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Giris

Optik sinirin struktur zodslonmalorinin erkon morholodo askarlanmasi klinik
oftalmologiyanin on aktual problemlorindon biridir [1 — 3]. Optik koherens
tomogqrafiya (OKT) tor qisanin vo gérma sinirinin yliksok tasviri vizuallagdirilmasini
tomin edorok bu sahodo osas diagnostik metodlardan biri hesab olunur [4 — 5].
OKT biomarkerlorinin tohlili yalmiz oftalmoloji patologiyalarin deyil, eyni
zamanda daginiq skleroz, optik nevrit, Alzheimer xastoliyi, Parkinson xastoliyi
vo digor neyrodegenerativ xostoliklordo erkon neyroaksonal zodolonmolorin
askarlanmasinda perspektivli diagnostik vasito kimi qiymotlondirilir. Son dovriin
bir sira todqiqatlarinda xiisusilo peripapilyar sinir liflori gqat1 (PSLQ) va gqanglion
hiiceyra qat1 ilo daxili pleksiform qat arasindaki qalinliq gostoricisi (QHQ-
DPQ) qatlarinin incalmasi morkozi sinir sistemi soviyyasindo bas veron struktur
dayisikliklorinin geyri-invaziv biomarkeri kimi klinik shomiyyat dasiyir [6 — §].
Lakin klinik praktikada bozi hallarda klassik gostoricilor, PSLQ-nin orta qalinlig1
normaya yaxin qalmasia baxmayaraq erkon struktur doyisikliklor mévcud ola
bilar [9, 10]. Son illords siini intellekt (SI) asasli coxparametrli analiz yanasmalar
OKT biomarkerlorinin kombino olunmus interpretasiyasina imkan yaradaraq
erkon struktur dayisikliklorin agkarlanmasinda yeni perspektivlar agir.

Moaqsad — OKT-don oldo olunan osas struktur biomarkerlorin SI  osash
coxparametrli tohlili vasitasilo normal gozlor, siibholi/erkon struktur doyisikliklori
olan hallar vo optik neyropatiya hallar1 arasinda forqlondirici tomogqrafik
xtisusiyyatlari giymotlondirmak.

Material vo metodlar

Retrospektiv vo miisahido xarakterli todqiqat Akademik Zorifo Oliyeva adina
Milli Oftalmologiya Morkozindo ekspertiza miiayinosindon kegon, yaslar1 17-34
(24,3 + 4,8) aras1 doyison gonc oglanlar arasinda aparilmisdir. Todqgiqat materiali
OKT miiayinasindon kegon 63 goziin noticolori asasinda haoyata kegirilmisdir. Hor
bir xostonin gozlori ayrica analiz vahidi kimi qiymotlondirilmisdir.

Xostolor klinik diagnoza vo genis oftalmoloji miiayino noticolorino osason {i¢
qrupa boliinmiisdiir. Qruplarin tosnifati liclin osas struktur meyarlar1 kimi PSLQ
vo QHQ-DPQ gostaricilori nozors alinmisdir.



* Normal qrup — klintk vo OKT baximindan patoloji doyisiklik agkar
edilmayan gozlor (n = 23). Bu qrupda PSLQ vo QHQ-DPQ gdstaricilari
cihazin normativ bazasina uygun olaraq normal diapazonda olmusdur
(PSLQ > 85 pm vo QHQ-DPQ > 80 um).

« Siibhali vo ya erkon struktur doyisikliklori olan qrup — optik sinir va tor qisa
soviyyasinds ilkin struktur doyisikliklor miisahids edilon, lakin askar optik
atrofiya meyarlarina cavab vermoyon gozlor (n = 7). Bu hallarda PSLQ vo
ya QHQ-DPQ gatlarinda normativ diapazonla miigayisado yiingiil incolmo
geydo alinmisdir (PSLQ 75-85 um vo ya QHQ-DPQ 70-80 pum).

»  Optik neyropatiya qrupu — klinik vo OKT gdstaricilorine osason optik sinirin
struktur zodolonmosi tosdiglonmis gozlor (n = 33). Bu qrupda PSLQ vo/
vo ya QHQ-DPQ gatlarinda nozoragarpacaq incolmo miisahido edilmisdir
(PSLQ <75 um vo/va ya QHQ-DPQ < 70 pum).

Biitiin hallarda OKT miiayinolori eyni cihaz Cirrus HD-OCT 5000 (Carl Zeiss
Meditec, Inc., Dublin, Kaliforniya, ABS, 7.0.1.290 program tominatili) ilo hoyata
kecirilmisdir vo standart protokollardan istifado edilmoklo aparilmisdir. Asagi
keyfiyyaetli skan goriintiilori, miixtolif artefaktlar, eloco do 6lgmolorin etibarliligina
tosir gostora bilocok texniki problemlor olan hallar todqigata daxil edilmomisdir.

GOrmo siniri basi vo makulyar zona ayri-ayriliqda skan edilorok miivafiq olaraq
Disc Cube 200 x 200 vo Macular Cube 512 x 128 protokollari totbiq olunmusdur.

Optik koherens tomoqrafiya miiayinasi va tohlil edilon biomarkerlor

Disc Cube 200 x 200 protokoluna osason asagidaki gostoricilor
giymatlondirilmisdir: Orta PSLQ, PSLQ simmetriyas1 6lgiisii, rim sahosi, disk
sahasi, guxurcuq-disk nisbatinin orta gostaricisi (C/D ratio), vertikal C/D nisbati,
cuxurcuq hocmi (CH), PSLQ-Y (yuxar1), PSLQ-A (asagi), PSLQ-N (nazal) vo
PSLQ-T (temporal).

Macular Cube 512 x 128 protokoluna asason minimum QHQ-DPQ galinligi,
morkozi subsaho galinligi, cube hocmi vo orta kub galinliq parametrlori tohlil
edilmisdir.

Statistik tohlil

Qruplar arasinda miiqayiso ti¢lin asagidaki testlorindon istifado edilmisdir ki,
bu metodlar kicik niimuns 6l¢iisiinds etibarli hesab olunur. Davamli doyisonlorin
paylanmasi Shapiro—Wilk testi ilo qiymaotlondirilmisdir. Oksor parametrlorin
normal paylanma gostormomasi sobabindon qruplar arasinda miiqayiso {¢iin
Kruskal-Wallis testi totbiq olunmusdur. Statistik ohomiyyat soviyyasi p < 0,05
olaraq gobul edilmisdir. Statistik chomiyyot agkar edilon parametrlor iigiin “post-
hoc” ciit-ciit miiqayisolor Mann—Whitney U testi ilo aparilmis vo Bonferroni
diizalisi totbiq edilmisdir. Struktur vo funksional gostoricilor arasindaki olago
Spearman korelyasiya analizi ilo qiymatlondirilmisdir.

Bu tadqiqatda OKT biomarkerlorinin kombino olunmus diagnostik doyarini
giymotlondirmok mogsadilo SI osasli ¢oxparametrli analiz yanasmasindan




istifads edilmisdir. Bu yanasma PSLQ vo QHQ-DPQ gostaricilorinin eyni vaxtda
qiymatlondirilmasine imkan vermisdir. Niimuna saymin mohdud olmasi nozors
alaraq dorin dyronmo modeli totbiq edilmomis, analiz biomarkerlorin kombino
olunmus interpretasiyasina asaslanmigdir.

Naticalor

Tadqiqata timumilikds 63 goz daxil edilmisdir: normal qrupda 23 goz, stibhali/
erkon struktur doyisikliklori olan qrupda 7 g6z, optik neyropatiya qrupunda iso 33
g6z (cadval 1). Qruplar arasinda yag gostoricisi baximindan statistik oshomiyyatli
forq askar edilmomisdir (p = 0,481).

Gorma itiliyi normal qrupdan siibhali qrupa vo optik neyropatiya qrupuna dogru
ardicil sokildo azalmigdir vo bu forq statistik oshomiyyaetli olmusdur (p < 0,001).
Sferik ekvivalent gostaricisi lizro qruplar arasinda zoif, lakin statistik shomiyyatli
forq miisahido edilmisdir (p = 0,018).

Peripapilyar tor qisa sinir liflori qatinin orta galinlig1 (orta PSLQ) qruplar
arasinda shomiyyatli forqlonmisdir (p < 0,001). Normal qrupda PSLQ qgalinligi on
ylksak, optik neyropatiya qrupunda iso an asagi olmusdur. PSLQ-nin temporal,
nasal yuxar1 vo asagi kvadrantlar {izro gostoricilor do qruplar arasinda statistik
ohomiyyatli forqlor gostormisdir (miivafiq olaraq p = 0,004, p < 0,001, p = 0,008
va p < 0,001). “Post-hoc” analizlordo normal va silibhali qruplar arasinda artiq
PSLQ gostoricilorinin shomiyyatli doracads azaldigi tosdigqlonmisdir (p = 0,003).

Makulyar zonada ganglion hiiceyra qat1 vo daxili pleksiform gatin kombina
olunmus qalinliq gostaricilari (orta vo minimum QHQ+DPQ) qruplar arasinda
on yiiksok diskriminativ giico malik olmusdur (hor iki parametr {i¢iin p < 0,001).
Stibhali/erkan struktur dayisikliklori olan qrupda QHQ-+DPQ galinliginin normal
qrupa nisbaton ohomiyyatli doracodo azaldigi, optik atrofiya qrupunda iso daha
kaskin incolmo miigahido edildiyi miioyyan edilmisdir (“post-hoc” analizlordo p
<0,002).

Optik sinir bagina aid struktur parametrlor — rim sahosi, disk sahasi, guxurcugun
disko nisbatinin orta vo vertikal gostoricilari, eloco do guxurcugun hocmi — qruplar
arasinda statistik baximdan shomiyyatli forq géstormomisdir (p > 0,05).

Makulyar zonada markazi tor qisa qalinlig1 qruplar arasinda forqlonmomisdir
(p = 0,429). Bununla hesablanmis makulyar hocm gostoricilori vo qalinligin
imumi gostaricisi optik atrofiya qrupunda ohomiyyatli doracado asagi olmusdur
(p=0,003 vo p=10,004).

Spearman korelyasiya analizi orta PSLQ ilo orta QHQ-+DPQ arasinda
giiclii miisbat olago oldugunu gostormisdir (p = 0,80; p < 0,001). Eyni zamanda
QHQ+DPQ gostaricilori ilo gérmo itiliyi arasinda da ohomiyyotli miisbot
korelyasiya agkar edilmisdir (p = 0,67 — 0,68; p < 0,001). Bu naticalor struktur
dayisikliklorin funksional itkiden ovvel meydana ¢ixdigini gostorir.



Cadval 1. Klinik va OKT parametrlorinin qruplar iizro miiqgayisasi

T
Yas (il) 2530 +4,78 21,86 +4,30 24,24 + 4,84 0,481
Gormo itiliyi (decimal) 0,77 + 0,64 0,42 + 0,30 0,21 £0,27 <0,001
Sferik ekvivalent (D) -0,02 + 1,44 -0,86 + 1,75 -1,35+1,96 0,018
Orta PSLQ (um) 92,48 £ 10,85 76,43 £ 6.05 57,94+ 11.63 <0,001
PSLQ simmetriya (%) 28,30 + 44,90 80,57 + 14,48 33,00 £ 38,41 0,002
PSLQ — temporal (um) 63,91 +9,28 60,43 + 16,60 51,58 £ 12,50 0,004
PSLQ — yuxari (um) 111,39 + 18,67 95,29 + 8,60 63,64 + 19,06 <0,001
PSLQ — nasal (um) 67,70 + 14,24 59,71 £ 16,03 49.94 + 13,46 0,008
PSLQ — asag1 (um) 121,17 £ 18,83 90,14 +£ 16,83 67,18 +£21,69 <0,001
Rim sahosi(mm?) 1,48 0,39 1,19+0,32 1,26 +£ 0,49 0,091
Disk sahasi (mm?) 2,25+0,55 1,93 £0,38 2,00+ 0,49 0,354
Orta C/D nisbati 0,47 £ 0,25 0,61 +0,10 0,53 £ 0,26 0,443
Vertical C/D nisbati 0,43 + 0,24 0,57 +0,13 0,53 + 0,24 0,406
Cuxurcuq hacmi (mm?®) 0,29 + 0,40 0,29 +0,19 0,24 + 0,32 0,309
Orta QHQ+DPQ (um) 84,63 +4,72 76,57 +2,23 53,93 + 11,05 <0,001
Minimum QHQ+DPQ 81,52 +4,83 71,71 £ 6,73 42,33 £ 15,62 <0,001
(1m)

Morkozi makula 254,96 + 19,67 249,57 £ 13,18 245,03 +£21,94 0,429
gqalinligt (MMQ) (um)

Cube hocmi (mm?) 10,03 £ 0,68 9,65+0,42 8,64 £0,78 0,003
Orta qalinliq kubu 274,90 + 18,42 268,25+ 12,04 240,58 +£22,38 0,004
(nm))

Qeyd: Qruplar arasinda statistik miigayisa geyri-parametrik Kruskal-Wallis testi ilo aparilmisdir.

Statistik ahomiyyat saviyyasi p < 0,05 olaraq qabul edilmisdir.

Yekun

Optik koherens tomogqrafiya biomarkerlorinin SI osasli coxparametrli tohlili
optik neyropatiya vo siibholi erkon struktur doyisikliklorinin ayird edilmosindo
yiiksok klinik potensiala malikdir. Xiisusilo QHQ+DPQ gostaricilorinin PSLQ
doyisikliklorindon avval azalmasi erkon diagnostikada bu biomarkerlorin miihiim
rolunu vurgulayr. SI osasli yanasmalarin klinik praktikaya inteqrasiyasi golocokda
erkon diagnostika vo klinik gorar dostok sistemlorinin inkisafina ohomiyyatli tohfo

vera bilar.

Acar sozlar: optik neyropatiyva, optik koherens tomogqrafiya, siini intellekt,

biomarkerlor
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Introduction

Early detection of structural damage to the optic nerve remains one of the
most critical challenges in clinical ophthalmology [1 — 3]. Optical coherence
tomography (OCT) provides high-resolution imaging of the retina and optic nerve
and is considered one of the key diagnostic tools in this field [4, 5]. Analysis of
OCT biomarkers is not limited to ophthalmic diseases but is also regarded as a
promising diagnostic approach for the detection of early neuroaxonal damage in
multiple sclerosis, optic neuritis, Alzheimer’s disease, Parkinson’s disease, and
other neurodegenerative disorders. Recent studies have emphasized that thinning
of the peripapillary retinal nerve fibre layer (RNFL) and the ganglion cell layer—
inner plexiform layer (GCL+IPL) represents a clinically relevant non-invasive
biomarker of structural changes occurring at the level of the central nervous system
[6 — 8]. However, in clinical practice, early structural alterations may be present
even when conventional parameters such as average RNFL thickness remain
within normal limits [9, 10]. In recent years, artificial intelligence (Al)-based
multiparametric analytical approaches have enabled integrated interpretation of
OCT biomarkers, opening new perspectives for the detection of early structural
changes.

Purpose — to evaluate discriminative tomographic features among normal eyes,
eyes with suspect or early structural changes, and eyes with optic neuropathy using
an artificial intelligence—based multiparametric analysis of OCT-derived structural
biomarkers.

Material and Methods

This retrospective observational study was conducted among young male
subjects aged 17-34 years (mean age 24.3 + 4.8 years) who underwent expert
ophthalmologic examination at the National Ophthalmology Centre named after
Academician Zarifa Aliyeva. The study material was based on OCT examination
results obtained from 63 eyes. Each eye was analysed as an independent unit.

Based on clinical diagnosis and comprehensive ophthalmologic examination,
the eyes were divided into three groups. Structural classification was supported



by quantitative OCT biomarkers, particularly RNFL thickness and GCL+IPL)
parameters.

* Normal group — eyes with no pathological findings on clinical examination
or OCT (n = 23). In this group, RNFL and GCL+IPL thickness values were
within the normative range of the device (RNFL > 85 um and GCL+IPL >
80 um).

* Suspect or early structural change group — eyes demonstrating mild
structural alterations at the level of the optic nerve or retina that did not
meet the criteria for definite optic neuropathy (n = 7). In these cases, slight
thinning of RNFL or GCL+IPL layers was observed (RNFL 75-85 um or
GCL+IPL 70-80 um).

*  Optic neuropathy group — eyes with confirmed structural damage of the
optic nerve based on clinical and OCT findings (n = 33). These eyes
demonstrated marked thinning of RNFL and/or GCL+IPL layers (RNFL <
75 um and/or GCL+IPL < 70 pm).

All OCT examinations were performed using the same device, Cirrus HD-OCT
5000 (Carl Zeiss Meditec, Inc., Dublin, CA, USA; software version 7.0.1.290),
following standardized acquisition protocols. Images with poor scan quality,
significant artifacts, or technical issues affecting measurement reliability were
excluded from the analysis.

Optical Coherence Tomography Examination and Analyzed Biomarkers
The optic nerve head and macular region were scanned separately using the
Disc Cube 200 x 200 and Macular Cube 512 x 128 protocols, respectively.

Analyzed OCT Parameters

Based on the Disc Cube 200 x 200 protocol, the following parameters were
evaluated:

Average RNFL thickness, RNFL symmetry, rim area, disc area, average cup-
to-disc (C/D) ratio, vertical C/D ratio, cup volume, and quadrant RNFL thickness
values (RNFL—Superior, RNFL-Inferior, RNFL—Nasal, RNFL-Temporal).

Based on the Macular Cube 512 % 128 protocol, the following parameters were
analyzed:

Average GCL+IPL thickness, minimum GCL+IPL thickness, central subfield
thickness, cube volume, and total average cube (TAC) thickness.

Statistical Analysis

Statistical analyses were performed using methods considered reliable for small
sample sizes. Distribution of continuous variables was assessed using the Shapiro—
Wilk test. As most parameters did not show normal distribution, Kruskal-Wallis
test was applied for comparisons among groups. Statistical significance was set at
p <0.05.




For parameters showing statistical significance, post hoc pairwise comparisons
were conducted using the Mann—Whitney U test with Bonferroni correction.
Associations between structural and functional parameters were evaluated using
Spearman correlation analysis.

Artificial intelligence—assisted multiparametric analysis was applied to evaluate
the combined diagnostic contribution of multiple OCT biomarkers. This approach
allowed simultaneous interpretation of RNFL and GCL+IPL parameters in order
to identify structural patterns associated with optic neuropathy and early structural
changes.

Results

A total of 63 eyes were included in the analysis: 23 eyes in the normal group,
7 eyes in the suspect/early structural change group, and 33 eyes in the optic
neuropathy group (Table 1). No statistically significant difference in age was
observed among the groups (p = 0.481).

Visual acuity showed a progressive decrease from the normal group to the
suspect group and further to the optic neuropathy group, with statistically significant
differences among groups (p <0.001). A weak but statistically significant difference
in spherical equivalent was also observed (p = 0.018).

Average RNFL thickness differed significantly among groups (p < 0.001),
being highest in the normal group and lowest in the optic neuropathy group. RNFL
thickness in the temporal, superior, nasal, and inferior quadrants also demonstrated
statistically significant intergroup differences (p = 0.004, p <0.001, p=0.008, and
p < 0.001, respectively). Post hoc analysis confirmed a significant reduction in
RNFL thickness already between the normal and suspect groups (p = 0.003).

Macular Average and Minimum GCL+IPL thickness showed the highest
discriminative power among all analyzed biomarkers (both p < 0.001). GCL+IPL
thickness was significantly reduced in the suspect group compared to the normal
group, with more pronounced thinning observed in the optic atrophy group (post
hoc p <0.002).

Optic nerve head structural parameters, including rim area, disc area, average
and vertical C/D ratios and cup volume, did not demonstrate statistically significant
differences among groups (p > 0.05).

Central macular thickness did not differ significantly among groups (p = 0.429).
In contrast, cube volume and TAC were significantly reduced in the optic atrophy
group (p = 0.003 and p = 0.004, respectively).

Spearman correlation analysis revealed a strong positive correlation between
Average RNFL and Average GCL+IPL (p = 0.80; p < 0.001). In addition,
GCL+IPL thickness showed a significant positive correlation with visual acuity
(p=0.67-0.68; p <0.001), indicating that structural alterations precede functional
impairment.



Table 1. Comparison of Clinical and OCT Parameters Among Groups

Age 25.30+£4.78 21.86 £4.30 2424 +4.84 0.481
Visual Acuity (decimal)  0.77 + 0.64 0.42+0.30 0.21+£0.27 <0.001
Spherical Equivalent (D) —0.02 +1.44 -0.86£1.75 -1.35+£1.96 0.018
Average RNFL (um) 92.48 £10.85 76.43 £6.05 57.94 £ 11.63 <0.001
RNFL simmetriya (%) 28.30 £44.90 80.57 £ 14.48 33.00 £ 38.41 0.002
RNFL — Temporal (um) 63.91 £9.28 60.43 £ 16.60 51.58£12.50  0.004
RNFL — Superior (um) 111.39 £ 18.67 95.29 £8.60 63.64 £19.06  <0.001
RNFL — Nasal (um) 67.70 £ 14.24 59.71 £16.03 4994+ 1346  0.008
RNFL — Inferior (um) 121.17 +18.83 90.14 + 16.83 67.18+21.69  <0.001
Rim area (mm?) 1.48 +0.39 1.19+0.32 1.26 +0.49 0.091
Disk area (mm?) 2.25+0.55 1.93 +0.38 2.00 +0.49 0.354
Average C/D ratio 0.47+0.25 0.61+0.10 0.53+0.26 0.443
Vertical C/D ratio 0.43+0.24 0.57+0.13 0.53+0.24 0.406
Cup volume (mm?) 0.29 +0.40 0.29+0.19 0.24 +0.32 0.309
Average GCLHIPL (um)  84.63+4.72 76.57 +£2.23 53.93 £11.05 <0.001
Minimum GCL+IPL (um) 81.52 £4.83 71.71 £ 6.73 42.33+£15.62  <0.001
Central macular thickness 254.96 + 19.67 249.57 £13.18 245.03£21.94 0.429
(um)

Cube volume (mm?) 10.03 £ 0.68 9.65+£0.42 8.64 £0.78 0.003
TAC 27490+ 18.42 26825+ 12.04  240.58+22.38 0.004

Note: Parameters are presented as mean + standard deviation. Group comparisons were performed
using the nonparametric Kruskal-Wallis test; statistical significance was set at p < 0.05.

Conclusion

Artificial intelligence—based multiparametric analysis of OCT biomarkers
demonstrate high clinical potential in differentiating optic neuropathy from suspect
early structural changes. In particular, the finding that GCL+IPL parameters
decrease earlier than RNFL thickness highlights their critical role in early
diagnosis. Integration of Al-based analytical approaches into clinical practice
may substantially contribute to the development of early diagnostic strategies and
clinical decision support systems.

Keywords: optic neuropathy,
intelligence, biomarkers

optical coherence tomography, artificial
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