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Purrose. The purpose of this study was to investigate the relation among hyperaut-
ofluorescent ring patterns, visual acuity (VA), and optical coherence tomography (OCT)
features in patients with retinitis pigmentosa (RP), and to describe its modifications over
time.

MetHoDs. This was a retrospective, longitudinal, and observational study. Clinical and
imaging data from the first and last available visits of patients with a clinical diagnosis
of RP were reviewed. The ellipsoid zone (EZ) width was measured on OCT acquisitions.
Short-wavelength autofluorescence (SW-AF) images were classified based on the hyper-
autofluorescent ring pattern as absent, regular, and irregular, and their modifications over
the follow-up were described. The VA, EZ width, and progression rate were compared
among the three groups.

Resucts. One hundred eight eyes from 54 subjects were included in the study. The hyper-
autofluorescent ring was not present in 28 eyes (25.9%), appeared regular in 45 eyes
(41.7%), and had an irregular pattern in 35 eyes (32.4%). The three groups differed in
terms of age, VA, and EZ width (all P < 0.05). Additionally, the absence of a hyper-
autofluorescent ring indicated a faster rate of progression (P < 0.001). Throughout the
follow-up period, 17 eyes (15.7%) experienced a change in the AF pattern, with irregular
rings being more commonly affected.

Concrusions. The hyperautofluorescent ring is a useful tool to frame patients based on
their EZ width and VA. We described its possible modifications over time, the knowledge
of which can aid clinicians in the interpretation of imaging finding changes of their
patients.

Keywords: inherited retinal disease, retinitis pigmentosa (RP), fundus autofluorescence
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he term “retinitis pigmentosa” (RP) identifies a hetero-

geneous group of rod-cone dystrophies characterized
by a progressive constriction of the visual field, together
with nyctalopia and vision loss, due to the degeneration
of both rod- and cone-photoreceptors.! Fundus autofluo-
rescence (FAF) is a useful imaging modality for monitoring
disease progression in RP, as it highlights the reduction or
accumulation of lipofuscin-derived signal as areas of hypo-
or hyperautofluorescence.? With this technique, a relatively
high percentage of patients with RP exhibit a hyperautoflu-
orescent (hyperAF) ring encircling the macular region.’*
Previous studies have broadened our knowledge on this FAF
response, proving that its perimeter demarcates the transi-
tion zone between the healthy and unhealthy retina.>® In
more detail, the inner border of the ring corresponds to
the area where the ellipsoid zone (EZ) fades, whereas the
area outside the ring is characterized by a loss of both the
EZ and the external limiting membrane (ELM), leaving the
outer nuclear layer directly lying upon the retinal pigmented
epithelium (RPE).”® Consequently, both structure and func-
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tion are relatively well-preserved inside the hyperAF ring,
whereas significant outer retinal thinning together with reti-
nal sensitivity loss can be found outside its borders.®?-!! The
precise mechanism underlying the formation of the hyperAF
ring remains uncertain. It is unclear whether it is linked to
a metabolism dysfunction resulting in lipofuscin accumu-
lation in the RPE, or if it is caused by the interruption of
the inhibitory effect of rhodopsin present in the degener-
ated outer segment on signal attenuation.*® Nonetheless,
many authors investigated its potential as a biomarker for
disease progression in RP, and found that its constriction
correlated with several clinical and functional parameters,
such as visual field and full-field electroretinogram.>>7-%-10

On the contrary, the clinical implications and temporal
evolution of the hyperAF ring morphology have received
limited research attention.!? This study aims to investigate
the relation among hyperAF ring patterns, visual acuity
(VA), and optical coherence tomography (OCT) features in
patients with RP, as well as to describe their modifications
over time.

@0l

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. BY _NC_ND

Downloaded from iovs.arvojournals.org on 09/22/2023


mailto:arrigo.alessandro@hsr.it
https://doi.org/10.1167/iovs.64.12.8
http://creativecommons.org/licenses/by-nc-nd/4.0/

Investigative Ophthalmology & Visual Science

Hyperautofluorescent Ring Modifications Over Time

METHODS

This was a retrospective, longitudinal, observational study.
We identified patients with a clinical diagnosis of RP
by reviewing our prospectively maintained institutional
database of inherited retinal diseases (IRDs) followed at the
Heredodystrophy Unit of the Department of Ophthalmol-
ogy of IRCCS San Raffaele Scientific Institute, Milan, Italy.
All study procedures were approved by the local institu-
tional review board (protocol multimodal imaging in reti-
nal diseases [MIRD]) and were conducted in adherence
with the tenets of the Declaration of Helsinki. Clinical and
imaging data between November 2011 and June 2021 from
the first and last available follow-up visits were collected.
Only eyes having both OCT and FAF acquisitions with a
minimum follow-up of 1 year were included. Patients were
excluded if they had poor quality images due to any cause
(including extensive vitreous floaters and high media opac-
ity) and if they already presented RPE atrophy in the macular
region at baseline. We categorized images as “poor qual-
ity” if they could not be assigned to a short-wavelength
autofluorescence (SW-AF) pattern or if the EZ status could
not be assessed on OCT scans. Patients with sector RP
were not considered eligible for our study. Each patient’s
records regarding inheritance mode was reviewed, and the
inheritance pattern was categorized as autosomal recessive
(AR), autosomal dominant (AD), or X-linked (XL) based on
causative alleles. Cases were labeled “unsolved” if identified
mutations did not account for the phenotype or if no muta-
tions were found.

Acquisition Protocol

To be included, all patients required a minimum acquisi-
tion protocol, including an OCT with the radial pattern of 3
B-scans with a 30-degree angle and a high number of frames
(ART > 25) and an SW-AF (488 nm excitation) acquired with
a Spectralis HRA + OCT (Heidelberg Engineering, Heidel-
berg, Germany). The SW-AF images were captured with a
field of view of either 55 or 30 degrees such that the whole
hyperAF ring could be seen in the image. Additional images,
such as near infrared (NIR)-AF images or OCT scans with
different patterns, aided the graders’ judgments, when avail-
able.

Image Analysis

Each SW-AF image was analyzed by two independent
graders (authors A.A. and E.C.) and a third senior grader
(author M.B.P.) was consulted in case of discrepancy. The
hyperAF rings were grouped into three categories based
on presence and morphology, using a previously described
classification: (1) absent, (2) regular, and (3) irregular.!? In
more detail, eyes were assigned to the (1) absent group
whenever an hyperAF ring was deemed as not visible at
all; (2) regular rings displayed an elliptic/round shape and
clearly distinguishable inner and outer borders; (3) irregu-
lar rings included open rings, closed rings with non-elliptic
shapes, and any ring without clearly visible margins. Each
SW-AF was graded both at baseline and at last follow-
up examinations, and changes of the FAF pattern were
recorded.

On OCT images, the boundaries of the EZ were identified,
and the distance between these two locations was defined
as the EZ width.!> For this purpose, we used the default
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logarithmic display OCT scans provided by the HEYEX soft-
ware, which enhance the perception of contrast, thus allow-
ing a correct identification of the EZ boundaries even in
eyes with steep posterior macular curvature.'*'> Measure-
ments were obtained on the horizontal and vertical scans,
both at baseline and last follow-up visits, and their aver-
age was used for our analyses, including yearly progression
rate calculation. The latter was determined by calculating the
difference between the baseline EZ width and the final EZ
width, divided by the length of the follow-up period. Values
ranged from the total scan length (EZ width exceeded the
total length of the OCT scan) to a minimum value of 0 pm
(EZ not distinguishable).

Statistical Analysis

Analyses were performed using SPSS Statistics 23 (IBM,
Armonk, NY, USA). All descriptive data were expressed as
mean =+ standard deviation (SD) for continuous variables
and as frequency and percentages for categorical ones. Test-
ing for normality of continuous variables was assessed using
the Kolmogorov-Smirnov test. Frequencies among groups
were compared with the Chi-square test. Inter-eye correla-
tions were accounted for using a generalized linear mixed-
effect regression model (GLMM) to compare the three FAF
patterns. Best corrected visual acuity (BCVA), EZ width, and
age were set as dependent variables, whereas the SW-AF
pattern variable served as the independent variable. The
“subject” variable was included as a random effect. Addi-
tionally, the progression rate among the three groups was
compared with a multivariate GLMM. The progression rate
was the dependent variable, with the SW-AF pattern as the
fixed factor, and age and EZ width at baseline as covariates.
Again, subjects were treated as random effect. To prevent the
“floor effect,” eyes were excluded from the analysis if they
had an EZ width exceeding the total scan length or if the EZ
was indistinguishable (0 pm). A further subdivision of the
“absent ring” group based on EZ width was also utilized to
report BCVA values.

A logistic regression via generalized estimated equation
(GEE) was conducted to determine predictor variables for an
FAF pattern switch. The dichotomic variable “pattern switch”
was the dependent variable, whereas baseline age, baseline
EZ width, and follow-up length were the predictor variables.
Correlations between quantitative variables were assessed
with the Spearman’s test. Cohen’s Kappa statistic was calcu-
lated separately for the left and right eyes, and the average
was used to derive the inter-rater reliability. All tests were
2-sided, and the level of significance was set at P < 0.05.

RESULTS

Seventy-six patients were considered for the study. Eighteen
patients were excluded because they lacked either a follow-
up examination fulfilling the inclusion criteria, or they were
only visited once. One patient had RPE atrophy in the macu-
lar region, and three patients had poor quality images due to
media opacities. Therefore, 108 eyes from 54 subjects were
included in the study. Twenty-seven (50%) subjects were
women. Mean age was 34.1 £ 13.6 years (range = 6.4-57.7
years) and mean follow-up length was 49.6 + 24.7 months.

At baseline, the hyperAF ring was not present in 28 eyes
(25.9%), appeared regular in 45 eyes (41.7%), and had an
irregular pattern in 35 eyes (32.4%). The agreement between
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TasLe 1. Comparisons of Baseline Values Between Different hyperAF Ring Patterns

Mean + SD (95% CI)

Pairwise Comparisons’

Absent

Regular

BCVA (logMAR)

Age,y
EZ width BL (um)

0.28 £ 0.05 (0.19-0.37)
38.7 & 2.5 (33.8-43.6)
3064 & 425 (2822-4507)

0.14 + 0.03 (0.07-0.21)
35.5 + 1.9 (31.6-39.3)
2327 + 335 (1662-2991)
Progression rate (um/y)* 218.2 & 40.0 (151.8-313.6) 107.0 + 13.9 (82.6-138.6) 115.7 & 22.0 (79.3-168.8) <0.001

Irregular P Value® P (A-R) P (A-I) P (R-I)

0.14 £ 0.04 (0.06-0.21) 0.025 0.013 0.017 0.990
28.5 & 2.2 (24.2-32.9) 0.007 0.303 0.003 0.020
4565 + 380 (3812-5319) <0.001 0.015 0.117 < 0.001
0.01 0.025 0.743

* P values for the generalized linear mixed model effect regression among the three groups.

T P values for pairwise comparisons only shown when overall P is < 0.01.

2 Age and EZ width as covariates. The “subject” variable is treated as random effect.

BCVA = best corrected visual acuity; AF = autofluorescent; SD = standard deviation; A = absent; R = regular; I = irregular; EZ = ellipsoid

zone; BL = baseline.
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Ficure 1. Ellipsoid zone (EZ) width and age comparison between the three groups. (A) EZ is shorter in the regular group and wider
in the regular group, whereas the absent group has a broader distribution of the EZ width values. (B) Eyes from the irregular group belong

to the youngest patients, followed by the regular ring group.

the 2 graders was substantial, with an average Kappa value
of 0.75 (P < 0.001 for both eyes).

On univariate regression with the GLMM, there were
statistically significant differences in BCVA, EZ width, and
age among the three groups (Table 1). Mean BCVA in the
absent, regular, and irregular group were 0.28 &+ 0.05,0.14 +
0.03, and 0.14 &+ 0.04 logMAR (approximately corresponding
to 20/40, 20/25, and 20/25 Snellen), respectively (P = 0.025).
Eyes with irregular rings belonged to the youngest patients,
whereas mean age was similar between the absent and regu-
lar groups (P = 0.007). Given the strong positive correla-
tion between horizontal and vertical EZ measurements (R =
0.965, P < 0.001), the following analyses refer to the aver-
age of these two values. The raw data pertaining horizontal
and vertical EZ width and progression rate can be found in
Supplementary Table S1.

Regular rings had the shortest EZ, whereas irregular ones
displayed the widest (P < 0.001). Conversely, EZ width
in eyes without the hyperAF ring had higher variability
as testified by the wider interquartile range (IQR) values
than the other two groups (Fig. 1). Specifically, median EZ
width was 2433 (IQR = 390-6502) pm in the absent ring
group, 2076 (IQR = 1605-2456) pm for regular rings, and
4338 (IQR = 3695-4963) um for the irregular group. Conse-
quently, correlations between EZ width and age, as well as
between EZ width and VA were only found in eyes that
lacked the hyperAF ring (R = —0.573, P = 0.001 and R =
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—0.682, P < 0.001). In addition, in the absent ring group,
the EZ on OCT scans can either be intact (>9800 pm),
absent (0 um), or partially preserved (any value in between;
Fig. 2). We found that the EZ was intact in 5 out of 28
eyes, partially preserved in 19 cases, and absent in 4 eyes.
In this regard, mean BCVA were 0.1 &+ 0.1, 0.3 &+ 0.1, and
0.5 £ 0.1, in the first, second, and third group, respectively
(Fig. 3).

Progression rate for each group was estimated with
GLMM after excluding 12 eyes: 9 eyes (4 with absent EZ,
5 with preserved EZ) from the absent ring group, and 3
eyes with an EZ exceeding the scan length from the irregular
ring group. In the end, 96 eyes were included in the model,
and estimated progression rates, accounting for baseline EZ
width and age were calculated. Eyes without a hyperAF ring
progressed approximately 88% faster (P = 0.017) than those
with an irregular ring, which were, in turn, approximatively
7.5% faster (P = 0.74) than regular ones, although not statis-
tically significant. In detail, the estimated progression rate of
eyes without a hyperAF ring was 218.2 £ 40.0 (confidence
interval [CI] = 151.8-313.6) um/year, significantly faster than
both irregular 115.7 & 22.0 (79.3-168.8) pm/year; pairwise
P = 0.025, and regular 107.0 £ 13.9 (82.6-138.6) pm/year;
pairwise P = 0.01 ring eyes (see Table 1). The effect of
age was nonsignificant, whereas baseline EZ width had a
significant but negligible impact on the progression rate
(Table 2).
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Ficure 2. Different ellipsoid zone (EZ) width in eyes without a hyper-autofluorescent (AF) ring. Intact EZ (A, E); partially preserved

EZ of 7041 pm (B, F), and 1816 pm (C, G); unmeasurable EZ (D, H).

TaBLe 2. Generalized Linear Mixed Model For OCT Progression
Rate

95% CI (Lower

Coefficient  Limit-Upper Limit) P Value”
Age,y' —0.12 —0.026-0.003 0.109
EZ width' 0.00023 0.00012-0.00035 <0.001
Absent ring 0.634 0.117-1,151 0.017
Regular ring —0.78 —0.545-0.388 0.740
Irregular ring Ref: - -

Dependent variable: Progression rate (um/year). Coefficients
expressed on a logarithmic scale; values converted to original scale
represent multiplicative effects associated with each variable on
progression rate.

" Statistically significant values in bold.

TValues taken at baseline.

OCT = Optical coherence tomography; CI = confidence interval;
EZ = ellipsoid zone.

BCVA (LogMAR)

Last, for 5 out of 54 patients, no causative allele could
be found, whereas the remaining 49 cases were distributed
as follows: 37 (65.5%) were AR, 8 (14.8%) were AD, and
4 (7.4%) had an XL transmission. Among the recessive RP
forms, there were 13 syndromic patients: 3 Usher type 1b, 8
Usher type 2a, and one patient with Bardet-Biedl syndrome.
Overall, at baseline, each SW-AF pattern was equally repre-
sented among AR RP cases, whereas regular rings were the
most common pattern in AD RP eyes, in opposition to XL
cases that only displayed irregular or absent ring (P < 0.001;
Supplementary Table S2).

HyperAF Ring Pattern Modifications Over the
Follow-Up

Seventeen (15.7%) out of 108 eyes underwent a pattern
switch. Among the 91 eyes maintaining their pattern at the
last visit, 26 (28.5%) did not have an hyperAF ring, 42 (46.2%)

Sintact EZ B Partially preserved EZ B Absent EZ O Regular Olrregular

Ficure 3. Best-corrected visual acuity (BCVA) comparison between the different SW-AF pattern.
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3 years 5 years

Progressive pattern switch from irregular to regular over a 5-year follow-up.

Ficure 5. Representative images of different hyperautofluorescent ring pattern switches. Short wavelength fundus autofluorescence
(SW-AF) of 22-year-old patient with an irregular ring (A) undergoing a regularization (B) over a 2 and one-half year follow-up. (C) Irregular
ring in a 6-year-old male patient fading away (D) over a 6-year follow-up. Switch from regular (E) to absent (F) ring in a 38-year-old patient
over 4 years. Disappearance of the regular ring of a 38-year-old patient over a follow-up of 3 years (G, H).

had a regular ring, and 23 (25.3%) had an irregular ring
(P = 0.00D).

On the contrary, 2 (7.1%) eyes from the absent group,
3 (6.7%) eyes from the regular group, and 12 (34.3%) irreg-
ular eyes underwent a pattern switch (P = 0.001; Figs. 4, 5),
without any statistically significant difference between sexes
(P = 0.792). Finally, at the end of the follow-up, there were
32 (29.6%) absent, 50 (46.3%) regular, and 26 (24.1%) irreg-
ular hyper-AF rings (Table 3). Detailed characteristics of the
patients that underwent a pattern switch are resumed in
Supplementary Table S3. On a logistic regression, age at

TaBLE 3. Hyperautofluorescent Ring Pattern Modifications Over Time

baseline was the factor associated with a change in the SW-
AF pattern over the course of the follow-up (P = 0.009),
with decreasing odds of undergoing a pattern switch when
the age increases, whereas follow-up length and EZ width
at baseline were not (Supplementary Table S4).

DiIscUSSION

The first classification of RP on SW-AF images was proposed
by Murakami et al. in 2008, distinguishing among eyes
with a hyperAF ring, eyes with abnormal central AF, and

Total Eyes (N = 108) Absent Regular Irregular

Baseline (%) 28 (25.9) 45 (41.7) 35 (32.4)

Follow-up (%) 32 (29.6) 50 (46.3) 26 (24.1)

Pattern change from baseline (%) 2(7.1) 3(6.7) 12 (34.3)

Type of change A—->R A->1I R— A R—-1I I- A I-R
0 2 2 1 4 8

A = absent; R = regular; I = irregular.
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eyes lacking both characteristics.* The SW-AF pattern could
provide information on EZ width, BCVA, and visual field
with their system, and they hypothesized that a progression
from one pattern to another could exist. Later on, Jauregui
et al. proposed a classification that also took account of
the hyperAF ring morphology, by dividing them into regu-
lar (closed, oval, and defined borders) and irregular (open,
closed, with irregular or non-elliptic borders) rings.'> Our
goal was to analyze VA and OCT values of patients with
different SW-AF patterns, according to Jauregui et al., and to
identify the modifications of the hyperAF ring over time.

According to our findings, the hyperAF ring is a useful
tool to frame patients based on their EZ width on OCT and
VA. Indeed, both irregular and regular rings showed a quan-
tifiable EZ on OCT images (with the former being larger)
and retained a good visual acuity, regardless of their age.
However, when the hyperAF ring was missing, both values
were quite heterogeneous, necessitating a further subdivi-
sion on the basis of OCT findings. Eyes missing a hyperAF
ring retained a good BCVA when the EZ was intact, a slightly
worse BCVA in case of a measurable EZ, and the worst BCVA
when also the EZ was undetectable. Noteworthy, we did not
account for the presence of cystoid macular edema, although
its presence does not necessarily impair visual acuity in
patients with RP.'®

The correlation between VA and the status of the EZ
is already a well-known finding in patients with RP7-!8
nonetheless, our results suggest that when the hyperAF ring
is present, regardless of its dimensions, the EZ is still measur-
able and predictably VA is still preserved, whereas in its
absence defining EZ width still plays a pivotal role in the
evaluation of disease stage and progression.!®?

Relating to this, several studies found that the rate of
progression in RP decreases over time, implying that a faster
deterioration occurs earlier in the course of the disease.?!~*
Our results align with these observations because disease
progression was slightly faster in the irregular group,
composed by younger patients than the regular group.
However, the progression rate was considerably higher
in the group without a hyperAF ring, irrespective of the
patient’s age and with minimal influence of the initial EZ
width. This finding implies that the absence of a hyperAF
ring may indicate a more aggressive disease, whereas its
presence is associated with relatively stable disease progres-
sion.

Moving to the genetics of our patients, our cohort was
mostly composed by patients with RP with an autosomal
recessive mode of inheritance, who also demonstrated the
highest percentage of irregular rings, whereas AD RP eyes
displayed predominantly regular rings, and XL RP eyes fell
either in the irregular or absent group. Our results differ
from the findings from Jauregui et al., who reported that
patients with irregular rings were more likely to be affected
by AD RP, probably due to the patients’ samples.'? However,
from our perspective, it is more likely that also EZ width,
which is related to the inheritance mode, is key in determin-
ing the shape of the hyperAF ring.

To the best of our knowledge, this is the first study that
focused on the modifications of the shape of the hyperAF
ring on SW-AF over time. We observed a pattern switch on
SW-AF in roughly 15% of the cases over a mean follow-up of
4 years, with rising odds in younger patients. In our cohort,
irregular rings had the greatest tendency to switch over the
follow-up, whereas most cases of absent and regular rings
remained stable over time. More specifically, we observed
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a wide range of possible changes in the SW-AF pattern: (1)
absent to irregular; (2a) irregular to regular; (2b) irregular to
absent; (3a) regular to irregular; and (3b) regular to absent.

Gathering all the information we collected, we propose
that the modifications of the hyperAF ring could follow a
chronological order. The starting point is the case of an intact
EZ in the absence of the hyperAF ring. Subsequently, the EZ
shrinks down to the point where an irregular ring devel-
ops, and from there one could face two different scenarios.
The first possibility, which is the one that we observed more
frequently, is that the hyperAF ring undergoes a “regulariza-
tion” process; and the second option is to observe a grad-
ual vanishing of the irregular ring, back to the absence of
an observable hyperAF phenomenon. The current knowl-
edge on the hyperAF ring leads to the conclusion that it
corresponds to the area where the ELM directly lies upon
the RPE, because it has been observed that outside its
boundaries both the ELM itself and the EZ are completely
disrupted, whereas on the other side these structures are
both preserved.®11:?* Therefore, even if we did not specif-
ically measure the ELM width for our study, we hypothe-
size that ring “regularization” seen on SW-AF images is the
consequence of a faster constriction of the ELM, ultimately
matching the EZ and leading to the formation of a regular
hyperAF ring.

Finally, we observed that the regular hyperAF ring at the
end of the follow-up could either have become an irregular
ring, due to its partial disruption, or be completely faded, as
already reported in literature.®'%?> Although this last case
has been attributed to be the consequence of a complete
disruption of the EZ, we believe that irregular ring disap-
pearance may be caused by a different mechanism, because
the EZ is still preserved. It is possible that, in this case, the
ring gradually fades away because either a loss of ELM reflec-
tivity or a diminished RPE-derived signal.

Our research has several shortcomings. First, because
our retrospective study only featured baseline and last
follow-up visits, it is possible that we have underestimated
the proportion of patients undergoing a pattern switch on
SW-AF images, potentially missing cases who experienced
two consecutive changes in their autofluorescence pattern
during this interval. Second, even though the inter-rater reli-
ability for the assessment of the hyperAF ring was very
good, some cases still required the judgment of an expe-
rienced grader. This challenge is expected to be addressed
soon with the advancement of machine learning algorithms,
which have the potential to provide a more impartial assess-
ment of FAF images as technology progresses.’®?’ Addi-
tionally, our cohort mostly featured patients with autoso-
mal recessive inheritance, including some syndromic cases,
for whom we did not conduct separate disease progression
analyses due to genotype heterogeneity, whereas patients
with XL RP and AD RP were less represented. Moreover,
no subanalyses focused on the genetic characterization was
attempted owing to the limited number of patients enrolled
in the study, which would have hampered a reliable assess-
ment. Last, the quantification of the area covered by the
hyperAF ring was not taken into account, because it is often
hampered by the lack of definition of its boundaries in the
case of irregular rings.

In conclusion, the presence of the hyperAF ring allows
for an intuitive visualization of the preserved retina and
provides useful indications on patients’ BCVA, whereas its
shape provides quick information regarding the expected
constriction rate of those eye, as regular rings demonstrated
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a substantial stability over time. On the other hand, eyes
lacking an hyperAF ring but exhibit a measurable EZ should
be closely monitored, as this particular FAF pattern could
potentially indicate a faster rate of disease progression. Last,
we provided a description of hyperAF ring changes over
the course of the disease and postulated their chronolog-
ical sequence. Future studies with a longer follow-up and
a prospective design are warranted to confirm our hypothe-
ses, which may aid clinicians in the interpretation of imaging
findings modifications occurring in their patients.
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