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Abstract

e AIM: To quantify and compare longitudinal thickness
changes of the ganglion cell complex (GCC) and the choroid
in patients with different patterns of age-related macular
degeneration (AMD) progression.

o METHODS: Retrospective cohort analysis of anonymized
data from participants aged 50y or more and diagnosed
with early/intermediate AMD in at least one eye (with no
evidence of advanced AMD). A total of 64 participants were
included from the Instituto de Retina de Lisboa (IRL) study
(IPL/2022/MetAlIAMD_ESTeSL) and divided into 4 groups
according to the Rotterdam classification for AMD. Spectral
domain optical coherence tomography (SD-OCT) was used
to assess and quantify GCC and choroid thickness at two
time points (first visit vs last visit) with a minimum interval
of 3y.

e RESULTS: In the GCC inner ring, a thinner thickness
(P=0.001) was observed in the atrophic AMD group
(51.3£21.4 pm) compared to the early AMD (84.3+£11.5 pym),
intermediate AMD (77.6+16.1 um) and neovascular AMD
(88.9+£16.3 um) groups. Choroidal thickness quantification
showed a generalized reduction in the central circle
(P=0.002) and inner ring (P=0.001). Slight reductions in
retinal thickness were more accentuated in the inner ring in
the atrophic AMD (-13%; P<0.01).

e CONCLUSION: The variation of the analyzed
structures could be an indicator of risk of progression with
neurodegenerative (GCC) or vascular (choroid) pattern in the
intermediate and atrophic AMD. The quantification of both
structures can provide important information about the risk
of disease progression in the early and intermediate stages
but also for the evolution pattern into late stages (atrophic
or neovascular).
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INTRODUCTION
A ge-related macular degeneration (AMD), a condition
that affects the macular area of the retina, is considered
to be the leading cause of blindness in people over the age of
50", Given the increasing aging of the world’s population,
the number of people with AMD is expected to rise from
196 million in 2020 to 288 million in 2040". In Europe, an
estimated 67 million people have some degree of AMD and
the economic impact of the disease in England, Italy, France,
and Germany could reach €101.1 million'. Therefore, the
increasing disease frequency as well as the economic burden
make it necessary to improve the understanding of AMD
pathology and the potential biomarkers that could minimize
this public health problem"’.
AMD can be classified into early/intermediate stages,
characterized by the presence of drusen and retinal pigment
epithelium (RPE) changes; or late stages, characterized by
the presence of geographic atrophy (atrophic AMD; aAMD)
or development of choroidal neovascularization (neovascular
AMD; nAMD)". Despite the drusen being the main biomarker
of AMD and their quantification, size, and distribution being
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associated with disease severity and progression, it is crucial
to identify new biomarkers that can help establish the risk of
disease progression and the appropriate therapeutic response!™.
Several studies have explored different approaches to better
understand the progression and severity of AMD such as the
study of choroidal circulation', segmentation of the different
retinal layers"”’ and more recently using artificial intelligence'.
With increasing interest in the study of AMD progression,
neurodegenerative and circulatory factors have been
described. The age-related accumulation of lipofuscin in
the RPE appears to influence choroidal blood flow" with
repercussions on the integrity of the RPE, photoreceptors

%12 These features seem to promote

and outer retinal layers'
transneuronal degeneration, with a decrease in ganglion cell
complex (GCC) thickness in the advanced stages compared
to early/intermediate AMD'"*. However, the idea that
neurodegeneration is secondary to vascular alterations is
still unclear'” and the description of a decrease or increase in
choroidal thickness is not consensual*"®,

Given the possibility that the vascular and neurodegenerative
pathways may influence the progression and severity of AMD
differently"”!

participants with different patterns of AMD progression in

, it is crucial to study these two structures in

an era where therapeutic options for nAMD are diverse and
options for aAMD are emerging. Thus, this work, through an
automatic and semi-automatic segmentation approach, aims
to quantify the thickness of the GCC and choroid to highlight
potential neurodegenerative and vascular pathways in the
different patterns of AMD progression.

PARTICIPANTS AND METHODS

Ethical Approval This retrospective case-control analysis
was performed through the database from the study
Differential DNA METhylation across ALL stages of Age-
related Macular Degeneration: New therapeutic approaches
(IPL/2022/MetAlIAMD_ ESTeSL), conducted at the Instituto
de Retina de Lisboa (IRL), approved by the Ethics Committee
of the Escola Superior de Tecnologia da Saude de Lisboa (CE-
ESTeSL-No0.84-2022) and the Ethics Committee of the IRL.
All procedures of this study and data collection followed the
principles of the Declaration of Helsinki. All study participants
signed the informed consent protocol.

Selection and Staging Participants First, our team reviewed
all consecutive AMD patients followed at IRL between
January 2009 and May 2023. Second, searched patients with
confirmed diagnosis of early/intermediate AMD and late AMD
with at least 36mo of follow-up. After screening, participants
were divided into cases (AMD patients who progressed to late
stages during follow-up) and controls (AMD patients with no
progression during follow-up). Finally, with a convenience
non-probable sampling, a total of sixty-four participants were
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included and further classified into 4 groups according to
the Rotterdam classification of AMD"": stage 0a (no signs
of amd); stage Ob (hard drusen only with <63 pm); stage la
(soft distinct drusen with >63 pm); stage 1b (pigmentary
abnormalities only, without soft drusen >63 pm); stage 2a
(soft indistinct drusen with >125 pm or subretinal drusenoid
deposits only); stage 2b (soft distinct drusen with >63 pm plus
pigmentary abnormalities); stage 3 (soft indistinct drusen with
>125 um or subretinal drusenoid deposits with pigmentary
abnormalities); stage 4 (atrophic AMD or neovascular AMD).
The early AMD group includes participants who maintained
stage 1 and the intermediate AMD group includes participants
of stages 2 and 3. Participants who progressed to stage 4
during the study period constitute the nAMD group and the
aAMD group. The different groups were analyzed in order to
report possible changes in the retina, retinal nerve fiber layer
(RNFL), GCC and choroid.

Only participants with complete ophthalmological data,
including best corrected visual acuity (BCVA) converted to
logMAR, digital color fundus photographs (CFP), and spectral
domain optical coherence tomography (SD-OCT) imaging
(Spectralis; Heidelberg Engineering, Heidelberg, Germany)
were included. Age, intraocular pressure (IOP), spherical
equivalent (SE), clinical follow-up period was also obtained
for each participant.

Timeline Assessment and Group Definition As mentioned,
for the analysis and comparison of GCC and choroidal
thickness, two time points were defined with a minimum
follow-up period of 36mo: the initial visit (baseline or t0) and
the conversion/maintenance visit (final visit or t1).

The early and intermediate AMD groups (control group)
consisted of participants aged 50y or older with a confirmed
medical diagnosis of AMD and no AMD progression between
the follow-up period (t0 to tl1). For control group, t1 was
defined as the last visit performed with no signs of conversion
to late AMD.

The late AMD groups (case group) consisted of participants
aged 50y or older, with a confirmed clinical diagnosis of AMD
and with clear progression to late AMD (nAMD or aAMD)
between the follow-up period (t0 to tl). For case group,
t] was defined as the first visit with clinical classification
progression. Importantly, participants included in the aAMD
group did not show any signs of choroidal neovascularization
and participants in the nAMD group did not show any signs of
atrophy at the level of the outer retinal layers and/or RPE.
Exclusion criteria were presence of high ametropia (>6.00 D),
opacification of ocular structures, subfoveal haemorrhage,
ocular inflammation, history of retinal detachment, subjects
undergoing intravitreal injections with anti-vascular endothelial
growth factor (VEGF), having undergone ocular surgery in
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Table 1 Overall characterization of the sample according to study group meantSD
Parameters eAMD (n=20) iAMD (n=25) nAMD (n=8) aAMD (n=11) Total (n=64) P
Age (y) 78.3t7.9 83.8+7.2 84.6+5.5 83.8+5.8 82.2+7.4 0.037°
Sex, M/F, n (%) 8(40.0)/12 (60.0) 11 (44.0)/14 (56.0) 3 (37.5)/5(62.5) 2(18.2)/9(81.8) 24 (37.5)/40(62.5)  0.540°
Study eye, R/L, n (%) 11 (55.0)/9 (45.0) 15 (60.0)/10 (40.0) 3 (37.5)/5(62.5) 3(27.3)/8(72.7) 32(50.0)/32(50.0) 0.271°
Follow-up (y) 6.1+2.8 6.9+2.8 7.6£3.9 6.36+2.6 6.7£2.9 0.663°
Initial BCVA, logMAR 0.05+0.048 0.09+0.109 0.09+0.163 0.16+0.186 0.09+0.163 0.014°
Final BCVA, logMAR 0.05+0.048 0.16+0.124 0.16+0.186 0.22+0.029 0.09+0.163 0.002°
I0P (mm Hg) 14.7+3.1 13.0+3.7 14.0+2.1 13.5+3.9 13.8+3.4 0.727°
SE -1.25+2.3 0.35+1.5 -0.45+1.5 -0.92+0.8 -0.36+1.8 0.256°

The composition of the groups presented is according to the final progression (end of study classification) and not according to the baseline.
AMD: Age-related macular degeneration; eAMD: Early AMD; iAMD: Intermediate AMD; nAMD: Neovascular AMD; aAMD: Atrophic AMD; SD:

Standard deviation; M: Male; F: Female; R: Right eye; L: Left eye; BCVA: Best corrected visual acuity converted to logMAR; IOP: Intraocular

pressure; SE: Spherical equivalent in diopters. "ANOVA test; “Fisher Freeman-Halton exact test; “Kruskal-Wallis test.

the year prior to the first OCT, glaucoma, IOP>20 mm Hg.
Participants with a history of stroke, transient ischaemia,
dementia and/or other neurological disorders were also excluded.
Quantitative Assessment by SD-OCT The SD-OCT
acquisition protocol includes a high-resolution macular volume
scan (20°x20°, 49 B-scans, 7 frames per scan), 49 raster
horizontal B-scans with 1024 A-scans per B-scans and a depth
resolution of 3.9 pm. Additionally, a similar volume scan
(high-density SD-OCT raster volume scan) with enhanced
depth imaging (EDI) mode""”
the choroid.

Data collection consisted of the extraction of the central retinal
thickness, the RNFL, the ganglion cell layer (GCL), and the
inner plexiform layer (IPL), in the two time periods analyzed.

was performed for the study of

The quantification of the thickness of these structures was
obtained from the automatic segmentation performed on the
49 B-scans by the SD-OCT Spectralis software (Heidelberg
Engineering”), previously confirmed and corrected, whenever
necessary, by an operator. For each of the above layers, the
values of the 9 sectors of the ETDRS grid were obtained. The
GCC thickness values were obtained from the sum of the GCL
and IPL thickness values in the 9 sectors of the ETDRS grid.

Choroidal segmentation was performed semi-automatically,
using the 1:1 um viewing mode, according to the technical

protocol of Zhao et al™

, which consisted of the following
steps: after quantification of the global retinal thickness [inner
limiting membrane (ILM)-Bruch membrane (BM)] obtained
through automatic segmentation performed on the 49 B-scans,
the BM reference line was manually transposed to the posterior
limit of the choroid on the 49 B-scans. With this transposition,
the map of the combined retinal and choroidal thickness was
obtained. Finally, the choroidal thickness was calculated by
subtracting the retinal thickness (ILM-BM) from the thickness
of the choroidal-retinal combination (ILM-choroidoscleral

interface) in the 9 sectors of the ETDRS grid.

Statistical Analysis The collected data was analyzed using
the Statistical Package for the Social Sciences (IMB SPSS
27). ANOVA and Kruskal-Wallis tests were used, after the
verification of normality by the Shapiro-Wilk test, to verify the
existence of differences between groups. To compare retinal
thickness changes (total retina, RNFL, GCC and choroid)
between t0 and t1 with 2-sided paired z-test or Wilcoxon signed
rank test were used. The 95% confidence interval (CI) and a
5% significance level were considered.

RESULTS

Table 1 summarized the participants characteristics according
to baseline clinical records. A total of 64 participants (37.5%
male and 62.5% female) with a mean age of 82.2+7.4y, with
no differences in follow-up years and with different AMD
progression pattern were included. All participants had early/
intermediate AMD (eAMD/iAMD) at baseline, however, to
highlight possible progression of AMD pattern the participants
were divided according to the last classification (t1): eAMD
group consisted of 20 participants (31.3%); iIAMD group of 25
participants (39.1%); nAMD group of 8 participants (12.5%);
and aAMD group of 11 participants (17.2%).

The eAMD group had a lower mean age (78.3+7.9y) than the
other groups (P=0.037). Statistically significant differences
were observed in the final and initial BCVA (P<0.05), with
the eAMD group presenting higher values (initial BCVA:
0.05+0.048 and final BCVA: 0.05+0.048) and the aAMD group
having the lowest BCVA values (initial BCVA: 0.16+0.186
and final BCVA: 0.22+0.029). No statistically significant
differences were found between the groups for the remaining
variables.

It is important to note that, although all participants were
classified as early/intermediate AMD at t0, some subtle
structural differences between participants with different
patterns of progression were presented in Table 2. The
group that progressed to nAMD at the final visit had thicker
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Table 2 Retinal layers thicknesses in the central, inner, and outer rings of the ETDRS grid by studied groups at baseline (t0) mean*SD
Retinal layers thickness eAMD (n=20) iAMD (n=25) nAMD (n=8) aAMD (n=11) P
Retina, central circle 276.3+22.4 270.3+19.9 305.0+26.2 250.0+43.2 0.001%"¢
Retina, inner ring 336.1+16.9 327.0+14.7 350.3+17.4 308.8+26.1 0.002°%%
Retina, outer ring 294.5+12.8 286.0£13.6 300.4+17.1 283.0+21.8 0.067'
RNFL, central circle 12.842.8 13.4+2.7 14.0+2.3 11.3+2.3 0.110'
RNFL inner ring 22.7+3.6 22.6+3.8 23.3+3.6 21.3+2.9 0.325'
RNFL, outer ring 37.745.5 37.4+6.0 38.1+7.1 38.0+6.9 0.996'
GGC, central circle 35.4+7.7 35.6+6.3 42.5%6.9 35.6+13.6 0.077
GGCinnerring 87.219.6 83.8+11.5 90.9+8.6 78.5£13.4 0.221'
GGC, outer ring 60.9+5.8 58.616.9 64.7+6.4 58.9+8.1 0.147°
Choroid, central circle 208.6+70.1 194.5+58.3 187.5+43.3 182.6%+59.8 0.674°
Choroid, inner ring 210+64.5 193.2+56.7 186.5%+39.6 170.3£52.2 0.312°
Choroid, outer ring 202.1+70.0 186.2+56.1 180.5+38.7 154.6+45.0 0.197°

The composition of the groups presented is according to the final progression (end of study classification) and not according to the baseline.
AMD: Age-related macular degeneration; eAMD: Early AMD; iAMD: Intermediate AMD; nAMD: Neovascular AMD; aAMD: Atrophic AMD; SD:
Standard deviation. "ANOVA test; “iAMD with nAMD; ‘nAMD with aAMD; “AMD with aAMD; *eAMD with aAMD; Kruskal-Wallis test.

Table 3 Retinal layers thicknesses in the central, inner, and outer rings of the ETDRS grid by studied groups at end of the study (t1) mean+SD
Retinal layers thickness eAMD (n=20) iAMD (n=25) nAMD (n=8) aAMD (n=11) P
Retina, central circle 274.7+26.1 267.5+26.1 289.6+44.7 213.1+49.9 <0.001%%%¢
Retina, inner ring 330.9+19.3 317.3422.4 341.0+31.9 268.8+30.3 <0.0017%%*
Retina, outer ring 290.8+14.4 280.4+15.4 299.9+32.5 266.2+24.4 0.002*¢
RNFL, central circle 12.4+3.1 11.5+2.9 14.4+3.8 10.0+4.5 0.641°
RNFL inner ring 21.7+¢2.9 21.9+4.5 25.5+7.4 17.4+4.9 0.021%%%
RNFL, outer ring 36.2+5.5 36.1+7.7 37.5%8.3 33.5+8.1 0.640°
GCC, central circle 34.6+7.9 33.8+7.5 43.5+14.1 30.2+13.3 0.078"
GCCinnerring 84.3%+11.5 77.6%16.1 88.91+16.3 51.3+21.4 0.001%%
GCC, outer ring 60.4+5.9 55.4+7.6 64.6+13.2 49.7+£9.5 0.001*¢
Choroid, central circle 217.2+73.4 167.9+72.9 196.4+83.4 120.6+33.9 0.002°%¢"¢
Choroid, inner ring 216.3+70.7 164.1+63.6 191.5+106.0 117.9+33.4 0.001%%<"¢
Choroid, outer ring 199.1466.9 155.2+51.5 170.0+64.4 122.2+33.6 0.004™*

The composition of the groups presented is according to the final progression (end of study classification) and not according to the baseline.
AMD: Age-related macular degeneration; eAMD: Early AMD; iAMD: Intermediate AMD; nAMD: Neovascular AMD; aAMD: Atrophic AMD; RNFL:
Retinal nerve fiber layer; GCC: Ganglion cell complex; SD: Standard deviation. "ANOVA test; ®iAMD with nAMD; ‘nAMD with aAMD; “AMD with
aAMD; *eAMD with aAMD; Kruskal-Wallis test; €eAMD with iAMD.

retinal thickness (central circle) than participants with iAMD
(305£26.2 vs 270.3+19.9 pm) with no progression over
the study period (P=0.001). Additionally, participants who
progressed to aAMD at the final visit were found to have
a thinner central retinal thickness at baseline (250+43.2 vs
305+26.2 pm) compared to the nAMD group (P=0.001).

Some inner ring differences were found at baseline between
the groups with different progression patterns. The aAMD
group showed thinner inner ring retinal thickness (308.8+£26.1 pm)
compared to all groups (P=0.002): eAMD (336.1£16.9 pum),
iAMD (327+14.7 pm) and nAMD (350.3+17.4 um).

Despite no statistical differences, two aspects stand out
clinically: participants who progressed to aAMD at the final
visit showed at baseline a thinner GCC compared to nAMD
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participants and a decrease in choroidal thickness seems more
evident in the aAMD group.

Table 3 showed the main differences found between the
studied groups at the last visit (t1). The aAMD group showed
a thinner retinal thickness in both the central circle (P<0.001)
and the inner ring (P<0.001) compared to the eéAMD, nAMD,
and iAMD groups. This decrease was less evident in the outer
ring (P=0.002) but presented in the aAMD compared to the
eAMD and nAMD group.

Regarding the RNFL, a thinner thickness was observed in
the inner ring (P=0.021) in the aAMD group (17.4+4.9 um)
compared to the eAMD (21.74£2.9 pm), iIAMD (21.944.5 um),
and nAMD (25.5£7.4 um) groups.

In the GCC inner ring, a thinner thickness (P=0.001) was also
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Figure 1 Mean thickness comparison of the retinal layers and choroid at the beginning (t0) and at the end of the study (t1) The arrows

indicate the percentage change of the structures at the beginning (t0) and at the end of the study (t1). 1 mm: ETDRS central circle; inner: ETDRS

inner circle; outer: ETDRS outer circle; °P<0.01; "P<0.001. AMD: Age-related macular degeneration; eAMD: Early AMD; iAMD: Intermediate

AMD; nAMD: Neovascular AMD; aAMD: Atrophic AMD.

observed in the aAMD group (51.3+21.4 pm) compared to the
eAMD (84.3£11.5 um), iIAMD (77.6£16.1 pm) and nAMD
(88.9£16.3 um) groups. In the outer ring the decrease in GCC
was evident (P=0.001) between aAMD (49.7+£9.5 um), eAMD
(60.4+5.9 um) and nAMD (64.6+13.2 pm) groups.

Choroidal quantification showed a generalized reduction
in thickness in the central circle (P=0.002) and inner ring
(P=0.001) in aAMD group. In the central circle the aAMD
showed a thinner thickness (120.6+33.9 um) compared to
the eAMD (217.2+73.4 pm), iAMD (167.9+£72.9 pm), and
nAMD (196.4+83.4 pm). A statistically significant (P=0.001)
decrease in thickness was also found at this location in iIAMD
(167.9£72.9 um) compared to eAMD (217.2+73.4 um).
Figure 1A showed a decrease in central retinal ring thickness

(-15%; P<0.001) for aAMD. Slight decreases in retinal
thickness were more accentuated in the inner ring in the aAMD
(-13%; P<0.01). Similar but less marked thinning was found in
the outer ring of the aAMD group (-6%; P<0.01).

In Figure 1B the iAMD group showed a thinner RNFL in the
central circle (-18%) between t0 and tl (P<0.01). In the inner
ring, the aAMD group showed the greatest reduction in RNFL
thickness (-18%) between t0 and t1 (P<0.01). In the RNFL
outer ring a significant decrease in RNFL thickness (-12%)
was again found in the aAMD group (P<0.01).

In the assessment of GCC change, in Figure 1C, it was
observed that only the aAMD group showed a significant
decrease in the central circle thickness (-19%; P<0.01). In the
inner ring all groups showed a significant decrease in GCC
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thickness except nAMD. In this location the major changes
(P<0.001) were found in iAMD (-7%) and aAMD (-35%) over
the follow-up period (t0-t1). In the outer ring the thickness
changes found were smaller (P<0.01) and again in the iIAMD
(-5%) and aAMD (-16%) groups.

Concerning the assessment of choroidal thickness between
the two time points studied, Figure 1D showed that at central
circle the major differences were found in the iIAMD (-14%;
P<0.01) and aAMD (-34%; P<0.001) groups. At the inner
ring differences were again observed in the iAMD (-15%;
P<0.001) and aAMD (-31%; P<0.001) groups. Similar results
were found at the outer ring in the iIAMD (-16%; P<0.001) and
aAMD (-21%; P<0.001) groups.

Interestingly, the nAMD group presented no statistically
significant changes in choroidal thickness but with a slight
increase of 5% and 3% in the central and inner ring, respectively.
DISCUSSION

SD-OCT segmentation of the retinal and choroidal layers,
due to its high reliability and reproducibility, is critical for
P12 and is the

basis for the most recent AMD nomenclatures™?*. Previous

monitoring choroidal and retinal pathologies

studies have shown that differences in the thickness of the
choroid and inner retinal layers such as the RNFL, IPL, and
GCC can be detected at specific retinal locations in early/
intermediate AMD"*?%. Also in late AMD there seems to be a
reduction in the choroidal and GCC thickness'® although its
involvement in disease progression is unclear. In this sense, our
group hypothesized that changes in the thickness of the retinal
neural layers or choroid, related to neurodegeneration and
vascular pathways, may be associated with different patterns of
AMD progression.

There is consensus on the importance of age and disease
duration in the prevalence and severity of AMD'™. In this study,
despite statistical differences in age between the eAMD group
and the other groups, no differences in age were found between
the iAMD, nAMD and aAMD groups. Another significant
issue observed, was that follow-up in the different groups was
similar, so the main differences between the groups studied
were retinal metrics and differences in AMD progression. With
the normal human ageing process, several changes occur in the
retina®”, such as a decrease in retinal thickness, due to internal
neural modifications, with a decrease in the GCC and IPL™",
The data found show that, even with no statistical differences
in age and follow-up, the thickness of the central retina circle
of the participants who evolved to late AMD was altered
compared with early/intermediate AMD group.

Recently, Farinha et a/”” described some changes in retinal
thickness in eAMD patients suggesting a continuous process
of atrophy or neurodegeneration most pronounced in the outer
layers but extending to the inner layers in ETDRS inner and
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outer ring. The changes that our group found in the central
retinal ring were also clear in the inner ring supporting two
findings: 1) at tO those participants who progressed to late
AMD already had differences in retinal thickness compared
to those with no progression; 2) the retinal thickness pattern
in patients who later progressed to late AMD was clinically
distinct with thinner thickness in the aAMD group and
thicker thickness in nAMD. Although retinal thickness at t0
has been shown to provide a pattern of predisposition to late
AMD progression, it was at tl that statistically significant
differences were found in the inner retinal and choroidal layers
supporting the potential of these structures as quantitative AMD

biomarkers™”.

Chauhan et al®”

reported that central RNFL quantification
is not susceptible to age variation. Although this is a positive
aspect for the disease change assessment, due to the age factor
being minimized in RNFL quantification, the contribution of
this structure as a biomarker for late AMD progression did not
seem to be relevant at t0. In contrast, despite no statistical or
clinical differences at t0 that would support its importance as
a biomarker of progression, a thinner RNFL thickness at t1
was found in the aAMD group. Reduced RNFL thickness had
already been described in early/intermediate AMD"" but not in
late AMD progression.

The assessment of the GCC, probably due to its localization
and cellular concentration in the macular region”*”, has been
raising interest in retinal pathologies””. The first studies
using SD-OCT to study the inner layers in AMD described
a decrease in GCC thickness in non-exudative AMD!"?,
Later a new implication of the GCC was described and, after
ROC analysis, the potential to distinguish changes related to
carly/intermediate AMD was investigated"*. Following the
recent report of the potential interest of neuronal retinal layer
thicknesses as quantitative biomarkers of disease progression
in early AMD"™, this paper suggests the utility of these layers,
GCC in specific, as a potential biomarker of progression to late
AMD.

In this work, in addition to the thinner thickness of the GCC
in the aAMD group compared to the early/intermediate AMD
groups, it was found that these thickness differences also occur
when compared to the nAMD group strengthening the distinct
mechanisms involved. The GCC thinner thickness between
the two time points studied (t0 vs t1) was more evident in
the inner ring of aAMD. In the Zucchiatti er a/™ study, the
mean values obtained for GCC thickness in participants with
aAMD was 50.4+17.9 um, being close to the values obtained
at t1. Clinically interesting, despite no statistical differences,
were the GCC values found in the nAMD group, that were
consistently higher than the early/intermediate group even at t0
before progression to late AMD had occurred.
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The study of the choroid, given its decrease over age"”, the

B33 or increase” of its thickness

inconsistency of decrease
in the different stages of AMD™ ", was the most challenging
parameter. Considering that choroidal thickness decreases
with age””, and that its decrease is accentuated in AMD
progression””, it is important to highlight that at t0 participants
who progressed to late AMD had already a decrease in
choroidal thickness compared to participants who did not
progress. In this structure we want to highlight two key points:
1) the differences found were not only in the central circle, and
it is a central issue related to the relevance of the metrics used
in most studies-subfoveal choroidal thickness; 2) the fact that
choroidal thickness has an inverse behaviour in the nAMD
group and increases from t0 to t1.

Several studies have described a loss of choriocapillary density
in participants with aAMD!"", which, by decreasing choroidal
blood flow, leads to impairment of the outer retinal layers such
as RPE or photoreceptors”. Our choroidal data were close to
the study by Sigler and Randolph””. who described a mean
choroidal thickness in participants with iAMD of 161£39 um
compared to the decrease of 1154 40 um described in aAMD.
The main limitations of this work were the study of two visits
only (t0 and t1) which removes the insight into the retinal
layers changes/conversion profile at different time points. The
sample size was another limitation, which resulted from the
study’s criteria of inclusion/exclusion for the case group (AMD
patients who progressed to late stages during follow-up) and
controls (AMD patients with no progression during follow-up).
In conclusion, the role of the choroid in the impairment of
the outer layers” and consequent repercussion on the inner
neural layers of the retina by transneuronal degeneration seems

"% from the reported differences in choroidal and GCC

clear!
thickness.

The concept that the development of both neovascular
and atrophic AMD is associated with distinct prognostic

features™™

is certainly an area for further exploration. With
the understanding that there is still little knowledge on how
the inner retinal layers change over time or by stage of AMD
progression”” and which prognostic value of retinal layers

should be enhanced™™

this initial work made an important
input. The relevance was the characterization of the different
patterns of retinal layer changes in participants with different
patterns of progression (at tO vs t1) and to highlight the
possible relevance of the GCC and choroid which have also
recently been addressed in an artificial intelligence project™".
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