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Summary statement: The hyperreflective ganglion cell layer band 'is &@CT finding
characterizing approximately a quarter of retinfigmentosa eyes and/is associated with a poorer

visual function.

ABSTRACT
Purpose To describe a sign that takes the form of a omwatis hyperreflective band within the
thickness of the ganglion cell layer (GCL), thudbbled the “hyperreflective ganglion cell layer

band” (HGB), which we detected in a fraction ofipats affected by retinitis pigmentosa (RP).

Methods: Retrospective, cross-sectional, observational stu@ptical coherence tomography
(OCT) images of RP patients examined between Mdyb 2hd June 2021 were retrospectively
reviewed for the presence of HGB, epiretinal memér@ERM), macular hole and cystoid macular
edema (CME). The ellipsoid zone (EZ) width was ateeasured. A subgroup of patients

underwent microperimetry in the central 2°,4° afé. 1

Results One hundred forty-four eyes from 77 subjects wieauded in the study. HGB was
present in 39 (25.3%) RP eyes. Mean best-correcimehl acuity (BCVA) was 0.39 = 0.05
logMAR (approximately 20/50 Snellen equivalent) &nil8 + 0.03 logMAR (approximately 20/32
Snellen equivalent) in eyes with and without HG&pectively (p < 0.001). The two groups did not
differ with regard to EZ width, mean 2°, 4° and I@tinal sensitivity, and prevalence of CME,

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istgbited. 2
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ERM and macular hole. The multivariable analysisvgtd the presence of HGB to be a predictor

of poorer BCVA (p<0.001).

Conclusions HGB is an OCT finding detectable in approximatalyguarter of RP eyes and is
associated with a poorer visual function. In thescdssion, we speculate about possible

morphogenetic scenarios to explain this observation

INTRODUCTION

Retinitis pigmentosa (RP) is a group of inheritetinal dystrophies characterized by progressive
rod-cone photoreceptor degeneration, resultingsion loss' Following the degenerative changes
in the photoreceptors, various secondary changes ac the retina, including Mdiller cell gliosis
and migration of retinal pigmented epithelium (RR@&yard the inner retinaHowever, even after
photoreceptor degeneration, the inner retinal ly®aay be spared to a certain extent. These
preserved structures undergo retinal remodeliripvied by transneuronal degeneration over their
natural history ™ The rarity of the disease makes it difficult totaib histological samples and
there are therefore few histological studies of Anmetinas:®> On the other hand, modern optical
coherence tomography (OCT) has proved an invaluablefor detecting such retinal changes and
monitoring disease progression, enabling non-imeadiigh resolutiomn vivo retinal imaging to be

performed>®

Thanks to this technique, changes in retinal mtanoture involving the thinning of the retinal

layers, first in the outer retina and then in theeir, can be viewetlAt the same time, the thickness
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of the ganglion cell layer (GCL), inner plexiforrayker (IPL) and retinal nerve fiber layer (RNFL)
remains unchanged or even increases in the estdiges:®> It is important to acquire information
regarding the time frame of retinal degeneration #éime status of the ganglion cells (GCs)
themselves, as these elements will likely influetiee success of emerging treatments, especially

optogenetic therapy®*?

In the present study, we identified a sign in &ticm of RP patients we termed “hyperreflective
GCL band” (HGB). This sign consists of a continubyperreflective band within the thickness of
the GCL, as detected by spectral-domain (SD) OQGils Ted us to speculate on possible structural

alterations underlying HGB and their clinical impac

METHODS

This was a retrospective, cross-sectional, obsenatstudy. We identified RP patients followed at
the Heredodystrophy Unit of the Ophthalmology Dépant of IRCCS San Raffaele Hospital from
May 2015 to June 2021. We ensured they satisfiednitiusion criteria, and collected clinical and
OCT data from their first available visit. We inded RP patients with at least a radial and a raster
image for both eyes. Exclusion criteria were: atheoocular disorder, poor quality images due to
high media opacity or extensive vitreous floatard/ar the presence of RPE atrophy in the macular

region, in at least one eye.

Structural OCT images were acquired with a SpesttdRA+OCT (Heidelberg Engineering,
Heidelberg, Germany). The standard acquisitiongmatconsisted of at least a radial pattern of six
B-scans, with a 30° angle and a high number of &a(ART>25), and a raster pattern of nineteen
20° angle B-scans (ART > 9) spaced 234 um apart-8&rected visual acuity (BCVA) was

collected using a standard ETDRS chatrt.

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istpbited. 4
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OCT images were reviewed for the presence of H@Hned as a continuous hyperreflective band
within the thickness of the GCL, with no sign of aoshadow effect produced by retinal vesséls.
This feature was most clearly observable in thafpaeal region, where the GCL is physiologically
thicker than in the rest of the retitfaA few small gaps in the hyperreflective band wadtewed, as
long as the HGB continuity was clearly maintain€jgres 1 and 2). Each image was carefully
reviewed for the presence of HGB by two masked ggadA.A. and L.B.). In cases of
disagreement, a third grader (A.B.) was consultadi lds conclusions were used for the analyses.
RP patients were compared with an age-, genderredrattion-matched healthy control group and

reviewed for the presence of HGB.

OCT scans were also reviewed for the presence rmivmmn RP comorbidities, such as epiretinal
membrane (ERM), macular hole and cystoid maculamed(CME). ERM was defined on OCT as
irregular, hyperreflective lines above the inndim@ surface, often causing retinal wrinkling with
hyporeflective spaces between the ERM and theriatdimiting membrané® Ectopic inner foveal
layers (EIFL), which could present on OCT as hygikective band crossing the foveal region and
originating from the inner nuclear layer extendirgn the inner nuclear layer (INL) and IPL, were
identified and distinguished from HGB. Cystoid macular edema (CME) was defined as

hyporeflective cystic.spaces ontwo or more coneemacular raster scafis.

Lastly, we measured ellipsoid zone (EZ) width omizemtal and vertical radial scans. Values
ranged from the total scan length (when EZ widtbeexied the total length of the OCT scan) to a

minimum value of 0 um (when EZ was not distinguidba

When available, retinal sensitivity (RS) measuretmabtained in mesopic conditions with the
Macular Integrity Assessment (MAIA) microperimet@enterVue, Padua, Italy) were collected.
The grid selected for the study had 68 Goldmarsidéd stimuli spaced 2° apart and set 10° from
the fixation point. The patient was asked to fixat&°® diameter red ring against a background of
1.27 cd/m2 (4 asb), while achromatic stimuli weresgnted using a 4-2 full threshold projection

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istgbited. 5
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scheme. The intensity of the light projected ranfyech 1 to 0.25 asb, equivalent to 0 and 36 dB.
Patients underwent 15-minutes of dark adaptatiehpupil dilation with 1% Tropicamide prior to

the examination. Each eye was tested separatalgdiyding the fellow eye. We recorded mean RS
values of the central 4, 12 and 68 points, apprateéty corresponding to the central 2°, 4° and 10°,
respectively. Tests exceeding 30% of fixation lsssad eyes with an undetectable EZ were

excluded.

Disease-causing mutations were identified from gaatent’'s medical history, and their relative
frequencies were recorded. Whenever a causalgeié not be identified, we labeled the case as

"unsolved".

Statistical analysis

Analyses were performed using SPSS Statistics 28;(Armonk, NY). All descriptive data were
expressed as mean * standard deviation (SD) fotintmus variables and as frequency and
percentages for categorical ones. Continuous Mariaibrmality was assessed using the
Kolmogorov-Smirnov test. Age and sex were compaedd/een patients without HGB and subjects
exhibiting HGB in at least one eye. Age was comghangth the two-sample Student’s t-test.
Frequencies among groups were compared with thequldre test. A generalized linear mixed-
effect regression model was adopted for BCVA, R& BA width comparison to account for inter-
eye correlations, and the HGB variable was seleaseiiked effect. For the same reason, we used a
two-level mixed-effect linear model to investigdtee relationship between BCVA (dependent
variable) and the presence of HGB, CME, ERM, machlale, EZ widths, and age (predictor
variables, level 1) nested within patients (levelRredictors significantly associated with BCVA in
univariable analysis were included in the multighte regression model. The effect on the outcome
of one unit change in the predictor variable wagsoreed as beta coefficienf)( 95% confidence

intervals, and p-value.

CUNYHYNIL Y VY WUNHIUTANTIU CUTTTTTUTTTVUUUTID DUVICLR TUTHTUAUL IVITIZCU TUNTUVUULLUULTT VT U D UTLULVIC TOIUJILCU. 0



1871ZIMNZ[DBPXZOBBAROATIAEIDPIHSALLIAIPOOAEIEAHION/AD AUMY TXOMADY

OINXYOHISABZIY I +erNIOITWNOTZTARYNHAISHAQUG A [euinofeunal/wod mm| sfeulnol//:diny wolj papeojumoq

€¢0¢/ET/90 uo

Inter-observer agreement for the presence of HGB deermined with Cohen’s kappa statistic.
Kappa results were interpreted as either weak {0.89), moderate (0.60-0.79), strong (0.80-0.90),
or almost perfect (>0.90f. We also calculated the estimated prevalence ofHB&® with its

corresponding 95% confidence interval (Cl). Alltsewere two-sided, and the level of significance

was set at p < 0.05.

RESULTS

One hundred eighty-two eyes from 91 patients wersicered for the study. Fourteen patients
were excluded because one presented with a chbnogtevascularization, 4 patients had RPE
atrophy, and 9 patients had poor quality imagestduaedia opacities. In the end, 144 eyes from
77 subjects were included in the study. Forty-tt.5%) subjects were female. The control group
consisted of 74 eyes of 37 sex-, age- and refractiatched healthy subjects. The patients’

demographics are summarized in Table 1.

HGB appeared on OCT B-scans as a hyperreflectind mathe GCL, without posterior shadowing
effect, and was most recognizable in the paraforegibn. In RP patients, HGB was present in 39
(25.3%) eyes and absent in 115 (74.7%) eyes (Figurevhile it was absent in all (0%) healthy
controls. A strong intergrader agreement with goeagoefficient of 0.83 (p < 0.001) was reached in
the RP group, and it was a perfect 0.00 (p < 0.@01)e control group. More specifically, 6 (3.9%)
cases required the appraisal of the third gradbn wonfirmed the presence of the HGB in 5 of

those.

The estimated prevalence of HGB in RP was 25.3%86(€I: 18.7-33.0; p < 0.001). HGB was

bilateral in 18 (23.4%) patients, unilateral in339%6) patients, and absent in 56 (72.7%) subjects.

Mean BCVA was 0.39 = 0.05 logMAR (approximately msponding to 20/50 Snellen equivalent;

95% CI: 0.3-0.49), and 0.18 = 0.03 logMAR (approately corresponding to 20/32 Snellen

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istpbited. 7
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equivalent; 95% CI: 0.12-0.23) in eyes with andhaiit HGB, respectively (p < 0.001). The mean
age of onset of RP, based on the visual symptopwtexl, was 23.59 + 15.27 and 30.79 = 14.0

(not reaching statistical significance), in patgedisplaying and not displaying HGB, respectively.

Twenty-seven patients underwent microperimetryeetof whom were excluded because unable to
complete the test. RS values were recorded foryé8 &om 24 patients. The two groups did not
differ in terms of mean 2°, 4° and 10° RS (p = 0,50.364, 0.531, respectively). Moreover,

horizontal and vertical EZ width (p = 0.359 andah3respectively), and the prevalence of CME,

ERM and macular holes also proved to be compafdialele 1).

In the univariable regression model, the predictogsificantly associated with BCVA were HGB,
EZ widths, and age, while in the multivariable ndxmodel only the presence of HGB had a
significant impact on BCVA: patients showing thisature had a worse BCVA (0.39 + 0.05
logMAR, approximately 20/50 Snellen equivalent)rtithose without (0.18 = 0.03; p<0.001). All

data are reported in Table 2.

All patients underwent genetic testing, but a chgsae could not be identified in 21 (27.3%) of
cases. The relative frequencies of each diseasercpmutation are reported in Supplementary

Table S1,_http://linksdww.com/IAE/B968. The mosinemon pathogenetic variant was USH2A,

present in 25 (44.6%) out of 56 patients. Howewerclear correlation was found between HGB
presence and genetic characterization. The presaleh HGB in relation to the causal gene is

reported in. Supplementary Table S2, http://linke.leom/IAE/B968.

DISCUSSION

The inner layers of the human retina contain nuoeercell types other than GCs, including
amacrine cells (ACs), astroglial cells, and Multsll bodies, as well as including most of the

superficial vascular plexus (SVP)'® Notably, astrocytes are mostly confined to thevadiber

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istpbited. 8
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layer and GCL, and can be subdivided accordingh&r tmorphology into stellate, bipolar and
perivascular astrocytes, with the last of theseosuding the blood vessels of the SCP in the

GCL1®

Histological studies of the retinas of RP patiemése revealed a substantial preservation of the
GCL until the later stages of the disease, whelipviing photoreceptor death, the transneuronal
degeneration causes a severe reduction of the*&0s.OCT, only changes happening in the later
stages of the disease were observed, such as ranthiof the inner retinal layers, with direct

consequences for BCVA and retinal sensitidity2°

In this study, we describe the HGB as a new featfithke GCL, found by OCT in approximately a
quarter of the patients affected by RP. We defirs ia continuous hyperreflective band that ig/full
enclosed in the GCL, bilaterally in almost all cgd@ecoming more frequent in females. Neither EZ
width nor the prevalence of comorbidities  differedtween patients with and without HGB.
Moreover, our data indicate that the presence oBH@G structural OCT is an independent visual

function indicator in patients affected by RP.

Previous studies have identified processes ofaktemodeling in the inner retina that involve both
cells of the GCL and the retinal microvasculatuRPE cell migration toward the vessels of the
inner retina, which is the histological correlatetloe “bone spicules” in RP, is one of the most
typical and best described featufés-urthermore, a thick layer of extracellular mat(&CM),
whose composition closely resembles Bruch’s menghramrrounds retinal capillaries and venules
in"RP%* Another important retinal remodeling process in ddRsists of astrocytes and Miller cell

gliosis?

Studies on rat RP models found that astrocyte gease which are closely associated with retinal
vessels of the SCP, are hypertropfiidn RP retinas, Miiller cells undergo reactive sjoas well.
This process, together with an increased expressiagrowth factors and other changes in the

retinal homeostasis in RP, is thought to be theseau the neurite sprouting from rods to the inner
Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istgbited. 9
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retinal layers>%* Even though neurite sprouting from rods has nenbebserved in the macula of

these patients, there is evidence that other ys#ist behave similarly in RP. A study by Farisslet a
found that both amacrine and horizontal cells sprawrites associated with the surface of gliotic
Miller cells toward the inner layers in human REnas?> We hypothesize that neurite sprouting
from cells of the inner retina, astrocyte gliosasid/or microvascular changes of the superficial

capillary plexus (SCP) may contribute to the depalent of HGB visible with OCT in RP patients.

Nevertheless, it is hard to explain why HGB shoafgpear in just a fraction of RP patients.
Notably, RP development in animal models showsoit®irrence of different patterns of reactive
gliosis and GCL involvement, depending upon thénpgénic factors implicated. (i) In the RP rat
model with the P23H opsin mutation (P23H rat), ¢hisra spontaneous development of a moderate
reactive gliosis of the astrocyte-type in the G@hijch is peaking at 18 months of &3dii) In this
very same rat model, the onset of RP and relatexsiglcan be dramatically accelerated by
intravitreal administration of ATP; notably, theaglis induced by ATP is peaking at six months of
age, and it is characterized by a massive protitaraf astrocytes in the GCL in comparison with
untreated P23H rats of the same #qjEhe pathogenetic action of ATP is not fully undees!, but
there is a general consensus that its neurotoxigxerted through purinergic receptors, mainly
P2X7R?" which is expressed in several components of ttieatdayers, including photoreceptor
cells (as initially observed), retinal ganglion Isglamacrine and horizontal cells, microglia and
Miiller glial cells, astrocytes and pericytes aslvesl RPE cell$®?° A large body of evidence
suggests the involvement of P2X7R in neurodegeerdiseases, including Alzheimer disedse.
The stimulation of P2X7R causes a release of pitarmmatory cytokines and ROS by microglia
and macrophages, contributing to neuroinflammatfoa, factor tightly related to the onset and
progression of RP* Strikingly, expression of P2X7R and P2X4R (anotperinergic receptor
involved in neurodegeneratidf)are upregulated in a different rodent model of R rd10
mouse™ (iii) In the P23H rat model, the onset of RP amthted gliosis can also be dramatically

accelerated by eliciting a mild chronic inflammatiothrough systemic injection of
Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istgbited. 10
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lipopolysaccharides (LS); remarkably, the gliogsiduced by LS is mainly of the Muller cell-type,
and affects several retinal layers with a mild kkiting of the GCLI*®> LPS possibly act through an
entirely different pathogenic pathway, i.e. miciablactivation through Toll-like receptor 4
(TLR4), which triggers the production and releade poo-inflammatory cytokines, such as
interleukin (IL)-18, IL-6, and Tumor necrosis factor alpha (TMF-by the Mitogen-activated

protein kinase (MAPK) and Nuclear factor kappa l{BtB-kB) routes®

Based on (i) the three patterns of GCL reactivesigi described above, (ii) the continuous aspect of
HGB, with minor interruptions (often represented tognsversally sectioned vessels casting a
shadowing effect), and (iii) the observed increasastrocyte density from the peripheral to the
central region of the retirf&,which aligns with the observation that HGB is megsily visible in

the parafoveal region, reactive gliosis of the afoentioned perivascular astrocytes of the GCL
seems the most reasonable hypothesis to explaimdnghological aspect of HCB. Furthermore,
the different effect of RP pathogenic factors onlLG@liosis may explain its occurrence in a

restricted subset of RP patients.

We hypothesize that the changes resulting in theifestation of HGB on OCT may be attributed
to specific genetic influences. Patients carryingrensevere genetic alterations may experience
deeper cell degeneration and transformation. Umfartely, the small sample size in the present
study prevented the association between the presehdHGB and distinct genotypes being
assessed. A multicenter study on a much largerrtcoh&®P patients might address this point in the

future.

An intriguing aspect of our results concerns treegipancies in visual acuity in eyes showing HGB
in association with a preserved retinal sensitiiiyen though RS and BCVA are correlated, the
former is the expression of complex retinal celleractions, while the latter depends on the

integrity of the foveal center, and changes in @aeameter are not necessarily followed by

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istpbited. 11
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modifications of the othef. The cone dysfunction may be attributed to the agjlial activation in

RP secondary to rod degeneratior’

The advent of OCT-angiography (OCTA) paved the viay in vivo studies of the retinal
microvasculature and its perfusion, which has riegkan almost constant reduction of the vessel
density of the DCP, while data on the SCP are morgroversial’>°In a recent study, Nassisi et
al. found that in areas where the outer retinaparesl, vessel density is nornfalConversely,
Villegas-Perez et al. proposed a mechanism of G&attd that involved the cells’ compression by
the abnormal retinal vesséfsin our view, it is possible that patients with edatively preserved
GCL have a less compromised SCP, while the GCaitémts showing HGB may be experiencing
cellular stress and reactive gliosis due to thewas abnormalities, and that the presence of this
OCT sign may be a biomarker of gliosis and/or S@#lifpration. This hypothesis needs to be
verified by OCTA — which was not included in ouudy — in order to ascertain if there is a

reduction of the vessel density of the SCP in p&igith HGB.

Lastly, all our patients had undergone genetigrtgsand we could identify a pathogenetic variant
responsible for the disease in roughly two-thirdstlee cases, which is consistent with the
diagnostic yield previously reported in the liten&*>** Nonetheless, as already mentioned, the
limited sample size precluded us from finding asgaeiation between the presence of HGB and

any specific genotype.

Additionally, the retrospective and cross-sectiaesign of our study is a further limitation, as it
restricts our ability to gather data regarding éxact timing of HGB development and the age of
symptom onset for each patient, and the lack dblugical samples renders the interpretation of

our results merely speculative.

Even so, we should like to put HGB forward as a @@T finding visible in approximately a
guarter of RP eyes. It is associated with a poaseral function, possibly resulting from processes

of gliosis and neurite sprouting around the capéaof the SCP. Further research on larger cohorts

Copyright © by Ophthalmic Communications Societg.lUnauthorized reproduction of this article istpbited. 12
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of genetically ascertained RP patients will proviolegitudinal data and focus on histopathological

and OCTA correlates of HGB.
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FIGURE LEGENDS

Figure 1 - Radial Pattern B-Scans of a 25-year-old female patient weitimitis pigmentosa

showing a continuous hyperreflective band in the ganglion cell layer.
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Figure 2 - Close-up of a parafoveal OCT scan of a female 18-year-old pakieatiGB is visible

as a continuous layer (yellow arrowheads) in the ganglion cell layer.
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Figure 3 —OCT scans from three patients with HGB (upper ramng three subjects without (lower

row).

With HGB

Without HGB
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Table 1. Comparison between patients and eyes wignd without HGB

Patients with HGB | Patients without HGB | p value

(22) (56)
Sex (n, %) 16 (76.2) 26 (46.4) 0.019
Age (Years, mean = SD) 36.72 £ 14.06 38.45 + 15.36 0.608
Age of onset (Years, mean #30.79 + 14.00 23.59 + 15.27 0.097
SD)

Eyes with HGB (39) |Eyes without HGB

(115)

BCVA (logMAR, mean £ SD) |0.39%0.05 0.18 £0.03 <0.001
EZ width horizontal (um, mean | 3315 £+ 241 2874 £ 414 0.359
+ SD)
EZ width vertical (um, mean +| 2957 + 243 2479 + 418 0.325
SD)
CME (n, %) 9 (23.1) 26 (25.2) 0.952
ERM (n, %) 25 (64.1) 56 (48.7) 0.096
Macular Hole (n, %) 0 (0) 4 (3.5) 0.238

Eyes with HGB (13)

Eyes without HGB (35)
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RS 2° (dB, mean = SD) 22.7+3.7 23.6 £3.7 0.519
RS 4° (dB, mean = SD) 17.6 £8.5 19.7+6.3 0.364
RS 10° (dB, mean = SD) 10.5+7.6 12.2+8.7 0.531

sensitivity.

P values for Student’s t-test, generalized mixedeheffect regression test and.Chi-Square
as appropriate. RP = retinitis pigmentosa; HGB pédmnyreflective ganglion cell layer bands; SD

standard deviation; BCVA = best-corrected visualitgc EZ = ellipsoid zone; RS = retin

al
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Table 2. Two-level linear mixed-effect model regresson of clinical and imaging predictors of

BCVA
Univariable analyses Multivariable analyses
Beta 95% Clip Beta 95% Clip
coefficient (Lower limit | value* | coefficient (Lower _limit | value*
(logMAR) - Upper (logMAR) - Upper
limit) limit)
HGB 0.14 0.02-0.25 |0.024 |0.14 0.03-0.25 |0.014
EZ  width |-2.55E° -4.25E>  —|0.003 [-2.61F° -6.75E°  —|0.215
horizontal -8.56E° 1.54E°
(hm)
EZ  width |-2.02E° -352E° — -|0.009 |[2.83FE° -3.42E°  —|0.879
vertical (um) 5.07E° 3.98F°
Age (years) |0.04E* 0.01E-0.01/0.042 |0.04E" -8.78E>  —|0.055
0.01
CME 0.04 -0.05-0.13 | 0.365| - - -
ERM -0.01 -0.07-0.05 | 0.761| - - -
Macular 0.11 -0.36 -0.26 | 0.137| - - -
Hole
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Dependen variable: BCVA. *Statistically significant values in bold. BCVA =ebt-correcte
visual acuity; Cl = confidence interval; HGB = hypeflective ganglion cell layer band; EZ

ellipsoid zone; CME = cystoid macular edema; EREpiretinal membrane.
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