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Abstract: Purpose: To compare the number of hyper-reflective retinal spots (HRS) in optical co-
herence tomography (OCT) images of healthy controls and patients affected with primary open
angle glaucoma (POAG). Methods: Thirty patients affected with POAG and 34 healthy controls
were recruited and underwent raster OCT examination of the macular region. Among the acquired
B-scans, the one with the lowest foveal thickness was selected, and a central area of 3000 µm was
defined (region of interest, ROI), in order to identify HRS. HRS were defined as small point-like
hyper-reflective elements, detectable at the visual inspection of the OCT image. HRS were indepen-
dently counted by two investigators in the ROI of each OCT scan. Results: Inter-rater agreement
for HRS counting was good to excellent (ICC = 0.96, 95% CI: 0.83–0.99). More HRS were found
in the OCT images from glaucoma patients, in comparison with healthy controls (average value:
90.5 ± 13.02 and 74.72 ± 11.35, for glaucoma and healthy subjects, respectively; p < 0.01). Significant
correlations between the average number of HRS and visual field mean deviation (MD, p = 0.01)
and pattern standard deviation (PSD, p < 0.01) were found. Conclusions: OCT images from glau-
coma patients showed a higher number of HRS when compared with healthy controls. As HRS
have been hypothesized to be a sign of neuroinflammation, these results may support the role of
neuroinflammation in glaucoma etiopathogenesis.

Keywords: glaucoma; hyper-reflective retinal spots; optical coherence tomography; visual field

1. Introduction

Glaucoma is a neurodegenerative disease consisting of a non-uniform group of ocular
disorders characterized by a number of clinical features including visual field (VF) defects,
retinal ganglion cell (RGC) death and progressive degeneration of the optic nerve. This
optic neuropathy represents a complex, multifactorial disease, in which several molecular
pathways are involved. Growing evidence suggests that the interaction of RGCs and glial
cells, including microglial cells, retinal astrocytes and Muller cells, is critically important
for the process of glaucomatous neurodegeneration [1,2]. Indeed, by exerting both neuro-
supportive and detrimental effects, glial cells play a key role in determining the RGC life
or death [3].

The environment created by various stress stimuli in the glaucomatous tissue is a major
initiator of neuroinflammatory pathways [1]. In this regard, intraocular pressure (IOP)
elevation has been described as one of the most important factors responsible for secondary
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reactions that activate microglia [4,5]. The plasticity of these cells makes them react to
any homeostatic imbalance, by changing morphology and gene expression. In an initial,
acute phase, microglial cells attempt to isolate and resolve the early neuronal damage,
by incorporating degenerated material and exerting their phagocytic action against cell
and axon debris [1]. However, chronically activated microglial cells stimulate several
other neuroinflammatory cascades, which, in turn, are associated with secondary signal
transduction pathways. These pathways increase the expression of pro-inflammatory
cytokines and inflammatory mediators, including interleukin-1α, interleukin-6 and TNF-
α, that are the hallmark of glaucoma neuroinflammation, ultimately leading to RGC
degeneration [2,6].

The presence of activated retinal microglial cells has recently been associated with the
presence of hyper-reflective spots (HRS) in macular B-scan images obtained by the means of
optical coherence tomography (OCT) [7,8]. More HRS have been demonstrated in patients
affected with ocular diseases involving the activation of neuroinflammatory cascades, such
as age-related macular degeneration (AMD), diabetic retinopathy (DR) and retinal vein
occlusion [7,9–11]. The clinical relevance of HRS is actually unknown. However, HRS
may be considered a sign of neuroinflammation of the retina. Neuroinflammation has a
relevant role in the etiopathogenesis of several ophthalmological diseases, and for this
reason, HRS might be used as an OCT biomarker indicating of the state of disease activity,
and of the efficacy of therapeutic treatments. Interestingly, Coscas et al., evaluating HRS
in patients affected by AMD, found that the increase of HRS was the first relevant sign
of disease reactivation at OCT [9]. The use of HRS as a disease biomarker would be of
particular interest in glaucoma, in which anatomical damage generally precedes functional
loss determined by VF examination. Such a biomarker could also be useful in determining
the efficacy of glaucoma treatments, reducing neuroinflammation and rate of progression
of the disease.

To the best of our knowledge, the presence and number of HRS in primary open angle
glaucoma (POAG) patients have not been investigated. Aim of this study is to compare
the number of HRS in the OCT macular B-scans of patients affected by POAG and healthy
controls.

2. Subjects and Methods

This observational study was carried out at the Ophthalmology Clinic of the IRCCS
Policlinico San Matteo Foundation and Hospital, Pavia, Italy. All participants were treated
in accordance with the ethical tenets on human research of the Declaration of Helsinki. The
approval of the local Ethics Committee was also obtained (protocol no. 20190103536). All
participants signed an informed consent form, both for their participation in the study and
for publication of the results.

2.1. Sample Population

Subjects already diagnosed with POAG were consecutively enrolled among the pa-
tients attending the Glaucoma Service of the abovementioned clinic. POAG was defined as
the presence of an ophthalmoscopically abnormal optic disc (diffuse or focal thinning of the
neuro-retinal rim), an open angle at gonioscopy (Shaffer grade III or IV), and the presence
of an abnormal VF consistent with glaucoma. Inclusion criteria were an age between
50 and 80 years, at least 3 reliable and non-progressing VF tests in the previous 2 years
(24-2 Sita Standard Program, Humphrey Visual Field Analyzer (HFA), Carl Zeiss Meditec,
Dublin, OH, USA), and an IOP between 10 and 18 mm Hg at enrollment visit (Goldmann
applanation tonometry). VF progression was assessed by means of the Guided Progression
Analysis (GPA) software package of the HFA. GPA has been validated in previous studies,
and is a simple and practical method to evaluate functional progression in patients affected
with POAG [12–14]. Patients flagged by the GPA software as “possible progression” or
“likely progression” were excluded from the study.
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Allowed hypotensive topical medications were β-blockers, α2-adrenergic agents
and carbonic anidrase inhibitors, administered as single agents or as fixed combinations.
Patients under treatment with a prostaglandin analogue were excluded, due to the known
pro-inflammatory effects of prostaglandins [15].

Controls were recruited from the healthy attendees of the outpatient service, typically
scheduled for routine ophthalmological visits. Inclusion criteria were an age between 50
and 80 years and no sign or history of ophthalmological diseases.

Exclusion criteria for both the groups of subjects affected with POAG and healthy
controls were: a diagnosis of diabetes and/or autoimmune diseases, myopia higher than
3 diopters, media opacities preventing a reliable ophthalmological and OCT examination,
cataract surgery performed within the previous 12 months, lifetime history of any other
intraocular surgery.

2.2. Interventions

All participants underwent a complete ophthalmological examination, including
best-corrected visual acuity, biomicroscopy of the anterior segment, IOP measurement
with Goldmann applanation tonometry, fundus evaluation after pupil dilation with 1%
tropicamide eye drops, and OCT analysis of the macular region with Spectralis OCT
(Heidelberg Engineering GmbH, Heidelberg, Baden-Württemberg, Germany). All OCT
scans were acquired using the Automatic Real-Time mode of Spectralis OCT, adjusted to
20 frames. To be eligible for the analysis, OCT scans had to show a quality score above
25 dB.

Spectralis OCT is a spectral domain OCT incorporating a confocal scanning laser
ophthalmoscope, capable of acquiring posterior pole B-scans with a resolution of approxi-
mately 7 µm. For study purposes, a standard volume analysis comprising of 25 equally
spaced horizontal B-scans was acquired. Among the acquired B-scans, the one with the
thinnest foveal thickness, as determined by the Spectralis OCT software, was selected and
imported into the ImageJ software as a “.tiff image” [16]. A custom Python script for ImageJ
(Supplementary Materials) was written, in order to process the image before the analysis.
The script asks the user to mark the nasal and temporal retinal pigment epithelium (RPE)
margins, in order to identify the RPE major axis and extrapolate its angle (Figure 1A). The
user is then asked to draw a line passing though the center of the fovea, according to the
prompted angle value (i.e., perpendicular to the RPE major axis, Figure 1B). Two parallel
lines are then automatically drawn 1500 um apart of the reference line, temporally and
nasally, defining a region of interest (ROI, Figure 1C, red rectangle).

2.3. HRS Counting

HRS were counted in the ROI of each processed image, after 2× image magnification,
by two independent, masked investigators. HRS were defined as isolated, punctiform
(≤30 µm), and moderately reflective (i.e., similar to the RNFL) spots with no back shadow-
ing [10]. They were counted in all the retinal layers, with the exception of the outer nuclear
layer, the EPR and the choroid.

2.4. Statistical Analysis

Unit of analysis was the eye. If both eyes were eligible, one eye was randomly chosen
for the analysis. Continuous variables were described as mean and standard deviation
(SD), and were tested for normality using a Shapiro–Wilk test. Categorical variables were
reported as frequency and percentage. A Mann–Whitney-Wilcoxon rank sum test was used
to compare population characteristics at enrollment.
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Figure 1. OCT image processing by ImageJ script (available as supplementary material); (A) 
Identification of the retinal pigment epithelium major axis; (B) A line passing through the center of 
the fovea is drawn (reference line), according to the angle suggested by the script: (C) Two lines are 
automatically superimposed, 1500 μm apart of the reference line, temporally and nasally, defining 
a region of interest (ROI); (D) Hyper-reflective retinal spots are counted by the investigator inside 
the newly defined ROI. 
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images from the first 5 enrolled subjects were used. In this last case, each investigator 
analyzed the same image 5 times, for a total of 50 measurements (25 measurements per 
investigator). A two-way ICC model was used for all the analyses. An ICC value less than 
0.5 is indicative of poor reliability, values between 0.5 and 0.75 indicate moderate 
reliability, values between 0.75 and 0.9 indicate good reliability, and values greater than 
0.90 indicate excellent reliability [17]. 

Figure 1. OCT image processing by ImageJ script (available as Supplementary Materials); (A) Identi-
fication of the retinal pigment epithelium major axis; (B) A line passing through the center of the
fovea is drawn (reference line), according to the angle suggested by the script: (C) Two lines are
automatically superimposed, 1500 µm apart of the reference line, temporally and nasally, defining a
region of interest (ROI); (D) Hyper-reflective retinal spots are counted by the investigator inside the
newly defined ROI.

The intra- and inter-rater agreement was evaluated by means of the intraclass cor-
relation coefficient (ICC). OCT scans acquired from the first 10 enrolled subjects were
used for inter-rater agreement evaluation. For intra-rater agreement assessment, OCT
images from the first 5 enrolled subjects were used. In this last case, each investigator
analyzed the same image 5 times, for a total of 50 measurements (25 measurements per
investigator). A two-way ICC model was used for all the analyses. An ICC value less than
0.5 is indicative of poor reliability, values between 0.5 and 0.75 indicate moderate reliability,
values between 0.75 and 0.9 indicate good reliability, and values greater than 0.90 indicate
excellent reliability [17].

An independent t-test or a Mann–Whitney–Wilcoxon rank sum test was used to
compare HRS numerosity in the glaucoma and control group, according to data distribution.
Comparisons were performed for each investigator and for the average counts of the two
investigators. A sample size of 28 subjects per group was calculated, in order to achieve
a 80% power to detect a difference between groups of 10 HRS, with a pooled standard
deviation of 13 and an α-error of 0.05.

IOP, age and VF mean deviation (MD) and pattern standard deviation (PSD) were
correlated to the average HRS numerosity (i.e., the average count of the two investigators)
in the entire study group. In this analysis, a Pearson correlation test was used for normally
distributed data, otherwise a Spearman’s rank correlation test was performed.

Significance level was set at 0.05. All analyses were performed using an in-house
software library based on the Python SciPy environment [18] and with JMP statistical
software, Version 14, SAS Institute Inc., Cary, NC, USA, 1989–2021.
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3. Results

Thirty-four eyes of 34 healthy controls and 30 eyes of 30 POAG patients were enrolled
(Table 1). Mean age was 64.18 ± 10.40 and 67.43 ± 13.07, for the control and the POAG
groups, respectively (p = 0.08). All enrolled subjects were Caucasian. Mean IOP for controls
and glaucoma patients was 14.56 ± 2.16 mm Hg and 15.30 ± 5.02 mm Hg, respectively
(p = 1.00).

Table 1. Study population characteristics.

Variable Controls (n = 34) Glaucoma (n = 30) p-Value #

Age (SD) 64.18 (10.40) 67.43 (13.07) 0.08
IOP (SD) 14.56 (2.16) 15.30 (5.02) 1.00
Visual field MD (dB) −0.07 (1.38) −7.09 (7.74) <0.01
Visual field PSD 1.56 (0.41) 4.98 (3.55) <0.01
Topical treatment

β-blockers–n (%) - 24 (77.4)
α2-adrenergic agents–n (%) - 15 (48.38)
Carbonic anhydrase inh.–n (%) - 14 (45.16)

SD: Standard deviation; MD: Mean deviation; PSD: Pattern standard deviation; #: Mann–Whitney–Wilcoxon rank
sum test.

Inter-rater agreement for HRS counting was good to excellent (ICC = 0.96, 95% CI:
0.83–0.99), while intra-rater agreement was good to excellent for the first investigator (ICC:
0.96, 95% CI: 0.88–0.99) and moderate to excellent for the second investigator (ICC: 0.86,
95% CI: 0.62–0.98). HRS were detected in 100% of the eyes. A greater number of HRS
were detected in the OCT images from POAG eyes, when compared with healthy controls
(p < 0.01, Table 2). These results were confirmed for each investigator and for the average
counts of the two investigators.

Table 2. HRS counts according to investigator 1 and investigator 2.

Glaucoma Controls p-Value

Investigator 1, n (SD) 90.20 (15.06) 75.79 (14.14) <0.01 *
Investigator 2, n (SD) 90.80 (13.80) 73.65 (10.83) <0.01 #

Average, n (SD) 90.50 (13.02) 74.72 (11.35) <0.01 *

SD: Standard deviation; *: Two sample independent t-test; #: Mann–Whitney–Wilcoxon rank sum test.

Significant correlations between HRS number and MD (Spearman’s rho: −0.31,
p = 0.01, Figure 2A) and between HRS number and PSD (Spearman’s rho: 0.34, p < 0.01,
Figure 2B) were found. Instead, age (Pearson r: 0.16, p = 0.19) and IOP (Spearman’s rho:
−0.04, p = 0.71) were not correlated to HRS numerosity.
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4. Discussion

In the present study, a significant greater number of HRS was found in the OCT
images from POAG eyes, when compared with healthy controls. Considering that HRS
have been referred as a marker of microglial activation [7,8], our data are consistent with
experimental evidence regarding the role of neuro-inflammation and neurodegeneration in
glaucoma [2].

HRS are a relatively new OCT finding. An increased number of HRS was first de-
scribed in OCT scans from patients affected with AMD by Coscas et al., who suggested
HRS may represent activated microglial cells [19]. In a further study, the same group of
authors found a reduction of the HRS numerosity in OCT scans from AMD patients treated
with intravitreal injections of anti-vascular endothelial growth factor (anti-VEGF), and
identified the increase of HRS as the first relevant sign of disease re-activation at OCT [9].
Vujosevic et al. analyzed a set of OCT scans from healthy controls and diabetic patients
with and without mild DR, i.e., without macular edema and intraretinal exudation [8].
Patients affected with DR had higher HRS counts than diabetic patients without ophthal-
mological signs of the disease, and these in turn had more HRS than healthy controls. As a
result, the number of HRS progressively increased according to the clinical evolution of the
disease, potentially being an expression of its pathogenesis and of neuroinflammation. HRS
have also been described in other patients with diabetic macular edema and retinal vein
occlusion [7,20]. In these cases, however, different hypotheses have been offered to explain
their presence, such as the fact that HRS may represent lipoprotein extravasation as a
precursor of hard exudates in diabetic macular edema [20], or sub-clinical leakage of blood
constituents in retinal vein occlusion [7]. Finally, HRS have been recently investigated
as a potential sign of retinal neuroinflammation after uncomplicated cataract surgery by
Pilotto et al. [21].

Although the exact nature of HRS remains unknown, the hypothesis that they may
represent, at least in some eyes, activated and aggregated microglial cells is consistent.
HRS have been described, both in the early stages of DR [8] and immediately after cataract
surgery [21], at the level of the inner retinal layers, where resting microglia is normally
resident, and where the inflammation process begins. As the disease progresses, in the case
of DR, or the time passes, after cataract surgery, HRS can also be found inside the outer reti-
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nal layers, suggesting their migration through the retinal architecture [8,21]. This behavior
mimics the migration of microglial cells from the inner to the outer retina, as previously
described in histopathological studies on neuroinflammation [22,23]. In case of retinal
injury, microglial activation causes an increase of the adhesiveness of Müller cells, that act
as an adhesive scaffold for microglia migration across the retina [23]. Interestingly, in naïve
patients affected with DR and macular edema, Ceravolo et al. recently demonstrated that
an intravitreal implant of dexamethasone 0.7 mg is more effective than monthly intravitreal
injections of ranibizumab 0.5 mg, at reducing the number of HRS in swept source OCT
images (p = 0.01) [24]. These results further support the concept that HRS may represent an
indirect sign of neuroinflammation, being more impacted by corticosteroid than anti-VEGF
treatment.

Several histopathological and animal model studies have suggested a link between
neuroinflammation and glaucoma, [2] being glial cells, and especially microglia, a key
factor in this respect [1–3]. It has been demonstrated that glaucomatous injury and IOP
elevation are capable of triggering microglia activation [23]. Activated microglia undergo
complex interactions with macroglia, comprising astrocytes and Müller cells, ultimately
bringing to cellular phenotype switch and intra-retinal migration [23]. Activated mi-
croglia shift to an ameboid cellular morphology and a predominantly pro-inflammatory
phenotype, releasing cytokines and chemokines, such as TNF-α, IL-6, and complement
components [25]. According with these data, increased levels of inflammatory mediators
have been demonstrated inside the retina and in the aqueous humor of glaucomatous
patients and in experimental models of glaucoma [26]. This environment is thought to start
and sustain the RGC degeneration process.

The finding of an increased number of HRS in the central retina of POAG patients,
when compared to controls, supports the hypothesis that HRS may represent, in these
eyes, foci of activated microglia. HRS were counted at the level of the inner retina, i.e.,
between the internal limiting membrane and the outer plexiform layer, because these
retinal strata, comprising the ganglionar cell layer and the retinal nerve fiber layer, are
the most affected in the glaucomatous disease [27]. IOP injury is primarily exerted at
this level [28], and RGC degeneration is the hallmark of the glaucomatous pathogenetic
process. Moreover, the inner retinal layers constitute the site of the initial microglia
activation [23], where HRS may also be easily found in the early stages of the disease.
Notably, all glaucoma patients enrolled in this study were on treatment with topical
hypotensive drugs. Although topical prostaglandin analogues were an exclusion criterium
for enrollment, due to their well-known pro-inflammatory characteristics [15], we cannot
exclude a direct effect of other hypotensive drugs or preservatives on the retina. Indeed,
previous studies have found a potential pro-inflammatory effect on the retina of topically
applied benzalkonium chloride, a preservative commonly used in eye-drops [29]. Moreover,
α2-adrenergic agents are known to exert a neuroprotective effect on RGCs in vitro [30,31], in
animal models of glaucoma [32,33] and potentially in human subjects affected with normal
tension glaucoma [34]. However, the aim of this pilot study was uniquely to investigate the
numerosity of HRS in patients affected with glaucoma in comparison to healthy controls,
and is underpowered to find differences among patients treated with different topical
hypotensive agents. On the other hand, the finding of a significant difference of HRS
numerosity between glaucoma patients and controls, in spite of a potential neuroprotective
agent, theoretically reducing neuroinflammation, administered to about the 48% of enrolled
POAG patients, confirm and strengthen the results of this study.

Significant correlations were found between the number of HRS and the MD and
PSD value. More specifically, the HRS number increased with the decrease of the MD
value, and with the increase of the PSD value. According to these results, more damaged
VF tests were associated with a higher number of HRS. This is an interesting finding,
suggesting a possible correlation between structure and function, with functional damage
increasing along with retinal neuroinflammation. Although this hypothesis is intriguing,
dispersion of data in our analysis does not allow us to draw definitive conclusions on the
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topic, and studies with bigger sample size are required. In the case where these results
would be confirmed, HRS may represent an in vivo biomarker of the glaucomatous disease,
disclosing several possibilities, including an early pre-functional diagnosis, the evaluation
of the state of the disease, and the evaluation of its response to different treatments.

In the present study, the number of HRS was generally higher than previously re-
ported, both in healthy controls [10] and in patients affected by other eye diseases [7–9].
This discrepancy may be due to several factors. First, various definitions of HRS have
been used in different studies [7,9,10,20], obviously affecting the identification of HRS and
their counting. Second, the area in which HRS should be searched has not been uniquely
defined, varying from study to study [9,10,21]. In the present investigation, a script was
developed to define a ROI, equally spaced around the fovea and comprising 3000 µm of
central retina, where HRS were counted. This area is generally wider than the ones used in
the previous studies [8,10]. The script is attached as Supplementary Materials, and can be
easily used by other authors in further studies. Third, other methodological differences,
such as searching for HRS prevalently next to pathological lesions [7,9,20], or with/without
retinal image magnification [10], may be sources of additional counting variability.

The study has certain limitations. Indeed, the ability of different OCT instruments
to detect HRS may vary, and the present results might not apply to all commercially
available OCT platforms. Moreover, even if counting HRS within a given OCT scan
is straightforward, rater variability may obviously affect the results. Future technical
developments in OCT imaging may allow for the automatic determination of HRS counts.

5. Conclusions

HRS evaluation in macular OCT B-scans seems to be a promising field of research in
glaucoma, and could lead to a novel OCT biomarker of inflammatory processes occurring
in glaucoma patients. Further studies are needed, with larger sample sizes, in order to
confirm present results and explore their potential clinical implications.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jcm10204668/s1. OCT HRS Python script for ImageJ—A python script for ImageJ Fiji for
Mac (version 2.0/1.53c) to define a standardized region of interest in the OCT macular B-scan image,
measuring 3000 µm and centered on the fovea.

Author Contributions: Conceptualization, L.Q., C.B. and I.R.; data curation, C.B., G.D.A., S.M., A.A.
and I.R.; formal analysis, C.B., G.D.A. and I.R.; funding acquisition, L.Q.; investigation, C.B. and
I.R.; methodology, C.B., G.D.A. and I.R.; project administration, L.Q.; resources, L.Q.; software, I.R.;
supervision, L.Q. and I.R.; validation, L.Q.; writing—original draft, L.Q., C.B., G.D.A., A.K., F.O.
and I.R.; writing—review and editing, L.Q., C.B., A.K., C.C., F.O. and I.R. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the local Ethics Committee of Policlinico San Matteo
Foundation and Hospital (protocol code n. 20190103536).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to team decision.

Acknowledgments: The contribution of the Fondazione Bietti in this study was supported by
Ministry of Health and Fondazione Roma, Italy.

Conflicts of Interest: Luciano Quaranta: Fee/Honoraria from Allergan, Bausch & Lomb, Novartis,
Thea, Santen, Visufarma; Consultancy for Fidia-Sooft, Visufarma; Travel/Research grant from Aller-
gan, Bausch&Lomb, Omikron, Novartis, Santen, SIFI. Andreas Katsanos: Honoraria and congress
expenses from Santen, Vianex, Zwitter; Research grant from Laboratoires Théa. Francesco Oddone:
Consultancy for Allergan, Santen, Centervue, Sooft; Grants from: Allergan, Omikron, Santen; Speaker
for Allergan, Santen, Centervue, Sooft, Novartis, Theà. Ivano Riva: Honoraria and congress expenses

https://www.mdpi.com/article/10.3390/jcm10204668/s1
https://www.mdpi.com/article/10.3390/jcm10204668/s1


J. Clin. Med. 2021, 10, 4668 9 of 10

from Allergan, Santen, Visufarma, SIFI. Carlo Bruttini, Giovanni De Angelis, Silvia Montescani,
Alberto Ardizzone and Carmela Carnevale declare that they have no conflict of interest.

References
1. Tezel, G. The Role of Glia, Mitochondria, and the Immune System in Glaucoma. Investig. Opthalmol. Vis. Sci. 2009, 50, 1001–1012.

[CrossRef]
2. Quaranta, L.; Bruttini, C.; Micheletti, E.; Konstas, A.G.; Michelessi, M.; Oddone, F.; Katsanos, A.; Sbardella, D.; De Angelis, G.;

Riva, I. Glaucoma and neuroinflammation: An overview. Surv. Ophthalmol. 2021, 66, 693–713. [CrossRef]
3. Wax, M.B.; Tezel, G. Neurobiology of Glaucomatous Optic Neuropathy: Diverse Cellular Events in Neurodegeneration and

Neuroprotection. Mol. Neurobiol. 2002, 26, 45–56. [CrossRef]
4. Zeng, H.-Y.; Green, W.R.; Tso, M.O.M. Microglial Activation in Human Diabetic Retinopathy. Arch. Ophthalmol. 2008, 126, 227–232.

[CrossRef] [PubMed]
5. Madeira, M.H.; Boia, R.; Santos, P.; Ambrósio, A.F.; Santiago, A.R. Contribution of Microglia-Mediated Neuroinflammation to

Retinal Degenerative Diseases. Mediat. Inflamm. 2015, 2015, 1–15. [CrossRef] [PubMed]
6. Yan, X.; Tezel, G.; Wax, M.B.; Edward, D.P. Matrix Metalloproteinases and Tumor Necrosis Factor α in Glaucomatous Optic Nerve

Head. Arch. Ophthalmol. 2000, 118, 666–673. [CrossRef] [PubMed]
7. Ogino, K.; Murakami, T.; Tsujikawa, A.; Miyamoto, K.; Sakamoto, A.; Ota, M.; Yoshimura, N. Characteristics of optical coherence

tomographic hyperreflective foci in retinal vein occlusion. Retin. 2012, 32, 77–85. [CrossRef]
8. Vujosevic, S.; Bini, S.; Midena, G.; Berton, M.; Pilotto, E.; Midena, E. Hyperreflective Intraretinal Spots in Diabetics without

and with Nonproliferative Diabetic Retinopathy: AnIn VivoStudy Using Spectral Domain OCT. J. Diabetes Res. 2013, 2013, 1–5.
[CrossRef] [PubMed]

9. Coscas, G.; De Benedetto, U.; Coscas, F.; Calzi, C.I.L.; Vismara, S.; Roudot-Thoraval, F.; Bandello, F.; Souied, E. Hyperreflective
Dots: A New Spectral-Domain Optical Coherence Tomography Entity for Follow-Up and Prognosis in Exudative Age-Related
Macular Degeneration. Ophthalmologica 2013, 229, 32–37. [CrossRef]

10. Vujosevic, S.; Bini, S.; Torresin, T.; Berton, M.; Midena, G.; Parrozzani, R.; Martini, F.; Pucci, P.; Daniele, A.R.; Cavarzeran, F.; et al.
Hyperreflective retinal spots in normal and diabetic eyes. Retina 2017, 37, 1092–1103. [CrossRef]

11. Frizziero, L.; Parrozzani, R.; Midena, G.; Miglionico, G.; Vujosevic, S.; Pilotto, E.; Midena, E. Hyperreflective intraretinal spots in
radiation macular edema on spectral domain optical coherence tomography. Retina 2016, 36, 1664–1669. [CrossRef] [PubMed]

12. Aptel, F.; Aryal-Charles, N.; Giraud, J.-M.; El Chehab, H.; Delbarre, M.; Chiquet, C.; Romanet, J.-P.; Renard, J.-P. Progression
of visual field in patients with primary open-angle glaucoma—ProgF study 1. Acta Ophthalmol. 2015, 93, 615–620. [CrossRef]
[PubMed]

13. Artes, P.H.; O’Leary, N.; Nicolela, M.T.; Chauhan, B.C.; Crabb, D.P. Visual Field Progression in Glaucoma: What is the specificity
of the Guided Progression Analysis? Ophthalmology 2014, 121, 2023–2027. [CrossRef] [PubMed]

14. Iester, M.; Capris, E.; De Feo, F.; Polvicino, M.; Brusini, P.; Capris, P.; Corallo, G.; Figus, M.; Fogagnolo, P.; Frezzotti, P.; et al.
Agreement to detect glaucomatous visual field progression by using three different methods: A multicentre study. Br. J.
Ophthalmol. 2011, 95, 1276–1283. [CrossRef]

15. Doucette, L.; Walter, M.A. Prostaglandins in the eye: Function, expression, and roles in glaucoma. Ophthalmic Genet. 2016, 38,
108–116. [CrossRef]

16. Schneider, C.A.; Rasband, W.S.; Eliceiri, K.W. NIH Image to ImageJ: 25 years of image analysis. Nat. Methods 2012, 9, 671–675.
[CrossRef] [PubMed]

17. Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155–163. [CrossRef]

18. Virtanen, P.; Gommers, R.; Oliphant, T.E.; Haberland, M.; Reddy, T.; Cournapeau, D.; Burovski, E.; Peterson, P.; Weckesser, W.;
Bright, J.; et al. SciPy 1.0: Fundamental algorithms for scientific computing in Python. Nat. Methods 2020, 17, 261–272. [CrossRef]

19. Coscas, G.; Coscas, F.; Vismara, S.; Zourdani, A.; Li Calzi, C. Clinical features and natural history of AMD on OCT. In Optical
coherence Tomography in Age-Related Macular Degeneration: OCT in AMD; Coscas, G., Ed.; Springer: Heidelberg, Germany, 2009;
pp. 195–274.

20. Bolz, M.; Schmidt-Erfurth, U.; Deak, G.; Mylonas, G.; Kriechbaum, K.; Scholda, C.; Diabetic Retinopathy Research Group.
Optical Coherence Tomographic Hyperreflective Foci: A Morphologic Sign of Lipid Extravasation in Diabetic Macular Edema.
Ophthalmology 2009, 116, 914–920. [CrossRef]

21. Pilotto, E.; Leonardi, F.; Stefanon, G.; Longhin, E.; Torresin, T.; Deganello, D.; Cavarzeran, F.; Miglionico, G.; Parrozzani, R.;
Midena, E. Early retinal and choroidal OCT and OCT angiography signs of inflammation after uncomplicated cataract surgery.
Br. J. Ophthalmol. 2019, 103, 1001–1007. [CrossRef] [PubMed]

22. Bosco, A.; Romero, C.O.; Breen, K.T.; Chagovetz, A.A.; Steele, M.R.; Ambati, B.K.; Vetter, M.L. Neurodegeneration severity can be
predicted from early microglia alterations monitored in vivo in a mouse model of chronic glaucoma. Dis. Model. Mech. 2015, 8,
443–455. [CrossRef] [PubMed]

23. Wang, M.; Ma, W.; Zhao, L.; Fariss, R.N.; Wong, W.T. Adaptive Müller cell responses to microglial activation mediate neuropro-
tection and coordinate inflammation in the retina. J. Neuroinflamm. 2011, 8, 173. [CrossRef]

http://doi.org/10.1167/iovs.08-2717
http://doi.org/10.1016/j.survophthal.2021.02.003
http://doi.org/10.1385/MN:26:1:045
http://doi.org/10.1001/archophthalmol.2007.65
http://www.ncbi.nlm.nih.gov/pubmed/18268214
http://doi.org/10.1155/2015/673090
http://www.ncbi.nlm.nih.gov/pubmed/25873768
http://doi.org/10.1001/archopht.118.5.666
http://www.ncbi.nlm.nih.gov/pubmed/10815159
http://doi.org/10.1097/IAE.0b013e318217ffc7
http://doi.org/10.1155/2013/491835
http://www.ncbi.nlm.nih.gov/pubmed/24386645
http://doi.org/10.1159/000342159
http://doi.org/10.1097/IAE.0000000000001304
http://doi.org/10.1097/IAE.0000000000000986
http://www.ncbi.nlm.nih.gov/pubmed/26960014
http://doi.org/10.1111/aos.12788
http://www.ncbi.nlm.nih.gov/pubmed/26095771
http://doi.org/10.1016/j.ophtha.2014.04.015
http://www.ncbi.nlm.nih.gov/pubmed/24878173
http://doi.org/10.1136/bjo.2010.189456
http://doi.org/10.3109/13816810.2016.1164193
http://doi.org/10.1038/nmeth.2089
http://www.ncbi.nlm.nih.gov/pubmed/22930834
http://doi.org/10.1016/j.jcm.2016.02.012
http://doi.org/10.1038/s41592-019-0686-2
http://doi.org/10.1016/j.ophtha.2008.12.039
http://doi.org/10.1136/bjophthalmol-2018-312461
http://www.ncbi.nlm.nih.gov/pubmed/30127073
http://doi.org/10.1242/dmm.018788
http://www.ncbi.nlm.nih.gov/pubmed/25755083
http://doi.org/10.1186/1742-2094-8-173


J. Clin. Med. 2021, 10, 4668 10 of 10

24. Ceravolo, I.; Oliverio, G.W.; Alibrandi, A.; Bhatti, A.; Trombetta, L.; Rejdak, R.; Toro, M.D.; Trombetta, C.J. The Application of
Structural Retinal Biomarkers to Evaluate the Effect of Intravitreal Ranibizumab and Dexamethasone Intravitreal Implant on
Treatment of Diabetic Macular Edema. Diagnostics 2020, 10, 413. [CrossRef] [PubMed]

25. Ebneter, A.; Casson, R.J.; Wood, J.P.M.; Chidlow, G. Microglial Activation in the Visual Pathway in Experimental Glaucoma:
Spatiotemporal Characterization and Correlation with Axonal Injury. Investig. Opthalmology Vis. Sci. 2010, 51, 6448–6460.
[CrossRef] [PubMed]

26. Balaiya, S.; Edwards, J.; Tillis, T.; Khetpal, V.; Chalam, K. Tumor necrosis factor-alpha (TNF-α) levels in aqueous humor of primary
open angle glaucoma. Clin. Ophthalmol. 2011, 5, 553–556. [CrossRef]

27. Na, J.H.; Sung, K.R.; Baek, S.; Sun, J.H.; Lee, Y. Macular and Retinal Nerve Fiber Layer Thickness: Which Is More Helpful in the
Diagnosis of Glaucoma? Investig. Opthalmol. Vis. Sci. 2011, 52, 8094–8101. [CrossRef]

28. Weber, A.J.; Harman, C.D.; Viswanathan, S. Effects of optic nerve injury, glaucoma, and neuroprotection on the survival, structure,
and function of ganglion cells in the mammalian retina. J. Physiol. 2008, 586, 4393–4400. [CrossRef]

29. Brignole-Baudouin, F.; Desbenoit, N.; Hamm, G.; Liang, H.; Both, J.-P.; Brunelle, A.; Fournier, I.; Guerineau, V.; Legouffe, R.;
Stauber, J.; et al. A New Safety Concern for Glaucoma Treatment Demonstrated by Mass Spectrometry Imaging of Benzalkonium
Chloride Distribution in the Eye, an Experimental Study in Rabbits. PLOS ONE 2012, 7, e50180. [CrossRef]

30. Cheung, W.; Guo, L.; Cordeiro, M.F. Neuroprotection in Glaucoma: Drug-Based Approaches. Optom. Vis. Sci. 2008, 85, E406–E416.
[CrossRef]

31. Dong, C.-J.; Guo, Y.; Agey, P.; Wheeler, L.; Hare, W.A. α2 Adrenergic Modulation of NMDA Receptor Function as a Major
Mechanism of RGC Protection in Experimental Glaucoma and Retinal Excitotoxicity. Investig. Opthalmol. Vis. Sci. 2008, 49,
4515–4522. [CrossRef]

32. Conti, F.; Romano, G.L.; Eandi, C.M.; Toro, M.D.; Rejdak, R.; Di Benedetto, G.; Lazzara, F.; Bernardini, R.; Drago, F.; Cantarella, G.;
et al. Brimonidine is Neuroprotective in Animal Paradigm of Retinal Ganglion Cell Damage. Front. Pharmacol. 2021, 12, 705405.
[CrossRef]

33. Lambert, W.S.; Ruiz, L.; Crish, S.D.; A Wheeler, L.; Calkins, D.J. Brimonidine prevents axonal and somatic degeneration of retinal
ganglion cell neurons. Mol. Neurodegener. 2011, 6, 4. [CrossRef] [PubMed]

34. Krupin, T.; Liebmann, J.M.; Greenfield, D.S.; Ritch, R.; Gardiner, S. A Randomized Trial of Brimonidine Versus Timolol in
Preserving Visual Function: Results from the Low-pressure Glaucoma Treatment Study. Am. J. Ophthalmol. 2011, 151, 671–681.
[CrossRef]

http://doi.org/10.3390/diagnostics10060413
http://www.ncbi.nlm.nih.gov/pubmed/32560526
http://doi.org/10.1167/iovs.10-5284
http://www.ncbi.nlm.nih.gov/pubmed/20688732
http://doi.org/10.2147/OPTH.S19453
http://doi.org/10.1167/iovs.11-7833
http://doi.org/10.1113/jphysiol.2008.156729
http://doi.org/10.1371/journal.pone.0050180
http://doi.org/10.1097/OPX.0b013e31817841e5
http://doi.org/10.1167/iovs.08-2078
http://doi.org/10.3389/fphar.2021.705405
http://doi.org/10.1186/1750-1326-6-4
http://www.ncbi.nlm.nih.gov/pubmed/21232114
http://doi.org/10.1016/j.ajo.2010.09.026

	Introduction 
	Subjects and Methods 
	Sample Population 
	Interventions 
	HRS Counting 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

