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Abstract
● AIM: To identify optical coherence tomography (OCT) 
features present at the diagnosis of neovascular age-related 
macular degeneration (nAMD) that could predict retinal 
atrophy (RA) and visual performance in patients treated with 
intravitreal aflibercept.
● METHODS: OCT data collected at the time of nAMD 
diagnosis (T0), after the first (T1) and third (T2) intravitreal 
aflibercept injection, and 5y post-diagnosis (T3) were 
analyzed. The study included 46 eyes from patients 
undergoing treatment. The association of OCT features 
with RA and visual acuity (VA) development over time were 
evaluated.
● RESULTS: Patients with RA at T3 exhibited worse 
VA (35.19±5.7 vs 8.90±2.3, P<0.001) and a lower rate 
of improvement or stability at T2 (90.48% vs 56.00%, 
P=0.019) and T3 (85.71% vs 8.00%, P<0.001). The 
development of RA at T3 was linked with type 2 macular 
neovascularization (MNV; 4.76% vs 36.00%, P=0.013), 
thinner outer nuclear layer (ONL, 88.89±7.82 µm vs 
71.38±14.14 µm, P=0.033), presence of intraretinal fluid 
(IRF, 42.86% vs 80.00%, P=0.014), presence of IRF without 
subretinal fluid at T0 (SRF, 4.76% vs 32.00%, P=0.027), and 
reduced central foveal thickness at T3 (CFT, 190.14±22.79 µm 
vs 124.32±14.35 µm, P<0.001). The presence of SRF with 
or without IRF at the diagnosis was comparable between 
the two groups (90.48% vs 68.00%; P=0.084).
● CONCLUSION: Type 2 MNV, reduces ONL and CFT, 
and IRF presence at baseline may signal a higher risk of 
RA in treatment-naive nAMD patients, underscoring the 

importance of these OCT features in early risk assessment 
and management strategies.
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INTRODUCTION

B y 2040, due to the aging of the population, the number 
of people affected by age-related macular degeneration 

(AMD) is expected to increase by 50%[1-2]. In the European 
Region, the estimated prevalence rate is higher, reaching about 
18.3% of individuals with a mean age range of 60-81y[3-7]. The 
occurrence of macular neovascularization (MNV) connotes 
the neovascular form of the disease known as neovascular 
AMD (nAMD), which is responsible for nearly 90% of the 
severe visual acuity (VA) loss (20/200 or worse)[8]. The 
pathophysiology of nAMD depends on immune and vascular 
factors, but causative mechanisms are still elusive. The retinal 
pigment epithelium (RPE) plays an undisputed role in the 
overexpression of the vascular endothelial growth factor 
(VEGF), one of the main molecular triggers of the MNV, 
promoting vascular leakage and endothelial cell proliferation[9].
Later stages of nAMD include sub-macular fibrosis, 
photoreceptor atrophy, and permanent loss of central vision[10]. 
Retinal atrophy (RA) is identifiable during the fundus 
oculi examination with the aspect of “geographic atrophy” 
defined as the presence of delimited atrophic lesions of the 
outer retina resulting from loss of photoreceptors, RPE, and 
choriocapillaris.
Swept-source optical coherence tomography (SS-OCT) is a 
noninvasive technique that provides high-resolution cross-
sectional images of the retina and underlying structures. 
Nowadays, it is a leading diagnostic tool in nAMD, detecting 
new or recurrent neovascular disease activity and addressing 
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the best treatment[11-12]. The Consensus Definition for Atrophy 
Associated with Age-Related Macular Degeneration on OCT 
(CAM) designed OCT as the reference method to classify 
nAMD atrophy[13-14].
In 2004, the first anti-VEGF molecule was approved for the 
treatment of nAMD[15-16]. Intravitreal anti-VEGF agents can 
halt the progression of the disease, but nAMD fibrosis is 
irreversible. Different anti-VEGF regimens have been used, 
such as the pro re nata (as needed) or the treat and extend 
(fixed), both affected by pros and cons[17-20]. Main anti-VEGF 
agents are aflibercept, ranibizumab, brolocizumab, off-
label bevacizumab and faricimab[21]. In 2011, the approval 
of aflibercept (marketed as EYLEA®) marked a significant 
step in the treatment of nAMD[22]. Aflibercept inhibits all 
forms of VEGF-A, VEGF-B, and the placental growth factor 
(PGF)[22-25]. VIEW trials showed that the clinical results of 
aflibercept were comparable to ranibizumab (0.5 mg) while 
necessitating five fewer injections in the first year[21]. Change 
in best corrected VA (BCVA) from the baseline showed an 
improvement of 7.6 Early Treatment Diabetic Retinopathy 
Study (ETDRS) letters among the groups initially assigned 
to receive intravitreal aflibercept either monthly or every two 
months (bimonthly) after 96wk of treatment. Nonetheless, anti-
VEGF agents are burdened by a high frequency of intravitreal 
injections (IVT) and clinical examinations.
Moreover, the efficacy and safety comparison between anti-
VEGF agents and the choice of treatment scheme remains 
controversial[26-27]. The administration of anti-VEGF agents 
does not prevent new recurrence[28], and in 66% of the treated 
patients, it is possible to detect persistent disease activity after 
the loading dose, defined as persistent intraretinal, subretinal or 
sub-RPE fluid, persistent or new hemorrhage and progressive 
lesion fibrosis[29-30].
Furthermore, despite a rapid initial response and visual 
recovery, several studies described a progressive decline 
in visual function in about 30% of affected eyes[31-32]. This 
phenomenon is attributable to the development of RA, which 
usually begins in the second year of treatment and manifests 
itself around the fifth year[31,33-36]. To date, the pathogenesis of 
RA is not known. Some authors suggest that it may constitute 
the natural progression of a concomitant dry variant of 
AMD[37], while others correlate its onset with anti-VEGF 
administration[31,33-36]. Chronic suppression of VEGF would 
eliminate its neuroprotective effect on the retina, and the 
involution of the MNV would interrupt the nutritional supply 
to the external retinal layers[38]. Morphological predictors 
of progression to RA have been investigated, although a 
conclusive response is lacking. Thus, their assessment and 
early recognition are crucial to obtaining the best use of 
available therapeutic resources and adequate preventive 

measures. Predictive models have been developed to assess 
the progression of AMD[39-41], but reproducible factors of 
progression to RA are not still well established. AMD is a 
common and increasing disease and it is crucial to identify 
reliable indexes of progression, facilitating adequate plans of 
treatment and prevention. In this study, we aimed to identify 
OCT features that may predict RA in patients with nAMD 
treated with aflibercept.
PARTICIPANTS AND METHODS
Ethical Approval  The study was a retrospective, 
observational, cohort study, conducted at the Umberto I 
University Hospital and the Department of Sense Organs, 
Sapienza University of Rome. Data were collected from 
September 2014 to September 2021. All participants provided 
informed written research consent. The study was approved 
by the local ethics committee with protocol number 510/2014. 
This study follows the tenet of the Helsinki Declaration.
Participants  To define possible candidates predictive of RA, 
a comparison was assessed between patients with and without 
RA at 5y from the nAMD OCT diagnosis. Participants were 
treated following a pro re nata scheme, with a loading phase 
consisting of an initial IVT at the OCT diagnosis of nAMD, 
followed by two injections at 1- and 2-month post-diagnosis, 
respectively. Subsequent IVTs were administered based on 
OCT-detected recurrences. Participants underwent monthly 
comprehensive ophthalmological exams, including OCT and 
fundus oculi, and were instructed to report any new visual symptoms.
Patients diagnosed with nAMD through OCT and indocyanine 
green angiography/fluorescein angiography, who required 
anti-VEGF treatment, were included in this study. Only eyes 
treated with aflibercept 4 mg/mL (Eylea®, Bayer, Leverkusen, 
Germany) and with a minimum 5-year follow-up were 
selected. In bilateral nAMD cases, only one randomly selected 
eye was included to prevent inter-eye correlation.
Exclusion criteria included the presence of RA detected 
on OCT and indocyanine green angiography/fluorescein 
angiography at baseline, other retinal diseases besides nAMD, 
prior retinal laser therapy, vitreoretinal surgery, or other anti-
VEGF treatments, missing follow-up data at any time point, 
and unreliable OCT images.
Data were collected at baseline (T0), where a comprehensive 
ophthalmological examination was conducted, including 
BCVA assessment using the ETDRS scale, a dilated fundus 
examination, and SS-OCT. Additional data from SS-OCT and 
BCVA were gathered 1mo after the first and second loading 
injections (at T1 and T2, respectively), with a final evaluation 
taking place 5y post-initial injection (T3). The total number 
of IVTs, the number of recurrences, and the interval between 
the last IVT and the 5-year mark (T3) were recorded for each 
participant. BCVA stability was defined as a change of 4 
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ETDRS letters or fewer; improvement was marked by a gain 
of 5 or more ETDRS letters. RA was classified according to 
the OCT Classification of Atrophy Meeting Program[13].
SS-OCT scans, performed with the Triton DRI-OCT device 
(Topcon, Tokyo, Japan), featured a scanning rate of 100 000 
A-scans per second and a 1050 nm wavelength for enhanced 
tissue penetration and clear visualization of deep ocular 
layers. Scans that were unreliable due to poor quality or the 
presence of artifacts were excluded. At baseline, SS-OCT 
assessed factors potentially indicative of RA development 
in nAMD patients treated with aflibercept including MNV 
type, intraretinal fluid (IRF), subretinal fluid (SRF), and outer 
nuclear layer (ONL) thickness. The largest MNV diameter 
and central foveal thickness (CFT) were measured, with ONL 
thickness assessed in the foveal region.
The presence and maximum height of pigment epithelium 
detachments (PEDs), quantification of hyperreflective foci 
(HRFs)[42], and outer retinal tubulations (ORTs)[43] were 
evaluated. Treatment response was determined via SS-OCT as 
the resolution of IRF or SRF and a decrease in retinal thickness.
Statistical Analysis  Statistical analyses were carried out 
using IBM SPSS Statistics v.27.0.1. Continuous variables, 
reported as mean±standard deviation (SD), were tested for 
normal distribution by the Shapiro-Wilk test. To compare 
non-parametric values the Mann-Whitney test was employed, 
whereas the unpaired t-test was used to compare parametric 
values. To evaluate qualitative variables Fisher’s exact test was 
used. When appropriate, we reported 95% confidence intervals 
(95%CI) and P-values.
RESULTS
During the clinical records review process, 1085 patient 
records were retrieved. Among these, 703 patients underwent 
treatment with aflibercept. Within this cohort, 653 patients did 
not meet the other inclusion criteria. A 5-year follow-up was 
available for 50 patients, but 4 were further excluded due to 
unreliable OCT images (Figure 1).
Totally 46 eyes were eligible for recruitment (mean age 
78.37±1.90y; 32 women and 14 men) and started IVTs with 
aflibercept 4 mg/mL after an OCT diagnosis of nAMD (Figure 1). 
Twenty-one eyes did not show RA at 5y after the diagnosis (T3), 
while 25 eyes met the CAM criteria of RA. Non-atrophic eyes 
were categorized in group A, while atrophic ones in group B. 
The two groups did not differ by age (P=0.112; Table 1, Figures 
2 and 3).
The BCVA showed no significant differences between the two 
groups at T0, T1, and T2. BCVA at T3 was significantly worse 
in patients with atrophy (35.19±5.7 vs 8.90±2.3; P<0.001). 
An improvement of BCVA was observed in group A at T2 
(90.48% vs 56.00%; P=0.019) and T3 (85.71% vs 8.00%; 
P<0.001; Table 1).

The baseline prevalence rates of type 1, type 2, type 3, and 
mixed type MNV were 36.96%, 21.74%, 0, and 41.30%, 
respectively. Group B showed a higher frequency of type 2 
MNV (4.76% vs 36.00%; P=0.013). No significant differences 
were found between the two groups for type 1 MNV (47.62% 
vs 28.00%; P=0.225), mixed type MNV (47.62% vs 36.00%; 
P=0.550), and MNV diameter (2724.24±432.32 µm vs 
3134.16±514.89 µm; P=0.215; Table 1).
A thinner ONL at T0 (88.89±7.82 µm vs 71.38±14.14 µm; 
P=0.033) and a reduced CFT at T3 (190.14±22.79 µm vs 
124.32±14.35 µm; P<0.001) were more frequent in group B.
The presence of SRF with or without IRF at the diagnosis 
was comparable between the two groups (90.48% vs 68.00%; 
P=0.084), whereas IRF was predominant in group B (42.86% 
vs 80.00%; P=0.014). Moreover, atrophic eyes showed more 
IRF without SRF at T0, compared with eyes without atrophy at 
5y (4.76% vs 32.00%; P=0.027).
The number of IVTs (14.71±1.28 vs 16.68±1.61; P=0.427) and 
months between the last IVT and T3 (18.1±2.63 vs 17.6±2.83; 
P=0.931) showed no significant differences between the two 
groups.

Figure 1 Flow diagram summarizing sample selection  FU: Follow-

up; nAMD: Neovascular age-related macular degeneration; OCT: 

Optical coherence tomography; RA: Retinal atrophy; VR: Vitreoretinal 

surgery; VEGF: Vascular endothelial growth factor.
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Table 1 Comparison between the two groups of study                                                                                                                                                mean±SD

Demographic, functional, and imaging variables Group A (n=21) Group B (n=25) P
Demographic features

Age, y, at T0 76.67±2.54 79.8±2.9 0.112

Female, n (%) 16 (76.19) 16 (64.00) 0.522

Pseudophakia, n (%) 10 (47.62) 14 (56.00) 0.767

Functional features 

VA at T0, letters 26.48±5.89 24.96±7.17 0.739

VA at T1, letters 31.34±6.12 27.52±7.47 0.420

VA at T2, letters 35±6.36 27.44±7.5 0.122

VA at T3, letters 35.19±5.7 8.9±2.3 <0.001

VA improvement or stability at T1, n (%) 18 (85.71) 17 (68.00) 0.188

VA improvement or stability at T2, n (%) 19 (90.48) 14 (56.00) 0.019

VA improvement or stability at T3, n (%) 18 (85.71) 2 (8.00) <0.001

VA difference T1-T0 (mean) 4.86 2.56 0.326

VA difference T2-T0 (mean) 8.52 2.48 0.303

VA difference T3-T0 (mean) 8.71 -16.06 <0.001

Treatment-related features

Total number of IVT 14.71±1.28 16.68±1.61 0.427

Time between the last IVT and T3, mo 18.1±2.63 17.6±2.83 0.931

OCT features at T0

Type 1 MNV, n (%) 10 (47.62) 7 (28.00) 0.225

Type 2 MNV, n (%) 1 (4.76) 9 (36.00) 0.013

Type 3 MNV, n (%) 0 0 -

Mixed type MNV, n (%) 10 (47.62) 9 (36.00) 0.550

MNV diameter (µm) 2724.24±432.32 3134.16±514.89 0.215

CFT in patients without IRF (µm) 249±53.6 206.8±62.5 0.304

CFT in patients with IRF (µm) 287±75.8 345.85±61 0.292

ONL thickness (µm) 88.89±7.82 71.38±14.14 0.033

Presence of HRFs, (%) 20 (95.24) 25 (100) 0.456

PEDs maximum height (µm) 172.6±57.03 157.06±50 0.724

SRF with or without IRF, n (%) 19 (90.48) 17 (68.00) 0.084

SRF without IRF, n (%) 11 (52.38) 5 (20.00) 0.031

IRF, n (%) 9 (42.86) 20 (80.00) 0.014

IRF without SRF, n (%) 1 (4.76) 8 (32.00) 0.027

OCT features at T1 and T2

Treatment response at T1, n (%) 12 (57.14) 12 (48.00) 0.568

Treatment response at T2, n (%) 19 (90.48) 18 (72.00) 0.151

HRFs reduction at T2, n (%) 15 (75.00) 15 (60.00) 0.538

OCT features at T3

CFT at T3 (µm) 190.14±22.79 124.32±14.35 <0.001

ORT at T3, n (%) 1 (4.76) 4 (16.00) 0.357
Persistence of retinal cysts at T3, n (%) 2 (9.52) 6 (24.00) 0.260

Group A: Eyes without OCT retinal atrophy at 5y from nAMD diagnosis; Group B: Eyes developed OCT retinal atrophy at 5y from nAMD diagnosis. 

CFT: Central foveal thickness; HRFs: Hyperreflective foci; IRF: Intraretinal fluid; IVT: Intravitreal injection; MNV: Macular neovascularization; nAMD: 

Neovascular age-related macular degeneration; OCT: Optical coherence tomography; ONL: Outer nuclear layer; ORT: Outer retinal tubulation; 

PEDs: Retinal pigment epithelial detachments; SD: Standard deviation; SRF: Subretinal fluid; VA: Visual acuity.

Moreover, PEDs’ maximum height (172.6±57.03 µm vs 
157.06±50 µm; P=0.724), HRFs presence at T0 (95.24% vs 
100%; P=0.456) and their reduction at T2 (75.00% vs 60.00%; 

P=0.538), the persistence of retinal cysts at T3 (9.52% vs 
24.00%; P=0.260) and ORT at T3 (4.76% vs 16.00%; P=0.357) 
did not differ between atrophic and non-atrophic eyes (Table 1).
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DISCUSSION
Our study showed that type 2 MNV, reduced ONL and 
CFT thickness, and the presence of IRF at baseline could 
be potential indicators of RA development in nAMD-naive 
patients treated with aflibercept. Over a follow-up period of 5y, 
54.35% of the eyes progressed to new-onset RA, per CAM’s 
criteria[13].
Demographic characteristics, including age, sex, and 
pseudophakia, had no impact on the development of RA at 
5y. Instead, the presence of atrophy at T3 was influenced by 
morphological and functional factors (Table 1).
We found that the presence of IRF at diagnosis may suggest 
a negative prognosis in patients affected by nAMD, agreeing 
with the data available in the literature. The presence of 
IRF at baseline is related to a higher incidence of RA and 
poorer VA outcomes, as shown in both comparison of AMD 
treatments trials (CATT) and HARBOR studies[31,34,36,38,44-47]. 
Interestingly, we found that SRF at diagnosis was comparable 

between the two groups, suggesting no clear association with 
RA development after 5y of aflibercept treatment. In CATT 
and HARBOR studies SRF was found to be a protective 
factor against RA development after 2y of ranibizumab and 
bevacizumab administration. This discrepancy may be related 
to our sample size and the longer follow-up period. When 
SRF is present, the outer limiting membrane remains intact, 
acting as a barrier that prevents fluid from disrupting the outer 
retinal layers, unlike in the case of IRF[34,46]. Additionally, SRF 
typically occurs in locations distinct from IRF[48].
Thus, it has been theorized that subfoveal SRF might prevent 
the development of IRF in the same area, leading to foveal 
preservation with beneficial effects on macular health and 
VA[48-49]. According to this hypothesis, we found that IRF 
without SRF was significantly more frequent in eyes that 
developed RA, whereas SRF without IRF was  more frequent 
in eyes without RA, suggesting a protective role of isolated SRF.
The MNV type appeared to affect RA development. The 
patients who developed RA had a higher percentage of type 
2 MNV, rather than those who did not develop RA. This is 
consistent with a multicenter real-world study where type 1 
MNV was less associated with RA and IRF, compared with 
type 2 MNV and mixed type MNV after 3y of anti-VEGF 
treatment in nAMD patients[50]. This result was confirmed also 
by the real-world Fight Retinal Blindness Registry data, where 
RA was more associated with type 2 MNV rather than type 1 
MNV after a 5-year follow-up[51].
An explanation may be found considering the precise 
architecture of the internal retina, strictly regulated by the 
RPE-Bruch’s membrane complex. Overcoming this barrier is 
crucial because intraretinal rather than subretinal collection 
of fluid spreads faster and is slower to re-adsorb, leading to a 
higher rate of RA[52].
Regarding treatment strategies, our data do not show 
significant results, but the number of IVTs does not appear 
to be related to the risk of de novo RA at 5y. The connection 
between the frequency and number of anti-VEGF injections 
and RA remains a topic of ongoing debate, with varying results 
across different studies. Some researchers report a higher rate 
of RA with fewer IVTs[53], while others find no link between 
the number of anti-VEGF injections and RA[38,54-55]. 
Conversely, some studies suggest that a higher number of 
injections is associated with an increased incidence of RA[56-57]. 
Although we cannot rule out a negative effect of antiangiogenic 
therapy, the adverse outcomes may also be attributed to the 
progression of the disease, which necessitates a higher number 
of IVTs.
Single retinal layers were analyzed to assess a potential 
link between their thickness and progression to RA. The 
appearance and integrity of the ONL on OCT are indicative 

Figure 2 SS-OCT images of a participant belonging to group A  A: 

OCT scan at T0; B: OCT scan at T3, showing no development of RA at 

5y from nAMD diagnosis. nAMD: Neovascular age-related macular 

degeneration; SS-OCT: Swept source-optical coherence tomography; 

RA: Retinal atrophy.

Figure 3 SS-OCT images of a participant belonging to group B  A: 

OCT scan at T0; B: OCT scan at T3, showing retinal fluid regression, 

but the onset of RA. nAMD: Neovascular age-related macular 

degeneration; SS-OCT: Swept source-optical coherence tomography; 

RA: Retinal atrophy.
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of photoreceptor function and health, with thinning reflecting 
photoreceptor degeneration. ONL thickness, as an OCT 
biomarker potentially indicative of RA development, has been 
reported in various chorioretinal disorders[58-60], including dry 
AMD[13]. However, its impact on nAMD is less understood, 
necessitating further research to determine its prognostic 
value. In our cohort, a thinner ONL at diagnosis appears to be 
a potential predictor of RA onset. Early thinning of the ONL 
may signal a more aggressive form of the disease, leading to a 
higher incidence of RA.
Furthermore, there was no significant difference in the presence 
of ORTs between the two study groups 5y post-diagnosis. The 
relationship between ORTs and RA has shown mixed results 
in various studies. While the CATT study found a correlation 
between the two, suggesting common risk factors for ORT 
and RA onset[61], the MAHALO cohort study found that the 
rate of atrophic area expansion was significantly lower in eyes 
with ORTs than those without[62]. In our cohort, the functional 
impact on eyes with RA at 5y was clear, with VA being 8.9±2.3 
ETDRS chart letters, compared to 35.19±5.7 letters in non-
atrophic eyes, as detailed in Table 1.
The strengths of our study include strict inclusion criteria and 
the extended duration of the observation period. This study has 
limitations, including the sample size and the main reliance on 
OCT for defining RA. While OCT is the reference method for 
assessing RA, its limited scan field suggests that future studies 
might benefit from incorporating multiple imaging modalities. 
Exploring different treatment regimens and other available 
anti-VEGFs is warranted. Moreover, due to the retrospective 
nature of the study we were not able to describe the impact of 
other covariates such as lifestyle habits on the development of 
RA.
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