
Vol.: (0123456789)

Int Ophthalmol          (2026) 46:128  
https://doi.org/10.1007/s10792-026-03946-7

ORIGINAL PAPER

Evaluation of hyperreflective spots as a novel biomarker 
in patients with glaucoma

Kıvanc Kasal   · Yurdagul Girgin   · 
Eyyup Karahan 

Received: 25 October 2025 / Accepted: 18 January 2026 
© The Author(s), under exclusive licence to Springer Nature B.V. 2026

Abstract 
Purpose  To evaluate hyperreflective spots (HRS) 
detected by optical coherence tomography (OCT) in 
healthy and glaucomatous eyes and their correlation 
with retinal ganglion cell (RGC) loss.
Methods  A total of 65 patients with primary open-
angle glaucoma (POAG) and 65 healthy controls 
were enrolled, and data were collected from one eye 
of each participant. In glaucoma patients, the eye 
with better visual acuity was selected; if equal, the 
eye with the higher OCT image quality was included. 
In the control group, the eye with the higher OCT 
image quality was selected for analysis. OCT scans 
of the fovea’s thinnest section were analyzed, and an 
area 3000 µm wide at the center was selected. HRS 
were defined as small spots (≤ 30 µm) with moderate 
reflectivity and no shadowing. HRS counts were com-
pared between groups, and correlations with OCT 
parameters associated with RGC loss were assessed.
Results  The mean age was similar between 
groups (glaucoma: 62.48 ± 19.77  years; control: 

59.75 ± 6.65  years; P = 0.085). Inter-rater agreement 
for HRS counts was excellent (ICC = 0.927, 95% 
CI: 0.89–0.94). Glaucoma patients had significantly 
higher HRS counts than controls (29.65 ± 7.68 vs. 
11.86 ± 5.05, P < 0.001). HRS counts positively cor-
related with vertical and horizontal cupping diam-
eters (r = 0.45, P < 0.001) and negatively correlated 
with neuroretinal rim area (r = − 0.46, P < 0.001), 
total RNFL thickness (r = − 0.39, P < 0.001), and 
mean GCC thickness (r = − 0.43, P < 0.001). Correla-
tion coefficients were similar after adjusting for age, 
intraocular pressure (IOP), and signal strength index 
(SSI).
Conclusions  HRS strongly correlate with RGC and 
RNFL loss in glaucoma and may serve as as a valu-
able biomarker in the follow-up of glaucoma.

Keywords  Glaucoma · Hyper-reflective spot · 
Microglia cell · Neuroinflammation · Optical 
coherence tomography

Introduction

Glaucoma is a insidious progressive neurodegen-
erative disease that is one of the leading causes of 
irreversible severe vision loss. The loss of retinal 
ganglion cell (RGC) is characterized by thinning of 
the retinal nerve fiber layer (RNFL) and increased 
cupping of the optic disc. Elevated  intraocular pres-
sure (IOP),  increasing  age, and  positive  family 
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history are the most  common  risk factors for glau-
coma [1]. Although IOP, the only modifiable risk 
factor, can be controlled through medical or surgi-
cal treatment, many glaucoma patients continue to 
progress [2]. In normotensive glaucoma, glauco-
matous damage can be observed at the optic nerve 
head despite the IOP being within the normal range. 
This would imply that IOP is not the sole guilty fac-
tor in causing glaucomatous damage and further fac-
tors might also be involved in the process of progress-
ing glaucomatous neurodegeneration leading to RGC 
death.

Mechanisms underlying the development of neu-
rodegeneration include hypoxia/ischemia, mitochon-
drial dysfunction, oxidative stress, and neuroinflam-
mation [3]. The interactions between microglial 
and macroglial cells (Müller cells and astrocytes) 
are  important  in the development of the inflamma-
tory  process. Glial cells play active roles in trigger-
ing and sustaining apoptosis in glaucoma [4]. Under 
physiological conditions, these cells maintain a deli-
cate balance in the retina by providing nutrients and 
structural support to neurons. Through the release 
of neurotrophic factors and the phagocytosis of 
debris, they help to isolate neural tissue damage and 
subsequently promote neuroregeneration [5]. How-
ever, when the stress stimulus in the retina becomes 
chronic, inflammation can turn detrimental. The acti-
vation of microglial cells causes to the release of pro-
inflammatory cytokines, complement components, 
and nitric oxide, contributing to inflammation [6, 7]. 
Microglial cells shorten, their bodies expand, they 
become amoeboid, mobilize, and proliferate. They 
then migrate towards the site of damaged tissue, lead-
ing to RGC loss. More than half of the RGCs in the 
entire retina are located in the macular region [8]. 
Therefore, neuroinflammation directed by microglial 
cells is observed in the inner layers of the macula, 
which consists of the inner plexiform layer, ganglion 
cell layer and RNFL, where the dendrites, soma and 
axons of RGCs are located, respectively.

In recent years, reactive microglial cells have been 
considered to be associated with hyperreflective spots 
(HRS) identified in macular sections obtained with 
optical coherence tomography (OCT) [9]. HRS are 
particularly noted in retinal diseases such as diabetic 
retinopathy and age-related macular degeneration, 
where inflammation is intense, as well as in multi-
ple sclerosis, a neurodegenerative disease affecting 

the central nervous system [10–12]. Numerous stud-
ies have reported that HRS can serve as an OCT 
biomarker for assessing the severity of inflammation 
during the disease course and treatment response.

OCT is frequently used in the diagnosis and fol-
low-up of glaucoma due to its non-invasive, repeat-
able nature and its ability to provide qualitative 
objective data. Assessment of glaucomatous dam-
age is conducted based on parameters of the optic 
nerve head (C/D ratio, cup volume, neuroretinal rim 
thickness), RNFL thickness, and ganglion cell com-
plex (GCC) thickness (RNFL, ganglion cell layer, 
and inner plexiform layer). A review of the literature 
reveals an increasing emphasis on the importance 
of neuroinflammation in glaucoma; however, only a 
limited number of studies have investigated the role 
of HRS as a potential biomarker. In an OCT-based 
study, HRS counts were significantly higher in glau-
coma patients compared to healthy controls, and 
this increase was reported to be directly correlated 
with visual field loss [13]. In an experimental animal 
study, small hyperreflective opacities at vitreoretinal 
area were proposed as indicators of early homeostatic 
disruption in glaucoma, potentially involving micro-
glia and macrophages [14].

The purpose of this study is to investigate whether 
HRS counts differ in glaucoma patients and to assess 
their potential as a novel biomarker for the monitor-
ing of glaucomatous damage characterized by RGC 
loss.

Materials and methods

Sample selection

This observational study was carried out at the Oph-
thalmology Clinic of Balıkesir University Training 
and Research Hospital between April 2024 and Sep-
tember 2024. The study was conducted in accord-
ance with the principles of the Helsinki Declaration. 
Approval was granted by  the Balıkesir University 
Health Sciences Non-Interventional Research Ethics 
Committee (No: 2024/238). Informed consent was 
obtained from all patients regarding participation in 
the study and publication of the results.

The study group consisted of 65 eyes diagnosed 
with POAG, while the control group included 65 eyes 
of 65 healthy individuals who presented for routine 
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examination. POAG was defined as having an IOP 
above 21 mm Hg, the presence of abnormal optic disc 
characteristics (focal or diffuse thinning of the neuro-
retinal rim), an open iridocorneal angle assessed indi-
rectly (ACA grading system) (van Herick III-IV), and 
the absence of any underlying conditions.

Inclusion criteria were: 30  years or older in age, 
diagnosed with POAG. The control group consisted 
of healthy individuals aged 30 and above without 
known systemic diseases and with normal findings 
in ophthalmological examination. Refractive errors 
in the participants were limited to less than ± 2 diop-
ters in cylindrical measurements and ± 4 diopters in 
spherical measurements. In glaucoma patients, the 
eye selection was based on the visual acuity, and 
the better eye was included in the study. If the visual 
acuity was equal, the image quality of the OCT scan 
was considered, and the eye with the higher SSI (a 
value  automatically  given  by device) was included. 
In the control group, the eye demonstrating a SSI on 
OCT imaging was selected for inclusion in the study.

Exclusion criteria included: History of systemic 
diseases such as diabetes mellitus, uncontrolled 
hypertension, autoimmune diseases; presence of 
accompanying retinal diseases (retinal vascular occlu-
sion, macular degeneration, etc.); history of uveitis; 
previous glaucoma or retinal surgeries; and cataract 
surgery performed within the last 12  months. To 
ensure a quality assessment, individuals with a SSI 
below 50 in OCT examinations were excluded.

Interventions

All participants underwent a comprehensive ophthal-
mological examination. This examination included 
best-corrected visual acuity measurement, IOP meas-
urement using a pneumotonometer, assessment of the 
iridocorneal angle using the van Herick method, and 
fundus examination using a 90-diopter non-contact 
slit-lamp lens.

The macula, optic nerve head (ONH), RNFL, and 
GCC were evaluated using SD-optical coherence 
tomography (RTVue XR Avanti scanner, Optovue 
Inc., Fremont, CA, USA). Macular examination was 
conducted in raster mode, obtaining 21 horizontal 
sections over a 12 × 4  mm area. The ONH exami-
nation included 12 radial scans measuring 3.4  mm 
in length and 6 concentric ring scans with a diam-
eter between 2.5 and 4 mm, with the retina pigment 

epithelium and optic nerve edge being automati-
cally detected by the software. Parameters analyzed 
included cup/disc area ratio, vertical cup/disc ratio, 
horizontal cup/disc ratio, disc area (mm2), neuro-
retinal rim area (mm2), and cup volume (mm3). The 
thickness of the peripapillary RNFL (μm) was auto-
matically calculated and analyzed separately for total 
(RNFL-Total) and sectoral (superior, RNFL-S; nasal, 
RNFL-N; inferior, RNFL-I; temporal, RNFL-T) 
measurements. The GCC scanning pattern was cen-
tered 0.75  mm temporally from the fovea, covering 
a 7 × 7 mm square grid area with 15 B-scans spaced 
0.5  mm apart. GCC thickness included the RNFL, 
ganglion cell layer (GCL), and inner plexiform layer 
(IPL). Average GCC (μm), superior GCC (μm), and 
inferior GCC (μm) thickness were measured, and 
focal loss volume (FLV%) and global loss volume 
(GLV%) were calculated using the software. Pachym-
etric measurements were conducted using SD-OCT to 
determine central corneal thickness (μm).

HRS counting

Horizontal macular OCT images obtained from all 
participants were evaluated, and the section with the 
thinnest foveal thickness was selected and transferred 
as a ‘.tiff image’ to ImageJ software (http://​imagej.​
nih.​gov/​ij/; provided in the public domain by the 
National Institutes of Health, Bethesda, MD, USA). 
A region of interest (ROI) measuring 3000 × 1500 μm 
was defined, centered on the central foveola. HRS 
were counted separately by two independent masked 
researchers within the developed ROI for each image. 
Isolated, punctiform spots measuring ≤ 30  μm, with 
moderate reflectivity and no black shading between 
them (similar to RNFL), were defined as HRS. HRS 
counting was performed between the retinal layers 
remaining between the RNFL and the outer plexiform 
layer (Fig. 1).

Statistical analysis

All statistical analyses were performed using statis-
tical software (SPSS Statistics v 27.0; IBM Corp., 
New York, NY, USA). Continuous variables were 
described as mean and standard deviation and tested 
for normality using the Kolmogorov–Smirnov test. 
Categorical variables were tested with the Chi-square 
test and reported as frequency and percentage.

http://imagej.nih.gov/ij/
http://imagej.nih.gov/ij/


	 Int Ophthalmol          (2026) 46:128   128   Page 4 of 10

Vol:. (1234567890)

Inter-rater and intra-rater reliability was evaluated 
using the intraclass correlation coefficient (ICC). A 
two-way ICC model was employed for all analyses. 
An ICC value of less than 0.50 was considered weak 
reliability, between 0.50 and 0.75 was moderate, 
between 0.75 and 0.90 was good and above 0.90 was 
considered excellent reliability.

The comparison of the number of HRS detected in 
glaucomatous and healthy individuals was performed 
using an independent-samples t-test. The p-value 
was assessed based on Levene’s test for equality of 
variances. A significance level (p) of less than 0.05 
was considered statistically significant. The cor-
relation between the presence of glaucoma and the 
number of HRS (the average of the two researchers’ 
HRS counts) and the correlation between the number 

of HRS and the ONH, RNFL thickness, and GCC 
parameters were evaluated using Spearman correla-
tion tests. A partial correlation coefficient controlling 
for age, IOP and SSI was used to evaluate the linear 
correlation between the number of HRS and OCT 
parameters. Correlation coefficients (r) were inter-
preted as follows: 0.10–0.29 as low, 0.30–0.49 as 
moderate, and 0.50–1.00 as high correlation.

Results

A total of 65 eyes from patients diagnosed with 
POAG and 65 eyes from healthy individuals met the 
inclusion criteria and were included in the study. The 
average age was 62.48 ± 19.77 in the POAG group 

Fig. 1   Processing of OCT section using Image J software. 
After selecting the horizontal macular OCT section where 
the fovea is thinnest, a rectangular area with a center point on 
the foveola, a length of 1500 µm nasally and temporally, and 

a height that included all retinal layers was determined. (top). 
HRSs were marked by two researchers within the area as green 
dots (bottom). Abbreviations: OCT: Optic coherence tomogra-
phy. HRS: Hyperreflective spots
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and 59.75 ± 6.65 for the control group, (P = 0.085). 
In the glaucoma group, the proportion of women 
was 27/65 (41.5%); in the control group, it was 
32/65 (49.2%). No significant differences were found 
between both group in terms of gender (P = 0.378). 
No significant differences were observed between the 
two groups regarding intraocular pressure and central 
corneal thickness (P = 0.61 and P = 0.43). However, 
best-corrected visual acuity was significantly lower in 
the glaucoma group (P < 0.001). The mean duration 
of follow-up for patients with POAG at the time of 
OCT imaging was 46.37 ± 52.92 months (Table 1). In 
the glaucoma group, no patient had a history of laser 
or surgical treatment. All patients were using at least 
one topical antiglaucomatous agent.

The horizontal and vertical cup-to-disc (C/D) 
ratios, neuroretinal rim area, and cup volume val-
ues showed significant differences between the two 
groups. Both C/D ratios and cup volume were found 
to be higher in the glaucoma group compared to the 
control group, while the neuroretinal rim area was 
significantly lower in individuals with glaucoma. 
No statistically significant difference was observed 
between the groups regarding optic disc area. Individ-
uals with glaucoma had significantly thinner RNFL 
measurements in all quadrants (superior, temporal, 
inferior, and nasal) as well as in total. Similarly, the 
mean GCC thickness was found to be thinner in the 
study group compared to the healthy group (Fig. 2).

Regarding the counting of HRS, the inter-rater 
reliability level was found to be excellent according 
to the two-way intraclass correlation coefficient (ICC) 
analysis (ICC = 0.927, 95% CI: 0.89 – 0.94). HRS 
was observed in all of the participants included in 
the study. The HRS count was significantly higher in 

the glaucoma group compared to the control group. 
(average value: 29.65 ± 7.68 and 11.86 ± 5.05, for 
POAG and healthy subjects, respectively; P < 0.001). 
Of the 65 patients, 42 were using topical prosta-
glandin (PG) analogs, and no significant difference 
was observed in the number of HRS between those 
who were using PG analogs and those who were not 
(p = 0.101). No significant relationship was observed 
between the duration of glaucoma and the number of 
HRS (P = 0.72).

A positive and high level correlation was found 
between the average number of HRS and the presence 
of glaucoma (r = 0.80, P < 0.001). A significant posi-
tive correlation was found between and the vertical 
and horizontal cupping diameters (r = 0.45, P < 0.001; 
r = 0.44, P < 0.001). Similarly, as cup volume 
increased, the number of HRS also increased (r = 0.34 
P < 0.001). A significant negative correlation was 
observed between the number of HRS and the neu-
roretinal rim area (r = − 0.46, P < 0.001). However, 
no significant relationship was observed between the 
number of HRS and the optic disc size (P = 0.96). A 
notable negative correlation was found between the 
average number of HRS and total RNFL thickness as 
well as mean GCC thickness (r = − 0.40, P < 0.001, 
r = − 0.41, P < 0.001) (Fig. 3). Significant relationship 
was found between loss volume and the number of 
HRS, this relationship was stronger in global loss vol-
ume (GLV) than in focal loss volume (FLV) (r = 0.41, 
P < 0.001; r = 0.32, P < 0.001; Table 2).

After adjusting for age, IOP and SSI, partial cor-
relation coefficients was calculated between the num-
ber of HRS and OCT parameters. A positive correla-
tion between the number of HRS and the vertical and 
horizontal cupping diameters was kept on. (r = 0.45, 

Table 1   Demographic and clinical characteristics of the study groups

Abbreviations: POAG: Primary open-angle glaucoma. IOP: Intraocular pressure. BCVA: Best-corrected visual acuity. logMAR: loga-
rithm of the minimum angle of resolution. CCT​: Central corneal thickness

Control (Mean ± SD) Glaucoma (Mean ± SD) P-value

Age (years) 59.75 ± 6.65 62.48 ± 19.77 0.085
Sex (Female / Male) 32 / 33 (49.2%) 27 / 38 (41.5%) 0.378
IOP (mmHg) 14.00 ± 3.46 15.20 ± 4.33 0.610
BCVA (logMAR) 0.00 ± 0.00 0.15 ± 0.35  < 0.001
CCT (µm) 537.11 ± 8.23 532 ± 37.48 0.43
Number of topical antiglaucoma agents – 2.52 ± 1.20 –
Duration of glaucoma follow-up (months) – 46.37 ± 52.92 –
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P < 0.001; r = 0.45, P < 0.001). The number of HRS 
and the neuroretinal rim area was corraleted nega-
tively (r = − 0.43, P < 0.001). Consistently, the cor-
relation between HRS number and total RNFL thick-
ness and mean GCC thickness remained negative. 
(r = − 0.39, P < 0.001; r = − 0.37, P < 0.001).

Discussion

In the present study, the mean number of HRS was 
significantly higher in individuals diagnosed with 
glaucoma compared to the healthy control group. A 
previous study by Quaranta et  al. also reported an 
increased number of HRS in patients with POAG 

compared with healthy individuals, and demonstrated 
that the presence of HRS was significantly correlated 
with visual field loss [13]. The present study focused 
on evaluating the relationship between HRS and 
structural biomarkers obtained from OCT, particu-
larly RNFL and GCC thickness. By demonstrating 
that HRS is significantly associated with both RNFL 
and GCC thinning, our results provide novel evidence 
linking HRS not only to functional impairment but 
also to structural damage in glaucoma. To the best of 
our knowledge, this is the first study to describe the 
correlation between HRS and OCT parameters that 
reflect the severity of glaucoma.

HRS was originally identified in B-scan OCT 
images of patients with age-related macular 

Fig. 2   Bar chart comparing the control and glaucoma groups 
with respect to average HRS count, neuroretinal rim area, total 
RNFL thickness, and average GCC thickness. Abbreviations: 

HRS: Hyperreflective spots. RNFL: Retina nerve fiber layer. 
GCC: Ganglion cell complex
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Fig. 3   Scatterplot f HRSs vs. RNFL thickness A and GCC thickness B. Spearman’s rank correlation test. Abbreviations: HRS: 
Hyperreflective spots. RNFL: Retina nerve fiber layer. GCC: Ganglion cell complex
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degeneration and was suggested to be caused by the 
aggregation of reactive microglia cells [15]. Various 
opinions have been raised regarding the content of 
HRS; one study proposed that they are small intrareti-
nal protein or lipid accumulations that initially pre-
cede hard exudates [16]. In another study involv-
ing eyes diagnosed with diabetic macular edema, 
the presence of HRS located in the outer retina was 
attributed to degenerated photoreceptors or mac-
rophages that phagocytized them [17]. A study ana-
lyzing the en face images of OCT angiography sug-
gested that HRS represent lipid-laden macrophages 
adhered to the vessel walls [18]. Histological exami-
nation of human donor eyes with geographic atrophy 
and acquired vitelliform lesions showed that the HRS 
visualized in SD-OCT consisted of both migrated 
retinal pigment epithelium cells and lipid-laden cells 
corresponding to active microglia [19, 20].

In the treatment of macular edema secondary to 
branch retinal vein occlusion (BRVO), dexametha-
sone significantly reduced the number of HRS com-
pared to ranibizumab, highlighting the relationship 
between HRS and inflammation [21]. In a study con-
ducted on an experimental glaucoma model in rats, 

it was shown that intravitreal injection of triamci-
nolone resulted in a decrease in the number of active 
microglial cells [22]. These results suggest an overlap 
between the number of HRS and the number of active 
microglia, indirectly proving the relationship between 
HRS and neuroinflammation.

Neurodegeneration seen in glaucoma occurs as a 
result of neuroinflammation involving glial cells and 
immune system cells in the retina and optic nerve 
head. Under physiological conditions, microglial 
cells show small somas and a branched appearance, 
but when activated, they assume an amoeboid shape 
with short, thick processes. They gain mobilization, 
antigen presentation, and phagocytosis capabilities 
[23]. Microglial functions are controlled by com-
munication between neurons, astrocytes, and Müller 
cells, and microglial activation is reversible, not lead-
ing to secondary neuronal degeneration [7]. How-
ever, if the stimulus such as increased IOP continues, 
inflammation leads to irreversible loss of RGC due 
to the release of proinflammatory cytokines such as 
IL-1, TNF alpha, complements and angiogenic fac-
tors. In an animal model, the clustering, activation, 
and migration of microglial cells were detected in 

Table 2   Comparison 
of SD-OCT parameters 
of glaucoma and control 
groups

Abbreviations: HRS: 
Hyperreflective spots. C/D: 
Cup to disk. RNFL: Retina 
nerve fiber layer. GCC​: 
Ganglion cell complex. FLV: 
Focal loss volume. GLV: 
Global loss volume

Control Glaucoma P-value

Mean SD Mean SD

HRS, Average (n) 12.05 4.89 29.65 7.68 < 0.001
C/D ratio
Area 0.25 0.15 0.52 0.22 < 0.001
Vertical 0.42 0.20 0.69 0.20 < 0.001
Horizontal 0.51 0.22 0.75 0.17 < 0.001
Neuroretinal rim area (mm2) 1.54 0.43 1.00 0.46 0.013
Optic disc area (mm2) 2.09 0.43 2.14 0.42 0.505
Cup volume (mm3) 0.12 0.18 0.33 0.29 < 0.001
Thickness of RNFL
Superior (μm) 248.04 25.25 202.53 47.73 < 0.001
Temporal (μm) 151.84 20.34 133.55 26.45 < 0.001
Inferior (μm) 253.46 25.65 206.07 50.63 < 0.001
Nasal (μm) 164.23 25.02 141.64 35.22 < 0.001
Total (μm) 817.58 72.30 683.81 139.40 < 0.001
Thickness of GCC​
Average (mm) 100.1 8.5 84.0 17.04 < 0.001
Superior (mm) 99.42 8.7 86.23 15.31 < 0.001
Inferior (mm) 100.9 8.5 84.91 15.35 < 0.001
FLV (%) 0.68 0.83 5.36 6.05 < 0.001
GLV (%) 2.02 2.22 13.09 12.44 < 0.001
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the retina and demyelinated optic nerve head several 
months before glaucomatous damage developed [24].

In a study conducted using a rat glaucoma model 
induced by episcleral vein cauterization, hyperre-
flective opacities were prominently observed at the 
vitreoretinal interface in the eye with elevated IOP. 
Histological examination showed that these opacities 
were primarily composed of clustered active micro-
glial cells. Furthermore, in the same study, retinal 
microglial cell activation was noted in the control eye, 
which underwent no intervention, though at a lower 
intensity [14]. In a mouse model of unilateral laser-
induced ocular hypertension, significantly higher 
numbers of activated microglial cells were observed 
across all retinal layers in the hypertensive eyes com-
pared to the contralateral normotensive eyes [25]. It 
was postulated that this activation might result from 
chronic retinal stress caused by increased IOP, which 
could lead to microglial activation and subsequent 
migration to the contralateral eye via the superior col-
liculus [26].

With the severity of glaucomatous damage, the 
cup/disc ratio in the OCT examination of the optic 
nerve head increases both vertically and horizon-
tally, while a proportional thinning of the neurore-
tinal rim is observed. There is a proportional rela-
tionship between the reduction in RNFL thickness 
in the peripapillary OCT analysis and the decrease 
in macular GCC thickness, reflecting RGC loss. For 
these reasons, OCT is frequently used to provide 
quantitative data for the diagnosis and progression 
monitoring of glaucoma patients [27]. In this study, 
a negative correlation was found between the C/D 
ratio and neuroretinal rim thickness with RNFL and 
GCC thickness. In our analysis, a positive correlation 
was found between the average number of HRS and 
cupping in the optic disc, while a negative correlation 
was observed with the neuroretinal rim area. As the 
number of HRS increased, the thinning of RNFL and 
GCC became significantly pronounced. These data 
indicate that the number of HRS increases with the 
progression of glaucomatous damage. This suggests 
that the number of HRS not only serves as a reliable 
neuroinflammatory marker in individuals with glau-
coma but also reflects the severity of neurodegenera-
tion in direct proportion. Consequently, the number 
of HRS emerges as an important parameter due to its 
potential to indicate visual prognosis in glaucoma and 
its utility in monitoring disease progression.

Limitations of the study include the researcher-
dependent nature of the results and the potential for 
individual variability in assessments. Establishing 
a standardized method or developing an artificial 
intelligence-assisted software could reduce the vari-
ability of measurements. Glaucoma  staging could 
not be  conducted  as  visual field test results  were 
not available for  any  patients,  and  compari-
son of HRS counts  among  different stages 
was  thus  impracticable. This was considered a 
limitation that may have weakened the power of 
the study. Prospective  studies  including  classifica-
tion  of glaucoma  based  on  visual field parameters 
and investigating the  relationship  between  HRS 
count could  strongly  increase  the significance of 
this issue. Axial elongation may result in an under-
estimation of RNFL and GCC thickness meas-
urements. In our study, the lack of sufficient data 
to adjust for axial length constitutes one of its 
limitations.

Additionally, conducting prospective studies with 
a larger sample size may enhance the reliability of the 
results and strengthen the establishment of cause-and-
effect relationships.

In conclusion, our study demonstrates that HRS 
can be considered as a novel biomarker to evaluate 
the severity of glaucoma. Prospective, randomized 
studies with a larger number of patients are needed to 
determine the prognostic value of HRS in monitoring 
glaucomatous progression.
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