IAaTOTCHETUYHUMH CTaHAMHU.
Lle 0oOymoBITIO€E HEOOXIIHICTh NU(EPEHIIHOBAHOTO ITi/XO-
Jly 10 NIarHOCTHKH, BUOOPY TaKTHKH JIKyBaHHS Ta IpO-
THO3yBaHHS (YHKIIOHAJBHUX PE3YJbTaTiB 3aJICIKHO Bij
MeXaHi3My TpaBMH.

BucnoBok. TpaBMaTnuHi po3pHBH MaKyJIU [TPU KOHTY-
311 ouHoro sionyka Ta MBT MaroTh CyTTeBI KIIiHIKO-MOpP-
¢ooriuHi BiIMIHHOCTI, 110 BU3HAYAIOTH iX MEepeoir i mpo-
THO3.

[Tpu KOHTY3IMHUX YIIKODKEHHSX PO3PHBH MAaKyIlH,
SIK TPABIJIO, MAIOTh MCHII PO3MIpH, OBaJbHY (HopMy Ta
XapaKTepU3YIOThCSI MOXKIIUBICTIO CIIOHTAHHOTO 3aKPUTTS,
IO CYNPOBOKYETHCSI KpAIMMHU (YHKIIOHAIBHUMHU pe-
3yJbTaTaMHu.

[Tpu MBT po3puBHu yacTiiie € BiIIHOCHO OiJIbLIIMMH 32
po3Mipamu, MaroTh OKpYITy (GopMy, IO 3yMOBIIOE BUpa-
’KEHE 3HW)KEHHSI LIEHTPAJILHOTO 30DY.

3oposi (yskmii y namientiB i3 MBT € 3HauHO Tip-
IIMMH MOPIBHSHO 3 KOHTY3IHHHMH YIIKOJDKEHHSMH, IO
OB’ 5I3aHO 3 OUIBII NIMOOKUM ypasKeHHSIM MaKyJIsIpHOT Jii-
JISIHKA Ta OOMEXEHUMH MOMJIMBOCTSIMH 11 aHATOMIYHOTO
BigHoBieHHA. JliarHocTrka TPM npu MBT e cknanHi-
II0I0 Ta MOTPeOye KOMIUIEKCHOTO TTiIXOTY.

ABTOpPCBLKUI BHECOK

KaHuep K. C. — 36ip gaHux, aHania AaHux, NigrotoBka py-
konucy. YnbsHosa H. A. — po3pobka koHuenuii, 36ip AaHux,
nigrotoBka pykonucy. Akumerko |. B. — 36ip gaHux, aHani3
AaHux, nigrotoBka pykonucy. YmaHeub M. M. — po3pobka
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KOHLenuji, 36ip AaHux, NigrotoBka pykonucy. Yci asTopu npo-
YWUTanu Ta CXBanunm oCTaToOMHWI BapiaHT PyKOMucy.

[>xepena nigTpUMKM
BigcyTHi.

BigmoBu Big BignoBiganbHoOCTI

BucnosneHi y nogaHin ctaTTi AyMKM € BNaCHUMW yMKaMu
aBTOpIB, a He OILiNHOK NO3MLIED YCTaHOBM.

KoHdnikT iHTepeciB

ABTOpM 3acBigYylTb MPO BIACYTHICTb KOHMMIKTY iHTEp-
€cCiB, SKUA Mir 61 BMMMHYTU HA IXHIO OYMKY CTOCOBHO Npea-
METY 4M MaTtepianis, onuMcaHUx Ta OGroBOpeHUX B OaHOMY
pyKonuci.

3asiBa Npo AOTPMMaHHA €TUYHUX HOPM

Lis pobota npoBogunacs 3a ydyacTio niogen. Lle gocni-
OKeHHsi Oyno cxBaneHo MicLeBUM KOMITETOM 3 BioeTuku. Yci
nauieHTn ganv iHdopmoBaHy 3rofy Ha y4acTb Y AOCHIIKEHHI.
HocnigpkeHHa 6yno nposeaAeHo 3rigHo 3 [enbCiHCbKo Aekna-
pauieto. Lle gocnigkeHHs He BKIOYano eKcrnepuMeHTU Ha
TBapuHax.

3asiBa Npo AOCTYMHICTb AAHUX

[OaHi, oTpumaHi Ta/abo npoaHani3oBaHi nig 4Yac Lboro go-
CNigKEHHs1, MOXXHa OTpMMaTK Y BignoBigHOro aBTopa 3a 06-
I'PYHTOBaHMM 3ar1TOM.

CKOpOYEeHHSs

TPM — TpaBmaTtunyHi po3pusu makynu; MBT — MiHHO-BU-
ByxoBa TpaBma; OKT — onTuyHa KorepeHTHa Tomorpadis;
MKI'3 — makcumanbHO KopuroBaHa roctpota 3opy; O3H —
[MCK 30pOBOTroO HepBa.
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JNlamensipHi MakynsipHi po3p1MBU: HaTUBHUK Nepeodir Ta epeKTUBHICTb

xipypriuyHoro nikyBaHHsi
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Natural course and efficacy of treatment of lamellar macular holes
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" Danylo Halytsky Lviv National Medical University, Faculty of Post-Graduate Education, Ophthalmology Department,

Lviv (Ukraine)
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Pesiome

Mema. /[ocnioumu HamueHuil nepedie 1amMenapHUx MaKy-
JISIPHUX PO3PUBLS, GUABUINU MOJICTUBT WIAXU IX Qopmyeanis,
a maxoxc OyiHUmMu eekmueHicme XipypeiuHo20 1iKY8AHHS
MPAKYIUHUX TAMETAPHUX MAKVIAPHUX PO3PUBIE.

Memoou. JlamensapHi maxynapui pospugu Oyio kiacugi-
kosano na niocmasi OKT docnioscenns na mpaxyitini abo
OezeHepamueni. 3 60 nayieHmis, 8KIOUEHUX ) OOCTIONCEH-
ns, 41 nayienm 6ye 6ioneceHuil y epyny KOHCEPEAMUBHOO
6edeHns (nepwa epyna) i 19 nayicumis, AKUM 8CIMAHOBLEHO
MPAKYIIHULL TAMENAPHULL PO3PUB, GIOHECEHO Y 2pYny XIpyp-
2IYH020 NiKy6anHs (Opyea epyna). Ilayienmis y epyni KoHcep-
8amueH020 6edenis Oyno nodineno na nioepyny la (18 nayi-
EHMIB 3 MPAKYIUHUM JIAMeNapHUM pospueom) i nioepyny 16
(23 nayienmu 3 OeceHepaAMUSHUM NAMEISAPHUM DPO3PUEOM,).
Buwmiprosanace minimanvna moswuna cimxieku, 308HIWHIN |

eHympiwHil diamemp ma aniubuna pospusy. Xeopum opyeoi

epynu npogoounacs sakpuma eimpexmomis (3BE) 3 euda-
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JeHHAM enipemuHanvHoi memopanu (EPM) ma enympiwinvo-
MeNCOB80I MeMOpaHiL.

Pesynomamu. Y niocpyni la euxiona eocmpoma 30py
cmanosuna 0,18+0,16, uepe3 6 micayie — 0,19+0,16 (p=0,5),
uepes 12 micayie — 0,22+0,15 logMAR (p=0,07). 3osHiwniii
ma eHympiwHil Olamemp AAMeapHo20 PO3PUgy NPomscom
12 wmicayie cnocmepedicenHs CMamucmuyHo 30i1bUUBCA
(p=0,037), a minimareha mogwuHa CIMKIGKU 3MEHUULACD
(p=0,028). V nioepyni 16 euxiona cocmpoma 30py cmaHosu-
aa 0,240, 18, uepes 6 micayie— 0,22+0,18 (p=0,08), uepes 12
micayie — 0,28+0,19 logMAR (p=0,0006). V yiii nioepyni na-
YicHmie 308HIUNIL OlaMemp TaMeIsPHO20 MAKYIAPHO20 PO3-
pusy 30inbuuscs npomseom 12 micayie cnocmepedicentst 6io
769,53+254,01mrm 00 821,73+£253,78mxm (p=0,04). V 2-ii
epyni 0o onepayii cocmpoma 30py cmarnosuia — 0,34+0,27,
uepes 1 micsayw nicas onepayii — 0,36+0,32 (p=0,67), uepes 6
micsyie — 0,28+0,24 LogMAR (p=0,75). Yepes 1 micayw nic-
7151 onepayii — 3aKpumnisL 1amMesipHO20 MAKYIAPHO20 PO3PUBY
y 18-mu 3 19-mu oneposanux oueil (94,7%,).

Bemanoeneno mpu mexanizmu ghopmysants namenapnoeo
MAKyispHo2o po3pugy, 06yMosieHi mpakyiclo ma noe sa3aui
3 hopmysantsmM iIHMpapemuHaIbHUX KiCIOo3HUX NOPOJICHUH.

Bucnoeku. Hamuenuil nepebic OeceHepamusHozo ame-
JISIPHO2O MAKYIIAPHO20 PO3PUBY XAPAKMEPU3YEMbCA GIOHOC-
HOW cmabinbHicmIo, 8 MOU Yac K MpaKkyiiuHuil 1amenrsaprull
PO3pUG MA€E BUPAdICEHY MEHOEHYII0 00 NOIPUIeHHs aHAMO-
MIUHUX napamempie. Bussieni mpu mexanizmu (popmyeants
MPAKyitinoeo 1amensipnoco po3pusy. Xipypeiune niKyeamms
MPAKyitinoeo 1aMeNapHo20 PO3PUEY WIAXOM NPOBEOEHHs
onepayii 3BE 3 eudanennam EPM i enympiuinbo-mexcosoi
Membpanu npugooums 00 3axpumms po3pusie ¢ 94,7 % eu-
naoxis.

Knrwuogi cnoea: namensiprnuii MaKyiapHuil po3pue, Cimkis-
Ka, 6iMpeKmomisi, ONMuYHa Koeepenmua momozpagis, enipe-
MUHATbHA MeMOPAHA.
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Abstract

Purpose: To investigate the natural course of lamellar
macular holes (LMH), identify possible pathways for their
formation, and assess the efficacy of surgical treatment for
them.

Methods. LMH were generally classified into tractional
and degenerative based on optical coherence tomography
(OCT) findings. Of the 60 patients included in the study, 41
were managed conservatively (group 1), and 19, surgically
(group 2). All 19 patients in group 2 had tractional LMH.
Patients from the conservative treatment group were sub-
divided into two subgroups, subgroup la of 18 patients (18
eyes) with tractional LMH, and subgroup 1b of 23 patients
(23 eyes) with degenerative LMH. The minimum retinal thick-
ness (MRT) and inner and outer diameters and depth of LMH
were measured. Surgically managed patients underwent a
25G three-port pars plana vitrectomy (PPV) with epiretinal
membrane (ERM) and internal limiting membrane (ILM)
peeling.

Results. In subgroup la, best-corrected visual acuity
(BCVA) at baseline, 6 months and 12 months was 0.18 £ 0.16
logMAR (18 eyes), 0.19 = 0.16 logMAR (18 eyes) (p = 0.5),
and 0.22 = 0.15 logMAR (16 eyes) (p = 0.07). Additionally,

BeTtyn

JlamenspHuil MakynsapHUHA pO3pUB — UYACTKOBHH Je-
(eKT BHYTPIIIHIX MIapiB CITKIBKH B MaKyJSpHIHN AIISHI,
110 HE 3aXOIUIIOE BCIO TOBIINHY CITKIBKH, 3 IpPETyIsIpHUM
(oBeasbHUM KOHTYpOM. JlamenspHuil MakynsipHUHA poO3-
puB Briepure Oy onmcanuii y 1976 poni Donald Gass y
riceB0(aKivHOMY OIli 3 KHCTO3HUM MAaKyJISIpHUM HaOpsi-
koM [1]. Came mosiBa onTH4HOI KOTepeHTHOI ToMorpadii
(OKT) no3Bonmna JeTajibHIiNIe BHBYATH MOP(HOIOTIUHI
BJIACTHBOCTI JIAMEJISIPHUX MaKyJISIPHUX PO3PHUBIB Ta qude-
PEHIIIOBATH iX 3 MAKyJIIPHUMH JipKaMu, MCEBIOIPKaMH.

Haii6inpi mmpoko BukopucroByerbest OKT knmacndi-
Kallisl JJaMEeJSIPHUX MaKyJSIpHHX PO3PHBIB Ha TpaKLiiHi
Ta jercHepatuBHi [2]. Xoua y JESKHUX BHIAJKAX MOXYTh
OyTH 3MilIaHI THIHU 3 03HAKAMHU SIK TPAKIIHHUX, TaK 1 Jie-
TeHEpaTUBHUX JIAMESIPHUX MaKyJIsipHUX pO3puBiB [3].
Hubschman et al. (2020) 3anporionyBany BUIUIATH JlaMe-
JISIPHI MakyJIsipHi po3pUBH (32 MOP(OIOTIYHUMHU XapaKTe-
PHUCTHKAaMH Bi/AINOBIJa€ AeTeHEPaTUBHOMY THITY JaMelIsip-
HOTO MaKyJISIPHOTO PO3pHBY), (POBEOIIN3NC acoLiioBaHM
3 enipernHaNbHOIO MeMOpanoto (EPM) (3a mopdonoriu-
HUMHU XapaKTePUCTHKAaMH BiJIIOBIIAa€ TPAKIIIHOMY THITY
JIAMEJSIPHOTO MaKYJISIPHOTO PO3PUBY) Ta MaKyJISIpHI IICEB-
nomipku [4].

HesBakaroun Ha pisni OKT BusHauenns i kiacudi-
Kallii JJaMesipHIX MaKyJIsIpHUX PO3PHBIB Ta acoLiHOBaHOT
BITPEOPETUHAIBHOI MATONIOTii, MATOTeHE3 3aJNIIAETHCS
HE JIO0 KIHIIA 3 5ICOBaHUM, TaK caMo SIK 1 (akT HasBHOCTI
pi3HUX NUIAXiB (DOpMYBaHHS JIAMEISIPHUX MAaKYJISIPHUX
PO3pHBIB 200 MOXKJIMBO OJJHOTO NIISIXY MAaTOTEHE3Y 13 pi3-
numu eranamu. Hubschman et al. (2020) npornoHyoTs J1Ba
OCHOBHHX Naro(i3ioJoriYHuX MexaHi3MH (HOpMyBaHHS
JIAMEISIPHUX MaKyJISIPHUX po3puBiB: KoHTpakis EPM, mo

the outer and inner diameters of LMH increased significantly
(p =0.042 and p = 0.037, respectively), while MRT decreased
significantly, from baseline to 12 months. In subgroup 1b,
BCVA at baseline, 6 months and 12 months was 0.2 + 0.18,
0.22 + 0.18 logMAR (p = 0.08), and 0.28 + 0.19 logMAR
(p = 0.006), respectively. Additionally, the outer diameter of
LMH increased from 769.53 + 254.01 um to 821.73 + 253.78
um (p=0.04) from baseline to 12 months. In group 2, BCVA at
baseline, 1 month and 6 months was 0.34 +0.27, 0.36 + (.32
logMAR (p = 0.67), and 0.28 £ 0.24 logMAR (p = 0.75),
respectively. Moreover, at 1 month, LMH closure was seen in
18 of the 19 eyes (94.7%). We established three mechanisms
of tractional LMH formation, with these mechanisms being
associated with intraretinal cystic cavities.

Conclusion. The natural course of degenerative LMH was
generally stable, whereas tractional LMH apparently tended
to worsen anatomical OCT parameters. We found three de-
velopmental pathways for the formation of tractional LMH.
Tractional LMH surgery with PPV and ERM and ILM peeling
resulted in hole closure in 94.7% of the eyes.

Keywords: lamellar macular hole, retina, vitrectomy,
optical coherence tomography, epiretinal membrane.

CIPUYHHSE TPAKIIiIO Ta Beae 10 (hOpMyBaHHS TPAKIITHOTO
TUMY; BTpaTta (oBearbHOi TKAaHWHH, IO Bene 10 (hopmy-
BaHHs nereHepatuBHoro tumy [4]. Tomi sk Cheng-Yung
Lee et al. (2022) onmucyioTh 9OTHPH PI3HUX TPAKIIHHUX
MEXaHi3MI BUHUKHEHHS JIAMEILIPHUX MaKyJSIPHUX pO3pU-
BiB 3 OAAIBIIIOI0 MOYKIIMBOIO TpaHC(OpMAIIi€lo B IeTeHe-
patuBHUIL THI [5].

JlamenspHi MaKymIspHI PO3PHBH € TOBLIHHO IpOTpe-
CYIOYOIO TATOJIOTI€I0, TII0 MOYKE CIPUIHHATH TOTipIICHHS
30py. Ha cporopnimHiii AeHP HEMa€ YiTKO BH3HAYEHOTO
KOHCEHCYCY CTOCOBHO TEpPMiHIB Ta MOKa3iB 0 Xipyprid-
HOTO JIIKyBaHHS JIAMEJIIPHUX MaKyJISIPHUX pO3pUBIB [6].

MeTo1o Hamoi poOoTu OyiI0 AOCTITUTH HATHBHUH TIe-
peOdir TaMenIpHuX MaKyIIpHUX PO3PHUBIB, BUSBUTH MOX-
JUBI IUIAXH iX (opMyBaHHS, a TAKOXK OI[IHUTH €(EKTHUB-
HICTPh XIpYPTi4HOTO JIKYBaHHS TPAKIIHHUX JIAMEISIPHUX
MaKyJISIpPHUX PO3PHUBIB.

MaTepian Ta meToau

[IpoBeneHo peTpoceKTHBHE IOCIIKEHHS ceper Ta-
mieHTiB MeangHOTO eHTpY «Oculus» y mepion 3 ciuHs
2019 poky no rpyaens 2025 poky. JlocmimkeHHs cxBare-
HO JiokanbHOI0 KoMmiciero 3 muranb eTuku (Ne01/01/26). 3a
el mepion miarHo3 «JlaMensipHU MaKyJISIpHHN PO3PUB»
Oy710 TIEpBUHHO BCTAHOBICHO Yy 154 mamieHTiB.

Kpumepii exnrouenns: mamenspHi MakyJIspHI pO3pUBU
0e3 CyImyTHBOI IMaToOTii OKa, MiATBEPIKCHI pe3ynbTaTaMu
OKT.

Kpumepii' suxniouenns: mepion CIOCTEPEKEHHS MEH-
mre 12 MicAIiB; HasBHICTH IHIINX 3aXBOPIOBAaHb OKa, IO
BIUTMBAIOTh Ha TOCTPOTY 30py (iHIIA BiTpeopeTHHAIbHA
MIaTOJIOTisl, KaTapakTa, IJayKoMa, JeTeHepaTHBHA MIOIIis);

62



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | May-June | Number 3 (530)

TIOTIepeTHS BITPEKTOMIsI B aHAMHE31; TPOTrpecyBaHHs BiKO-
BOI KaTapaKTH ITiJ] 9ac MMePiomy CIIOCTEPEKECHHS; OTepaIris
(haxoemynbcudikarii KaTapakTH IIiJ 9ac Mepioay crocTe-
pexeHHs; HU3bKa sKicTh 3HIMKAa OKT; HasBHICTH Maky-
JIIPHOT TICEBIOI PKH.

TakuM gmHOM 31 154 marlieHTiB 3 TaMENSIPHUMH Ma-
KYJSIPHUMH PO3PHBAMH Y JOCHIHKEHHS BKItOYeHO 60
marfieHTiB. JlamenspHi MakyIsIpHI PO3pHBH OyNIO KIacH-
¢ikoBano Ha mifcrasi nmepsuHHOr0 OKT mociimkeHHsT Ha
TPaKIiHHUH a00 AeTeHepaTHBHUN THII.

TpaxmiiftHuil THI JTaMEeNIPHOTO MAKyIISIPHOTO PO3PUBY
BHU3HAYEHO SIK HASBHICTH PO3IIEIUICHHS HEWPOCEHCOPHOI
CITKIBKM Ha PiBHI 30BHIIIHBOTO TDIEKCH(OPMHOTO Ta 30-
BHIIITHBOTO SIJICPHOTO IIApiB, HASBHICTH IHTAKTHOI EIIiIl-
coimHOi 30HM, HasBHiCTE EPM. JlereHepaTWBHHI THII
JIAMEISIPHOTO MaKyJISIPHOTO PO3PUBY BU3HAYEHO SIK HasB-
HICTh IHTpapeTHHAIBHOI KaBiTamii 3 OKPYIIIMMH KPasiMH,
TTOIITKO/KCHHS eIITICOIAHOT 30HH, eMipeTHHAIBHOI MIPOITi-
(epartrii Ta MOKIIMBOTO BUIT STIyBaHHS TKaHUHH CITKiBKH
«retinal bump» B meHTpi PoBea, OTOUYCHOTO KaBiTAIlIiHHU-
MH 3arTuOIeHHSIMHE [3].

3 60 marieHTiB, BKIIOUCHUX y AOCTIHKEeHHs, 41 mari-
€HT OyB BIHECEHMH Yy TPyIy KOHCEPBATHBHOTO BEACHHS
(mepma rpyma) i 19 marmieHTiB BiTHECEHO Y TPYILy Xipyp-
TIYHOTO JTIKyBaHHSA (IpyTa Tpyma).

[NarieHTiB y TPYIIi KOHCEPBATHBHOTO BEICHHS OYITO TTO-
nineHo Ha nBi miarpymu. Ilinrpyma la — 18 mamienris (18
oueit, 43,9%) 3 TpakumiiHUM JIaMEISIPHIM MaKyJISIpPHUM
pospuBoM i miarpyna 16 — 23 mamientn (23 ouei, 56,1%)
3 JIETCHEPaTUBHHUM JIaMEJISIPHUM MaKYJISIPHUM PO3PHUBOM.
VY 19 narieHTiB y TpyIIi XipypriqHOTO JiKyBaHHA (2-a Tpy-
11a) BCTAHOBJICHO TPAKIIWHUKN JTaMeISIpHIHA MaKyJIsapHAN
po3puBs 3 EPM. Ilokazom 10 mpoBeieHHs XipyprigHOTro Ji-
KyBaHHS Yy TAILI€HTIB TPYIH 2 OyJI0 IPOTpEeCcyBaHHSI MOp-
¢domnoriunux 3miH 3a maamMu OKT (mocwuneHHs Tpaxiiii,
30UIBIICHAS KUTBKOCTI KiCTO3HUX TOPOKHUH YH 30111b-
mIeHHS e(eKTy) Ta MOTIPIIeHHS 30pOBUX (QYHKIIH Tpu
TUHAMIYHOMY CITOCTePES)KCHHI UM HAsBHICTH METaMop-
¢oriciii mpu MEpBHHHOMY 3BEpHEHHI.

VY 1-if rpymi gomnoBikiB Oyimo 8, xiHOK — 33, cepemHiit
BiK marfieHTiB cTaHoBUB 68,37+10,09 pokiB. YV 2-if Tpymi
gonoBikiB Oyio 2 (10,5%), xinok — 17 (89,5%), cepenHiit
BIK IMAIli€HTIB CTaHOBUB 72,45+11,19 poxkis.

VYciM XBOpHM TPOBOAMIIACS Bi30OMETPis 3 MaKCHMallb-
HOIO KOPEKIIi€I0, TOHOMETpis 32 MaKkTakoBUM, OOCTEKEH-
HS TIEPEIHBOTO BiPI3Ky OKa i OYHOTO JHA 3 JOTIOMOTOIO
IITMHHOI TaMmu 1 mmpokokyToBoi miH3u (Volk Digital
Wide Field, USA), OKT maxymsapHOi HiITHKH CITKIBKH
(Topcon 3D OCT-1 Maestro, Japan).

[ToBTOpHI 0OCTEXKEHHS B TPyIi KOHCEPBATHBHOTO Be-
JeHHS TpoBoAmiNcS depe3 3, 6, 9 i 12 micanis. B rpymi
XipyprigHOTO BTpyJaHHS ITOBTOPHI 0OCTEKEHHS TIPOBOIH-
JIUCS Ha HACTYIIHUH [IeHb ITiCIIs oTepartii, yepe3 7 AHiB, 1,
3,6,91 12 micsuis.

Mapametpu gocaigxkenus orpumani npu OKT

Huis xoxkaoro Makymsipaoro OKT ckany mBa mikapi-
odrampmonorn 3 BUKopucTaHHsIM (yHKmii «caliper tool»

TIPOBOAVIIN BUMIpPIOBaHHS MiHIMaJIbHOI TOBIIMHHU CiTKiB-
KM, 30BHIITHBOTO TiaMETPy JIaMEISIPHOTO MAaKyJISIPHOTO
PO3pHBY, BHYTPILITHBOTO JiaMeTPy JIaMEIIPHOTO MaKyIsIp-
HOTO PO3PHBY, TNIMOMHN JIAMESIPHOTO MaKyJISIPHOTO PO3-
PUBY, OIIIHIOBAJIM CTaH EIIINCOiHOI 30HH, HasgBHICTE EPM
YU emipeTHHaIpHOI mpomidepamnii. Takok B 00CTEeKESHHS
BKJIFOYCHO 3HAUECHHS IIEHTPAJIBHOI TOBIIMHU (oBea, po3-
paxoBaHe aBTOMaTH4YHO Ha «thickness map» B Mexax 1 MM
LEHTPAJIbHOT 30HH.

MinimManpHa TOBIIMHA CITKIiBKY BUMIPIOBAJIaCch SIK Hai-
KOpOTIIIa BiJICTAHB BiJl IMITMEHTHOTO CIITENiI0 CITKIBKH
(ITEC) mo BHYTpIITHBO1 TOBEPXHi CITKIBKH B IIEHTPi (poBea
Ha TepIeHAnKyIspi, mpoeaeHomy 1o ITEC. 3oBHimHII
JiaMeTp JIaMeNIIPHOTO MaKyJISIPHOTO PO3PUBY — HaiOiIb-
I1a BiJICTAHb MIX KpasMH KaBiTamii Ui JeTreHepaTHBHO-
TO JTAMEJIIPHOTO PO3PHBY a00 MK KpasMu (hOBEOIIHU3UCY
JUTS TPAKIIHOTO JTaMENSIPHOTO PO3PUBY Ha PiBHI 30BHIMI-
HIX MIapiB CITKIBKW. BHYTpimHii giaMeTp TaMensipHOTO
MaKyJIsIpHOTO PO3PUBY — HaWMEHINA BiICTaHb MiX Kpa-
SIMH JIAMEIIIPHOTO PO3PHBY Ha PiBHI BHYTPIMIHIX MIapiB
ciTKiBKH. [TTMOWHA TaMeNIpHOTO MAaKYISIPHOTO PO3PHUBY
BM3HAYAJIACs HACTYITHUM YHHOM: CIIOYATKy MPOBEAEHO Tro-
PU30HTANBHY JIHIIO MK KpasMH JIAMEIISIPHOTO MaKyIsip-
HOTO PO3PHBY HA PiBHI BHYTPIIIHROI MEKOBOI MEMOpaHH,
JTaTi OIMyIIeHO MepIeHAnKYAp Bix miei minii o [TEC, Ta
BH3HAUCHO TTHOWHY (BiICTaHb Ha MEPIICHINKYIISIPI BiJT TO-
PHU30HTAIBHOI JTiHIT 10 KParo CiTKiBKH).

AHaToMigHE MPOTrpecyBaHHs Oyll0 BU3HAUEHO 5K 3Mi-
HU TIOKa3HWKIB 30BHIITHFOTO Ta/ab0 BHYTPIMIHBOTO Jia-
METPIB JIAaMEISIPHOTO MaKYIISIPHOTO PO3PHBY OiNbIIe, HiXK
Ha 50 MKM.

Xipypriuna texnika

Yeim xBopuM mpoBoamiacs 25G TpUIOpTOBa 3aKpH-
ta Birpektomis (3BE) nHa amapari Constellation (Alcon,
[Beitmapist) 3 BumanensssM EPM ta BHyTpimHBOT MEXOBOT
MeMOpaHHU. 3 METOI0 Kpamioi Bidyari3amii CKINCTOTO Tijla
Ta 33JHBOI TlaJl0iqHOT MEMOpaH BBOJMBCS PO3UHH TpiaM-
IIUHOIIOHY. 3aIH4 TianoinHa MeMOpaHa Buasiacs Ha 360
rpagyciB 1o 6a3ucy ckimctoro Tina. EPM ta BHyTpimHIO
MEXOBY MeMOpaHy Tipo]apOoBaHO BiTaTbHUM OapBHUKOM
0,18% TrypanBlue + 0,03% Blulife (TWIN, Alchimia, ITa-
Jist), gac excrosuilii 20 cek. EPM Buansiim MakCUMaIbHO
OBHO 3 momomororo minmery Eckardt. BHyTpimmHO Mex-
OBy MeMOpaHy BUAALIIH B Mexax 1,5-2 DD Bix mentpy
¢doea. EnmoramMmonana cTepuIIbHIM MOBITPSIM TIPOBOIH-
JIach y BCIX BHITAJIKaX 32 BUHATKOM €IMHO 3PSUUX OUYCH.

Crarucruka

Jns cratuctiaHOi 0OpOOKM TOKAa3HUKIB TOCTPO-
TH 30py [ECATKOBI 3HAUCHHS KOHBEPTOBAaHI B 3HAYCHHS
LogMar. CratucTnyanii aHami3 OTPUMAHHUX MaHHUX TIPO-
BOIWIIN 3 BUKOPHUCTAHHSIM KOMIT IOTEpHOI mporpamMu MS
Excel. Pesynbratin mocmimKeHHS TPENCTaBlIeH] y BUTIIS-
Il CepeqHbOTO apU(PMETHIHOTO Ta CTaHAAPTHOTO BiIXH-
neras (M = Sd). [l mopiBHAHHS JaHUX TBOX 3aJISKHUX
TPyl BUKOPHCTOBYBaBcsA MapHUil t-Tect CThiomeHTa abo
TecT Binkokcona. [Tomepeqapo HOPMaTBHICTh PO3MOALTY
nmanux Oyma mepesipena Tectom Llamipo-Binmka. [lms mo-
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PIBHSHHS JJaHUX YU CEPEeIHIX 3HAUYCHb JJBOX HE3aJCIKHHX
rpym t-rect CTBIONEHTA AJS HE3aJIC)KHUX BHOIPOK. 3Ha-
YEeHHsI p MeHIIe 5% BBaXKaJOCh CTATUCTUYHO 3HATYIIHM.

Pe3ynbratn

VY miarpymi la KOHCEpBaTUBHOTO BEICHHS TPAKIIHHIX
JIAMENSPHUX MAKYJIIPHIX PO3PUBIB CEPEIHS MAKCUMAIIbHO
KOpPHUTOBaHa BHXiJIHA TocTpoTa 30py cTanoBmia 0,18+0,16
logMAR (18 oueit), uepes 6 micsmis —0,19+0,16 logMAR
(18 ouetit) (p=0,5), gepe3 12 micsamis — 0,22+0,15 logMAR
(16 oueit) (p=0,07), o CBiAYUTH PO CTAOITBHICTE 30pO-
BUX (YHKIIN 0e3 CTaTHCTUYHO 3HAYMMHX 3MiH MPOTITOM
nepiony criocrepeskenns. Y 16 3 18 oueit (88,9%) 3 Tpak-
LITHAMY JTaMEeNIPHUMH MaKyJISIPHIMH PO3PHUBAMH HA BHU-
xirHomy OKT 3niMKky HassBHa EPM, y 5 3 18 oueit (27,8%)
— o3raku EPM Ta enipetrHanpHOI Tpomideparii, y 4 3 18
oueit (23,2%) — MOIIKO/PKEHHS eTITICOiTHOT 30HH.

VY Ttabmumi 1 mpepcTaBieHO MapaMeTpH TPAKIIHHAX
JAMETSIPHAX MAaKYISIPHUX po3puBiB, BuMipsai Ha OKT
TIpH TICPBUHHOMY 3BEpHCHHI Tali€HTa, yepe3 6 Ta 12 Mi-
CAIIB CITIOCTEPEIKCHHA. Y MiArpymi la 30BHINIHINA Ta BHY-
TPIMIHIA AiaMETp JaMEeNsIPHOTO MAaKyJSIPHOTO PO3PUBY
CTaTUCTUYHO 3HAYMMO 30UTBIIUBCS BiJl BUXIHOTO CTaHy
o 12 micsmis (p=0,042 ta p=0,037 BixmoinHo). Takox
CIIOCTEPIraNyCh CTATUCTHYHO 3HAYMMI 3MIHH MiHIMaJIbHOT
TOBIIWHM CiTKiBKH (p=0,028). AHaTOMIUHE TIpOTpECyBaH-
HS criocTepiranocsk y 55,5% oueil 3 TpakuiiHUMH JlaMe-
JSIPHUMH MaKyJISIPHUMH PO3PHUBAMH.

VY miarpymi 10 marieHTiB 3 AeTeHePaTUBHIMH JTAMEJISIP-
HUM{ MAaKyJSIpHUMH pPO3PHBAMH CEPEIAHS MaKCHMAJIbHO
KOpHUroBaHa BHXimHa roctpota 30py —0,2+0,18 logMAR
(23 oueii), uepe3 6 wicsmiB — 0,22+0,18 logMAR (23
oueif) (p=0,08), gepe3 12 micamiB — 0,28+0,19 logMAR
(23 oueit) (p=0,006).

[pu amani3i Buxigaoro pesynsrary OKT y miarpymi
TIAII€HTIB 3 JIETCHEPATHBHIMU JIAMEJIIPHUMH MaKYJISIPHU-
MU po3puBamu y 19 3 23 oueii (82,61%) HasBHa enipeTn-

HanpHa nporidepanis, y 3 3 23 oueit (13,04%) — EPM Ta
emipeTnHanbHA npornidepamnis, y 16 3 23 oueit (69,57%)
— IOIIKOHKEHHS €TIIICOITHOT 30HM.

V Ttabmurii 2 mpeacTaBiIeHo MapaMeTpH JIereHepaThB-
HUX JJAMEIIPHUX MaKyJSIPHUX Po3puBiB, BuMipsHi Ha OKT
TIpY TIEPBUHHOMY 3BEpHEHHI TaIlieHTa, 9epe3 6 ta 12 mics-
IiB CTIOCTEPES)KSHHS. Y il MATPYTIi MAIi€HTiB 30BHIMIHII
JiaMeTp JIaMEIIPHOTO MAKYJISIPHOTO PO3PHUBY CTATUCTHIHO
3HAYMMO 301IBIINBCA B/l BUXITHOTO CTaHy 10 12 MicAiiB
(p=0,04), ane iami nmapamerpu OKT, 30kpema BHYTpimIHIit
niameTp, TTHOWHA PO3pUBY, MiHIMAIbHA TOBIIIMHA CITKIBKA
Ta EHTpaJIbHA TOBIIMHA CITKIBKH 3aJIMIIATNCH CTa01TFHI-
MU 0€3 CTaTHCTUYHO JOCTOBIPHUX 3MiH. AHATOMIYHE TIPO-
TpeCyBaHHs CIOCTepiranoch y 65% oueil 3 gereHepaTus-
HUMH JIAMEIISIPHIMH MaKyJIIPHUMH PO3PHBAMH.

YV 2-if Tpyni 1o omepariii cepeqHs MaKCHMAlbHO KO-
puroBana roctpora 30py cranoBmia 0,34+0,27 logMAR
(19 oueit), wepe3 1 micsamp michs omeparii — 0,36+0,32
logMAR (19 oueit) (p=0,67), aepe3 6 micsmis — 0,28+0,24
logMAR (19 ouetit) (p=0,75).

UYepes 1 mics1p micis omeparii 3aKpUTTs JTaMEIIPHOTO
MaKyISIPHOTO po3puBy y 18-Tr 3 19-T1 omepoBaHuX oueit
(94,7%). B omrOoMy Bumnaaky 3 19-tu (5,3%) mamenspHuit
MaKyJSIpHUN PO3PUB yCKIIaTHUBCS BUHUKHEHHSIM HACKpi3-
HOTO MaKylsipHOTO po3puBy. IlamienTy Oymo mpoBemeHO
peBi3if0 BiTpeanbHOI TMOPOKHWHU 3 EHIOTaMIIOHAIOI0
15% C3F8 3 HacTymHUM YCITIIHIM 3aKPUTTAM HacKpi3-
HOTO MAaKyJISIpPHOTO PO3PHBY Ta BIAHOBICHHSIM BUXITHOI
TOCTPOTH 30DY.

UYepe3 6 wmicsamiB Bix mposexenHs 3BE y miit rpymi
cepemHs IICHTpalbHAa TOBIIMHA (hOBea 3MEHIIMIACH Bif
350,14£75,29 mxm  go 289,16+£56,93 mxm (p=0,016).
Ha pucysky 1 (muB 3 ctop. 0OKIaAWHKN) TIPEICTABICHO
yCIIITHE 3aKPUTTS TPAKLIHHOTO JTAMEISIPHOTO MaKyIsip-
HOTO pO3pUBYy depe3 | MicAls micis onepartii.

VYV rtabmumi 3 mpeacTaBIeHO TOPIBHAHHSA BUXITHHUX
OKT mapameTpiB TpakIifHAX JaMeIIpHUX pPO3PHBIB

Tabnuua 1. lnHamika napametpie (M + Sd) onTn4HOI KOrepeHTHOT Tomorpadii y NauieHTiB 3 TpakUiiHMKN amMenspHUMm
MaKynspH1MU po3prBaMm Mpy KOHCEPBaTMBHOMY BeAeHHI (migrpyna 1a)

BuxigHum ctaH (n =18) 6 micauis (n =18) 12 micauiB (n =18)
30BHILLHIN giameTp, MKM 961,33+433,82 1171)’1113%153‘28 112;;1;3:3,85
BHyTpiWHIn giameTp, MKM 437,56+240,27 476;)1733%;2(;44 51%333%%(;83
mubuHa po3puBy, MKM 177,22+40,31 17;’133322‘54 18?)’5:1;;%18
MiHiManbHa TOBLUMHA CiTKIBKM, MKM 149,11+17,36 15;1?;%1(1)2691 15:21%132824
LleHTpanbHa ToBLMHA (hoBea, MKM 298,33+45,91 30%,? 35%278 29325;64:238

MpumiTka: p1 — koediLlieHT 3HaYYLLOCTi Mi>k MOKa3HMKaMy Ha NovaTKy 0BCTEeXeHHs i Yepes 6 MicsLiB; p2 — KoedilieHT 3Hauy-
LLOCTi Mi>XX NOKa3HMKaMKM Ha novaTKy obcTexeHHs | Yepes 12 MicsLiB cnocTepexeHHs; n — KinbkicTb ovelt; (M + Sd) — cepenHe

apuMeTUYHe Ta CTaHAapTHE BiAXWUIEHHS.
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Tabnuuga 2. ivHamika napametpis (M = Sd) onTu4HOI korepeHTHOI Tomorpadii y nauieHTiB 3 AereHepaTUBHYMMN NamenspHu-
MV MaKynspHuMK pospusamu (nigrpyna 16)

BuxigHum cTtaH (n =23) 6 micauiB (n =23) 12 micauis (n =23)
3oBHilLHili AiameTp, MkM 769,53+254,01 81 86?1%?35'61 821‘;723;%?5’2"78
BHyTpILUHili AlaMeTp, MKM 601,13£222,33 61 5p91:i%2§f 05 608‘;365?35’04
MubuHa po3puBy, MKM 157,8+29,03 16; 1?532956 165;’273;?33’26
MiHiManbHa TOBLUMHA CITKIBKMA, MKM 130,87+32,89 12311%35106 13%‘273;:;16’76
LleHTpanbHa ToBLUMHA hoBea, MKM 244 .2+38,71 241’?1;;%’01 2p425:(i 273

MpumiTka: p1 — koediLieHT 3HaYyLLIOCTi Mi>X NOKa3HMKaMM Ha noYaTky 0OCTEXEHHS | Yepes 6 MicauiB; p2 — KoedilieHT 3Hauy-
LLLOCTi MiXX MOKa3HUKaMM Ha NnoYvaTKy 00CTeXeHHs i Yepes 12 MicsLiB CnocTepeXeHHs; n — KinbkicTb o4en; (M + Sd) — cepegHe

apudmeTyHe Ta CTaHAapTHE BiAXUIEHHS.

Tabnuusa 3. BuxigHi napametpn (M + Sd) onTUYHOT KOrepeHTHOT Tomorpadii TpaKLiNnHMX TaMensapHUX MaKynsapHUX PO3PUBIB
Y XBOPYX KOHCEPBATUBHOIO BeAeHHst (Migrpyna 1a) Ta y XBopux XipypridyHoro nikyBaHHsi (rpyna 2).

30BHiLLHIN BHyTpilwHin FmnbuHa MinimanbHa ToBwMHa | LleHTpanbHa ToBlWMHA
AiaMeTp, MKM AiaMeTp, MKM pO3puUBY, MKM CiTKiBKUA, MKM cdoBea, MKM
lpyna 1a | 961,33+433,82 | 437,56+240,27 177,22140,31 149,11+17,36 244,2+38,71
Fovia 2 1189+500,75 473,14+112,88 236,57+79,72 155,14+34,29 350,14+75,29
Py p=0,15 p=0,56 p=0,007 p=0,51 p=0,016

MpumiTka: p — KoediLlieHT 3HaYyLLOCTi M BUXigHMMKU napameTpamu OKT rpynu 1a Ta rpynu 2; (M + Sd) — cepeaHe apudme-

TUYHE Ta CTaHAapTHE BiAXWUNEHHS.

TIAIi€HTIB KOHCEPBAaTHBHOTO BeneHHs (miarpyna la) Ta
TpyInH XipypriuHoro JiikyBaHHs (2-a rpymna). Cratuctiy-
HO 3HAYMMOI PI3HMIII MK TPYIOI0 KOHCEPBAaTHBHOIO Be-
JICHHSI TPaKUiHHUX JIAMEIIPHUX MaKyJSpHHX pO3pHBIB
Ta IPYIOI0 XipypTiYHOTO JIKYBaHHS 3a MapaMeTpamu 30-
BHIIIHBOTO JIaMeTpy, BHYTPILIHBOTO JliaMETPy PO3PHUBY,
MiHIMaJIbHOIO TOBIIMHOIO CITKiBKH He BHsBiIeHO (p=0,15,
p=0,56, p=0,51 BiamoBimHO). Alle TPymH CTaTHCTHYHO
3HAQUMMO BIJPI3HSIOTHECS 3a MapaMeTpaMHu LEHTPaIbHOT
ToBImHH (osea (p=0,016) Ta mapameTpamu IIIMOMHN PO3-
puBy (p=0,007), sixi y Tpymi XipypriuHoro JiKyBaHHS €
OIIIBIIMMU 33 3HAYCHHSM.

Ha nouarky crioctepexeHHs! TPy CTaTUCTUYHO 3Ha-
YyIIe BiZPI3HUTICH 3a BUX1THOIO MaKCHMaJIbHO KOPUTOBa-
HOIO TocTpoToro 30py (p=0,036). [Ipore yepe3 6 MicsiB
CTaTHCTHYHO 3HAYYIIOi PI3HMII 32 MAKCUMAJIbHO KOPHTO-
BaHOIO TOCTPOTOIO 30pY MDK TPYNOI0 KOHCEPBATHBHOTO
BE/ICHHS TPaKIIHHUX JIAMEJISIPHUX MaKyJISIPHUX PO3PHBIB
Ta TPYINOIO XipypriyHOrO JIIKyBaHHS He OyJO BHUSBICHO
(p=0,191).

VY TpboX marieHTiB 3 60-TH BKIFOYCHHUX Y JTOCITIHKCHHS
MU rnpocniakyBany Ha 3HIMKax OKT mexanizmu ¢opmy-
BaHHS JIAMEISIPHOTO MaKyJISIPHOTO PO3PHBY.

VY mamienTa 1 Oyna HasiBHA BITpEOpeTHHAIBHA TPAKIIS
B 1IeHTPi (oBea, 1110 Ipu3Bea 10 GopMyBaHHS IHTpapeTH-
HAJIBHOT KICTH 3 MOAAJBIINM CAMOBLIEHUM PO3PIlICHHSIM

Tpakuii Ta GopMyBaHHIM TPaKIiIHHOTO JIAMESIPHOTO Ma-
KyJISIPHOTO pO3pHBY (pHC. 2 — 1UB 3 cTOpP. OOKJIaIMHKH).

V namienta 2 Oyna HasBHa emipeTHHaIbHA MeMOpaHa
Ha BuxigHomy OKT 3 mopmanemmm ¢GopMyBaHHSM mapa-
(OBEONSIPHUX KICT 1 MM3KUCY B JMHAMIIl Ta PO3PHUBY Me-
JUaTbHUX CTIHOK KICTO3HHX MOPOXXHUH 3 (OPMYBaHHSIM
TPAKLIHHOTO JJAMEIISIPHOTO MaKyJISIPHOTO po3pHBY (puc. 3
puc. 2 — B 3 CTOp. OOKJIaIUHKN).

V namienta 3 Ha BuximHomy OKT 3HimMKy Oyna HasB-
Ha minbHa EPM i3 3mmamkeHasM (oBea, B MOIANBIIOMY
3’sIBHJIaCh OKpYyIVIa KicTa B EHTpi ¢oBea. Po3pus Bepx-
HBOI CTIHKHM OKPYIJIOi KICTH NpH3BIB 10 (hOPMyBaHHS Jia-
MEJISIPHOTO MaKyJISIPHOTO po3pHBYy (puc. 4 puc. 2 — nuB 3
CTOp. OOKJIaJHKN).

O6roBopeHHA

MeHeDKMEHT JTaMelIsipHUX MaKyJSIpHUX PO3pPHUBIB BCE
e 3aJIMIIAETHCS BUKIMKOM JUIs JIiKapsi-odransmorora,
BPAXOBYIOUH HEAOCTATHHO JOCHIPKCHUH IaTroreHes, Ie-
peOir Ta BiCYTHICTh YITKUX ITOKA3iB JI0 Xipypri4HOTO Ji-
KyBaHHS.

3a pe3ympraTaMu IOCTIIKCHHS HATHBHOTO Mepeoi-
Ty TPakmiiHHUX JIaMEJSIPHUX PO3PUBIB MU BUSBHIHM CTa-
OUTBHICTH 30pOBHX (DYHKIIIM IPOTSATOM HAMIOTO CIIOCTE-
pexxenns. B Toit ke wac mopdomnoriuai OKT-napamerpu
TPAKLUIHHUX JaMEJISIPHUX PO3PHUBIB, 30KpeMa 30BHIIIHIN
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Ta BHYTPIMIHIA JiaMeTPH, MAIOTh CTATUCTUYHO 3HAUYIITY
TeHJEHII0 10 mporpecyBanHs. Kyeung Min Kim 3i cmi-
BaBTOpaMu (2026) TeX BUSABHIN CTAaOUTBHICTH TOCTPOTH
30py Ta 3 OJHOYACHHUM 30UTBIICHHSIM JiaMeTpy Jamemsip-
HOTO PO3PHUBY Yy MALI€HTIB 3 TPAKLIIHHIMH JIAMEIIIPHAIMHI
po3puBamu 0e3 XipypridHoro BTpydaHHs [7]. 3a crmocTe-
pexxenasimu Andrea Govetto Ta cmiBasropiB (2016) y ma-
LI€HTIB 3 TPAKIIHHUMH JTaMETSPHUME PO3PUBAMHU 30POBi
¢yHkii Oynmu cTabUIBPHUMHE, a 30BHIIIHINA Ta BHYTPIIIHIN
JIiaMeTp pO3pHBY CTATHCTUYHO 30UIBIIHMBCA TMPOTITOM
croctepexenHs [3].

Bapto 3a3HaunTH, M0 Xipypridae JiKyBaHHS TpaKIiii-
HUX JIaMEISIPHUX MAaKyJIsPHUX PO3PHBIB JI03BOJIMIO HAM
JOCSITTH 3aKPUTTA po3puBy y 94,7% oueid, a BiICYTHICTb
CTaTUCTHYHO 3HAYUMHX 3MIiH TOCTPOTH 30py MPOTATOM 6
MICSIIIB CTIOCTEPEKEHHS MOYKE CBIUUTH IPO CTabiTi3aIio
30poBuX QyHKIIH. CXOKi aHATOMIYHI pe3yiabTaTH orepa-
THBHOTO BTPYYaHHS JAeMOHCTpyIoTh Marta S Figueroa ta
criBaBropu (2019) i3 3aKpUTTAM JTaMEIIPHUX MAaKyJIIp-
HUX po3puBiB y 94,2% oueii [8].

Sk 6aummo, y TPymi ONMepoBaHUX TPAKIIHHUX Jlame-
JSIPHUX MAaKyIIpHUX PO3PHBIB BHXIIHA MAaKCHMaJIbHO
KOPHTOBaHA TOCTPOTA 30py Oylna TipIIoro y MOPIiBHAHHI 3
rpymoro KoHcepBatuBHOTO BeaenHs (0,34+0,2710,18+0,16
logMAR BiamoBinHo). He3Bakatounm Ha TipHly BHUXITHY
TOCTPOTY 30pY, B ONEpPOBaHiil TpyIi depe3 6 MiCAIIB CIO-
CTEPEKEHHSI MOKa3HUKH MaKCHMalbHO KOPHUTOBAaHOI TO-
CTPOTH 30py CTAaTUCTHYHO HE BIIPI3HAINCH MK TPyIaMU
(0,284+0,24 10,19+0,16 LogMAR BigmoBinno). Takum un-
HOM MU MOXXEMO KOHCTATyBAaTH ITiIBUIIEHHS TOCTPOTHU 30py
B TPYIIi XipypTi4HOTO JiKyBaHHS Y MOPIBHAHHI 3 BUXITHUM
piBHeM. Takox Tpyma XipypriqHoro JiKyBaHHS Maja BH-
XiIHy IEHTpalbHy TOBIIMHY (oBea OipIIy, HK Tpyma la
(1 350,14£75,29 mx™m 1 244,2+38,71 MKM BiJIIOBIHO) Ta
OipITy TIHMOWMHY JaMeIsIpHOTro po3puBy (236,57+79,72
MkM 1 177,22440,31 MKM BiAMOBIZHO), IO OAHO3HAYHO
BIUIMHYJNO Ha (DiHAIBHY TOCTPOTY 30Dy, i CBIAYHUTE TPO TE,
0 OIlepaTWBHE BTPYYaHHS NPOBOAMIOCH y TAIE€HTIB 3
OUTBII BUpaXEHUMH MOP(HOTIOTIIHIMH 3MiHAMH 1 HMOBIp-
HO O1UTBII BUPa’KEHUM TPAKI[IHHAM KOMIIOHEHTOM.

[[{omo HATHBHOTO TIepediry AereHepaTHBHAX JTaMesIp-
HUX MaKyJSIpHUX PO3PHUBIB MU CIIOCTEpiraa 301IbIICHHS
30BHIIIHBOTO JliaMeTPy PO3PUBY HPOTATOM 12 MicsIiB Ta
CTaTUCTHYHO 3HAYMME 3HIDKEHHS 30pOBHX (YHKIIN Ha
12-#1 micanp cmoctepexenHs. Xoda Andrea Govetto Ta
criBaBropu (2016) HEe BHUSBWIM CTaTUCTHYHO 3HAYUMEX
3MiH 30pOBUX (PYHKIIH y TMAIi€HTIB 3 JEreHEepaTHBHUMHU
JIAMENSIPHUMH PO3PUBAMHU IIPOTSTOM CIOCTEPEKEHHS, ajle
TEX TMOKa3aJIx 30UIBIICHHS 30BHINIHBOTO IiaMeTpy Aere-
HEPaTHBHOTO JAMEJISIPHOTO PO3pHUBY [3].

3a HaIIMMU CIIOCTEPEKEHHAMH BUSIBICHO TPU MOKIIU-
Bi MeXaHi3MH (GOPMYBAHHS TaMENIIPHUX MaKyIISIPHAX PO3-
puBiB. [lepmuii MmexaHi3M — (hopMyBaHHS IHTpapeTHHATIH-
HO{ KiCTH, PO3pUB BHYTPIIIHBOI CTIHKH SKOi 32 paXxyHOK
BiTpeomakymsaproi Tpakiii (BMT) mpu3BiB g0 maMensipHO-
IO MaKyJISIPHOTO pO3pUBY. MOKIMBO 1€ — HE3aBEPLIEHUI

UIsX GOpMyBaHHS HACKPI3HOTO MaKyJSPHOTO PO3PHBY, SIK
ommcye niert Mmexanizm J C Chen (2008) [9]. dpyruii mexa-
Hi3M — PO3pHB MeiaTbHOI CTIHKH MapadoBEOIIPHOI KiCTH
gk Hachigok Tpakmii EPM. Tpertiit MexaHi3M — HasiBHICTh
mrinsHOi EPM B 11eHTpi oBea 3 momanbmmM ii CroiomieH-
HIM, (OpMyBaHHSIM KICTH Ta PO3PUBOM ii BHYTPIITHBOT
ctiakn. PakTHYHO yCi MeXaHi3MH (OPMyBaHHS JaMesp-
HUX MaKyJSIPHUX PO3PUBIB Y TAaHOMY TOCIiIKEHHI € TpaK-
miftaMu 1 o’ s3anumu 3 BMT abo Tpakmieto Bix EPM.
Cheng-Yung Lee (2022) Ta cmiBaBTOpPH OIHCATH CXOXKIi
YOTHPH MEXaHi3MHU MaTOreHe3y JaMeIIIPHUX MaKyJSIPHUX
PO3pHUBIB 3 TpaKIifHUM KoMIOHeHToM [4]. ABTOpH [0-
JTATKOBO CITOCTEpiranu MexaHi3m (opMyBaHHA mapado-
BeomsipHoi EPM 0e3 3amyueHHs ¢oBea, sika MiATATyBaja
MaKyiIy JOTOpH Ta B MOAANBIIOMY CTBOpIOBana Ae(eKT
TKaHUHH B (OBea, MATBEPHKEHUH ayTOPIyopeCICHITIEI0
(6e3 cranii popMyBaHHS IHTpapPETHHAIBHOI KiCTH).

Hamre mocmimkeHHS Mao MeBHI 0OMEXKEHHS: peTpo-
CIEKTHBHUH XapakTep MOCIHiIKCHHS, HEBElNKa BHOiIpKa
TIAITI€HTIB, OCKLIBKA 32 YMOB JIOCTaTHHO BHCOKOI TOCTPOTH
30py JIaMEISIpHAN PO3PHB, 30KpeMa TPAKIIHHHH, ILITKOM
MOXe OyTH HEHiarHOCTOBaHWIA, a TAKOX BIICYTHICTh IIO-
nepexnix OKT npu BUSBIIEHH] TaMETSIPHOTO PO3PHBY, IO
HE JTa€ MOYKJIMBOCTI MIPOCIIIKyBaTH €Tamd (POPMyBaHHS.

3ara;oM HaTHBHHUH Tepedir AeTeHepaTHBHOTO JiaMe-
JSIPHOTO MAaKyJSIPHOTO PO3PUBY XapaKTEPU3YEThCS Bi-
HOCHOIO CTaOiIBbHICTIO, B TOW 4ac SK TPaKIIHHUHN TamMe-
JSPHUN MaKyJISIpHUH PO3PHB Ma€ BHPAKEHY TEHACHIIIIO
JT0 TIOTipIIICHHS aHATOMIYHHX TTapaMeTPiB IPH 0OCTEKESHHI
Ha OKT. BusBieHi Tpu MexaHi3Mu pOpMyBaHHS TpaKIili-
HOTO JIAMEJISIPHOTO MaKyJISIPHOTO PO3PHBY: BITPEOPETH-
HaJIbHA TPAKIIist 3 JOPMYBaHHSAM IHTPAPETUHAIBHOI KiCTH;
EPM 3 dhopmyBaHHAM mapadoBEOTPHUX KICT Ta IIH3UCY
3 pPO3pUBOM Me[iallbHUX CTIHOK KiCTO3HUX MOPOKHUH;
EPM 3 dopmyBaHHAM KiCTH i PO3pHBOM ii BEpXHBOI CTiH-
kd. XipypriqHe JiKyBaHHS TPAKIiHOTO JaMeISIPHOTO Ma-
KyJSIPHOTO PO3PHUBY IUIAXOM TpoBeneHHs omeparlii 3BE
3 BumaneHHEsM EPM i BHyTpimHBOI Mek0BOi MeMOpaHU
MIPUBOANTD /10 3aKPUTTS po3puBiB B 94,7 % BUMAAKIB 3 He-
3HAUHHUM ITiJBHIICHHSIM TOCTPOTH 30DY.

ABTOPCbKUIA BHECOK

HoBuubkuii 1.A. — po3pobka KoHuenuii, MPOeKTyBaHHS,
aHani3 gaHux; TomkiB Y.M. — po3pobka KoHLUenLji, NpoeKTy-
BaHHS, 30ip AaHWX Ta NpoBeAEHHsI AOCNIOKEHHS, iHTepnpeTa-
Lis AaHWUX, HanMcaHHA pyKonucy. Yci aBTopu npoaHanisysanu
pesynsratn Ta Noroaunuy KiHUeBui BapiaHT pykonucy. Yci as-
TOPY NPOYMTanNM Ta CXBanuIN OCTaTOMHUIA BapiaHT pyKonucy.

Oxepena nigTpuMkun

ABTOpU 3asBMAOTb, WO Mif Yac NiaroTOBKM LbOro pyKo-
n1cy He OTPMMYBAIW XXOOHWUX KOLUTIB, FPaHTIB YM iHWOI nig-
TPUMKW.

BigmoBwum Big BignoBiganbHOCTI

BucnosneHi y nogaHin ctaTti AyMKy € BNacHUMK AymMKaMu
aBTOpIB, @ He OILiNHO NO3uLiE0 YCTaHOBN.
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KoHdnikT iHTepeciB

ABTOpU 3aABMAIOTb, LLO BOHW HE MalOTb KOHMNIKTY iHTEp-
€ciB, SIKUIA Mir 61 BAAMHYTM Ha TXHIO AYMKY LWOAO npeameTa
abo maTepianis, onMcaHnx i 0GroBoOpPeHUX y LibOMY PYKOMUCI.

3asiBa Npo AOTPUMAHHA €TUYHUX HOPM

[ocnigpxeHHa npoBoAnnock 3a yyacTio niogen. aHe pe-
TPOCNEKTUBHE AOCHIAXEHHS CxBaneHe A0 npoBegeHHs Komi-
Ci€lo 3 NUTaHb eTUKN MeanyHoro ueHTpy “Oculus” (mpoTokon
Ne01/01/26 Big 01.01.26). Y 3B’A3Ky 3 peTpPOCNEKTUBHUM Xa-
paKkTepoM AOCHimKeHHS1 hopMU iHopMOBaHOT 3roan He Bynu
oTpuMaHi. Y gocnigpkeHHs He Oynu BKMOYEHi TBapyHU.

3asiBa Npo AOCTYMNHIiCTb AaHUX

[aHi, oTpMmaHi Ta npoaHanisoBaHi nig 4Yac Lboro gocni-
[OKEHHs1, MOXXHa OTpMMaTW Yy Bi4NoBIigHOro aBTopa 3a obrpyH-
TOBaHUM 3annTOM.

CKOpOYeHHA

BMT — BiTpeomakynspHa Tpakuis; 3BE — 3akpuTa BiTpek-
Tomisi; EPM — enipeTuHanbHa membpaxa; OKT — onTuyHa ko-
repeHTHa Tomorpadisi; NMEC — nirMeHTHWIA eniTenin CiTKiBKW.
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Vitrectomy with or without routine panretinal photocoagulation for

proliferative diabetic retinopathy

Khusanbaev Kh. Sh., Yusupov A. F.

Republican Specialized Scientific and Practical Medical Center of Eye Microsurgery, Tashkent (Uzbekistan)

BiTpekTomisi 3 pyTUHHOIO NaHpeTUHanbLHOK doToKoarynsuicro abo 6e3 Hel npu
nponicdepaTMBHin fiabeTU4YHIN peTnHoNartii

Xycan6aeB X. L., FOcynos A. .

Pecny6nikaHcbkuin cnevianiaoBaHuin HayKOBO-MPAKTUYHUIA MeAUYHWIA LEHTP MIKpoXipyprii oka, TalukeHT (Y3bekncTtaH)

Abstract

Purpose. To perform a comprehensive comparative as-
sessment of anatomical, functional, microvascular, and an-
giogenic outcomes of pars plana vitrectomy performed with
and without panretinal endophotocoagulation (PRP) in pa-
tients with complications of proliferative diabetic retinopathy
(PDR), with particular emphasis on retinal ischemia dynam-
ics and vascular endothelial growth factor (VEGF) levels.

Methods. A total of 231 patients (231 eyes) with PDR were
included. The main group (121 eyes) underwent vitrectomy
without routine PRP, while the control group (110 eyes) un-
derwent vitrectomy combined with PRP. All patients under-
went best-corrected visual acuity (BCVA) assessment, intra-
ocular pressure measurement, optical coherence tomography
(OCT), optical coherence tomography angiography (OCTA,
12x12 mm), fluorescein angiography, and computer perim-
etry. VEGF levels in aqueous humor were analyzed in a sub-
group of 80 patients (40 from each group) before vitrectomy
and during subsequent phacoemulsification with intraocular
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lens implantation (Phaco+IOL). Follow-up duration was 12
months.

Results. Both groups demonstrated significant postopera-
tive improvement in BCVA with no statistically significant
intergroup differences. OCT angiography revealed stabiliza-
tion or reduction of ischemic zones in the main group and a
tendency toward enlargement of ischemic areas in the control
group. VEGF concentration decreased significantly after vit-
rectomy in both groups, with no statistically significant differ-
ence between the groups.

Conclusion. Vitrectomy without routine PRP provides
comparable functional outcomes and favorable stabilization
of retinal ischemia and angiogenic activity. Wide-field OCT
angiography and assessment of VEGF-related biomarkers
provide objective information on retinal ischemia and angio-
genic activity and may assist in individualized postoperative
monitoring and treatment decision-making in selected pa-
tients with proliferative diabetic retinopathy.

Keywords: proliferative diabetic retinopathy, vitrectomy,
OCT angiography, VEGF, panretinal photocoagulation.

Pesome

Mema — npogecmu KOMNAEKCHY NOPIGHATLHY OYIHKY aHa-
MOMIYHUX, (DYHKYIOHANbHUX, MIKPOBACKYIAPHUX MA AHZIO-
2eHHUX pesynbmamis gimpexmomii pars plana, euxonawoi 3
nampemuHanvbHow enoogomoroazyrayiero (PRP) ma be3 uei
V nayieHmis 3 yCKIAOHeHHAMU NponihepamusHoi diabemuy-
Hoi pemunonamii (PDR), 3 ocobnueum akyenmom Ha OUHa-
MIKY Twemii cimkieku ma pieHi paxmopa pocmy cyOUHHO2O
enoomerniio (VEGF).

Memoou. 3acanom y oocniddcenns 6yno exmouero 231
nayienma (231 oxo) 3 PDR. Ocnosna epyna (121 oxo) npo-
tiuna simpexkmomiio 6e3 pymunnoi PRP, mooi sik KohmponbHa
epyna (110 oueti) npotiuina eimpekmomito 6 noeOHauHi 3 PRP.
Yeim nayienmam 6yno npogedeno oyinky cocmpomu 30py 3
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Hatikpaujoro kopekyiero (BCVA), eumiprosants 6HympiutHbo-
OUHO20 MUCKY, onmuuHy Kozcepenmuy momoepagiio (OCT),
onmuuHy KozepeHmHy momozpagito auciocpaghii (OCTA,
12x12 mm), gyopecyeinosy aneioepagito ma komn'tomepHy
nepumempiro. Pieni VEGF'y 600sanucmiti 60103i oka oynu npo-
ananizoeani y nioepyni 3 80 nayienmie (no 40 3 kooicnoi epy-
nu) 0o simpexmomii ma nio yac nooarsuloi axoemynvcugi-
Kayii' 3 imnranmayicto inmpaoxyasapuoi ainsu (Phaco+I0OL).
Tpusanicmv cnocmepedcennsa cmanoguna 12 micayie.
Pesynomamu. O6u0si epynu npooemoHCmpyeai 3HaAuHe
nicraonepayitine nokpawenns BCVA be3 cmamucmuyno 3na-
uywux miscepynosux siominnocmei. OCT-aneioepais 6u-
Aeuna cmabinizayito a6o 3MeHUEeHHs! IUeMIYHUX 30H 8 OCHO-
GHIlL 2pyni ma meHOeHyito 00 30LIbUEHHS. IMUEMIYHUX OLISTHOK
y koumponwHiti epyni. Konyenmpayisa VEGF 3nauno 3nuzuna-

Introduction

Proliferative diabetic retinopathy (PDR) represents the
most advanced stage of diabetic retinal disease and remains
one of the leading causes of irreversible visual impairment
among working-age adults worldwide [1]. Chronic retinal
ischemia is the primary driving force behind disease pro-
gression, triggering overexpression of vascular endothelial
growth factor (VEGF) and subsequent pathological neo-
vascularization, vitreous hemorrhage, and tractional retinal
detachment [2, 3, 4].

Panretinal photocoagulation (PRP) has historically
been considered the cornerstone of PDR management by
reducing ischemic retinal drive and suppressing VEGF pro-
duction [5, 6]. However, extensive laser ablation is associ-
ated with well-documented functional limitations, includ-
ing peripheral visual field loss, reduced retinal sensitivity,
and potential aggravation of macular ischemia, which may
compromise postoperative visual rehabilitation [5, 7].

Advances in pars plana vitrectomy (PPV), enhanced
intraoperative visualization, and refined membrane dissec-
tion techniques have significantly improved surgical out-
comes in PDR [8, 9]. Vitrectomy itself has been shown to
reduce intraocular VEGF concentration by eliminating the
vitreous scaffold and improving intraocular oxygenation,
thereby exerting an intrinsic antiangiogenic effect [2, 5].
These observations have raised questions regarding the ne-
cessity of routine PRP in all surgically treated cases.

The introduction of optical coherence tomography
angiography (OCTA) has provided a non-invasive, layer-
specific method for evaluating retinal microcirculation.
Wide-field OCTA (12x12 mm) enables quantitative assess-
ment of ischemic zones extending beyond the macula into
parafoveal and mid-peripheral regions, which are critical in
PDR progression [10, 11].

Recent studies have shown that intraocular VEGF lev-
els are closely associated with the extent of retinal ischemia
and angiogenic activity in proliferative diabetic retinopa-
thy. However, the effect of panretinal photocoagulation on
VEGF levels remains variable and may depend on disease

¢ nicist gimpexmomii 8 000X epynax 6e3 cmamucmuyHo 3Ha-
UyWoi pisHUYI MIdiC 2pYnamu.

Bucnoexu. Bimpexmowmisi 6e3 pymunnoi PRP 3abe3ne-
Yye NOPIBHAHHI (DYHKYIOHAbHI pe3yiomamu ma Cnpusmiugy
cmabinizayito fwemii CimKkieKu ma aneio2eHHoi aKMUuGHOCMI.
Hlupoxononvrna OCT-anciocpaghis ma oyinka 6iomapkepis,
nogsizanux 3 VEGF, naoaromv 06'ekmusHy inghopmayiro npo
iwemito CImKieKU ma AH2I02eHHY aKMUBHICMb | MONCYMb 00-
nomoemu 6 iHOUBIOYani308aHOMY RICIAONEPAYIUHOMY MOHIMO-
PUH2Y ma npuiHAmMmi piwieHs wooo AiKyeaHHs y OKpeMux na-
Yienmis 3 nporiphepamueHoro JiabemuuHo pemuHonamiero.

Knrwuosi crosa: nponipepamusna diabemuyna pemuHo-
namis, eimpexmomisa, OCT-anciocpagis, VEGF, naunpemu-
HanvHa ghomokoazynayis

severity and the timing of assessment. Some studies have
reported that while PRP may influence inflammatory cyto-
kine activity, intravitreal VEGF levels may not differ sig-
nificantly between eyes treated with PRP and those without
prior laser treatment [5].

Despite increasing interest in PRP-sparing strategies,
comprehensive studies integrating functional outcomes,
microvascular ischemia dynamics, and angiogenic bio-
markers remain limited. The present study aims to address
this gap by performing a detailed comparative analysis of
vitrectomy with and without PRP, incorporating wide-field
OCTA and longitudinal VEGF assessment.

Materials and Methods

Study design and patients

This retrospective comparative study included 231
patients (231 eyes) with proliferative diabetic retinopathy
who underwent surgical treatment at the Republican Spe-
cialized Scientific and Practical Medical Center of Eye
Microsurgery (Tashkent, Uzbekistan). Only one eye per
patient was included in the analysis.

Patients were divided into two groups according to the
surgical strategy:

* Main group: 121 eyes that underwent pars plana vit-
rectomy without routine panretinal photocoagulation

* Control group: 110 eyes that underwent pars plana vit-
rectomy combined with panretinal photocoagulation

Inclusion and Exclusion Criteria

Inclusion criteria. Patients were included in the study if
they met the following criteria:

* confirmed diagnosis of proliferative diabetic retinopa-
thy (PDR) based on clinical examination and imaging find-
ings;

» compensated diabetes mellitus, defined as stable met-
abolic control under endocrinological supervision (HbAlc
<8.5%);

* presence of PDR-related complications requiring pars
plana vitrectomy, including:
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- non-clearing vitreous hemorrhage

- tractional retinal detachment involving or threaten-
ing the macula

- combined tractional-rhegmatogenous retinal detach-
ment

- dense fibrovascular proliferation causing significant
vitreoretinal traction

* age >18 years;

» absence of previous vitreoretinal surgery in the study
eye;

« ability to complete postoperative follow-up for at least
12 months.

Exclusion criteria. Patients were excluded if any of the
following conditions were present:

* previous vitrectomy or major retinal surgery in the
study eye;

* decompensated diabetes mellitus (HbAlc > 8.5% or
unstable glycemic control);

* age < 18 years;

* presence of advanced glaucoma or optic nerve pathol-
ogy that could significantly affect visual field assessment;

* ocular trauma or other retinal diseases unrelated to di-
abetic retinopathy (e.g., retinal vein occlusion, age-related
macular degeneration);

« active intraocular inflammation or uveitis;

* incomplete clinical data or loss to follow-up before
12 months.

Baseline demographic and clinical characteristics did
not differ significantly between the two groups (p > 0.05),
indicating that the study populations were comparable be-
fore surgery (Tabl. 1).

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Written informed
consent for surgical treatment and use of anonymized
clinical data for research purposes was obtained from all
patients.

Surgical technique

All patients underwent standard microincisional pars
plana vitrectomy using a standardized surgical protocol.
The procedure included removal of vitreous hemorrhage,
dissection of fibrovascular membranes, and elimination
of vitreoretinal traction. In the control group, panretinal
photocoagulation was performed intraoperatively using an
endolaser probe during pars plana vitrectomy. Laser treat-
ment was delivered using a 532-nm diode-pumped solid-
state laser. The following parameters were used: pulse du-
ration: 0.1-0.2 s, power: 150-300 mW, adjusted to achieve
moderate retinal whitening, spot size: variable, depending
on the distance between the endolaser probe and the reti-
nal surface (approximately 200-300 pum), total number of
burns: approximately 1200-1600

Laser burns were applied to the mid-peripheral and pe-
ripheral retina, avoiding the macular area and major vascu-
lar arcades. In the main group, laser photocoagulation was
not applied routinely and was reserved for selected cases
during follow-up when clinically indicated.

Table 1. Baseline characteristics

Main group | Control group
Parameter (n=121) (n=110) p
Age (years) 56.8+8.4 57.3+79 >0.05
Male/Female 68 /53 61/49 >0.05
Duration of 136442 | 13940 | >0.05
diabetes (years)
HbA1c (%) 78+1.1 8012 >0.05
Vitreous 72 (59.5%) | 66 (60.0%) | >0.05
hemorrhage
Tractional retinal o o
detachment 39 (32.2%) 34 (30.9%) | >0.05
Combined TRD/ 0 o
RRD 10 (8.3%) 10 (9.1%) >0.05

Ophthalmic examination

All patients underwent a comprehensive ophthalmic
examination preoperatively and during postoperative
follow-up. The examination protocol included assessment
of best-corrected visual acuity (BCVA), expressed in log-
MAR units, intraocular pressure measurement, slit-lamp
biomicroscopy, and dilated fundus examination.

Structural retinal assessment was performed using
spectral-domain optical coherence tomography (OCT),
while retinal microcirculation was evaluated with wide-
field optical coherence tomography angiography (OCTA).
Preoperative OCT and OCTA were performed in eyes with
sufficient media transparency and adequate visualization
of the posterior segment.

In most eyes with advanced proliferative diabetic reti-
nopathy, dense vitreous hemorrhage or extensive fibro-
vascular proliferation limited visualization of the retinal
microvasculature and prevented reliable acquisition of
baseline OCT angiography parameters.

Functional retinal assessment included standard auto-
mated computer perimetry. Reliable preoperative visual
field testing was not feasible in a considerable number of
eyes due to media opacity and markedly reduced visual
acuity associated with vitreous hemorrhage or tractional
retinal detachment. Therefore, visual field assessment was
primarily performed during postoperative follow-up after
restoration of optical media transparency.

Fluorescein angiography was performed when clini-
cally indicated to further assess retinal perfusion and neo-
vascular activity.

Follow-up examinations were conducted at 1, 3, 6, and
12 months depending on the parameters evaluated.

Optical coherence tomography and OCT angiography.
Structural OCT and OCT angiography were performed us-
ing the Topcon DRI OCT Triton system. Wide-field OCT
angiography scans of 12x12 mm were acquired to assess
macular, parafoveal, and mid-peripheral retinal microcir-
culation.
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The following OCT angiography parameters were ana-
lyzed:

* Retinal ischemia area (mm?), defined as regions of
absent capillary perfusion

* Vessel density (VD, %) in the superficial and deep
capillary plexuses

* Perfusion density (PD, %)

* Foveal avascular zone (FAZ) area (mm?)

* Non-perfusion index (NPI, %), calculated as the ratio
of non-perfused area to total scanned area

Quantitative analysis was performed on en face im-
ages. When multiple ischemic zones were present, their
areas were summed.

Fluorescein angiography. Fluorescein angiography
was performed when indicated to assess retinal non-per-
fusion, vascular leakage, and neovascular activity, and
to support clinical decision-making regarding additional
treatment.

Computer perimetry. Visual field assessment was per-
formed using a Tomey automated perimeter with a stan-
dard threshold strategy. The analysis included mean devia-
tion (MD, dB) and pattern standard deviation (PSD, dB)
as primary perimetric indices. Only reliable examinations
were included in the analysis.

Computer perimetry was performed during postopera-
tive follow-up at 3, 6, and 12 months to evaluate func-
tional retinal outcomes and potential peripheral visual field
changes associated with the selected surgical strategy.

VEGF assessment. Analysis of vascular endothelial
growth factor (VEGF) concentration was performed in a
subgroup of 80 patients (40 eyes in each group). Aqueous
humor samples were collected at two time points:

1. At the beginning of vitrectomy, before any intraocu-
lar manipulation

2. During subsequent phacoemulsification with intra-
ocular lens implantation, performed after stabilization of
the vitreoretinal condition

VEGF concentration was measured using enzyme-
linked immunosorbent assay (ELISA) according to the
manufacturer’s instructions.

Statistical analysis

Statistical analysis was performed using MedCalc
statistical software. Quantitative data were tested for nor-
mality using the Shapiro—Wilk test. Normally distributed
variables are presented as mean + standard error (M £+ m).

Intergroup comparisons were performed using the
Student’s t-test for normally distributed variables and the
Mann—Whitney U test for non-normally distributed data.
Changes over time were analyzed using paired statistical
tests as appropriate. Correlation analysis between func-
tional, microvascular, and biochemical parameters was
conducted using Pearson’s or Spearman’s correlation co-
efficients, depending on data distribution.

All statistical tests were two-tailed, and a p value <0.05
was considered statistically significant.

Results

The results of the study are presented in a structured
manner, reflecting functional, microvascular, and angio-
genic outcomes following vitrectomy with and without
panretinal photocoagulation. Comparative analysis was
performed between the main and control groups at pre-
defined postoperative time points using multimodal imag-
ing and biochemical assessment.

The primary outcome measures included changes in
best-corrected visual acuity, retinal ischemia dynamics as-
sessed by wide-field OCT angiography, and vascular en-
dothelial growth factor (VEGF) concentration in aqueous
humor. Secondary analyses focused on the diagnostic per-
formance of OCT angiography compared with fluorescein
angiography and on the interrelationships between isch-
emia, VEGF levels, and visual outcomes.

Functional results are presented first, followed by mi-
crovascular and angiogenic findings.

To complement the graphical representation of postop-
erative visual acuity dynamics shown in Diagram 1, quan-
titative BCVA data are summarized in Table 2. The tabu-
lated values provide exact mean logMAR measurements
at each follow-up time point, enabling precise comparison
between the main and control groups and supporting ob-
jective assessment of visual recovery after vitrectomy.

Diagram 1. BCVA dynamics after vitrectomy

1.4 A

1.2

1.0 4

BCVA (logMAR)

0.8

0.6

Preop 3mo 6 mo 12 mo

Time
Diagram 1. Dynamics of best-corrected visual acuity (log-
MAR) during 12 months of follow-up.

Table 2. Dynamics of Best-Corrected Visual Acuity (logMAR)

Time point Main group Control group p

Preoperative 1.46 £ 0.41 1.48 £0.40 >0.05
3 months 0.78 £ 0.39 0.81+0.41 >0.05
6 months 0.65+0.36 0.68+0.38 >0.05
12 months 0.58 + 0.34 0.61+0.36 >0.05
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Table 3. Visual field outcomes (Tomey computer perimetry) during follow-up (M = m)

Time polnt N_ID, dB MD, dB B P_SD, dB PSD, dB b
(Main group) (Control group) (Main group) (Control group)
3 months -14.9+17 -16.1+1.8 <0.05 6.5+0.7 7.0+0.8 <0.05
6 months -13.8+1.6 -15.8+1.7 <0.01 6.2+0.7 6.9+0.8 <0.05
12 months -129+15 -156+1.6 <0.001 6.0+0.6 6.8+0.7 <0.01

Notes: MD — mean deviation; PSD — pattern standard deviation; dB — decibels; M + m — mean + standard error.

Both groups demonstrated a statistically significant
improvement in BCVA at all postoperative time points
compared with baseline values (p < 0.001). The most pro-
nounced visual gain occurred during the first three months
after vitrectomy, followed by a more gradual improvement
up to 12 months. At the final follow-up, clinically mean-
ingful visual improvement (=>0.3 logMAR) was achieved
in more than 70% of eyes in both groups.

Importantly, no statistically significant intergroup dif-
ferences in BCVA were observed at any follow-up point.
This indicates that omission of routine panretinal photo-
coagulation did not adversely affect visual recovery af-
ter vitrectomy. Visual outcomes appeared to be primarily
determined by the extent of vitreoretinal traction removal
and postoperative retinal stabilization rather than by the
presence or absence of PRP.

Computer perimetry revealed progressive functional
changes during postoperative follow-up at 3, 6, and 12
months. Comparative analysis demonstrated significantly
better preservation of visual field function in the main
group throughout the observation period.

Computer perimetry performed at 3, 6, and 12 months
demonstrated a gradual improvement in visual field pa-
rameters in both groups. However, patients in the main
group consistently showed less negative mean deviation
(MD) values and lower pattern standard deviation (PSD)
throughout the follow-up period. The increasing inter-
group difference over time suggests better preservation of
peripheral retinal function in eyes treated without routine
panretinal photocoagulation.

Diagram 2 illustrates the trend in retinal ischemia
area as assessed by wide-field OCT angiography. This
combined visualization allows accurate evaluation of the
magnitude and statistical significance of ischemic changes
between groups over time.

In addition to ischemic area assessment, quantitative
OCT angiography parameters were analyzed using 12x12
mm scans. Vessel density (VD, %) and perfusion density
(PD, %) were calculated separately for the superficial cap-
illary plexus (SCP) and deep capillary plexus (DCP). The
foveal avascular zone (FAZ) area was measured manually
on en face images. A non-perfusion index (NPI, %) was
calculated as the ratio of non-perfused retinal area to the
total scanned area. These parameters were used to assess
microvascular integrity and its relationship with functional
and biochemical outcomes.

Table 4. OCT angiography parameters in the postoperative
period (12x12 mm, M £ m)

Parameter Main group ST P
group

SCP vessel density, % | 42.6+3.8 | 38.1+4.1 | <0.05

DCP vessel density, % 40.2+35 | 35.7+£3.9 | <0.01

Perfusion density, % 469+42 | 4131246 | <0.05

FAZ area, mm? 0.42+0.09 | 0.51+£0.11 | <0.05

Non-perfusion index, % | 14.8+3.2 | 21.6+3.9 | <0.01

Notes: SCP — superficial capillary plexus; DCP — deep capil-
lary plexus; FAZ — foveal avascular zone.

Diagram 2. Retinal ischemia area (OCTA 12x12 mm)

12 A

Ischemia area (mm?)

1 mo 3mo

Diagram 2. Changes in retinal ischemia area according to
OCT angiography 12x12 mm.

Quantitative OCT angiography analysis revealed sig-
nificantly higher vessel and perfusion density in both su-
perficial and deep capillary plexuses in the main group.
The non-perfusion index was significantly lower, indicat-
ing better preservation of retinal microcirculation. FAZ
enlargement was more pronounced in the control group,
suggesting greater macular microvascular compromise.

Wide-field OCT angiography revealed fundamentally
different ischemic patterns between the two treatment
strategies. In the main group, the area of retinal ischemia
demonstrated stabilization or mild regression during the
postoperative period. In contrast, eyes treated with routine
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Table 5. Comparative diagnostic informativeness of OCTA
and FA

Criterion OCTA FA
Ischemia detection (mm?) 8.1+1.3 86+15
Repeatability 100% 54%
Quantitative assessment Yes No
SCP/DCP evaluation Yes No
Leakage detection No Yes

Notes: OCTA — optical coherence tomography angiography;
FA — fluorescein angiography; SCP — superficial capillary
plexus; DCP — deep capillary plexus.

PRP showed a tendency toward enlargement of ischemic
areas, despite adequate anatomical retinal attachment.

These findings suggest that routine PRP does not nec-
essarily prevent progression of retinal non-perfusion and
may be associated with secondary microvascular compro-
mise. The ability of OCT angiography 12x12 mm to visu-
alize parafoveal and mid-peripheral ischemic zones was
critical for detecting these changes, which would likely
remain undetected using standard 6x6 mm scans.

Both imaging modalities demonstrated comparable
ability to detect retinal ischemic zones. However, OCT
angiography provided superior repeatability and enabled
quantitative assessment of ischemia, allowing objective
longitudinal monitoring. Fluorescein angiography retained
value in detecting vascular leakage and neovascular activ-
ity but was limited by its invasive nature and reduced fea-
sibility for repeated examinations.

From a clinical standpoint, OCT angiography proved
to be the preferred method for postoperative monitoring
and decision-making regarding additional laser treatment.

Baseline VEGF concentrations were comparable be-
tween the main and control groups, indicating similar lev-
els of angiogenic activity prior to surgical intervention.
After vitrectomy and subsequent cataract surgery, VEGF
levels decreased markedly in both groups.

No statistically significant intergroup difference in
VEGF concentration was observed at the time of phaco-
emulsification with intraocular lens implantation. This
finding suggests that vitreous removal itself plays a domi-
nant role in reducing intraocular angiogenic activity, re-
gardless of the application of panretinal photocoagulation.

The timing of VEGF reassessment during cataract
surgery allowed evaluation of longer-term biochemical
changes, minimizing the influence of early postoperative
fluctuations and providing a more stable estimate of post-
operative angiogenic status.

Integrated outcome analysis

Taken together, the functional, microvascular, and bio-
chemical results indicate that vitrectomy without routine
PRP provides a favorable balance between anatomical
stabilization and preservation of retinal microcirculation.
Visual recovery was comparable between groups, while

ischemic progression and VEGF activity were more effec-
tively controlled in the PRP-free group.

Additional Results: Correlation Analysis

Correlation between VEGF levels, retinal ischemia,
and visual acuity

To better understand the interrelationship between an-
giogenic activity, microvascular ischemia, and functional
outcomes, a correlation analysis was performed in the
VEGF subgroup (40 patients in each group).

VEGEF and retinal ischemia (OCTA 12x12 mm)

A moderate positive correlation was identified between
aqueous humor VEGF concentration and the area of retinal
ischemia measured by OCT angiography:

* Main group: r = 0.58, p <0.01

* Control group: r=0.64, p <0.01

This finding indicates that larger ischemic zones are
associated with higher intraocular VEGF levels, confirm-
ing the role of ischemia-driven angiogenic stimulation in
proliferative diabetic retinopathy.

VEGF and best-corrected visual acuity

An inverse correlation was observed between VEGF
concentration and postoperative BCVA at 12 months:

* Main group: r =—0.46, p <0.05

* Control group: r =-0.42, p <0.05

Higher VEGF levels were associated with worse func-
tional outcomes, suggesting that persistent angiogenic
activity negatively affects visual recovery even after suc-
cessful anatomical retinal stabilization.

Retinal ischemia and visual acuity

Correlation analysis demonstrated a moderate inverse
relationship between ischemic area and BCVA:

* Main group: r =-0.52, p < 0.01

* Control group: r =-0.55, p < 0.01

Eyes with larger ischemic zones exhibited poorer visu-
al outcomes, highlighting the functional relevance of mi-
crovascular perfusion beyond macular structural integrity.

Postoperative complications

Postoperative complications were carefully monitored
during the 12-month follow-up period.

Recurrent vitreous hemorrhage occurred in 8 eyes
(7.3%) in the main group and 7 eyes (5.8%) in the control
group. Most cases resolved spontaneously or required only
minor additional treatment.

Rubeosis iridis was observed in 4 eyes (3.3%) in the
main group and 3 eyes (2.7%) in the control group.

Secondary neovascular glaucoma developed in 3 eyes
(2.5%) in the main group and 2 eyes (1.8%) in the control
group.

No statistically significant difference in the incidence
of these complications was observed between the groups.

Discussion

The present study provides a comprehensive assess-
ment of functional, microvascular, and angiogenic out-
comes following vitrectomy performed with and without
routine panretinal photocoagulation in patients with pro-
liferative diabetic retinopathy. By integrating wide-field
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OCT angiography, computer perimetry, and longitudinal
VEGF analysis, the study offers a multidimensional per-
spective on postoperative retinal recovery beyond conven-
tional anatomical endpoints.

Visual acuity improved significantly in both groups
throughout the follow-up period, with no statistically sig-
nificant intergroup differences at any time point. This find-
ing is consistent with previous studies demonstrating that
visual outcomes after vitrectomy in proliferative diabetic
retinopathy are primarily determined by the removal of
vitreoretinal traction and anatomical retinal stabilization
rather than by the application of panretinal photocoagula-
tion [8, 9].

In contrast, analysis of retinal microcirculation using
wide-field OCT angiography revealed meaningful dif-
ferences between treatment strategies. Patients managed
without routine PRP demonstrated more favorable micro-
vascular parameters, including stabilization of ischemic ar-
eas, higher vessel and perfusion density, lower non-perfu-
sion index, and less pronounced FAZ enlargement. These
findings are in agreement with recent OCT angiography
studies suggesting that PRP does not necessarily prevent
progression of retinal ischemia and may even contribute to
secondary microvascular compromise [7, 10, 12].

Assessment of VEGF dynamics showed a marked re-
duction in intraocular VEGF concentration after vitrectomy
in both groups, with no statistically significant intergroup
differences at the time of subsequent phacoemulsification
with intraocular lens implantation. This observation sup-
ports the concept of the intrinsic antiangiogenic effect of
vitreous removal and is consistent with previous studies
demonstrating that vitrectomy itself plays a dominant role
in reducing intraocular VEGF levels regardless of PRP sta-
tus [2, 3, 5].

Functional evaluation using computer perimetry fur-
ther highlighted the clinical relevance of microvascular
preservation. Patients in the main group demonstrated bet-
ter preservation of visual field function throughout the fol-
low-up period. These findings are particularly important,
as peripheral visual field loss is a well-recognized adverse
effect of panretinal photocoagulation and has been widely
reported in the literature [7].

Correlation analysis supported a pathophysiological
link between retinal microvascular impairment and func-
tional outcomes. Larger ischemic areas and higher non-
perfusion index values were associated with worse visual
acuity and perimetric indices, underscoring the functional
significance of retinal perfusion beyond macular struc-
tural integrity. These findings are consistent with previous
studies demonstrating a close relationship between retinal
ischemia and angiogenic activity in proliferative diabetic
retinopathy [13].

Previous studies evaluating intraocular cytokine pro-
files in proliferative diabetic retinopathy have demon-
strated that the effect of panretinal photocoagulation on
angiogenic mediators is not uniform. In particular, Suzuki

et al. reported that although inflammatory cytokine levels
were higher in eyes without preoperative PRP, intravitreal
VEGF levels did not differ significantly between groups
[5]- These findings further support the hypothesis that vit-
rectomy itself plays a dominant role in reducing intraocu-
lar angiogenic activity.

Selective application of PRP during postoperative
follow-up may have influenced the outcomes in the main
group and should be considered a potential confounding
factor when interpreting the results.

From a clinical perspective, the results support a more
individualized approach to surgical management of pro-
liferative diabetic retinopathy. Rather than routine appli-
cation of panretinal photocoagulation, postoperative de-
cision-making should be guided by objective assessment
of retinal perfusion using wide-field OCT angiography,
which has been shown to provide reliable and reproducible
quantitative evaluation of retinal microcirculation [14].

Assessment of postoperative complications demon-
strated that omission of routine panretinal photocoagula-
tion did not increase the risk of neovascular complications
such as rubeosis iridis, recurrent vitreous hemorrhage, or
secondary neovascular glaucoma. These findings suggest
that a PRP-sparing surgical strategy may be safe in careful-
ly selected patients with proliferative diabetic retinopathy.

The main limitations of this study include its retrospec-
tive design and subgroup analysis of VEGF levels. Another
important limitation is the limited availability of baseline
OCT angiography and visual field data, which was due to
media opacity and the severity of vitreoretinal pathology
in eyes with advanced proliferative diabetic retinopathy.
Nevertheless, the relatively large cohort, standardized sur-
gical technique, and comprehensive multimodal evalua-
tion strengthen the validity and clinical relevance of the
findings.

Conclusion

Vitrectomy performed without routine panretinal pho-
tocoagulation provides functional outcomes comparable
to conventional surgery while demonstrating favorable
microvascular stabilization in patients with proliferative
diabetic retinopathy.

Wide-field OCT angiography enables objective assess-
ment of retinal ischemia and microvascular alterations,
facilitating individualized postoperative monitoring and
clinical decision-making. In the present study, VEGF lev-
els decreased significantly after surgery in both groups, in-
dicating that vitrectomy itself may contribute substantially
to the reduction of intraocular angiogenic activity.

An individualized management approach guided by
OCT angiography, with selective use of fluorescein an-
giography, may assist in evaluating retinal perfusion and
neovascular activity and support postoperative monitoring
and clinical decision-making in patients with complicated
proliferative diabetic retinopathy.
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3MiHM pechpakuii y nayieHTiB AUTAYOro BiKy 3 Nporpecyr4oro Mioniekro
3a YMOBM ONTUYHOI KOpPeKLUii M’'AKUMU KOHTaKTHUMM NiH3aMu
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Pes3tome

Mema. Oyinumu epadicnm npozpecyeanms mionii y nayi-

E€HMIB OUMAUO20 BIKY PIZHUX BIKOBUX 2PYN 3A YMOBU ONMUYHOT

KOpeKyii M aKuUMU KOHMAKMHUMU TIH3AMU.
Mamepian ma memoou. Pempocnexmugno obcmedice-
Ho 1380 nayienmie y 6iyi 6i0 6 do 17 pokis nid wac nomou-

HUX ONMOMEMPUYHUX BI3UMIE 8 YMOBAX ONMUUHOI KOpeKyii

M aKkuMY KoHmaxkmuumu ainzamu. Cmpok cnocmepesicenis.
cmanosus 1-3 poku, anre He menwe 12 micayise. Bci nayi-
enmu Oynu posodineni Ha 6ikosi epynu. 6—8 poxie (14 ocib),
9-11 poxis (52 ocobu), 12—14 poxie (230 ocib), 15—17 pokis
(1084 ocobu). B docnioxcenni 63sau yuacmo 378 uon06ikie
(378 ouetr) ma 1002 xcinku (1002 oka). V koscHoco nayien-

ma Q0CniOHCYBANOCH 0O0HE OKO 3 OLIbWUM CHiyneHem MIonii

3a HaaeHocmi anizomemponii. Mionis I cmynensa 3a cghepo-
exgisanenmom suseiena y 278 nayicumis, mionisi I cmynens
—y 657 nayienmie ma mionis 11l cmynens —y 445 nayienmis.
Cmynine acmuemamuszmy He nepesuuysae 1,50 onmp. Bcim
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nayienmam nposedena oyinKka epadicuma npozpecysants mi-
onii’ 3a cgpepoexsieanenmom pedppaxyii, GUIHAUEHUM MeMO-
oom aemomamuunoi peppaxmomempii 6 nPUPOOHUX YMOBAX,
6e3 yuxaoniecii.

Pesynomamu. [Iposedenuii nopisHanbHUll analiz npozpe-
Cy8amHs mionii' y dimell pi3HUX 8IKOBUX 2PYN 3 YPAXYBAHHAM
cmynemsi Mionii' 8 yM08ax onmu4Hoi KOpexyii M SIKUMU KOH-
makmuumu ainzamu. Bemanoeieno: 0ns nayicnumie 8ikom
6—8 pokie piunuil epadicnm npocpecys8anis MIionii CmaHosus
0,60+0,53 onmp/pix, ons nayienmis 9—11 poxie — 0,49+0,15
onmp/pix, ona nayienmis 12—14 poxie — 0,47+0,06 onmp/pik,
ona nayienmis 15—17 poxie — 0,26+0,03 onmp/pix (pieeHs
SHauywocmi IOMIHHOCHEN NOKASHUKIG OISl KOMCHOI 8iKOBOI
epynu cmarnosus p<0,05).

Bucnosox. Ompumani oani npo piunuii epadienm npozpe-
CY8aHHs MIONIL'y Oimetl Pi3HUX 8IKOBUX SPYN 8 YMOBAX ONMUY-
HOI KOpeKyii' M aKuMU KOHMAKMHUMU JTTH3AMU 8 3A/1e)HCHOCTI
8I0 cmyneHs MIOnii 003801810Mb BUKOPUCHOBY8AMU IX NpU
Q0CTIONCEHHT e(heKmUBHOCII Memodie KOHMPONIO NPocpecy-
6AHH MIONI.

Knrwwuosi cnosa: anomanii peppaxyii, mionis, diacHocmu-
Ka, cghepoexesisanenm pepparyii, epadicnm npozpecysans,
onmomempis, 0hmanbMonoeis.

Abstract

Purpose: To assess the annual gradient of myopia progres-
sion in soft contact lens (SCL) corrected myopic children of
various age groups.

Methods: We retrospectively reviewed the medical records
of 1380 SCL-corrected patients (1380 eyes, 378 boys and
1084 girls) aged 6 to 17 years who had been examined dur-
ing routine optometric visits. Follow-up duration ranged from
12 to 36 months. Patients were divided into age groups of
6-8 years (14 individuals), 9-11 years (52 individuals), 12-14
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years (230 individuals), and 15-17 years (1084 individuals).
In the presence of anisometropia, the more myopic eye was
chosen as the study eye. Low myopia (-0.50 to -3.00 D) was
found in 278 eyes, moderate myopia (-3.25 to -6.00 D), in 278
eyes, and high myopia (<-6.00 D), in 445 eyes. Astigmatism
did not exceed 1.50 D. The progression of myopia was de-
termined based on the spherical equivalent refraction (SER)
values. SER was measured by non-cycloplegic autorefraction
during routine optometric Vvisits.

Results. The annual gradient of myopia progression for
the 6-8 year group was 0.60 + 0.53 D, for the 9-11 year group,

BeTtyn

3pocTaHHS MOMMPEHOCTI Miomil € I00aNbHOI TPO-
6memoro rpoMaacekoro 3mopoB’s: Bimg 30% mo 50% mo-
pociux y CLIA Ta €Bpomni marots Mmiomito [1]. [Torax 80%
JiTel MalOTh MIOTIIIO T0 MOMEHTY 3aBEpIICHHS CePEeIHbOI
ocBitu [2]. 3a maHUMHU AocCHiKeHB, 10 2050 poky mpu-
O6mm3HO 5 MinmbsApaiB moneit (To6To Ormm3pko 50% Hace-
JICHHS TUTAaHETH) MaTuMyTh Mmiomito [1]. 3 miei xoropTu
6mm3pko 10% mronelt MaTUMyTh BUCOKHH CTYIiHB Miomii
(Bu3HaveHNUH K ceprunmii ekBiBaneHT pedpaxiii (SER)
—5,00 artp abo Bummii) [1].

3 METO0 OIiHKH MOPIBHSIIFHOI €(pEeKTUBHOCTI Ta 6e3-
TIeKH BTPYyYaHb JJIS YIIOBUTEHEHHS MPOTPECyBaHHS MiOTii
y miteit rpynoto ekcneptiB IIpoekty Cochrane Eyes and
Vision US y 2025 poui OyB rpoBeieHII MepekeBHii MeTa-
ananiz (MMA) naHnX HayKOBUX MyOJiKaliid B pereH30Ba-
HUX JKepenax [3]. ABTOpH mocTaBWIN cO0i 3a 3aBHaHHS
chopMyBaTH BiTHOCHHWH PEHTHHT BTPYYaHb BiAMOBIIHO
10 iXHBOI e€(EeKTHBHOCTI B PAHIOMI30BaHUX KOHTPOIBO-
BaHUX JOCHIHKEHHSX, SIKi BKIIOYAJN ONTHYHI Ta (papma-
KOJIOT1YHI BTpy4aHHS, (POTOOIOMOMYIAMIKHY Teparmiro Ta
MTOBEIiHKOBI Moan(iKaIlii.

Kputepii ans xonTponsHOI rpynu B MMA, kyan Gy
BKJIFOYCHI TALI€HTH 3 MOHO(OKAIHHOIO OKYISIPHOIO Ta
KOHTaKTHOIO KOPEKITI€I0, BH3HAYCHI HACTYIHI: KITIHIYHO
3HaYyIa Pi3HUIS MK rpymamu BTpydadHs 0,25 morp/
PiK, KITIHIYHO 3HAYyIIa Pi3HUII 0ChOBOI qoBkuHN 0,1 MM/
pix. Meniana 3miau cepoeksiBaienta pedpaximii (SER)
cranoBmina 0,65 outp (55 mocmimkens, 4888 yuacHHKIB,
1-piane mocmimkenns) [3].

HaBeneni B Mertaanamisi mokasHukn 3Mmian SER s
TPyNX TOPIBHSAHHS TAIL€HTIB 3aHAATO y3arajbHEHI 1 He
BpaxOBYIOTh BiIMiHHICTb IIOKa3HUKIB Y IiTeH pi3HUX BIKO-
BHX TPyT. AKTYaJIbHICTh JOCTIKCHHS X BIAMIHHOCTEH
00yMOBHMIIa TOTPEOY B TAaHOMY JOCIiHKESHH.

Meta. MeTOI0 JaHOTO AOCHTIMKEHHS OylIO OIIHUTH
pIYHHH TpamieHT TpOrpecyBaHHS MiOMii y AiTel pi3HUX
BIKOBHX TPYII 32 YMOBH ONTHYHOI KOPEKITii M’ SIKIMH KOH-
TaKTHUMH JTIH3aMH{ B 3aJIS)KHOCTI BiJ] CTyIICHs Miormii ma-
LI€HTIB.

Marepian Ta meToam

PerpocnexrnBHO obOcTexxeno 1380 marientiB (1380
odeif) y Bimi Big 6 1o 17 pokiB mif 9ac MOTOYHHUX OMTO-
METPUYHHX BI3UTIB B YMOBaX ONTHYHOI KOPEKIIii M’ IKIMH

0.49 £ 0.15 D, for the 12-14 year group, 0.47 =0.06 D, and
for the 15-17 year group, 0.26 £ 0.03 D (p < 0.05 for each).

Conclusion. The study findings on the annual gradient of
myopia progression for various age groups of SCL-corrected
children may be used for assessing the efficacy of interven-
tions for slowing myopia progression.

Keywords: refractive errors, myopia, diagnosis, spherical
equivalent refraction progression gradient, optometry, oph-
thalmology.

KOHTaKTHUMH JiH3aMH. CTPOK CIIOCTEPEKCHHSI CTAHOBHB
1-3 poxkwu, ane He MeHIIe 12 micsmiB. Yci marieHTn Oymu
posmineni Ha BikoBi rpymu: 6—8 pokis (14 ocib, 14 oueii),
9-11 pokiB (52 ocobwu, 52 oxka), 12—14 pokis (230 ocib0,
230 oueit), 15-17 pokis (1084 ocobu, 1084 oka). B no-
CITiJKEHHI B3sUH y4acTh 378 xuomiB (378 oueit) Ta 1002
nisanHE (1002 oka). Y KOXKHOTO MAIlieHTa JTOCIHiKyBa-
JIOCh OJTHE OKO, 3 OUTBIIMM CTYIICHEM MIOITii 32 HAsSBHOCTI
anizomerpormii. CTymiHb acTUTMaTH3My HE MEpPEBHIIYBaB
1,50 anrp. IIpoBenena oriHka rpagieHTa MpoOrpecyBaHHs
Mmiomii 3a cepoekBiBaIeHTOM pedpakiii, BU3HAYCHUM
METOZIOM aBTOMAaTH4YHOI pedpakromMerpii B MPUPOTHHUX
yMoOBax, 0e3 IUKIIOIIICTIi, B IPOIIeci 0OCTEKEHHSI ITi]T Yac
MIOTOYHHX ONITOMETPHYHUX Bi3UTIB.

KputepieM BKJIFOYCHHS MAIli€HTIB BIAIIOBIAHOTO BIKY
JI0O OCHOBHOI TPYIH CIIyryBajla MOXIIHMBICTb BH3HAYCH-
Hs y Hux SER npu neprmoMy Ta 3aBepIuaibHOMY Bi3UTI
JUIs TIOAAJIBIIOrO ITOPIBHAIIBHOTO aHaiizy. Jlomyckaioun
MPAaKTUYHO JIHIHHWK mpupicT pedpakuii 3a BiZHOCHO
KOPOTKHH TepMiH crnioctepexeHHs (12-36 wic.), piuHui
TPa/Ii€HT TPOTPECYBAHHS MIOIIT PO3pPaxOByBaJIH SIK Bijl-
HoureHHs pizauni SER, BusiBienoi (7) MiXk 3aKIIOYHUAM Ta
MTOYaTKOBUM BIi3UTOM, JI0 Pi3HHMIII AAT Bi3UTIB (y MiCAIIX),
nomuokenoi(?) Ha 12 (I'P=(SER 3akin. — SER mou.)/ (Mic.
3aKJI. — Mic. T04.) X 12).

Craructuany 00poOKy pe3ysbTaTiB IPOBOIMIN 32 J0-
MIOMOTOI0 JTiIeH3iiHoTO mporpamHoro makera EZR (R—
statistics) 1 Excel 2023 (Microsoft Corporation, CIIIA)
[13]. V Bcix Bumagkax BiIMIHHOCTI BBaXKaJIUCS CTaTHC-
TUYHO 3Ha9yIumu rnpu p<0,05.

Pe3ynkratn

Posmozin mocimipkeHNX NamieHTiB 3a BIKOM Ta CTaTTIo
JIEMOHCTpY€ Tadmu 1.

Cepen obcTexkeHUX JiTell HaltOiIbIIoI0 Oya rpyna rna-
mienTiB y Bini 1517 pokis (1084, 78,55%), npu upomy B
yCiX BIKOBHX Ipylax IepeBakana KubKicTb aisuar (1002,
72,6%).

Cryniap Mionii B pi3HUX BIKOBHX I'pymnax IpeJcTaBiIe-
HHH B Tabaumi 2.

Jlani, HaBeneHi B TaOMUIl 2, CBig4arh, 110 Miomis [
cTyneHs 3a cpepoeksiBaneHToM (Bix —0,50 10 —3,00 np)
BUsIBIICHA Y 278 o4ax mamieHTiB, Miomis II cTynento (Bix
—-3,25 mo —6,00 anTp) y 657 ouyax MAaIi€HTIB, Ta MIOIIis
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Tabnuusa 1. Po3noain gocnimpkeHnx nauieHTiB 3a BikOM Ta CTaTTHo

Bix nauierTia KinbkicTb nauieHTiB
Xnonui % LiBuyaTa % Bcboro %

6-8 pokiB 6 1,59 8 0,80 14 1,01
9-11pokiB 18 4,76 34 3,39 52 3,77
12-14pokiB 64 16,93 166 16,57 230 16,67
15-17pokiB 290 76,72 794 79,24 1084 78,55

Bcboro 378 100,00 1002 100,00 1380 100,00

% 27,4 72,6 100,0

III crynenro (Buma 3a —6,00 anTp) Oyna Bu3Ha4eHa y 445
OoyYax IaIi€HTIB.

I'pamieHT MporpecyBaHHs MiOIIii MPOTATOM POKY 3 ypa-
XyBaHHSM ii CTYNCHS y TAIi€HTIB JOCITIHKEHUX BIKOBHX
TPy IpeACTaBICHU B TabmwIIi 3.

I'pamieHT mporpecyBaHHs MiOTIil 3aKOHOMIpHO 3pOCTAE
31 CTyIIeHEeM MIOTIii 1 TOCTYTIOBO 3MEHIITY€THCS 3 BIKOM ITa-
II€HTIB.

CyMapHU po3MOia pigHOTO TPpalieHTa MPOTPECyBaH-
HS MiOTIi1 y TIAIi€HTIB JOCTIHKSHNX BIKOBUX TPYI JIEMOH-
cTpye Tabmms 4.

Crinx 3a3Ha4NTH, OCKUTBKH PO3IIONLT TAIlIEHTIB 3a Bi-
KOM Ta CTYTIEHEM MIoIIii KiTbKiCHO HepiBHOMIpHHUH, IO €
00OMEKEHHSIM JTOCIIKEHHSI, Y3araJbHeHHS B TaOIHUII HO-
CSITh 1IFOCTPATHBHUN XapakTep.

B mpormeci mocimimKeHHS OIIHIOBAIN TaKOK 3MIiHH pa-
Ziyca KPUBU3HH POTIiBKH IMAI[IEHTIB METOJIOM aBTOMAaTHY-
HOI KepaToMeTpil MpH BUKOPHCTAHHI OMTHYHOI KOPEKITii
M’ SIKHMH KOHTaKTHUMH JiH3aMH, SIKi TIOTCHIIIHHO MOXYTh
CIIyT'YBaTH NPUYNHOIO NOCHJICHHS 3aJIOMJICHHS POTiBKH i
BIIMBATH HA MIOKA3HUKHU 3MIHHA MIiOIIYHOT pedpaKiIii.

O6rosopeHHA

VY mepexeBomy metaananizi (MMA) [3] maBeneno 104
nmocmimkeras 17 509 miteit y Bimi Bix 4 no 18 pokis, y
80,8% 3 sSIKMX MOPIBHIOBAIM BTPYYaHHS U1l KOHTPOIO Mi-
oIl 3 HEaKTHBHOIO KOHTPOJILHOIO IPYIIOH0, SIKa BKIJIFOYAJIa
KOPEKIIif0 OMHO(POKATEHUMH OKYIISIPAMH Ta M’ IKHMH KOH-
TAKTHUMH JIIH3aMH, a TAKOXK 3aCTOCYBaHHS ILIane0o-Kpa-
enb s o4eid. TpuBaticTh qociimkeHs Oyna Bif 12 mo 48
MicsIiB. BCcporo y mocmimkeHHI B3sUTH y4acTh MAIli€HTH
3 Kurato Ta xpain Asii — 66,3%, 3 [liBHiuHOT AMepukn —
14,4%, 3 xpain €sponu — 19,3%.

3a HaBeJICHHMH pe3yJibTaTaMH, aBTOPU OLIHFOBAIN
pusuk cucreMarnyroi mommikn st SER ta AL 3a moro-
Moroto incTpymeHTy Cochrane RoB 2 [3]. [locToBipHiCTh
JTOKa3iB omiHIoBaM 3a qoroMororo minxony GRADE ms
3MiH y moka3Hukax SER Ta AL depe3 omuH Ta 1Ba pOKH.
ABTOpH BHKOPHCTOBYBAJIU MOBEPXHIO 11| KPUBOIO KyMY-
natuBHOTO pamkyBaHHS (SUCRA) s posmominy edek-
THUBHOCTI BTPy4YaHb 3a BCIMa TOCTYITHUMH Pe3yJIbTaTaMH.
Yum Bumie 3HadeHHss SUCRA (Bim 0% mo 100%), tum
OiypIIIa IMOBIPHICTH TOTO, IO BTPYYaHHS Oy/e 3a peHTHH-
roM e()eKTUBHOCTI Halkpamum [4, 5].

Tabnuusa 2. Po3nogin nauieHTIB 3 pi3HUM CTyneHeM Mionii B
3anexXHOCTi Bif BiKOBOI rpynu

CtyniHb mionii
Bik nauieHTiB
1 (n/%) Il (n/%) I (n/%)
6-8 pokis 6 3 5
9-11pokis 24 16 12
12-14pokiB 57 113 60
15-17pokiB 191 525 368
Bcboro 278/20,1 657/47,6 445/32,2

Tabnuuga 3. Piunui rpagieHTt (M+m) nporpecyBaHHs mionii y
nauieHTiB gocnigXeHnx BiKOBUX rpyn

IpagieHT nporpecyBaHHA (ANTP/PiK):
Bik nauieHTiB Mzm; p<0,05
Mionis | Mionis Il Mionis lll
6-8 pokis 0,10+ 0,77 1,72+0,18 | 0,52+0,78
9-11pokis 0,43 £0,22 0,52+0,26 | 0,55+0,31
12-14pokis 0,35+ 0,11 0,43+0,08 | 0,67+0,14
15-17pokis 0,25 + 0,06 0,25+0,04 | 0,29 £0,06

MpumiTka: M — cepeHe 3HAYEHHSI MOKa3HMKa; m — NnoMunka
CepefHbOoro 3Ha4YeHHsi NOoKa3HUKa; p — PiBEHb 3HAYYLLOCTI
BiIMiIHHOCTEW NOKa3HUKIB.

Tabnuusa 4. YzaranbHeHui pivyHun rpagieHt (Mtm) nporpe-
CyBaHHS Mionii y NauieHTIB AOCAIAXEHNX BIKOBUX rpyn

iR renlETTs papieHT np“c’)lrir:;c)':/:z:-lousﬂ (anTp/pik):
6-8 pokis 0,60 £ 0,53
9-11pokis 0,49+0,15
12-14pokis 0,47 £ 0,06
15-17pokiB 0,26 + 0,03

MpumiTka: M — cepeHe 3HAYEHHS NMOKa3HMKa; m — NOMuUIIKa
CEepeaHbOro 3HaYeHHs1 MOKa3HMKa; P — PiBEHb 3HAYYLLOCTI
BiAMIHHOCTEW MOKa3HUKIB.
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[Ipu nmBopiuHOMY crocTepeskeHHI mpo 3miHy SER
moBiTOMIISITOCH Yy 34 mocmimpkeHHsIX (3556 y4yacHUWKIB).
Meniana 3mian SER 1151 KOHTPONBHOI TPy CTAaHOBHIIA
—1,01 D. PeliTuHr BTpy4aHb AJsl 3MEHILEHHS MPOrpecy-
BaHHS SER OyB OMHM3BKUM 110 TOTO, IO CIIOCTEPITaBCs de-
pe3 OfuH PiK; JaHWUX JUIS BUCHOBKIB MIOJ0 KyMYJISITHBHUX
edexTiB Oymo HemoctaTHhO. HaiiBuime pamkoBaHi BTpY-
yaHHs Oynmu: Bucoki no3u arporiny (SUCRA = 97%); ce-
penHi no3u arporminy (oninka NMA SUCRA = 69,8%); Ta
OKyIsIpHi JiH3M 3 epudepuaanm nepoxycom (SUCRA =
69,1%). IIpn nBopiuHOMY criocTepexeHHI po 3MiHy AL
moBimomysiocss 'y 33 mocmimkenHsax (3334 ydacHHKH).
Meniana 3mian AL mis KOHTPOJNBHOI TPyNH CTaHOBHIIA
0,56 mM. PefiTuHT BTpydYaHb I 3MEHIICHHS aKciaabHO-
TO TTOJIOBXKEHHs OyB MOAIOHIM JI0 TOTO, IO CIIOCTEPiraBcs
Yyepes OIuH pik; He OyI0 JOCTaTHRO JaHMX, 00 3pOOHUTH
BHCHOBKW IIOJI0 KyMYJISTHBHUX e(ekTiB. HaiiBumuii peii-
THHT BTpy4aHb HaOyB: opTo-K IMIroc HU3BKI J03U aTporri-
Hy (SUCRA = 94,2%); Bucoki no3u arpominy (SUCRA =
96,8%); Ta cepenni no3u arpominy (orinka NMA SUCRA
= 88,4%). byna oOMekeHa KiNBKICTH MOKa3iB TOTO, YU
TIPUMTMHEHHS Tepallii KOHTPOIIO0 Miomil 301IbITye porpe-
CYBaHHS [TOHA/I OYiKyBaHHUH TEMIT TPOTPECYBAHHS 3 BIKOM.
[oOivni edekTH Ta JOTPUMAHHSA PEKUMY JIIKYBaHHS IO-
BiTOMJISUTHCSI HEOTHOPA30BO.

3a BUCHOBKaMH aBTOPIB: Pe3yIbTaTH AOCITIKEHb HEO-
JTHOPIIHI, JOCTYITHO MEHIIIE JOKA3iB 3a [Ba POKH i JIOBIIIE,
3aJIMIIAE€THCS HEBU3HAYCHICTD MO0 CTIHKOTO eekTy Ha-
BEJICHUX BTpydYaHb. SIK 3a3HAYAIOTH EKCIIEPTH, MOTPiOHI
JOBTOCTPOKOBI Ta SKiCHIIII JIOCiKEHHSL, 10 TOPiBHIOIOTH
BTPYYaHHS 3 KOHTPOJIO MiOIIii OKpeMo abo B KOMOiHaIli1, a
TaKO)K OTPiOHI JOCTIHKEHHS 3 YI0CKOHAICHIMH METOa-
MH MOHITOPHHTY Ta 3BiTHOCTI Ipo 1o6iuHi edexTh [3].

AHai3 pe3yapTaTiB CBIIUUTB, IO IJIS MAIliEHTIB TPY-
T TIOPiBHSHHS, 10 SIKMX BITHOCSATHCS, 30KpeMa, i MaIfieH-
TH 3 ONTUYHOIO KOPEKIIi€I0 KOHTAaKTHIMH JIiH3aMH, MeJIi-
ana 3miau (SER) cranosuna 0,65 amrp/pik [3]. B MMA
HE HaBOAWTHCS TPAJI€HT IMPOTPECyBaHHS MIOMii y TiTeH 3
OIITUYHOIO KOPEKITIEIO B 3aJISKHOCTI BiJ] BIKY.

B Toi1 ke gac, oTpuMaHi HaMH Pe3yJabTaTH IO CIiKEH-
HS JIO3BOJISIFOTH TOYHIIIE BH3HAYaTH €(DeKTHBHICTH METO-
JIiB KOHTPOITIO MIOMii 32 paXyHOK MOPIBHSIHHS TpajicHTa
TIPOTPECYBAHHS MIOIIii 3 ypaxyBaHHAM BiKy MAIli€HTIB 3
OIITHYHOIO KOPEKII€I0 KOHTAKTHUMU JITH3aMH.

3akaouyenns. Po3poOka Ta BIpoBaKeHHS B KIIIHITHY
MPAKTUKy HOBUX METOJIB KOHTPOIIO MIOTMil: ONTHYHUX,
MEIMKaMEHTO3HUX, CBITIIOTEPANIeBTHYHNX, a TAKOX ITOBE-
TIHKOBOI Teparii, moTpeOyIOTh OIIIHKH iX €(hEeKTHBHOCTI 13
3aCTOCYBAaHHSM O1NTBII TOCTOBIPHUX Ta CTAOUTEHIX KPUTE-
PpiiB KOHTPOJIHHUX MOKA3HUKIB y TIAII€HTIB 3 YpaxXyBaHHIM
BIKOBHIX TPYIH Ta €THIYHUX (PAKTOPIB.

OTprMaHi IPOTATOM HAIIOTO IO CITIHKEHHS Pe3yabTaTH
MOXYTh OyTH BHKOPHCTaHI SK OMHCOBI pedepeHTHi maHi
JUTS TIOPIBHSHHS TUHAMIKH pedpakiii y giTeH, sSKi Kopuc-
TYIOTBCS CTAaHIAPTHUMH M’ SIKUMH KOHTAaKTHUMH JIH3aMH.

ABTOpPCbLKUI BHECOK

Wkpibnsk I. |. — npoBeaeHHA gocnimpkeHb, aHani3 Ta iH-
TepnpeTauis gaHux, HanucaHHsa ctatTi. Wapropoackka I. B.
— po3pobneHHs KoHLenLii, MeTogonorii, pegaryBaHHs CTaTTi.
Kptouko O. B. — CTBOpeHHs1 enekTpOHHOI 6a3un, HanMcaHHA
ctaTTi. Bci aBTOpYM Yy3rognnu pesynsratu i CxBanunm octaTtou-
HWI BapiaHT PyKonucy.

KoHdnikTtn iHTepeciB

ABTOpPM 3acBig4vylOTb NPO BIACYTHICTb KOHMMIKTY iHTep-
€ciB, AKUIA Mir 61 BNAMHYTU Ha iXHIO AYMKY CTOCOBHO Mpe[-
MEeTYy 4YM maTepianis, onucaHuMx Ta OOGroBOpPEeHMX B AaHOMY
PYKOMMUCi.

®diHaHCyBaHHSA

CTaTTa € YacTMHOK HayKkoBo-gocnigHoi pobotn Y HMY
im. O. O. boromonbusa 3a Temor «OBI'PYHTYBaHHSA CMOCo-
Oy [AiarHOCTWKM i MiKyBaHHS Mionii B Pi3HMX BIKOBMX rpynax»,
(2023-2027pp.), peectpauinHun Homep YOK: 617.753.2-
053:617.726-073.178. ABTOpU 3aABNAOTb, LLO Mg Yac nigro-
TOBKW LIbOr0 PYKOMUCY He OTPUMYBaIN XOOHMX KOLUTIB, rpaH-
TiB YM iHLLOT NIATPUMKN.

3asiBa Npo eTUYHi HopMKu

JocnigpXeHHs NpoOBOAMIOCS 3a y4acTio nogen 3 4oTpu-
MaHHsM KoHBeHUii Pagyn €Bponu npo npasa noguHn Ta bio-
MeauuuHy, enbciHCcbkoi geknapadii BcecBiTHbOI meanyHol
acouiauii Npo eTUYHI NPUHLUMMNM NPOBEAEHHSA HAYKOBUX Me-
TOOMYHMX OOCHIOXKEHb 3a yyacTio NIOAMHW Ta Bignosiganu
YMHHOMY 3akoHoAaBcTBY YKpaiHu. Big ycix yyacHukiB (abo ix
npeacTaBHUKIB), BKIIOYEHNUX Y AOCTILKEHHS, Byna oTpumaHa
iHpbopmoBaHa 3roga.

BiamoBa Big BignoBiganbHoOCTI

Mornagn, BUCNOBEHI y AaHin cTaTTi, € BNaCHMMK Norms-
Jamu aBTopiB, @ He OQiLiIiHOI MO3ULEND YCTAaHOBMW.

3asiBa npo JOCTYMNHIiCTb JaHUX

Bci gaHi, otpumani abo npoaHani3oBaHi nig Yac uporo Ao-
CRigXXeHHs1, BKINOYEHI B Lo ony6nikoBaHy cTaTTio.

CKOpO4eHHs

AL — akcianbHa goBxuHa; SER — cdepoeksiBaneHT ped-
pakuii; SUCRA — kpvBa KyMynATMBHOIO paHXyBaHHS; 3akl.
— 3aKnoyHun Bi3uT; I'P — rpagieHT pedpakuii; anTp — gion-
Tpif; Mic. — MicALb Bi3UTY 3 ypaxysBaHHsAM Aatu; Ml — mionis
cnabkoro ctyneHs; MIl — mionis cepegHboro ctynens; Ml —
mionis Bucokoro ctyneHs; MMA — mMepexeBuin MeTaaHanis;
MnoYy. — NMoOYaTKOBUIA Bi3WT.
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AHani3 MikpopyxiB o4yeu nig Yyac TecTy Ha yTPMMaHHA nornaay y Aiten
BikoM 6—13 pokKiB 3 peTUHONaTiE0 HeAOHOLIEeHUX MNicnA nasepHoi
Koarynsuii 3 BUKOPUCTaAHHAM TEXHOSOriT auTpekiHry
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Pe3tome

Mema. Busisumu ocobnueocmi mMikpopyxie ouetl nio uac
mecmy Ha ympumanHs no2isdy y dimeii eikom 6—13 pokie

3 PEMUHONAMIEID HEOOHOWEHUX NICS 1A3ePHOT Koa2yusyil

3 BUKOPUCTNAHHAM MEXHON02IT atimpeKiney.

Memoou. Jlocnioxnceno 125 oimeil. Y docnioacenni éu-
xopucmano avmpexep EyeLink 1000 Plus® (SR Research
Ltd. ®, Kanaoa) 3 uacmomoio zanucy 2000 I'y. Yuacnuku
suKoHysanu ¢hixcayitine 3a60anus. npomsieom 10 cekyno
nompioHo 6y10 ympumyeamu noiso Ha YeHMpaibHOMY
30posomy cmumyni y euensaoi Kpyenoi kpanku 6e3 3minu
nonodcenHst mivteni. Jocniodcents 6yno 3anpoepamosano
v npoepami Experiment Builder, a 06pooxy ompumarnux
OaHUX NPOBOOUNU 34 OONOMO2OK NPOSPAMHO20 3a0e3ne-
yenns Data Viewer®.
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Pesynomamu. Y mecmi na ympumanus ¢ikcayii eu-
SGNIEHO 3HAYYWI MINCSPYNOBL GIOMIHHOCMI 3a 080Ma NO-
kazHuxamu. CepedHst amniimyoa cakad 0yia HUNCUOK y
dimeil 3 pemuUHONAMIEI0 HEOOHOUEHUX NICJISL 1A3ePHOT KO-
azynsayii (2,72+1,63°) nopieHsHo 3 KOHMPOILHOW 2PYNOI0
JdoHouenux Oimetl 3 ememponieto (4,61+2,20°; p<0,05).
Cepeoniil diamemp 3iHuyi makodxc 6y meHwum y oimetl
nicns naszepuoi koaynsyii — 1269 ym. 00., midickeapmuio-
nutl inmepsan (1009—1443 ym. 00.) 6IOHOCHO KOHMPOTb-
Hol epynu — 1987 ym. 00., midckeapmuibHuil iHmepeal
(1713-2325 ym. 00.); p<0,05.

Bucnoexu. Bcmanosneno, wo y dimeil i3 pemunonami-
€10 HEOOHOUICHUX NICTISL IA3EPHOL KOA2YIAYIl NPU GUKOHAH-
HI 3a60aHHsL HA YMPUMAHHS (hiKcayii 6Us81E€HO 3MEeHULEHHSL
cepednvol amnaimyou cakao y 1,7 pasa nopieHsno 3 00Ho-
weHUMU OimbMU 3 eMemponi€ero, Wo GION0BIOAE 3HUNCECH-
Hio npubnusno Ha 41,0% (p<0,05). Cepeorniii diamemp 3i-
Huyi 6 yiu epyni Oye menwum y 1,6 paza, abo npubnusno
Ha 36,1% nopisHsano 3 konmpoawsroio epynoto (p<0,05). L]i
pe3VIbmamu ceiouanms npo 00620CMpPOKOGi 3MIHU 30p060T
cucmemu, wo MOICYmv GNIUGAMU HA KOHMPOTb (ikcayii
ma ee2emamusHy pezyisiyiio.

Knwuosi cnosa: pemunonamis HeOOHOUIEHUX, CIMKIGKA,
atimpexep mexHono2is, pyxu ouetl, cakaou, 0imu, 1a3epHa Ko-
azynayis, Mionis.

Abstract

Purpose: To use eye tracking to determine the features of
eye micromovements in a gaze fixation test in 6- to 13-year-
old children who have undergone retinal laser photocoagula-
tion (LPC) for retinopathy of prematurity (ROP).
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Methods: A total of 125 children were included. Eye
movements were recorded using the EyeLink 1000 Plus® (SR
Research Ltd., Ottawa, Canada) eye tracker at a 2000-Hz
sampling rate. The participant was asked to fixate gaze on
the immovable central stimulus (a round dot-shaped target)
for 10 seconds. The eye-tracking experiment was built in SR
Research Experiment Builder, and Data Viewer® was used for
data processing.

Results: In a static fixation test, statistically significant
between-groups differences were found only for two charac-
teristics. There was a significant difference between children
that had undergone LPC for ROP and full-term emmetropic
controls in average saccade amplitude (2.72 £ 1.63° versus
4.61 £2.20° p < 0.05) and median pupil size (1269 (inter-

BcTtyn

Perunonarist Henonomenux (PH) — e Basonpomide-
paTHBHE 3aXBOPIOBAHHS CITKIBKH, SIKE BHHUKA€E BUKIIIOYHO
y HEJIOHOUIEHWX [iTeH BHACIIJIOK MaTOJOTIYHUX IOpY-
IIeHb aHrioreHesy. Yepes He3piTicTh CYJHMHHOI CHCTEMH
CITKIBKH Ta BIUIMB €K30TCHHUX (akTOpiB (TilEpoKcisi, Me-
XaHIYHA BEHTHJIAIISA JIETeHb, HECTAOUIbHICTh CHCTEMHOT
TeMOAMHAMIKH) CYIMHHM TOYMHAIOTH POCTH aHOMAJIBHO,
1110 CTBOPIOE PU3HK (iOpO3y, TPaKIIHHOTO BilMIapyBaHHS
CITKIBKH 1 CIIIIIOTH 03 CBOEYACHOTO JiKyBaHHS [1].

Henonomienicts, 0coOnuBO y AiTeH, HAPOIIKEHUX Ha
recramiiHoMy Billi MeHIIe 32 THXXHIB Ta/abo Macoo Tiia
mernre 1500 1, € cepli03HOI0 MEIUKO-COLIaIbHOIO MPO-
671eMO10, OCKIJIBKH CYITPOBOJIKYETHCSI HEIOPO3BUHEHICTIO
0araTbOX OpraHiB i CHCTEM, BKIJIIOUAIOYH 30pOBY. Y TaKHX
JiTed 4acto (iKCyIOThCS MOPYLICHHS JO3piBaHHS IICH-
TpaJbHOI HEPBOBOT CHCTEMH, 30KpeMa B JUISIHKaX, BiIMO-
BiZIaJIbBHUX 3@ 30pPOBY IHTETpaIlifo, KOHTPOJIb PYXiB O4eH,
(ikcaniro Ta ciigkyBaHHs [2].

Cy4acHi JOCHIJUKEHHS OYHUX DPYyXiB IIUPOKO BHKO-
PHCTOBYIOTH CUCTEMH BifieooKynorpadii (aiitpekepn), mo
JIO3BOJISIFOTH TOYHO BHMIPIOBAaTH IIBHJKI INEPEMILICHHS
norsiy (cakaau) i (asum Horo cradbinbHOI ¢ikcamii y i-
Teit. [3] OKopyXOBi NaTepHU € YyTIMBUMHU 1HJANKAaTOPAMHU
(DYHKIIOHAJIBHOTO CTaHy 30pOBOI Ta KOTHITHBHOI CHCTe-
MH, 1 MOXXYTh 3MIHIOBaTUCS IIiJi BIUINBOM HEHPOIICHXO-
JOTIYHAX a00 CEHCOPHUX MOpPYLIeHb, XapaKTEPHUX IS
JUTEH, SIKI HApOIMIIUCS MepeadacHo abo MaloTh PETHHO-
MaTiio HENOHOIICHUX [4, 5, 6]. JlochiKeHHS 3 BUKOPHC-
TaHHSM alTpeKepiB BUSBILIIOTH y JITeH 13 LepeOpaIbHUM
MOPYLICHHSIM 30pY OKOPYXOBY AUCQHYHKIIIIO — ITOPYIICHHS
(ikcarii, IJIABHOTO CTEXKEHHS Ta CaKaj, 10 PO3IVIsIA€Th-
Csl SIK OIMH 13 KITFOYOBUX IPOSIBIB MOPYIICHB 30Dy 1 MOXKE
OyTH 1OB’s13aHNI 3 0COOJIMBOCTSIMU KOTHITHUBHO-30POBHX
1 HaBYAIBHUX (QYHKIH [7]. MOXKIHBICTE JOCIIIKCHHS Ta
aHaJI3y LUX MapaMeTpiB y 3aBJaHHAX Ha YTPUMaHHS I10-
ISy Ta IPOCAKaANYHI PyXH JI03BOJISIE OLIHUTH JIATCHT-
HICTbh, TOYHICTh Ta CTAOUTHHICTH 30POBOI PEAKIIii, 30pOBOTO
CIPUHHATTS, IO € TIOKa3HNKaMH PO3BUTKY IpePpPOHTAIb-
HUX Ta IiJKIPKOBUX 30POBO-MOTOPHUX CHCTEM [8].

AWTpEKIHT BiIKPHBAE HOBI NEPCIEKTHBHU JIJIsi BUBYCH-
HS BiJJIQJICHUX HACIi/IKIB NEPHHATAIBHUX YIIKOKEHb,

quartile range, 1009-1443) versus 1987 (interquartile range,
1713-2325), p < 0.05).

Conclusion: In a static fixation test, average saccade am-
plitude was 1.7 times smaller (which corresponds to a reduc-
tion by 41.0%, p < 0.05) in the group of children that had
undergone LPC for ROP compared to full-term emmetropic
controls. Additionally, the median pupil size was 1.6 times
smaller (which corresponds to a reduction by 36.1%; p <
0.05) in that group compared to controls. These findings indi-
cate long-term changes in the visual system, which may affect
fixation control and autonomic regulation.

Keywords: retinopathy of prematurity, retina, eye tracking
technology, eye movements, saccades, children, laser
photocoagulation.

30KpeMa Bi3yaTbHOTO KOHTPOJIO y aiteit 3 PH, i Mmoxe cra-
TH 00’€KTUBHUM IHCTPYMEHTOM PaHHBOI JiarHOCTHKH Ta
MOHITOPHHTY HEHPOBi3yaIbHOTO PO3BUTKY.

Cepen HEIOHOUICHUX IIiTeH BapTO OKPEMO BUIITUTH
JTeH 13 peTHHOMATIE€I0 HEJOHONICHHX, SIKi CTHKAIOTHCSA 3
YUCICHHUMH HEBPOJIOTIYHUMH Ta O(PTaIbMOIOTIYHUMUA
npobiemamu. He3pakarounm Ha 3HAYHY KiTBKICTH TOCIi-
JUKEHB, IPUCBIYCHUX CTPYKTYPHHUM 3MiHAM CITKIBKH IpU
pEeTHHOMATIi HEJOHOIIEHNUX, 30KpEMa MAaKyJSIPHOTO ITIPO-
(hirro, (hOTOPEEeNITOPHOTO APy Ta MEPUPEPUIHOT CITKIB-
KH TTICTIS JTA3ePHOTO JIIKYBaHHSA 200 CaMOBLIEHOTO perpecy
PH, ¢yHkIioHampHI XapaKTEePUCTUKH, 30KpeMa OKOPYXO-
BUI KOHTPOJb, 3aJUIIAIOTECS JAOCHIIKEHUMH HEIO0CTaT-
Hpo. Jlitn 3 PH MmaroTh mifBHINEHHH PU3HK PO3BHUTKY
0(TaTBPMONOTIYHUX MOPYIICHB, TAKAX K KOCOOKICTH [9],
ambOmiomnis, pedpakuiiini mopymenss [10,11], mopymeHHs
KOHTPACTHOI 9yTnuBOCTi [9] Ta inmi po3maau. HesBaxkaro-
4H Ha 1e, GpyHkmioHansHuH BB PH Ha okynomoTopHuit
KOHTPOJIb, BKJIIOYAIOYH CaKaJWYHI PyXd OYed Ta 30pOBi
(hikcariii, Joci Maibke He BUBYCHHH.

BincyTHiCTP JaHWX TPO CTaH OKOMOTOPHOI CHCTEMHU
HETOHOIICHUX AiTeH 00OMEeXye po3yMiHHS MEXaHIi3MiB TO-
PYIICHb Ta IXHBOTO BIUIMBY Ha SKICTh JKUTTSA HiTei. [To-
PYLIEHHS! OKYJIOMOTOPHOI'O KOHTPOJIIO MarOTh CEpHO3HUI
BIUIMB HA KOTHITUBHUN PO3BUTOK, HABUAHHS Ta COILIaJIbHY
iHTerpamnito AuTuHH [12].

Meta goc/ifKeHHs — BUSABUTH OCOOIMBOCTI MIKpO-
PYXiB OdYeH i 9ac TECTy Ha YTPUMaHHA MOTISAY Yy IiTel
BikOM 6—13 pOKiB 3 pEeTHHOMATIEI0 HETOHOIIECHUX ITiCIISA
Ja3epHOi KOarymAmii 3 BAKOPUCTAHHSAM TEXHOJOTi alTpe-
KIHTY.

MaTepian Ta meToau

IIpencraBnene AOCTIKEHHS € MPOCIEKTHBHUM, Bill-
KPUTHM, OTHOIICHTPOBHUM, HEiHTEP-BEHIIIITHUM 1 TIPOBO/IHU-
noca Ha 6a3i 1Y «lHCTUTYT O4HHMX XBOpOO 1 TKAaHWHHOI
teparii im. B. T1. ®imaroa HAMH VYkpaiam.

V mocnimkeHHsa BKIOUYEHO 125 miTel BIKOM Bixg 6 110
13 pokiB, AKi Oyny PO3MOiIEH]I Ha I’ SITh KIIHIYHAX TPYI
mo 19-34 yyacHuka.
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I'pyma 1 — moHOIIEHI AiTH 3 eMETPOIIYHO0 pedpaxiti-
efo 6e3 opramsmonoriunux nopymess (EMET). I'pyna 2
— JIOHOTIIEH] JiTH 3 MIOIII€I0 JIETKOTO 200 CepenHbOTO CTY-
meHs 0e3 cymyTHBOi odramsmonarororii (MIOII). I'pyma
3 — mepeaYacHO HApOIKEHI MiTH 0e3 O3HaK PETHHOIATII
(HH). I'pyma 4 — mitu, siki HApOAWIIHCS TIEPEIIACHO Ta IIe-
pEeHECTH JTa3epHy KOaryJIIiio aBacKyISIPHUX 30H CITKiB-
Ku 3 ipuBoxay petuHomartii HegoHomenux (PHIIK). ['pyma
5 — IiTH, HApODKEHI MepeaIacHo, Y SKUX CIOCTEpiraBcs
CaMOCTIHHHI perpec peTHHOIaTii 6e3 MPOBEACHHS JiKy-
Banus (PHPEI'P).

VYci yyacHUKH Tiepe]] MOYaTKOM aiTpeKiHrOBOTO HO-
CII/DKEHHS TPOUIILTH PO3IIUpeHe O(TaTbMOIIOTIYHE Ta
OIITOMETPUYHE OOCTEKEHHS, SIKe BKJIIOYAJIO BU3HAYCHHS
KITiHI9HOI pedpakiil, TOKa3HUKIB KOHBEPTeHIIi1, OKYyJIOMO-
TOpHOTO OaTaHCY Ta OIIHKY CTaHy OIHOKYJISIPHOTO 30pY.

BxinHi KIiHIYHI XapaKTepUCTHKH TAIIEHTIB HaBeICHI
B Ta0OmmI 1.

Y OLIBIIOCTI TOCTIIKYBaHUX TPYI MEIiaHHE 3HAYCH-
Hs HaWKpamioi KOPUIOBaHOI IOCTPOTHU 30pYy CTaHOBMJIO
1,0 (1,0-1,0) mms o6ox oueir; y rpymi PHIIK meit moxas-
HuK OyB HIk4nM. Y rpymi 4 (PHJIK) BCVA cranoBmia
0,95 (0,8-1,0). ¥V rpymi 5 (PHPEI'P) BCVA 3anumranacs
B Mexkax Hopmu — 1,0 (1,0-1,0). Hekopurosana roctpora
30py Oyma maiiBumoro y rpymi 1 (EMET) — 1,0 (0,875-
1,0), Ta 3HIKeHOIO y Tpymi 2 (MIOIT) — 0,3 (0,11-0,425),
a Takox y rpymax 3 PH: PHJIK - 0,65 (0,14-0,9), PHPEI'P
—-0,6 (0,2-0,813).

PedpakmiifHuii cTaTyc BifMOBiIaB KPUTEPISM PO3IIOIi-
my 3a rpynamu. Y rpymi 2 (MIOII) chepruannii ekBiBaIeHT
MaB HaiOimbpII BHpakeH! MiomivyHi 3HadeHHs: Me (QI-
QIII) cranoBumna —1,875 aorp (—3,25; —1,375) s mpaBoro
oka ta—1,75 motp (-3,125; —1,125) nns nmiBoro oka. Y Tpy-
mi 1 (EMET) nokazauku Oynmu OIU3BKAMHU IO €METPOTii:
—0,25 moTp (-0,25; 0,5) ms mpasoro oka ta —0,125 amTp
(-0,25; 0,375) nns miBoro oka. Y rpymi 3 (HH) chepuanmit
ekBiBaneHT craHoBuB —0,125 nmTp (—0,75; 0,5) ms mpaso-
ro oka ta —0,25 arp (-0,75; 0,75) mis miBoro oxa. Y rpy-
i 4 (PHJIK) 3nagenns cranosunu —0,375 notp (—3,5; 0,5)
Ut mipaBoro oka ta —0,625 amrp (—4,0; 0,5) mis miBoro
oka. Y rpyni 5 (PHPEI'P) chepruunnii ekBiBaieHT TOpiB-
HioBaB —1,125 anp (-2,5; —0,25) ms mpaBoro oka ta —1,0
motp (—2,0; —0,125) msa miBoro oxka. JlocmimkeHHS Tpo-
BOJIMJIOCS BiIITOBITHO 10 MpUHIMIIIB [ eTbCiHCEKOT JeKima-
pamii BeecBiTHROI MeamaHOI acomiattii (1964 p., 3 mompas-
KaMH), a TaKO)K YMHHOTO 3aKOHOJABCTBA YKpaiHu y cdepi
€THUYHOTO PETYITIOBAHHSI OIOMEIMYHUX 1 MCHXOIOTI9HUX
nmociimkerb. [IpoTokon mocmimkeHHs OyIIo 3aTBEpIKEHO
Komiterom 3 6ioetuxu pu Y «IHCTUTYT O4HUX XBOPOO
i TkaHnHHOI Teparrii iM. B. I1. ®imatoBa HAMH VYkpaiam»
(mporoxon Nel Bix 18.10.2023 poky).

[epen BKIIOYCHHSAM 10 BHOIPKH KOXKEH YIaCHUK TIPO-
XOJIMB CTaHAApPTU30BaHy IMPOLEAYPY AHKETYBAaHHS IS
OIIHKY BiIOBITHOCTI KPUTEPisAM BKJIIOYCHHS Ta BHUKIIO-
geHHd. [IncpMoBa noiH(opMOBaHa 3rofa Ha y4acTh y JI0-
CIiDKeHHI HamaBajacs OaTbkaMu a00 3aKOHHUMH IIpEI-

Tabnuusa 1. KniHiuHa xapakTepucTuika fitei 3a BikoM, pedpakLiero Ta rocTpoTor 30py

MokaaHuk EMET (n=19) | MIOM (n=24) HH(n=37) | PHMK(n=23) | PHPEIP (n=26) | p
. 85 13 8 105 12

Bik, poku (6.5— 12,5) (10,0- 13.5) (6.0-9,0) (8.5 13.0) 80-130) | <0001
1 03 0.9 0.65 06

UCVAOD (0.875- 1,045 |  (0,11= 0.425) (0.8-1.0) (0,14 0,9)' (0.2-0813)y | <0.001
1 1 1 08 1

BCVAOD (1,0-1.0) (1,0- 1.0)¢ (1.0-1.0) (0.675- 1.0 (10-10) | <0001
1 03 0.9 06

UCVAOS ©09-1025 | (0185045« | 99O7=10 1555 oy (0,3-0.850)" | <0001
1 1 1 1

BCVA OS (o 10) 1o 10) (o 10 | 0850810 (1o 10) 0,149

Pechparuis (SE) 20,25 1875 0125 20,375 1125 0001

0D, anp (0.25-057 | (:325--1375)¢ | (-0.75-05) (-35- 0.5 (-2.5--0,25) '

Pecpakuist (SE) | 0125 175 20.25 20,625 1 0,001

08, anTp (:0.25-03757 | (-3125--1125)' | (-0.75-0.75) |  (-4,0-0.5) (-2,0- -0,125) '

MpumiTkn. OaHi B Tabnuui HasegeHo sk Me (QI-QlIl), oe Me — megiana, QI-QIll — mixkBapTunbHUA iHTepBan. UCVA —
Havikpalla HekopuroBaHa roctpota 3opy; BCVA — Hankpalla kopuroBaHa roctpota 3opy; SE — cdepoeksiBaneHT; OD —
npase oko; OS — niee oko. PHJIK — rpyna aiten nicns nasepHoi koarynsuii citkiskn; PHPEIP — rpyna giten 3 petmHonarieto
nicns camoBinbHoro perpecy; HH — rpyna nepeayacHo HapogkeHux giten 6e3 petnHonartii HegoHoweHnx; EMET — rpyna

niten 3 emetponieto; MIOI — rpyna aiten 3 3 mionieto.

[ns nopiBHsiHHSA BukopucTaHo ANOVA (y Bunagky HopmarnbHOro 3akoHy posnoginy) abo kputepii Kpyckana — Yonnica
(y BnagKy 3akoHy po3noginy, BiAMiHHOIO Bif HOPMarbHOro), MOCTEPIOPHI NMOPIBHAHHA NPOBEAEHI 3a KpUTepieM ThioKi —
Kpamepa abo kputepiem [laHHa, HagpaakoBi LnMdpy No3HayvaroTb CTAaTUCTUYHO 3HaYyLi BigMmiHHOCTI (p<0,05) nopiBHsiHO
3 BignosigHoto rpynoto: 1 — EMET; 2 — MIOT; 3 — HH; 4 — PHIIK; 5 — PHPEIP. p — piBeHb CTaTUCTUYHOI 3HAYyLLOCTi Npu
MOPIBHAHHI NOKa3HUKIB MK JOCAIAXYBaHUMM rpynamMu; N — KinbKicTb NauieHTIB.

83



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | May-June | Number 3 (530)

CTaBHUKAMH ITiCIIsI OTPUMaHH BUUEPITHOT iHPOpMAIIii Tpo
ITi, METONH, TOTEHIIifHI PU3UKU Ta TMpaBHiIa 0OpPOOKH
MIEPCOHABHNX JAHUX.

KonpinerniltHicTh 0cobucToi iHpopmarii 3abe3medy-
BaJIacs NIISIXOM aHOHIMI3aIil Ja-HUX: KOOKHOMY YYaCHHUKY
JOCTI/DKCHHST TPU3HAYaBCs YHIKATBHUHA iIeHTH(IKATOp,
[0 BHUKIIIOYAaB MOXKIIMBICTH TepcoHidikarii. 30epiranus,
00po0OKa Ta aHaJi3 OTpUMaHo1 iH(hopMaIIii 3MiHCHIOBAINCS
BIZIMOBITHO 70 TIOJIOXKEHb 3arajlbHOTO PETIAMEHTY 3aXHC-
Ty naanx €C (GDPR) ta 3akony VYkpaiau «IIpo 3axuct
MIEPCOHAIBHUX JAHUX).

VY Mexax AOCHIIKEHHS BCl YYaCHHKH BUKOHYBAlH
OUH CTaHIAPTU30BAaHUI aWTpeKiHroBUil TecT. MeToro

TecTy OyIlo OOCTIAUTH OCOOMMBOCTI MIKPOpPYXiB OdYei
HiJ 9ac TecTy Ha yTpuMaHHA nomuiny. [lepen moarkom
SKCIIEPHMEHTY ITPOBOIMIM KamiOpyBaHHS CHCTEMH aid-
TPEKIiHTy - YYacHUK (iKCyBaB MOIIAN HAa 9 TOYKax, IO
BimoOpakamucst Ha MoHiTopi. J{st 3a0e3meueHHst cTadib-
HOI TTO3UIIi{ TOJOBH BUKOPHUCTOBYBAIHCS MiTOOPITHUK Ta
noboBuii (ikcatop. Ha pucynkax 1-5 300paxkeHo erammn
HIJITOTOBKH Ta MPOBEICHHS JTOCIIUKSHHS HA YTPHUMaHHSI
(hikcarrii 3a TOTIOMOTOIO alTpeKepy. YUacHHUKY IpPOIIOHY-
Basiocsi mpotsiroM 10 cekyHI yTpUMYBaTH OIS Ha He-
PYXOMOMY HIEHTPAIEHOMY CTHMYJI — KpyTiiii MirmeHi (30
MM y ZiaMeTpi), po3MilieHiit Ha HeWTpambHOMY (hoHi. Pe-
€cTpallisi pyXiB o4eil 3IilicCHIOBaacs 3a JOIOMOTOK CTa-

B B

)

N

Puc. 3. [demMoHCTpaLis MNOMOXEHHS yyacHWKa [ocni-
IKEHHS Mif Yac kanibpyBaHHS 3 BUKOPUCTaHHAM nigbo-
pigHvKka Ta noboBoro gikcaTtopa.

Puc. 1. MNpoBeaeHHs y4acHUMKOM JOCHiAKEHHS npoLecy kanibpy-
BaHHS anTpekepy B 9 ToYkKax.

HISSING INISSING

Puc. 4. dikcauinHa mileHb nig Yyac NpoBeAeHHs TecTy
Ha yTpUMaHHS Mornsiay.

Puc. 2. MNpouec Banigauii gaHnx nicns NpOXo4KeHHS NepLUoro
etany kanibpyBaHHs1.

Puc. 5. Bizyanisauia gikcauin nig yac npoBeaeHHs TeCTy Ha yTpu-
MaHHs nornsgy (aiametp rpadiyHoro Mapkepa Bignosigae Tpuea-
nocrTi ikcauin), Ha oTto AaHi nauieHTa 3 rpynu 4 (PHJIK).
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uionapHoro aiirpekepa EyeLink 1000 Plus® (SR Research
Ltd.®, Kanana) 3 wactororo BubGipku 2000 I Tlpuian
aIanTOBaHUN IS TOCIIDKEHD Y TUTSAYii KOTOPTI 3aBISIKI
HAsSBHOCTI 3MIHHHX peXHUMIB (piKkcarlii ToIoBH (HACTiNbHE
KpiTuteHHs, OamToBa CTilika a00 MaHIYISATOp) Ta BUCOKIH
MIPOCTOPOBIit TouHOCTI — 110 0,25°, 3 pO3MITBHOTO 3/1aTHIC-
110 0,01°, 110 € KPUTHYHUM IS TOCIKSHHS MIKpOIHA-
MiKH (ikcariif Ta caka.

ExcniepumenTanbHa cecis Oyna peamizoBaHa y cepe-
opumii Experiment Builder (SR Research Ltd., Kanana),
110 JT03BOJISIE KOHTPOJIFOBATH BC1 MTapaMeTPH ITOIaHHS CTH-
MYJiB, CHHXpOHI3aIii Ta 3amucy gaHuxX. CTUMYITbHUH Ma-
Tepian ckiamaBcs 3 (iKcariitHol TOYKH, IO 3 SBIAIACH Y
LEHTP1 MOHITOPY BiAMOBIIHO O MPOTOKOITY.

Jis BCiX YYaCHHKIB JOCHIHKEHHS OIIHIOBAJNCS TaKi
OKOpPYXOBI TIapaMeTpH: CepenHs Ta MeAiaHHa TPUBAIICTH
(bikcariif, KITPKICTh (iKcamiii, cepeaHs Ta MeliaHHa aMII-
JTyaa cakal, a TAaKOXK KUTBKICTh cakai. JlomaTkoBo aHawi-
3yBaJIMCS CTAHIAPTHI BiIXWICHHS TPUBAJIOCTI (pikcariii Ta
aAMILTITYIU caKa, a TAKOXK CepPeIHIN TiaMeTp 3iHHMII.

AHaIi3 pe3yibTaTiB TOCIiIKEHHS TPOBEACHO i3 BU-
KOPUCTaHHSAM craTucTuaHoro makety EZR v. 1.68 (rpa-
¢iuanit inTepgeiic mo R statistical software v. 4.3.1, R
Foundation for Statistical Computing, Vienna, Austria)
[13]. Ao KiTpKiCHUX TMOKA3HUKIB Y BUIAIKy HOPMAIBHO-
0 3aKOHY PO3IOJUTY PO3PaXOBYBAJIOCS CEPEIHE 3HAUCHHS
(M) Ta crarmaptHe BimxuieHHs (+SD), y BUMagKy 3akoHy
PO3TOiNY, BIAMIHHOTO BiJl HOpMaJIFHOTO, PO3PaXOBYBAJIO-
cst MenianHe 3HadeHHA (Me) Ta MKKBapTHIFHHN iHTEPBaJ
(QI - QII). It mopiBHSIHHS CepenHiX 3HAUCHb y TPyTIax
JMOCTIKCHHS Y BUIAIKy HOPMAJIBHOTO 3aKOHY PO3MOJIi-
Iy BUKOPHUCTaHO OMHO(MAKTOPHHUU MUCTIEPCIMHUIN aHAai3,
ITOCTEPIOpHi MOPIBHAHHS MPOBEICHO 3a KpuTepieM ThIoKi
— Kpamepa. ¥V Bumanky 3akoHy po3IOIiTY, BiIMiHHOTO Bij
HOPMAIFHOTO, U TIOPIBHSHHA BHUKOPHUCTAHO KPUTEpIii
Kpyckana — Yomica, mocTepiopHi MOPiBHIHHS IIPOBEICHO
3a kputepiem [lanna [14]. s aramizy 3B’ 43Ky MiX KiJb-

AVERAGE SACCADE AMPLITUDE

™ L]
4~ v
&
[ L
o0 00®
§ "y
2 :. °®
'y ®
[ [
L o
0= 1
& EMET -&- mion -O- HH -@ PHIK  -@- PHPErP

Puc. 6. 3HayeHHA MokasHvKa cepedHbOT aMnniTyau cakag B
n'atu rpynax. BkazaHo megiaHy, MXKBapTUNbHWUIA iHTepBan,
MiHiMarnbHe Ta MakCMMarnbHe 3HaYEHHS.

KICHUMH O3HaKaMH BHKOPHCTaHI METOTU KOPEIAIiHOTO
aHaJi3y, PO3PaxOBYBABCS ITOKAa3HUK PAHTOBOI KOPEJSMii
CripmeHa.

[Ipu mpoBeneHHI aHai3y y BCiX BUITaIKaX PO3paxyH-
KU TPOBOIMIIKCS IS TBOCTOPOHHBOT KPUTHYHOI 00JIACT,
KPUTHYHHUA piBeHb 3HaUyIOCTI nmpuitaaTuii <0,05.

Pe3ynkratn

Pesynprati mOCHiIKEHb Ta TOPIBHSIBHOTO aHAMTI3Y
HaBeeHl B TadmmI 2.

Po3monin cepemHpOi aMIUTITYIM cakax MiK TpyIaMu
[I0JIaHO Ha pUCYHKY 6. Ha pucyHky 7 npencraBieHuil aHa-
JIOTIYHMH PO3MOALT AT MOKa3HUKA CEPEAHBOTO AiaMeTpa
31HUI.

Kopemstiitai 3aeXHOCTI MiXk apaMeTpaMu

Jlns OIiHKK B3a€MO3B’SI3KIB MUK 3apeecTPOBAaHUMH
napaMeTpamu OyJ0 MoOyI0BaHO KOPEISIIiHHY MaTpHULo 3
po3paxyHKoM Koe(ilieHTiB paHroBoi kopesmii CripMeHa
(Tabm. 3). Y TabnuIro BKITIOYEHI JIMIIE Ti 3B’ 3KH, K1 CTa-
TUCTHYHO 3HAYYIIO BiapizHsumcs Bix vy (p < 0,05).

AHani3 xopemsniiHoi Marpumi (Tadm. 3) mokasas, 1o
HAMOLIBII TICHI B3a€MO3B’SI3KH CIIOCTEPITalOTHCS MiXK ITa-
pameTpamH, SiKi CTPYKTYPHO BiOOpa)KaroTh OMHY 1 TY XK
XapaKTEePUCTUKY AWTPEKIHTOBUX NaHWX. 30Kpema, Killb-
KicTh (hiKcaIliif MPaKTUIHO TMOBHICTIO 30iranacs 3 KiTbKic-
Tio cakax (r = 0,999), a MiHiMabHA TPHUBAIICTP (ikcaril
KopemoBaia 3 9acoM ii HactauH (r = 0,999). CunpHUI M0-
3UTHBHUH 3B 30K TAKOXK BiJI3HAYEHO MK MAaKCHMAJIbHOIO
TPHUBAJICTIO (piKcarii Ta 3arabHOO KITBKICTIO 3apeECTPO-
BaHUX 3pa3kiB (r = 0,971), a TakoX MiX cepeHBOIO Ta Me-
TIaHHOIO XapaKTepUCTUKaMHU aMILTITYnu cakaf (r = 0,799).

Pazom i3 1mmM, BHpaskeHI HETaTHBHI acorlialii BKazy-
I0Th HA KOMIICHCATOPHHUH XapakTep BIIHOCHH MIX OCHO-
BHUMH TapameTpamu. Tak, cepeaHs TPUBAIICTh (ikcariit
Oyna obepHEHO TOB’s13aHa 3 KibKicTIo cakaf (r =—0,951),
mo BimoOpaxkae OajgaHC MK CTAaOUTBHICTIO TODIALY Ta
4acTOTOI TiepeMimieHb. [loniOHmi epeKT BUSIBICHO MiX

5000

4000 -

3000 -

2000 -

PUPIL SIZE MEAN

1000 —

@ EMET -@- mion -@ PHIK

O HH -@- PHPETP

Puc. 7. 3HayeHHs nokasHWKa MefiaHHOro AiameTpa 3iHnLi y
n'aTv rpynax. BkasaHo megiaHy, MiKKBapTUIbHWIA iHTEpBan,
MiHiManbHe Ta MakcMarnbHe 3HaYEHHS.

85



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | May-June | Number 3 (530)

Tabnuuga 2. XapaKkTepucTukv Ta NOPIBHANBHWUIA aHari3 MikpopyxiB o4elt cepen AOCNioKYBaHWX rpyn

MokasHuK EMET (n=19) MION (n=24) HH (n=37) PHIIK (n=23) | PHPEIP (n=26) p

CepepHs TpuBa- 624,67 916,59 784,71 789,54 804,43 0687

nicTb cpikcawii (Mc) | (525,18-885,29) | (647,05-1157,71) | (545,47-1249 44) | (573,10-1053,87) | (571,11-1216,22) | -

Cepeara aunnity- | 4 6144 5 99 357 +254 3,80 +2,20 272'+163 2,84 +212 0,030

na cakag (°)

KinbkicTb Moprab | 3 (1,25-5,50) 2 (1-3,50) 2 (1-5) 2 (2-5) 3 (1-4) 0,804

KinbkicTb cpikcaiit | 15,53 + 6,19 11,88 + 5,68 14,89 + 6,99 1452 + 5,78 1438+714 | 0,362

m‘;‘;@fi"”a 3028 3688 3144 2882 3106 0670
puBan (1838-4742,50) |  (2667-5143) (1686-4197) | (1759,50-4472,50)|  (1746-5028) ’

dikcadii (mc)

:2‘;(;&;;3;‘;‘::2‘ 357647 188877 290545 324051 200507

e (185786,25— (140724~ (177868 (199857 75~ | oot ipangz) | 0539
puBano 638603) 534825 50) 445975,75) 404830,25)

dikcadii (mc)

MinimanbHa TpuBa- 72 136 104 96 97 0331

nicTb dikcauii (M) | (30,50-117) (47-205) (67-134,50) (62-174,50) (46-162) *

:1?;:;:3;:*” 348325 183667 289651 322149 296656

o (183797.75- (139682- (175313.50- (198064.25- (182605- 0.331
puBanc 642527.50) 534758.50) 441759.50) 401139.25) 447170)

(hikcauii (mc)

MegpiaHHa TpuBa- 366 426,50 372 518 386,50 0471

nicTh dikcauii (Mc) | (271-509) (278-636,50) | (302,50-490,25) | (338,50-668,75) (302-645) *

MegiaHHa amnnity- 1,49 1,04 1,27 0,87 0,97 0146

na cakag (°) (0,98-3,08) (0,61-2,27) (0,86-2,50) (0,64-1,62) (0,59-1,56) ’

Cepeniit iametp 1987,29* 157623+ 1594.76 1268,55'2 1838,87 0,001

simnui (ym. o) |(1712,90-2325,07) (1396,76-1992,59) | (1294,37-2139,71) | (1008,98-1442 87)| (1343,62-2537,41) | ="
z(L'L‘,“Th;"'CT" cakan 14,68 + 6,33 11,04 + 5,71 1419+7,16 13,65 + 5,80 13,46 + 7,25 0,363

f::ﬂ‘j‘rp;”;ﬁlf‘c’;?' 781,06 987,28 904,79 790,17 867,23 0740

cbiKcaui'l'p (560,27-1034,16) | (788,01-1623,63) | (529,39-1345,65) | (546,62-1290,04) | (63,73-1403,07) | -
CrarnaprHe sinxu- 4,88 373 3,89 3,12 3,34

2:;:: aMnATyAM | (3 81_6,03) (1.85-5,85) (2,50-5,80) (1.62-4.15) (057-659) | 2089

MpumiTkn. Y BMNaaKy HOpManbHOro 3akoHy poanoginy AaHi HasegeHo sk M+SD, ne M — cepepgHe 3HayeHHs, SD —
CTaHAapTHe BiaXuneHHs. Y Bunagky posnoginy, BiAMIHHOrO Bif HopManbHoro, AaHi HasegeHo gk Me (QI-Qlll), ne Me
— mepiaHa, QI-QlIl — mixksapTuneHui iHTepean. PHJTK — rpyna aitew nicna nasepHoi koarynsuii citkiskn; PHPEMP —

rpyna Aitev 3 peTrHonarieto nicns camoBiNbHOMoO perpecy;

HH — rpyna nepegyacHo HapomkeHux aiten 6e3 petuHonarii

HepoHoweHnx; EMET — rpyna giten 3 emetponieto; MIOI — rpyna giten 3 mionieto.

Onsa nopiHsiHHA BukopuctaHo ANOVA (y Bunagky HopmanbHOro 3akoHy posnoginy) abo kputepin Kpyckana — Yonnica
(y BnagKy 3akoHy po3nopiny, BiAMIHHOMO Bif HOPMAanbHOrO), MOCTEPIOPHI NMOPIBHAHHA NPOBEAeHi 3a KpuTepiem Tbioki —
Kpamepa abo kputepiem [laHHa, HaapsakoBsi LMpyn No3HavyaoTb CTAaTUCTUYHO 3HavyLLi BigMiHHOCTI (p<0,05) nopiBHsHO 3
signosigHoto rpynoto: 1 — EMET; 2 — MIOT; 3 — HH; 4 — PHJIK; 5 — PHPEIP. mc — minicekyHau; WT. — oAMHWLI NigpaxyHKy
(KiNbKiCTb); p — piBEHb CTATUCTUYHOT 3HAYYLLIOCTI MPU MNOPIBHAHHI MOKA3HWKIB MiXK AOCNIAKYBaHNUMW rpynamm; N — KinbkicTb

naujieHTiB.

3arajlbHOI0 KUTBKICTIO 3apeecTPOBAaHUX 3pa3KiB Ta Killb-
KicTio cakan (r = —0,864), a TakoX MiXK KUTBKICTIO (iK-
cariif Ta BapiabenpHICTIO IXHBOI TpuBanocTi (r =—0,857).

O6rosopeHHA

PernHonaTiss HEJOHOLICHHX € CEPHO3HUM Ba3OIPOIIi-
(hepaTHBHUM 3aXBOPIOBAHHSAM CITKIBKH, K€ HABIiTh ITICIISA
MPOBEJICHHS CBOEYACHOTO JIIKYBaHHS MOXKE CYIPOBOIKY-

BaTHCS BiINaJCHUMH (YHKI[IOHAIFHIMH HACIiJKaMU.
JlazepHa Koaryimsilis, [0 € CTaHIAPTOM Tepartii Y TSHKKIX
cramisix PH, nosBomsie 30epertu aHaTOMIi4HY CTPYKTYpYy
CITKIBKH Ta 3amo0irte BimmapyBaHHI0. OfHAK YHCICHHI
JOCTIKEHHs TI0Ka3ykoTh, mo aitu 3 PH, HesamexxHO Bifx
MIPOBENICHOTO JIIKyBaHH:, 9aCTO MAIOTh 30pOBI i HEHpPOpPO3-
BHUTKOBI BiJXWJICHHSI, BKITFOUAIOYH OKOPYXOBi ITOPYIICHHS
Ta 3HWKEHHS cTabuTbHOCTI Gikcamiit [1, 15, 16, 17, 18, 19].
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VY Hamiiii poOOTi BUKOPHCTAHO aWTPEKIiHT Ui TOCi-
JDKEHHST MIKpOpyXiB odeil y mitedt 6—13 pokiB mix dac
3aBIaHHA Ha YTPUMaHHA (ikcamii cTaTHYHOTO 00’€KTa.
Le#t migxin mo3Boisie 00’€KTUBHO OILIHUTH TapaMeTph
¢ikcarmiif i cakan, mo BigoOpakaroTh (PYHKITIOHATEHUH
CTaH CEHCOMOTOPHOTO KOHTPOIIIO 30py. AHai3 pe3yibTa-
TiB TIPOJIEMOHCTPYBaB CTaTHCTUYHO 3HAUYIII MIKTPYTIOBI
BIIMIHHOCTI JIMIIIE 32 JBOMA MMOKa3HUKaMU. CepeTHs aMII-
JTyaa cakaj y AiTel micis Ta3epHoi KOarylslii CTAHOBH-
ma 2,72+1,63°, Tomi sIK y KOHTPOJBHIHN TPyIIi JTOHOIIEHUX
aiteit 3 emmerpomiero — 4,61£2,20° (p<0,05). Cepenniit
JiamMeTp 3iHUI TaKOoX BIiAPI3HABCS y ITEH MICIs Ja3ep-
HOi Koarymaii — 1269 ym. ox. (1009-1443 ywm. ox.) mpotu
1987 ym. om. (1713-2325 ym. on1.) Y KOHTPOIBHOI TPYITH
(p <0,05).

OTpumaHi pe3ynbTaTé JEeMOHCTPYIOTh, 1[0 HAHOUTBII
BHPaKEeHI 3MiHU OKOPYXOBUX TIOKAa3HUKIB TIPW BHKOHAHHI
3aBIaHHS HA CTAaTHYHY (iKCAIlif0 CTIOCTepiraiucs y HiTei
13 peTHHONATIEI0 HEAOHOMICHUX TICI JIa3epHOi Koarys-
uii. BomHowac y rpymax miTei 3 MioIri€io, HeIOHOICHICTIO
0e3 peTHHOIATii HEZOHOIICHHX Ta PETHHOIATIEI0 HENOo-
HOIICHUX i3 CAMOCTIHHUM PETpecoM CTaTHCTUYHO 3HAYY-
IIUX BiAMIHHOCTEH BiJ IMOKAa3HUKIB JIiTEH 3 €METPOIIiEI0
He BHsABJICHO. Lle CBimUMTH mpo Te, 10 aHi cama HEeAOHO-
IICHICTh, aH1 HASBHICTH MIOIIYHOT pedpakiiii He CyImpoBO-
JDKYIOTBCS O0OB’SI3KOBUM TTOPYIIEHHSM O CHTiIKYBaHIX
apaMeTpiB OKOPYXOBOi aKTHBHOCTI B YMOBaX MPOCTOI 30-
poBoi 3amadi. Y CyKymHOCTI IIi JaHi JArOTh ITiICTaBH BBa-
’KaTH, [0 KIIOYOBE 3HAYCHHS Y (OpMYyBaHHI BUSBICHHX
(YHKIIOHATHHAUX BiIXWJICHh Ma€ HE MIOIIiS 5K Taka, a 1mo-
enHaHHS (PAKTOPIB, TTOB’SI3aHUX 13 HECTIPUSITINBAM TIEPH-
HATaTFHUM aHaMHE30M, BAKKHM TepeOiroM peTHHOMATIl
HEJIOHOIICHUX Ta MOTPeOOor0 B Ja3epHiil KOaryIsIlii.

SHIKCHHS aMIUITYyOH Cakax y IITeH Micis Ja3epHOI
KOAryIsIii MoXke BimoOpa)kaTd OCOOIMBOCTI HEWPOHHO-
TO KOHTPOJIO PyXiB O4eH, y KoMy OepyTb y4acTh BEepX-
Hi TOpOKH "oTHpHUropOKoBoro Tina [20]. MeHmmi 3Ha4eH-
HA (2,72+1,63° mpotu 4,6142,20° y KOHTPOIBHOI TPYyTIN)
MOXYTh OyTH ITOB’s3aHi 3 AUCOATaHCOM MiX HEHpOHaMHU
¢ikcarii Ta cakaTUIHUMH HEHPOHAMH, IO 3HUKYE e(eK-
THBHICTh IIEPEKIIIOYEHHS NomLiny. /lomaTtkoBUM Mexa-
HI3MOM MOKe OyTH HEIOCTAaTHS IHTEeTpalmis CHTHAliB Y
mapaMeiiaHHOMy PEeTHKYIOCIHATBHOMY SOpi MOCTa Ta
MO30YKY, 5IKi BiIIOBiafOTh 32 TOYHICTP 1 KOPEKIIil0 caKa-
nuaHUX pyxis [20, 21].

3MeHIIeHHS cepeTHbOoro aiamerpa 3iHuti 1269 ym. ox.
(1009—-1443 ym. on.) mpotu 1987 yMm. ox. MIKKBapTIIIb-
Huil iHTepBan (1713-2325 yM. ox.) Mmoxke OyTH HACTITKOM
3MiH Y aBTOHOMHIN PEryIsIlii, IKi 9aCTO CIIOCTEePITaroThCs
y mepemuacHo HapomxeHux aiteit [22]. Bimomo, mo 30-
POBO-CTOBOYPOBI CTPYKTYpH, 30KpeMa sipa CepeIHBOTO
MO3Ky, OEpyTh y4acTh SIK Y KOHTPOJI 3iHUII, TaK i y Mia-
TpUMaHHI 30poBuX ¢ikcarii [23]. Takum YnHOM, OTpHUMa-
Hi pe3yabTaTH MOXKYTh BiOOpakaTH KOMIUIEKCHUH BILTHB
JIOKAITbHUX 3MiH y CITKiBIIi TTICJIS JIA3EPHOTO JIKyBaHHS Ta
LEHTPATBHUX MEXaHi3MIB PEryIIlii Ha OKOPYXOBY aKTHB-
HICTB, CTaOIBHICTE (iKcaii Ta 3iIHHIHY pPeakIito.

Jtst GLITBIIOCTI O CIIHKEHUX MTapaMeTpiB, BKIIOUAIOUH
CepeHIO Ta MeliaHHY TPUBA-JICTh (iKkcamill, MiHIMATbHY
Ta MaKCHUMaJbHY TPHUBAJICTh (piKcalliif, KUTbKICTE (ikca-
Ii# i cakaj, CTAaHTAPTHE BIAXUICHHS TPUBAIOCTI (hikcartiit
Ta aMIUTITyIA CaKaJ, CTATUCTUYHO 3HAYYIINX BiJIMiHHOC-
Telt MK Tpynamu He 3adikcoBaHo. L{e Moxe cBimauTH IIpo
BiTHOCHE 30epeKeHHs 0a30BUX XapaKTePUCTHK (iKcariii-
HOI aKTHBHOCTI y aiTei micist PH. BogHouac BiACcyTHICTB
JIOCTOBIPHUX 3MIiH HE BUKIIOYa€ OUTBII TOHKHUX BiIXH-
JICHB, SIKI MOXYTbH IPOSIBIIITHCS y CKJIQIHIIINX 3aBJaHHIX,
30KpeMa 3 pPyXOMHMH MIIIEHIMH abo0 IiIBUIIIEHUM KOTHi-
TUBHHUM HaBaHTa)KCHHSIM.

Oikcamii € mepiomamMu CTabiTPHOTO yTPUMAaHHS II0-
TSIy Ha Bi3yalbHOMY 00’€KTi, 1m0 3a0e3redye BHCOKY
MIPOCTOPOBO-YAaCOBY PO3IUIbHY 3IaTHICTH 30py. Hetipo-
(hiziomoriyao (ikcarlis MATPUMYETbCS CIEIUPITHUMHI
CTPYKTYypaMu LEHTPaJIbHOI HEPBOBOi cucteMu. KirouoBy
POJb ¥ IIFOMY TIpOIIECi BiirparoTh BEpXHI TOpOKHA YOTH-
PUTOpOKOBOTO TilTa MO3KY, [I¢ B POCTPaJIbHIN YaCTHHI PO3-
TarmoBaHi Hefiporn ¢ikcartii. Li KIIITHHA TPOSBIAIOTH TO-
HIYHY aKTHBHICTH MPOTATOM (pikcarlii Ta MPUTHIYYIOTHCS
TIpH iHIIiamii cakaf, o JO3BOJIsE IEPEMUKATH OIS Ha
HOBY 1ih [20]. BayknuBy posb BUKOHY€E TaKOXK Mapame]ti-
aHHE PETUKYIOCIIHAJBHE AP0 MOCTA, SIKE IHTETPy€E CHT-
Hany 3 (pPOHTANBHUX 1 TIM SIHAX TIOJTIB MOTVISAIY, BEPXHIX
TOpOKiB YOTHPUTOPOKOBOTO Tila MO3KY Ta M0O304Yka. Mo-
3090K, OCOOJIMBO HOTO BECTHOYISIpHA YacTHHA Ta (DIOKY-
JIOHOJYIISIpHA KOPa, KOHTPOJIOE KOPUTYBaJIbHI MiKpOCaKa-
Iii Ta cTablmizamiro ¢ikcarii mpu Mikpopyxax roixosu [21].

TakuM dnrHOM, crienuivHi BiAMIHHOCTI 33 aMILIITY-
JIOF0 cakal i JiaMeTpoM 3iHHII MO-KyTh OyTH 1HIUKATO-
pamu aucyHKII IHTETPOBAaHMX MEXaHi3MIB KOHTPOIIO
(hikcarrii, o0 OXOIUTIOIOTH SIK OKOPYXOBi IIEHTPU CTOBOypa
MO3KY Ta MO304YKa, TaK i aBTOHOMHI 30POBi IIIAXH.

Bucci et al. (2022) nmoBemm, mo mepemdacHe Hapo-
JUKEHHS TIPU3BOANTE J0 KIIacTepy Ae(IIUTIB, SIKUI BKITIO-
4yae MPOCTOPOBi, Bi3yOMOTOpHI Ta BUKOHABYi TPYIHOIII,
TOB’s13aHI 3 MUCQYHKINEI0 TOPCATBFHOTO MOTOKY. HaBiTh
3a BIICYTHOCTI TSDKKHX YIIKO[pKeHb Ha MPT (MarniTHO-
pe3oHaHcHa ToMorpadis), i TITH IEMOHCTPYBAIH TipIi
Pe3yIbTaTH y 3aBAaHHAX Ha YBary Ta KOHTpob [24]. Hami
JaHl 3 aUTpeKiHTy MiATBEPKYIOTh TOMIOHI 3aKOHOMIp-
HOCTI: 3MEHIIICHHS aMILTITYIN caKaJ Ta AiaMeTpa 3iHUIll y
niteit micnst PH moke BimoOpakaTu BpasziauBiCTh TOpCab-
HOTO TIOTOKY, III0 3a0e3Meuye iHTerpalliio MpocTopoBoi iH-
(hopmarrii Ta KOHTPOJIH CIIPSIMOBAHUX PYXiB OUCH.

3B’30K MiXK HE3PUTICTIO MO3KOBHX CTPYKTYp 1 OKOpPY-
XOBHMMH TOPYIICHHSIMH y TIEPEAYacHO HAPOIKEHUX JiTeH
CBIZUUTH MPO IICHTPATbHE MTOXOHKEHHS IAX 3MiH.

3B’A30K MK CTPYKTYPHHUMH OCOOJHBOCTSIMH MO3KY
Ta OKOPYXOBHMH TOPYLICHHSIMHU y HEPEIIacHO HapomKe-
HUX JITEH CBIAYUTH MPO MOXIIUBY Y9acTh LEHTPAIbHUX
30pOBO-MOTOPHHX MEXaHi3MIiB y (opMyBaHHI X 3MiH.
Shah Ta cmiBaBT. (2006) moKa3amy, Mo y AiTel 3 Iyxe
HU3BKOIO MacOI0 TiJTa TIPH HAPOIDKEHHI MMOPYIIICHHS CaKaJ,
TUTABHOTO CIIiIKYBaHHA Ta OIHOKYIISIPHOTO BHUPiBHIOBAaHHS
y Billi 2 pOKIB acOMIIOBATHCS 31 3MEHIICHHSIM PETiOHAb-
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HUX 00’ €MiB MOTWIMYHHX BiJIITIB MO3KY 3a maHuMu MPT
y TepMiH-ekBiBasieHTHOMY Bimi [30]. Otxe, mani MPT
MiATBEPIKYIOTh, IO HE3pLTCTh ab0 CTPYKTYpHI 3MiHH
LEHTPATBHUX BINIUIIB 30pOBOi CHCTEMH MOXYTh OyTH
TIOB’s13aHi 3 IOPYIICHHSIMH OKOPYXOBOTO KOHTPOJIIO Y TIe-
pemgacHO HapomkeHux gitedt [19-25,30]. Takum gmHOM,
alTPEKIHT MOXKE PO3MISIATUCDH SIK HETIPSIMUI IHCTPYMEHT
OIIIHKA (PYHKIIOHATHHOTO CTaHy 30POBO-MOTOPHOI CHCTe-
MH Ta TPOTHO3YBAHHS BiIIalieHUX (PYHKI[IOHATHHUX Ha-
CIIJKIB y IiTeH, HAPOHKCHUX TTePeaIacHo.

OTpuMaHi HAMU PE3yJABTaTH Y3TOUKYIOTCS 3 CYyIacHH-
MU ysBiIeHHAMHU npo PH sk cknamauiit MynsTrudakTopHAit
CTaH, [0 BUXOIUTH 3a MEXi JIUIIE 0PTaTHFMOIOTIIHOTO 3a-
XBOPIOBAHHS 1 BKITIOYAE ITUPIIHHA CIIEKTP 3MiH MOPIBHIHO
3 JIOKaJbHUMHU OQTaIbMOJOTIYHUME TposiBamMu [20-28].
3acTocyBaHHS alTPEKIHTY Y KOTOPTHUX JIOCIiPKEHHSIX [Ti-
Tell 13 pEeTHHONATIEI0 HEJOHOMICHUX IO03BOJISE BUSBIATH
BiIMIHHOCTI, SIKi HE 3aBKIH BUSBISIOTHCS TPAIUIiTHIMHI
odrampMonorivTHIMI MeTomaMu [29], i BiakpuBae mep-
CIIEKTHBY BUKOPHCTAHHS METOIUKH JJIsI MOHITOPHHTY Bif-
nmanennx Hacuiakis PH.

OTxe, Ta3epHa KOATYIAIIS Y TITeH i3 MPOrpecyrodnM
mepebiroM peTHHOMATIT HEJJOHO-IIIEHUX € IMaTOTeHETHIHO
00TpyHTOBaHUM, HEOOXiTHIM 1 30pOBO30EpiraloanM MeTo-
JIOM JIIKyBaHHS, OTHAK caM (hakT ii MPOBEICHHS MOXKE PO3-
IIAJATHCh SIK MAapKep TPYNH IiIBUIICHOTO PU3HUKY MO0
MMOpYIIeHDb (DYHKIIOHATFHOTO PO3BUTKY 30POBOI CHCTEMHU.
3 oAy Ha Iie, AiTH, SIKi TIEPEHECIH JTa3epHY KOaryJIsIifo
3 TIPUBOY POTPECYIOUO0i PeTHHOMNATIi HEJJOHOMIICHHX,, TI0-
TpeOyIOTh Y MMOIANBIIOMY HE JIUIIE CTAHAAPTHOTO O TaNb-
MOJIOTIYHOTO HATIAMY, a i OUTBII MHIBPHOTO MYJIBTHINC-
LUIUTIHAPHOTO CIIOCTEPEKEHHS, IKE Ma€ BKIIFOUATH OL[IHKY
(hopMyBaHHS 30pOBOTO aHAINi3aTOpa, OCOONMUBOCTEH He-
HWpOBI3yalbHOI afanTarlii, CTAHOBICHHS OKOPYXOBHX 1 30-
POBO-TIPOCTOPOBUX (PYHKIIIH, a TAKO)K CBOEIACHUI KOHTP-
OJIb TOTOBHOCTI IUTHHM JI0 INKUTFHOTO HABYAHHS Ta IHIIIAX
aCIEKTIB COIlialIbHOI ajarrartii.

O0MeKeHHS TOCTiTKeHHS Ta MePCneKTHBH

Harmre mocnimkenHs Mae Kinbka oOMeskeHs. [lo-mrepre,
BHOIpKa OXOIUTIOBANIa JIUIIE JiTel BikoM 6—13 pokiB, 1m0
HE J03BOJISI€E EKCTPAIONIOBATH PE3yJIbTaTH Ha MOJIOAMIL
BiKoBi rpymu. [lo-mpyre, MiXK TOCTIIKyBAaHUMH TPyTIaMA
BHSBJICHO CTATUCTUYHO 3HAUYII BiIMIHHOCTI 3a BIiKOM,
TOMYy WOTO BIUIMB Ha OKOPYXOBI TIOKAa3HWKU TOBHICTIO
BUKJTIOYATH HE MOXKHA. BopHOYac xapakrep OTpHUMaHHX
Pe3yNbTaTiB He CBITYUTH HA KOPUCTH BIKY SK OCHOBHOTO
YUHHUKA BUSBIECHUX BIIMIHHOCTEH, OCKUIBKH CTAaTHCTHY-
HO 3HAYyIIi 3MiHU OyNnW BUSBICHI JIUINE y TPyMi AiTeH 3
PETHHOTIATIEI0 HETOHOIICHNX IICT Ja3epHOi KoaryJsmii,
TOMI SIK Y IHIIUX TPyMax, 30KpeMa CTapIInX 3a BIKOM, Ta-
KHX BIIMIHHOCTEH MO0 KOHTPOJIBHHOI TPYITH 3 EMETPOITi-
€10 HEe BCTAHOBJICHO. TakKWM YHHOM, BiK CITiJ] BpaXOBYBaTH
SIK MOKJIMBUH JTOJAaTKOBUH YMHHUK, IIO MIT BIUIMBaTH Ha
oTpuMaHi pesynbTatu. [lo-Tpere, aHami3 MPOBOTUBCH y
CTaTUIHOMY TECTi Ha yTpUMaHHS (iKcarlii, TOAi K CKIaI-
HiII 3aBAaHHSA MOIIN O BHSBHUTH JIOJATKOBI 0COOIMBOCTI
OKOPYXOBOTO KOHTPOJIIO.

[Nomanpmri AOCHIIKEHHS TUIAHYETHCS MPOBOMUTH 13
3aCTOCYBaHHSAM TECTIiB i3 AWHAMIY-HUMH 00’ €KTaMH, II0
JTO3BOJIUTH OITIHUTH CTPATETil TepeMileHHs MOy, Xa-
pakTepucTHKH (HiKCariiHOI MOBEMIHKN Ta TOYHICTH CakKas
y pi3HuX HampsmKkax. e macte 3Mory mmormre 3po3ymitu
MeXaHi3MH, IO JIe)KaTh B OCHOBI BiJTaJIEHUX 3MiH 30pOBO1
CHCTEMH y NITeH 3 PETHHONATIEI0 HETOHOMICHNX, Ta PO3-
[IMPHUTH TPOTHOCTHYHY IIHHICTh aUTPEKIHTY B Iiif KOTOPTI.

BucHoBku. Y niTeil i3 peTHHONATIEI0 HETOHOMICHUX
TICIIS JTa3epHOi KOATYIAIil MpY BUKOHAHHI 3a-BIaHHS Ha
yTpuMaHHS (ikcallii BUSBICHO 3MEHIICHHS CepenHbOi
aMIUTITYIu cakan y 1,7 paza MOpiBHSHO 3 JTOHOIICHIMH JTi-
THMH 3 EMETPOITI€F0, IO BiTIOBi1a€ 3HIKESHHIO TPHOITU3HO
Ha 41,0 % (p<0,05). Cepenniii giamerp 3iHUII B IiH rpymi
OyB MeHmmM y 1,6 pasa, abo npubnm3Ho Ha 36,1% mopis-
HSTHO 3 KOHTPOIBHOIO Tpynoto (p<0,05). Jis iHImx oKopy-
XOBHUX ITapaMeTPiB CTAaTHCTHYHO 3HATYIINX BiIMIHHOCTEH
HE BCTAHOBJICHO, 1110 CBITYHUTH MPO BITHOCHE 30€peKEeHHS
0a30BUX XapaKTePUCTUK (hiKcamiiHOi aKTHBHOCTI.

VY rpynax mpiteit 3 Miormi€ro, mepeqIacHo HapOMKEHUX
niteit 6e3 PH Ta miTeii i3 camoc-TitianM perpecom PH cra-
TUCTHYHO 3HAYYIIUX PO30DLKHOCTEH HOCTIHKYBaHHUX ITO-
Ka3HUKIB IIOPiBHAHO 3 JOHOMICHUMH JITHMH 3 EMETPOITIEI0
He BusABIeHo. OTpUMaHi JaHi CBiAYaTh, IO HAWOITBIIT BU-
pakeHi QyHKIIIOHATBHI 3MiHH OKOPYXOBOT CICTEMH XapaK-
TepHi came Juis aiteit 3 PH, micns ma3zepHoi koaryrsiii, Ta
MiATBEPUKYIOTh JIOIIIBHICTh BUKOPUCTAHHS aNTpEKiHTY
JUISL BUSIBJICHHS 1 MTOJQJIBIIOTO MOHITOPHHTY TaKHX TOPY-
IIICHb.

ABTOPCbLKUI1 BHECOK

AptamoHoB O. O. — po3spobka KoHLenLuii, MeTogonoris,
NPOEKTYBaHHsI, NporpamHe 3abe3neyeHHsi; NPoBeAeHHs O0-
cnigkeHb, 36ip, aHani3 Ta iHTepnpeTauia gaHux; nigrotoBka
pyKonucy, HanucaHHs, peueHayBaHHs; KauaH C. B. — pos-
pobka koHuUenuii, MeTogonoris, NPOeKTyBaHHs, aHani3 Ta iH-
TepripeTauist AaHuX; NiAroToBKa pyKkonucy, peLeH3yBaHHs. Bei
aBTOPU NpOYMTanNM i CXBanNuM oCTaTodHy BEPCito PYKOMUCY.

®diHaHCyBaHHSA

ABTOpU 3asBMAKOTb, WO Mif Yac NiAroToBKM LbOro pyKo-
NUCy He OTPMMYBAIM XXOOHWX KOLUTIB, FPaHTIB YuM iHWOI nig-
TPUMKW.

BigmoBa Big BignoBiganbHOCTI

BucnoeneHi B npeactaBneHin ctatTi QyMKU € BNaCHUMU, a
HeoIiLiNnHMMK NO3NLIAMWN YCTaHOBU.

KoHdonikTn iHTepecis

ABTOpM 3aABMAOTb, WO BOHW HE MatoTb KOHMIKTY iHTep-
€eciB, sIKMiA Mir 61 BANWHYTK Ha iXHIO OYMKY LWOAO npeameTa
abo maTepianis, onucaHnx i 0GroBOPEHMX Y LiIbOMY PYKOMUCI.

3asiBa Npo AOCTYMNHICTb AaHUX

[aHi, oTpumaHi Ta npoaHani3oBaHi nig Yac uboro Aocni-
DKEHHS, MOXHa OTpMMaTK y BignoBiAanbHOro aeTopa 3a 06-
I'/PYHTOBaHUM 3aMUTOM.

89



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | May-June | Number 3 (530)

Cnuncok cKopoyeHb
BCVA — Hankpawa kopuroBaHa roctpota 3opy; OD — npa-

Be oko; OS — niee oko; SE — cipepoeksiBaneHT; UCVA — Hal-
Kpalua HekopuroeaHa roctpota 3opy; EMET — rpyna giten 3
emetponieto; JIK — nasepHa koarynsuis citkisku; MIOI — rpy-
na gitem 3 mionieto; HH — rpyna nepegyacHo HapomXeHux
niten 6e3 peTmHonarTii HeaoHo-WweHnx; PH — petnHonaris He-
poHoweHunx; PHJTIK — rpyna giten nicna nasepHoi koarynauii
citkiskn; PHPEIP — rpyna giten 3 petnHonartieto nicns camo-
BiNlbHOrO perpecy.
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Abstract

The aim of this study was to analyse the clinical features
and treatment approaches for allergic conditions of the eye-
lids and periocular area, including contact and atopic derma-
titis. The research was based on a comprehensive review of
45 recent publications from the last five years retrieved from
PubMed, Scopus, Google Scholar, and the Cochrane Library,
using bibliographic and bibliosemantic methods. Current
therapeutic strategies are discussed, including topical cor-
ticosteroids, calcineurin inhibitors, systemic antihistamines,
and advanced treatments such as biological agents (e.g.,
dupilumab) and allergen-specific immunotherapy. Special
attention is paid to skin barrier restoration with emollients
and the importance of allergen avoidance in long-term dis-
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ease control. The diagnostic challenge of differentiating al-
lergic contact dermatitis, atopic dermatitis, and irritant der-
matitis of the eyelids is highlighted. Eyelid involvement may
represent a manifestation of systemic atopic disease or result
from hypersensitivity to external agents such as cosmetics,
ophthalmic products, metals, fragrances, and preservatives.
Patch testing remains the gold standard for identifying con-
tact allergens, while atopy testing and serum IgE assessment
have limited specificity. Overall, eyelid dermatitis requires an
individualised, multidisciplinary approach combining mod-
ern pharmacological therapy with preventive strategies to
improve clinical outcomes..

Keywords: periocularinflammation, allergic conjunctivitis,
patch testing, calcineurin inhibitors, glucocorticosteroids,
allergen sensitisation.

Pe3lome

Memoro yvoco Oocniddxcenna OYI0 npoawanisyeamu Kii-
HIYHI 0cobnUGOCMi ma nioxoou 00 NIKY8AHHS AN1ePiYHUX
CMawuie NOGiKk ma NepioKyIapHoi 0onacmi, 6KIOYAIOYU KOH-
maxkmuutl ma amoniynuil depmamum. Jlocniodcenns 6azy-
8A10C5 HA KOMNJIEKCHOMY 02715101 45 HewjooasHix nyonikayitl
3a ocmawnHi n'sme pokie, ompumanux 3 PubMed, Scopus,
Google Scholar ma Cochrane Library, 3 euxopucmanuam
oibnioepagiunux ma 6Gioniocemanmuunux memooie. 0620-
BOPIOIOMbCAL CYYACHT mepanesmuyini cmpameeii, GKI04ayu
Micyesi Kopmurkocmepoiou, iHeibimopu KaibyuHe8puHy, cuc-
memHi aHmueicmaminHi npenapamu ma nepedosi Memoou Ji-
KVBAHHS, MaKi sk 010102i4Hi acenmu (Hanpuxiao, Oyninymao)
ma anepeen-cneyupiuna imynomepanis. Ocobausa yseaea
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npuoinsiemvcsi GIOHOBIEHHIO WKIPHO20 Oap'epy 3a 0onomo-
2010 NOMAKULYBATLHUX 3AC00I8 MA BANCIUBOCIT YHUKHEHHS
anepeenis y 00620CmpoKO8OMy KOHMPOi 3axeoprogans. Bu-
Oieno diazHocmuuny npobiemy ougepenyiayii arepeiuno2o
KOHMAKMHO20 0epMAmumy, amoniuno2o 0epmamumy ma no-
Opasnio4020 depmamumy NoGiK. YpagiceHHs nosix modice
Oymu nposieoOM CUCMEMHO20 AMONIYHO20 3aX80PIOEAHHS ADO
oymu pesyniomamom 2inepuymaugocmi 00 306HIWHIX daceH-
mig, MaKux AK KOCMemuKxd, o@pmanbMono2iuyHi npooyKmu,
Memanu, apomamuzamopu ma Koncepganmu. Ilamu-mecm
3AMUUAEMBCS 3010MUM CIMAHOAPMOM OJisl 6UAGTIEHHS KOH-

Introduction

Allergic conditions such as contact and atopic dermati-
tis are common inflammatory skin disorders with increas-
ing clinical relevance. These conditions warrant particular
attention when the allergic process involves the periocular
region and eyelids. The growing incidence of periocular
allergic conditions and the complexity of their differen-
tial diagnosis continue to present important clinical chal-
lenges.

E. Beltrami et al. [1] described itching as one of the
frequent symptoms observed in allergic disorders affect-
ing the skin and periocular region. In their study, ocular
itch was reported in 29.5% of ophthalmic patients and
was noted more often in women. Itching is frequently as-
sociated with allergic conditions, although similar mani-
festations can also occur in other inflammatory diseases
affecting the periocular region. Such conditions include
allergic conjunctivitis, contact dermatitis, atopic dermati-
tis, and xerosis. Comparable symptoms may also be seen
in non-allergic disorders, including blepharitis, seborrheic
dermatitis of the periorbital area, rosacea, lichen simplex,
and psoriasis.

In areview of allergic skin conditions of the eyelids, A.
Hine et al. [2] noted that in addition to itching, symptoms
may include tearing, erythema, and swelling of the affect-
ed skin. The review noted that contact and atopic dermati-
tis of the eyelids are reported more frequently in women.
This distribution may partly reflect greater exposure to
cosmetic and skincare products containing potential al-
lergens. Researchers concluded that correct differentiation
and appropriate care require not only understanding the
symptoms but also detailed knowledge of the aetiological
factors behind the allergic process.

According to J. Pyzia et al. [3], blepharitis is often as-
sociated with ocular irritation and inflammatory changes
affecting the eyelids and ocular surface. Additionally, 42-
81% of patients with blepharitis are affected by Demodex
mites, which have been associated with inflammation and
microbial colonisation. K. Szewczyk-Golec et al. [4] re-
ported that exposure to chemical irritants may affect skin
barrier function and inflammatory responses, while S.
Doan et al. [5] described the frequent coexistence of eyelid
irritation, tearing, and dry eye symptoms in inflammatory
ophthalmological conditions. The authors emphasised that

MAKMHUX anepeenis, mooi AK mecmy6eamHs Ha amoniio ma
oyinka cuposamkogozo IgE maiomv obmediceny cneyughiu-
Hicmb. 3acanom, depmamum nosiK 8UMA2ae iHOUBIOYAIbHOZO0,
MIHCOUCYUNTITHAPHO20 NIOX00Y, WO NOEOHYE CYUACHY (hapma-
KONOCIYHY mepanito 3 Npo@inakmuuHumu cmpameziamu OJis
NOKpAWjeHHsA KIIHIYHUX Pe3yTbmamis.

Kniouogi cnoea: nepioxynsapue 3ananenms, aniepeiunuil
KOHTOHKMUBImM, NiayeHmue mecmy6auHs, iHeiOimopu Kaib-
YUHEBPUHY,  2NIOKOKOPMUKOCMEPOIOU, —CeHcubinizayis 0o
anepzenis.

contact between irritants and the ocular surface or periocu-
lar skin may contribute to symptoms such as tearing and
dry eye syndrome.

According to J. Sroka-Tomaszewska and M. Trzeciak
[6], atopic dermatitis affects up to 20% of children and
adolescents and is associated with immune dysregulation
and allergen sensitisation. Moreover, the condition devel-
ops in 50-60% of cases during the first year of life, and in
90% of cases within the first five years. The authors also
highlighted the role of genetic and epigenetic factors in the
development of atopic and contact allergic diseases in both
childhood and adulthood.

B. Nedoszytko et al. [7] similarly asserted that genetic
predisposition is a key factor in allergic skin conditions,
supporting a hereditary component in disease develop-
ment. Despite the general similarity in treatment ap-
proaches for allergic conditions, the researchers pointed
out persistent issues in treatment selection due to misin-
terpretation of symptoms and incorrect differential diag-
noses. The authors also noted the limited understanding
of the molecular mechanisms behind the development of
atopic dermatitis.

M. Sandler [8] highlighted the significant role of
chemical agents such as metals, fragrances, preservatives,
medicines, and even materials used in jewellery. Given
the above, key questions regarding proper differential
diagnosis, effective treatment, and understanding of the
causal relationships between aetiology, pathogenesis, and
disease development remain unresolved. This review inte-
grates dermatological and ophthalmological perspectives
on periocular allergic disease and summarises recent evi-
dence regarding differential diagnosis and contemporary
treatment approaches.

The aim of this review was to characterise the clinical
features, differential diagnosis, and treatment approaches
for contact and atopic eyelid dermatitis. The objectives in-
cluded: describing the clinical features of allergic condi-
tions; characterising the aetiological factors and their roles
in disease development; and presenting data on the chal-
lenges of differential diagnosis and treatment of atopic and
contact dermatitis from both dermatological and ophthal-
mological perspectives.
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Materials and methods

To achieve the study aim, a systematic literature search
and critical analysis of contemporary scientific publications
were conducted using PubMed, Scopus, Google Scholar,
and the Cochrane Library. Sources used for data collec-
tion and systematisation included peer-reviewed medical
journal articles, monographs, clinical guidelines, and rec-
ommendations issued by international and national der-
matological and ophthalmological associations. In total,
80 sources were analysed, of which 45 publications were
selected for final review based on their quality, thematic
relevance, and recency.

Inclusion criteria for the scientific literature analy-
sis were: availability of clinical or experimental studies
describing the pathogenesis, diagnosis, and treatment of
contact and atopic eyelid dermatitis; publications in peer-
reviewed journals; studies containing statistical analysis of
treatment efficacy; use of clearly defined search keywords;
and modern medical literature from the past five years re-
flecting up-to-date approaches to the diagnosis, pharmaco-
therapy, and immunotherapy of allergic eyelid dermatitis.
Exclusion criteria included: articles without full-text access;
publications lacking clear methodological frameworks; and
review papers that did not involve critical source analysis.
All retrieved data were synthesised and analysed with at-
tention to differential diagnosis and contemporary treat-
ment approaches for contact and atopic eyelid dermatitis.
The selected studies were analysed with attention to treat-
ment approaches, safety profiles, and differential diagnos-
tic features relevant to allergic eyelid dermatitis.

The main search keywords included: "allergic eye-
lid dermatitis", "contact eyelid dermatitis", "atopic eyelid
dermatitis", "periorbital dermatitis", "allergic conjuncti-
vitis", "eyelid eczema", "contact sensitisation", "cosmetic
allergens", "skin patch testing", "irritant contact dermati-
tis", "skin immune dysregulation", "topical glucocortico-
steroids", "calcineurin inhibitors", "antihistamines", "al-
lergen-specific immunotherapy", "skin barrier function",

nn

"emollients", and "ocular complications of dermatitis".
In addition, selected classical publications relevant to the
pathogenesis and clinical presentation of these disorders
were also considered.

Results and discussion

Differential diagnosis of contact and atopic eyelid
dermatitis and their distinction from other diseases

Contact and atopic dermatitis of the eyelids share simi-
lar clinical manifestations, which often complicates their
differential diagnosis. However, a number of studies have
demonstrated distinguishing features that may assist in es-
tablishing the correct diagnosis and selecting the optimal
therapeutic strategy.

In their study, A. Darnall et al. [9] described a case in-
volving a young female patient presenting with signs of an
allergic reaction in the periorbital area. Based on clinical
features and a history of recent use of new cosmetic prod-
ucts, a diagnosis of allergic contact dermatitis was initially
made. The patient was advised to discontinue the use of
the offending cosmetics and was prescribed topical cortico-
steroids. Despite adherence to these recommendations, her
condition worsened. The symptoms persisted, and new fea-
tures emerged, including facial erythema, proximal muscle
weakness, and elevated serum levels of muscle enzymes.
Further investigations, including skin and muscle biopsies,
led to a diagnosis of dermatomyositis (Table 1).

The symptoms of dermatomyositis can mimic other
dermatological conditions, including eyelid contact der-
matitis, potentially leading to misdiagnosis and delays in
initiating appropriate therapy. Early and accurate diagnosis
of dermatomyositis is crucial to prevent severe complica-
tions, such as progressive muscle weakness and systemic
involvement. Dermatomyositis and allergic eyelid dermati-
tis may be easily confused due to overlapping ophthalmo-
logical symptoms. In this case, the patient presented with
marked hyperaemia of the ocular mucosa and surrounding
skin, which could initially suggest an allergic origin. How-

Table 1. Differential diagnosis of contact dermatitis of the eyelids and dermatomyositis

Comparison criterion

Contact dermatitis of the eyelids

Dermatomyositis

Erythema (redness) at the site of contact

Pronounced, well-demarcated, especially

Symmetrical erythema on the eyelids (“heliotrope
rash”)

Oedema Moderate to severe, localised

Moderate, often with marked periorbital puffiness

Intense, often accompanied by

Itching or burning discomfort

Rarely intense itching; more often a sensation of
tightness

Skin desquamation

Frequently present after the acute phase

May be present, especially in areas of erythema

Association with trigger Contact with allergen or irritant

Autoimmune origin, unrelated to allergens

Systemic manifestations | Absent or minimal

Common (fatigue, muscle pain, dysphagia)

Associated lesions

adjacent areas

Limited to eyelid skin and occasionally

Skin involvement on the face, joints, hands
(“Gottron’s papules”), and muscle weakness

Source: compiled by the author based on [9, 10].
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ever, through detailed differential diagnosis, dermatomyo-
sitis was ultimately identified.

Y. Otsuka and M. Kishida [10] described infectious
mononucleosis presenting with bilateral eyelid inflamma-
tion that initially mimicked an allergic periocular condi-
tion. Bilateral upper eyelid erythema was noted, initially
resembling an allergic reaction; however, accompanying
symptoms included tonsillitis and cervical lymphadenopa-
thy. Leukocytosis with atypical lymphocytes and elevated
enzyme levels suggested a systemic inflammatory process.
Nevertheless, serological testing for Epstein-Barr virus
confirmed a diagnosis of infectious mononucleosis. Hoa-
gland’s sign, characterised by bilateral upper eyelid inflam-
mation, is considered an early marker of infectious mono-
nucleosis and, according to the authors, has been reported
in a proportion of patients with infectious mononucleosis.
This sign often precedes other clinical features such as
lymphadenopathy, tonsillitis, and splenomegaly. Eyelid
swelling typically resolves spontaneously within a week
without specific treatment. This case differs markedly from
the previous one in that the cause of eyelid involvement in
infectious mononucleosis is immune-mediated and viral in
nature. In contrast, contact and atopic dermatitis are funda-
mentally allergic conditions unrelated to infection. Accord-
ingly, the diseases differ in their clinical course and require
different treatment approaches. However, they share over-
lapping symptoms, such as periorbital skin discolouration.

Similarly, H. Nakagawa et al. [11] described a compara-
ble clinical case involving a patient with infectious mono-
nucleosis who presented with petechiae on the eyelids and
palatal mucosa. Classical symptoms included fever, phar-

yngitis, and lymphadenopathy. However, the clinical pre-
sentation was atypical, particularly concerning eyelid and
oral cavity involvement, complicating the diagnostic pro-
cess. In this case, the palpebral petechial rash could be mis-
interpreted as a manifestation of bacterial infection or other
viral illnesses. While petechiae in the eyelid region may
raise concerns about systemic disorders, the authors high-
lighted the importance of considering the variable mani-
festations of infectious mononucleosis during differential
diagnosis when such signs are observed. Thus, infectious
mononucleosis should be considered in the differential di-
agnosis of periocular inflammatory conditions.

M.L. Conti et al. [12] and E. Borzova et al. [13], in-
dependently of one another, described the clinical mani-
festations of eyelid involvement in sarcoidosis and eyelid
dermatitis, emphasising the heterogeneity of periocular
inflammatory presentations. Eyelid lesions in sarcoidosis
may include inflammation, granuloma formation, erythe-
ma, and other periocular changes. Although sarcoidosis and
allergic eyelid diseases differ in etiology and pathogene-
sis, they may exhibit some overlapping clinical features,
including periorbital erythema and eyelid swelling (Table
2). Accurate diagnosis of these conditions is essential, as
it directly influences therapeutic decisions and prognosis.

In their work, M. Turkiewicz et al. [14] described the
causes, clinical manifestations, and treatment approaches
for allergic contact dermatitis of the eyelids, emphasising
the role of allergens such as cosmetics, medications, and
heavy metals, as well as the importance of cooperation be-
tween dermatologists and ophthalmologists. The study also
highlighted diagnostic difficulties and the role of allergen

Table 2. Diagnostic differences between allergic dermatitis of the eyelids and sarcoidosis

Criterion Allergic dermatitis of the eyelids

Sarcoidosis of the eyelids

Contact with allergens (cosmetics,

Etiology medications, plants, chemicals)

Unclear, likely immune imbalance and genetic
predisposition

Development
mechanism

Type IV hypersensitivity (common
reaction)

Granulomatous inflammation of unknown etiology

Onset of symptoms contact with allergen)

Acute or subacute (within hours/days after

Slow, gradual development (weeks to months)

Both eyelids, mainly the upper one,

Localisation L
symmetrical involvement

Any area of the eyelids, often with other skin or organ
damage

Nature of lesions

Erythema, swelling, scaling, excoriations

Firm, painless nodules or plaques, possible blistering
in lacrimal glands

Itching Pronounced

Absent or minimal

Pain Absent or mild

Absent

Additional systemic

manifestations Absent or minimal (local symptoms)

Possible sarcoidosis of other organs (lungs, lymph
nodes, eyes)

Diagnostic methods elimination test

History, clinical manifestations, allergy test,

Biopsy (granulomas without necrosis), chest X-ray,
angiotensin-converting enzyme level

Elimination of allergen, topical

Treatment corticosteroids, antihistamines

Corticosteroids, immunosuppressive therapy for
systemic involvement

Source: compiled by the author based on [11-13].
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avoidance combined with topical anti-inflammatory treat-
ment.

A similar study by G. Rubegni et al. [15] analysed clini-
cal data collected over a 25-year period at a single medical
centre. The authors identified common allergens associated
with eyelid dermatitis, particularly preservatives, dyes, and
fragrances used in cosmetic products, and described long-
term epidemiological trends of the condition.

D.A. Mouinga Abayi and E. Mvé Mengome [16] in-
vestigated allergic reactions associated with cosmetic prod-
ucts and noted that eyelid involvement often presented as
contact dermatitis related to delayed hypersensitivity re-
actions. The authors recommended discontinuation of the
suspected cosmetic product together with patch testing and
topical anti-inflammatory therapy to reduce inflammatory
symptoms.

Z. Baysal and H.H. Gobeka [17] described a distinct
case of periocular inflammatory symptoms in a patient
who developed eyelid dermatitis following the first dose of
the Pfizer-BioNTech COVID-19 vaccine. In the reported
case, the patient developed eyelid dermatitis a few days
after vaccination. The authors discussed potential mecha-
nisms, including individual sensitivity or an immune re-
sponse to the vaccine. Such reactions were rare and gener-
ally mild. The case underscored the importance of careful
clinical evaluation of periocular reactions occurring after
vaccination.

In a study by E.M. Warshaw et al. [18], a retrospective
analysis was conducted using data from the North Ameri-
can Contact Dermatitis Group from 1994 to 2016 to assess
the prevalence and aetiology of eyelid dermatitis, with a fo-
cus on patch testing for allergic conditions. The results in-
dicated that eyelid dermatitis was common among patients
with contact, atopic, and allergic dermatitis. The most fre-
quent allergens included nickel, fragrances, and preserva-
tives. The study emphasised the importance of patch testing
in the accurate diagnosis of eyelid dermatitis. Moreover,
identifying specific allergens and creating individualised
recommendations for avoidance were key to achieving ef-
fective treatment outcomes.

Eyelid dermatitis is a common pathological condition
that can be triggered by various factors, including severe
reactions to cosmetic and skincare products as well as other
external irritants. Patch testing remains the standard diag-
nostic method for contact dermatitis, helping to identify
specific allergens responsible for the reaction — particu-
larly in allergic eyelid dermatitis. The findings highlighted
the diagnostic complexity of allergic manifestations in the
periocular region, which complicated both diagnosis and
treatment planning.

In their study, D. Koumaki et al. [19] examined po-
tential allergens causing eyelid dermatitis in patients in
Greece. Unlike previous studies, they conducted patch test-
ing not only for diagnostic purposes but also to expand the
allergen dataset and identify correlations between allergen
exposure and geographical location. The findings were
useful for ophthalmologists and dermatologists in Greece

and beyond in developing more effective prevention and
treatment strategies for atopic eyelid dermatitis [20-22]. In
addition, the researchers noted that cosmetic preservatives
— even at minimal concentrations — could provoke allergic
reactions.

The physiological properties of the tear film, conjunc-
tiva, and skin around the eyes include numerous protec-
tive components that shield the eye from external irritants
and infections. Disruption of their composition or function
can lead to the development of allergic diseases and dry
eye syndrome, which often accompanies ophthalmological
conditions. The identification of specific biomarkers in tear
fluid or ocular mucosa could contribute to the early diagno-
sis and monitoring of these conditions.

In their work, T. Suarez-Cortés et al. [23] examined sev-
eral tear fluid biomarkers that may be used for the diagnosis
and severity assessment of ocular allergies and dry eye syn-
drome. They analysed various molecules — such as cyto-
kines, chemokines, and proteins — that change in response
to these pathological conditions. The authors stressed that
identifying such biomarkers could, in the future, improve
the understanding of the pathophysiology of allergic eye
diseases and periocular skin conditions, as well as support
the development of new therapeutic approaches. Further
research into tear biomarkers may improve the diagnosis
and monitoring of ocular allergic diseases.

Eyelid oedema may accompany a range of ophthal-
mological and systemic conditions, including infections,
inflammatory diseases, adverse drug reactions, and neo-
plastic processes. Careful clinical evaluation is therefore
essential for accurate diagnosis and treatment selection. In
this context, N. Wolkow et al. [24] described a case involv-
ing a 61-year-old man with marked oedema of the peri-
orbital region and face. The clinical presentation initially
raised concern for an inflammatory or allergic condition;
however, further diagnostic assessment demonstrated the
importance of broad differential diagnosis in patients pre-
senting with periocular swelling. The authors emphasised
that periorbital oedema may occur in various systemic and
inflammatory disorders and requires careful clinical inter-
pretation. Comparative diagnostic features are presented
in Table 3.

Periorbital xanthogranuloma is a rare non-neoplastic
condition frequently associated with adult-onset asthma. It
presents with lesions affecting the eyelids and periorbital
region, which may lead to functional, structural, and aes-
thetic complications. Treatment of this condition includes
both medical and surgical approaches. For instance, in a
case study described by M.C. Santos et al. [25], an adult
patient with asthma and pathological changes in the perior-
bital region required surgical intervention due to progres-
sive periocular lesions. The importance of an individual-
ised approach and multidisciplinary collaboration was
emphasised for achieving optimal treatment outcomes.
This case demonstrated that surgical intervention could be
an effective treatment for eyelid involvement in periorbital
xanthogranuloma, particularly when conservative therapy
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Table 3. Comparative characteristics of allergic dermatitis of the eyelids and angioneurotic edema

Criterion Allergic dermatitis of the eyelids Angioneurotic edema (Quincke’s edema)
. Contact with allergen (cosmetics, medications, Type | hypersensitivity reactions (foods,
Etiology . L
plants, chemicals) medications)
Development Type IV hypersensitivity reaction (common Type | hypersensitivity reaction (histamine release,
mechanism immune response) increased vascular permeability)
Onset of Gradual (several hours or days after contact with Sudden, within minutes or hours
symptoms allergen)
o Both eyelids, mainly the upper one, symmetrical Any area of the face, including eyelids, lips,
Localisation . ;
involvement tongue, asymmetrical syndrome
Na.ture of Locgllsed, erythematous (redness), with skin Deep, pale o bluish, firm, without redness
lesions scaling
Itching Pronounced, possible burning sensation Absent or minimal
Pain None or mild Absent

Source: compiled by the author based on [22-24].

was ineffective. However, further research is needed to de-
termine the best treatment strategies for this rare condition.

Contact dermatitis of the eyelids is typically caused by
a delayed-type allergic reaction triggered by contact with
external agents such as cosmetics, eye drops, skincare
products, or even the materials used in contact lenses [26,
27]. Common clinical signs include erythema, swelling,
itching, scaling, and sometimes vesicular eruptions. Pro-
longed exposure to allergens may lead to chronic inflam-
mation, skin thickening, and lichenification. According to
current research [28, 29], patch testing may help identify
contact allergens associated with eyelid dermatitis. Atopic
dermatitis of the eyelids is a manifestation of atopic der-
matitis in general and is characterised by a chronic, relaps-
ing course. It is associated with impaired skin barrier func-
tion and immune system hyperreactivity. Patients often
have comorbid allergic conditions (e.g., asthma, allergic
rhinitis). Primary symptoms include severe skin dryness,
erythema, fissures, itching, and hyperpigmentation around
the eyes, especially during prolonged inflammation [30].

Management of allergic diseases of the eyes and peri-
orbital area

Treatment of allergic diseases of the eyes and peri-
orbital area should focus on reducing inflammation and
restoring the skin barrier. Topical corticosteroids or calci-
neurin inhibitors are commonly used together with emol-
lients to reduce irritation and support skin hydration [31].
Additionally, antihistamines help relieve itching. In severe
cases, systemic treatment, including monoclonal antibod-
ies (e.g., dupilumab), may be considered.

The primary principle of treatment is allergen elimina-
tion. According to several studies, many cases of eyelid
dermatitis have been associated with the use of cosmetics,
ocular medications (especially eye drops), and environ-
mental allergens such as pollen, dust, and animal dander
[32, 33]. Avoiding allergen exposure is key to achieving
remission.

A. Leonardi et al. [34] described ocular and periorbital
allergic diseases as seasonal, with allergic conjunctivitis
being the most notable example. Treatment of these condi-
tions involves anti-inflammatory and anti-allergic medica-
tions, applicable to both conjunctivitis and eyelid dermati-
tis. The authors reported the use of antihistamines such as
bilastine, cetirizine, emedastine, levocabastine, and dual-
action agents like alcaftadine, azelastine, epinastine, and
ketotifen.

Topical glucocorticoids remain an important com-
ponent of symptomatic treatment during flare-ups. Low-
potency formulations (e.g., hydrocortisone 0.5-1%) are
recommended for short-term use (up to 5-7 days) on the
eyelid area [35]. A study by A. Wollenberg et al. [36] re-
ported that short courses of topical steroids may reduce
inflammation and itching in most patients. However, pro-
longed steroid use on the eyelids may increase the risk of
glaucoma, cataracts, and skin atrophy, necessitating alter-
native approaches.

Calcineurin inhibitors, such as tacrolimus and pimecro-
limus, are considered effective and safe alternatives to
steroids, especially in chronic or recurrent cases. Topical
tacrolimus has been used in the management of periocular
dermatitis, particularly when prolonged corticosteroid use
is undesirable. According to A. Salava et al. [37], topical
tacrolimus treatment was generally well tolerated during
long-term follow-up in pediatric patients with atopic der-
matitis. Oral second-generation antihistamines are com-
monly used to relieve itching and ocular discomfort in pa-
tients with allergic periocular conditions [34]. When eyelid
dermatitis occurs together with allergic conjunctivitis,
ophthalmic antihistamines such as olopatadine, ketotifen,
and azelastine can be prescribed. Skin hydration should
also be maintained, particularly during anti-inflammatory
treatment. Hypoallergenic emollients free of fragrances
and preservatives are often recommended to support the
skin barrier and reduce irritation [38].
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In severe or persistent cases, systemic therapy may
be considered under specialist supervision. Recent stud-
ies have also explored systemic immunomodulatory and
biologic therapies for severe atopic dermatitis [39]. Al-
lergen-specific immunotherapy has long been used in the
treatment of IgE-mediated allergic diseases such as aller-
gic rhinitis, allergic conjunctivitis, and bronchial asthma.
Recent studies have also explored its potential role as an
adjunctive therapeutic approach in selected patients with
atopic dermatitis and confirmed allergen sensitisation [40,
41]. Current evidence suggests that allergen immunother-
apy may improve disease severity and quality of life in
some patients; however, its effectiveness in eyelid-local-
ised atopic dermatitis remains insufficiently established
and requires further investigation.

The reviewed studies demonstrate that periocular in-
flammatory disorders often share overlapping clinical
manifestations despite substantial differences in etiology
and pathogenesis. This creates important diagnostic chal-
lenges requiring combined dermatological and ophthalmo-
logical assessment.

Conclusions

Contact and atopic eyelid dermatitis are two clinically
similar but pathogenetically distinct conditions that require
careful differential diagnosis. Contact dermatitis is more
often caused by exposure to external allergens and irritants,
whereas atopic dermatitis is associated with systemic im-
mune dysregulation. The primary diagnostic approaches
include clinical evaluation, patch testing, and assessment
of allergen sensitisation when clinically indicated.

Treatment of both conditions involves the elimination
of triggering factors, the use of anti-inflammatory agents,
restoration of the skin barrier, and management of comor-
bidities. Contemporary therapeutic approaches, particu-
larly topical calcineurin inhibitors and, in selected severe
cases of atopic dermatitis, biologic agents, have expanded
available treatment options and improved symptom con-
trol. Continued investigation may help refine diagnostic
and therapeutic strategies and improve the quality of life
of patients with eyelid dermatitis.

The limitations of this study include the potential re-
strictiveness of the selected literature and insufficient cov-
erage of studies focused on novel treatment methods for
allergic eyelid dermatitis. Future research should aim to
expand the sample of clinical studies and evaluate the ef-
fectiveness of new biologic agents and innovative thera-
pies, taking into account individual patient characteristics.
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IOBinen

Mpodecop byuko Onekcanap Ceprinoeny — nereHga IHCTUTYTY

iMmeHi akagemika B. . ®inaToBa

B upomy poui pazom 3 JIY «IHCTUTYT O4HMX XBOPOO
i TkauuHHOI Tepamii imM. B. I1. ®inaroea HAMH VYkpai-
HU» BIAMITUB CBiii 90-piuHUil IOBUICH BIIOMUI BUCHHIA-
oranbmornor 1 oranbMOOHKOIOL, Hpodecop, TOKTOp
MenuuHux Hayk Omekcanap CepriiioBuu bByiiko. Tax
cknanocs, mo 90 pokis Tomy 30 6epesnst 1936 poky, koiau
3aTBEPIUIIN ITOCTAHOBY Tpo cTBopeHHs B Oneci HaykoBo-
JOCIITHAIBKOTO [HCTUTYTYy OYHHMX XBOpPOO 1 TKaHWHHOT
teparii, B KneBi HapoanBCs XJIOMYHUK, SIKOMY CYAMIOCS 3
pOKaMH CTaTH BUJIHHM HAayKOBIEM 1 OBISITH JOCTOWHOIO
CJIABOIO 110 YCTAHOBY.

Poecnuk Inctutyty — Onekcanap CepriiioBuu byii-
KO BXKe 66 POKIB BIIAHO CIYKUTb Haylli 1 odransmonorii,
30KkpeMa odTanbMooHKoorii. 3 1954 mo 1960 poku BiH
HaByaBcsi B OeChKOMY JI€P)KABHOMY MEIMYHOMY I1HCTH-
tyTi iM. M. 1. [Tuporosa Ha jikyBajgbHOMY (aKyibTeTi, mic-
JIsl 3aKIHYCHHS SIKOTO TPAIFOBAB JIKapeM-0(TaTIbMOIOrOM
y ceni Crapoko3zaue Onmechkoi obnacti, motim, 3 1963 mo
1965 poxwu, HaBuaBcs B acnipanTypi OeCchKOro HayKoBO-
JOCIITHAIBKOTO [HCTUTYTYy OYHHMX XBOpPOO 1 TKaHWHHOT
teparii im. akaz. B. I1. ®@inarosa, micist 3akiH4eHHS SIKOT y
1966 porii O. C. Byiiko yCHilIHO 3aXUCTUB KaHIUAATCHKY
nucepraiito Ha Temy «I[locTiliHu# moTeHIia OKa B HOpMi
1 IpH AESKUX OYHUX 3aXBOPIOBAHHSXY.

Y 1970-1972 pp OyB BiapspKCHUE HagaBaTH OpTalib-
MOJIOTIYHY JIOTIOMOTY Hapony AJDKHPY, Ky IPOBOAUB pe-
TENIBHO 1 Ha BUILIOMY PiBHi.

3 1981 poky Ormekcanap CepridioBud MOYHHAE 3a-
HWmarucst po3poOKOI0 KPioXipypriYHOTO IHCTPYMEHTApiro
JUIsL JIIKYBaHHSI HOBOYTBOPEHb OKa Ta HOT0 MPHIaTKOBOTO
amapary. CymicHo 3 cmiBpoOitHukamu Omcbkoro HITO
«Mikpokpiorentextika» y 1983 poui OyB po3pobienwmii
NepIInii KpioJAeCTPyKTOp JJisi BUKOPHCTaHHS B o(Taib-
Motorii. [ToTiM po3poOku Ta ynocKoHaJIEHHSI KPIOTEHHOTO
IHCTPYMEHTAPIIO MPOJOBKYBAINCH CYMICHO 13 CITIBPOOIT-
HUKaMu OZIeChKOTO IHCTUTYTY XOJIO0BOI IPOMHCIIOBOCTI
ta Onecwroro HITO «topm» 1o 1990 poky, Oyio po3po-
OJICHO IIIe [1Ba KPIOACCTPYKTOpA HA PiIKOMY a30Ti Ta Kpio-
JIECTPYKTOP 3 POCEIBHOI0 CHCTEMOIO.

[Ticns 3axucty kannunarcekoi aucepranii O.C.Byiiko
3aXOINUBCS BABYCHHSIM MOYKJIMBOCTI BUKOPUCTAHHS PIAKHX
KPHUCTAJIIB B JIarHOCTHUII 3aXBOPIOBaHb OKa, 30KpeMa HO-
BOYTBOPEHB, 1 B 1983 poli ycminiHo 3axHIae JOKTOPChKY
nuceprarito «Pinkokpucraniuna TepMorpadis i peorpadist
y IIarHOCTHI JESKUX HOBOYTBOPEHb OpOITH 1 MenaHo-
0J1aCTOM CYAMHHOT OOOJIOHKH OKa».

VY 1985 poui npu Bignini opTanbMOOHKOJOrT Oyna
chopmoBana rpyna «Pigkokpucraniyna tepmorpadis» 3
15 Ko¥iko-JIXKKaMH Juisi BAKOHAHHS HAyKOBOI TEMaTHKH -
PO3pPOOKH HOBUX METOJIB JIarHOCTHKH 1 JIIKyBaHHS ITyX-
JIMH OKa, HOTo NMpHIATKIB i OpOiTH, Ha 110 CIIBPOOITHUKH
rpynu Tpudi orpuMyBain BeecorosHi rpantu. KepiBHukom
rpynu OyB IpU3HA4YEHUH CcTaplIMii HAyKOBHUIl CIiBPOOIT-
HUK (3BaHHS oTpuMmane y 1982 poui), 1-p men. Hayk Byiiko
0O.C., y 1991 poui BiH crae npoBelgHUM, a y 1994 poi
— TOJIOBHMM HayKOBHM CIIBPOOITHUKOM ITiCJIsl IIPUCBOEH-
Hs Homy 21.07.1994 p. 3BanHs 1podecopa 3a creriaib-
HicTio «Ouni xBopobu». Kepysas npodecop O. C. Byiiko
rpynoto «Pinkokpucraniyna repmorpadis» 10 2000 poky.
CriBpoOiTHUKaMH LIBOTO TIJPO3LTy PO3pOOJIEeHI TepMO-
IH/IMKaTOpH Ha OCHOBI PIJIKMX KPUCTAIIB, iH)pauepBOHUI
paziomMerp, OpUTriHAIBHUHA KPIOTeHHUH NPUCTPIl 1 MeTo.
KpiozecTpyKuii eniOy1p0apHUX HOBOYTBOPEHb 1 IpH/AT-
KiB Oka, 30kpema kapuunoMm I-II craxiii, mo mo3BosMIO
MIABUIIUTA €(DEKTUBHICTD JIIKYBaHHS TaKUX IMYXJIMH JI0
95% 3 Oe3pelUIMBHUM IIEPIOIOM IIPOTITOM 5 POKiB, 0€3-
nocepentbo Onekcanapom CepriiioBuuem OyB po3po0iie-
HU XipypridHuil iHCTpyMeHTapiii (HLIEeTH, JIeBaTOp) s
BUIaJIeHHst myxyimH opoitu. Okpim toro, O. C. Byiiko pa-
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30M i3 CBOIMHU KOJIETaMH — YYEHHUISIMH KaHJ. MeJl. HayK
B. A. €narinoro i x-p mexn. Hayk I. O. CappoHEHKOBOIO
— 0araro poKiB MPAIOIOTh HAJl PO3POOKOI0 HOBUX OUTBII
e(eKTHBHUX METOAWK JIKyBaHHS 3JIOSKICHUX MEJaHo-
IUTAPHUX 1 CMiTeTialbHIX IMyXJIUH KOH IOHKTHBH OKa i
TIOBIK, IIKIpH MOBIK 3 BUKOPHUCTAaHHAM KOMOIHOBaHOI il
kpiogectpykuii, 3BU-rineprepmii Ta pi3HUX BHIB IpOMe-
HeBoi Tepamii. CymicHO BoHH Harmmcan O0ubmr 150 Hayko-
BHX CTareil, MaloTh 12 BHHAXIiIiB, IOCTIHO BUCTYIAIOTh
HA BITYM3HIHUX 1 MKHAPOIHUX KOH(PEPEHIIISIX, CHMIIO3H-
yMax, 3’i3max.

[podecop byiiko O. C. € YIeHOM-KOPECIIOHIEHTOM
MixxHapomHOTO HayKOBO-KIiHIUHOTO [HTEepHET caiTy
«Eye Cancer», B CKJIaJ] IKOTO BXOAATH IPOBiTHI OPTaIh-
MOOHKOJIOTH CBITY, TOYECHUH WICH TOBapUCTBA O(Talb-
MororiB bornrapii. barato pokiB € 4wieHOM peJakIiitHol KO-
JeTii BUIaHHA « YKpaiHChKUH KypHAT MEAMIHOI TEXHIKH 1
TEXHOJIOT11», IKUI BUAAETHCS B M. Kuis.

Omnekcannp CepriiioBuu Byiiko ogauM i3 mepmmx B
VYkpaiHi, e 10 TOro SK 3 ’SBHIIOCH TOHATTS «JI0Ka30Ba
MEIUIMHAaY, BIPOBA/KYBaB B 0TAIBEMOIIOTIT METOH CTa-
TUCTHYHOI OOPOOKM MaHWX 3 BHUKOPUCTAHHSAM TEOpii He-
YITKIX MHOXKHH, TeopeMu baifeca, KiracTepHOTO aHami3y,
HEHPOHHUX MEpEK, METOJy BH3HAUCHHS BIKMBAHOCTI
OHKOJIOTIYHHX XBOpHX 3a Kamran-MatiepoM Ta iHIIe, mo
JI03BOJIMJIO TIPaBHJIBHO CHCTEMATH3yBaTH HAyKOBI JaHi,
00pOOIATH OTPUMaHi PE3yNIBTaTH 3 BHCOKUM PIBHEM iX Bi-

porimHoCTi, 1m0 30iramocs 3 JAaHUMHU TIPOBITHIX O()Tab-
MoJoriB 1 opTaeMooHKooriB €Bporu i CHIA. ITpodecop
Byiiko O. C. cyMmicHO i3 CBOIMH yUHSMH Ta CIIiBpOOITHHKA-
mu Opecbkoro (iiary HayKOBO-iH)KEHEPHOTO IeHTpy Mi-
HICTEpPCTBa OXOPOHH 3I0POB'S YKpaiHU MaIOTO TiAPHEM-
ctBo «FOI'TEXHIKA» po3poOuB i cTBOpuB 0a3y NaHUX,
sKa BMinTye iHpopmarito mpo 3500 XBopUx Ha METaHOMY
xopioizei, mo mikyBamuck B [HctuTyTi im. B. I1. dinarosa
3 1960 mo 2000 pp, Ta mporpamy OOJIKy i CHCTeMaTH3arlii
iapopmarii B opramemoonkororii «OCULIST»

IIpodecop Byitko Omnexcangp CepriiioBud i goci B
CTpOIO HAyKOBIIB i JikapiB [HcTHTYyTY. CKpOMHA i TIpHH-
IIUTIOBA JIFONMHA, BiH IPOJOBXKYE TOOPOSKICHO 1 CyMIIIHHO
MpaIroBaT Ha Omaro oprambMoIorii i 0pTaTbMOOHKOIO-
Til #f He YSBIISAE {HIIOTO KUTTS.

YV 2026 pomui npotecop Byitko Onexcannp CeprifioBrnd
orpumas [lomsaky Bix KomiteTy BepxoBHoi Pamn Yipainu
32 BU3HAYHUH 0COOMCTHI BHECOK y 3MIIIHEHHS HAyKOBOTO
MOTEHITIay Jep>KaBH, BaroMi 37M00yTKH Y PO3BHUTKY Me-
JUYHOI HAayKH, BOPOBA/DKEHHS MEPEIOBHX 1HHOBAIIHHHUX
TEXHOJIOTIH y KITiHIYHY TpPaKTHKY, BUCOKHH mpodeciona-
mi3m ta 3 Haromu 90-pigus 1Y «HCTUTYT 09HIX XBOPOO 1
TKaHUHHOI Teparii iM. B. I1. ®imatoBa HAMH VYkpaiam».

CriBpOOITHAKH IHCTUTYTY Ta BiIAUTY OPTaTIEMOOHKO-
yorii 6axkatots Onexcanapy CepriiioBuay Byiiko MinHOTO
3II0pOB’sl, HATXHEHHS B POOOTI 1 HOBHUX 3BEPIICHb I Bij-
KPUTTIB.
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