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Purpose: To assess the rate of retinal thinning as a biomarker for incident late-stage age-related macular degeneration (AMD).
Methods: This retrospective cohort study included patients (aged ≥50 years) with ≥3 optical coherence tomography (OCT) macular 
scans ≥6 months apart. Eyes that developed ≥250 μm of complete retinal pigment epithelium (RPE) and outer retinal atrophy (cRORA) 
with associated hypertransmission through Bruch’s membrane on OCT were considered to have developed geographic atrophy (GA). 
The spatial pattern of macular thinning was assessed using the ETDRS rings centered on the foveola, calculated as a percentage change 
relative to its baseline value by eye.
Results: A total of 201 eyes met inclusion criteria. At last follow-up, 17 eyes developed GA (8.5%) at a median observation of 5.2 
(2.4) years. The central subfield (1-mm) and inner ring (3-mm ETDRS subfield) thinned faster in eyes that developed incipient GA 
(central subfield thickness [CST]: −1.59% vs. −0.47% per year, p=0.007; inner ring: −1.48% vs. −0.65% per year, p<0.001), while the 
outer ring (6-mm ETDRS subfield) thinned less rapidly (−0.75% vs. −0.30% per year, p=0.003). Linear regression identified the rate of 
inner ring thinning as the most significant predictor of GA, with a receiver operating characteristic curve demonstrating a high 
predictive accuracy (area under the curve [AUC], 0.821; 95% CI, 0.746–0.896; p<0.001).
Conclusion: Rapid thinning of the inner ETDRS ring is associated with incipient GA. Identifying eyes at risk of late AMD using 
serial OCT scans would permit personalized monitoring and treatment strategies critical for safeguarding vision.
Keywords: biomarker, disease progression, geographic atrophy, macular degeneration, optical coherence tomography, macula lutea

Introduction
Age-related macular degeneration (AMD) is a leading cause of progressive visual impairment among individuals aged 60 
years of age and older in high-income countries.1,2 Regular monitoring of patients with AMD for evidence of progression 
to advanced stages of the disease is critical to provide treatments that safeguard vision.3 Early detection of advanced 
AMD makes it possible to begin treatment at less advanced stages of the disease, when eyes often have better vision and 
there is greater potential for achieving better long-term visual outcomes.4,5

Geographic atrophy (GA), an advanced form of non-neovascular (dry) AMD, is a chronic, progressive degeneration of the 
macula characterized by localized sharply demarcated loss of outer retinal tissue, retinal pigment epithelium (RPE), and the 
associated choriocapillaris. On average, it takes only 2.5 years from the initial identification of GA for central visual function 
to decline.6 Adoption of a healthy lifestyle, including not smoking and use of nutritional supplements have been shown to 
reduce the risk of advanced AMD.7–9 Although GA is traditionally identified on color fundus photographs and fundus 
autofluorescence (FAF) imaging, retinal thinning and other structural changes that develop prior to the development of GA are 
not easily observed with these techniques. Imaging by means of Spectral-Domain Optical Coherence Tomography (OCT), 
routinely performed to monitor patients with AMD, provides an opportunity to identify retinal changes associated with 
progression to advanced AMD.10–12
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The aim of our study was to determine if retinal thickness data available in spectral-domain OCT scans of the macula 
routinely obtained to monitor patients with AMD could identify longitudinal patterns of thinning associated with the 
onset of GA or decreased visual acuity. Identifying eyes with rapid macular thinning would aid in personalizing 
monitoring schedules and inform therapeutic decision-making.

Methods
The research followed the tenets of the Declaration of Helsinki and the STROBE reporting guidelines (https://www.equator- 
network.org/reporting-guidelines/strobe/).13 The requirement for informed consent was waived because of the retrospective 
nature of the study, and a waiver was granted by the Institutional Review Board of the Lahey Hospital & Medical Center, 
Burlington, MA. Data were gathered and secured in compliance with the Health Insurance Portability and Accountability Act.

Study Participants
The study comprised a retrospective, longitudinal cohort study of eyes from patients aged 50 years or older who received eye 
care at an academic medical center between June 1, 2012, and November 1, 2023. The stage of nonexudative AMD was 
determined based on the Beckman Classification and was validated through clinical examination and multimodal imaging.14 

A customized reporting tool within the electronic health record (EHR) system (EPIC systems Inc., Verona, WI) was employed 
to identify patients by using International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) 
codes for early (H35.311x) or intermediate (H35.312x) nonexudative AMD.15

A retina specialist (DJR) reviewed the demographic (age, sex, race and ethnicity) and clinical data (visual acuity, slit- 
lamp biomicroscopy, imaging data, smoking history, and past medical history, including use of Age-Related Eye Disease 
Study [AREDS] vitamins) recorded in the EHR. All patients had at least three OCT scans of the macula (512 × 128) 
performed at least six months apart. Patients whose eyes had other eye diseases, such as diabetic retinopathy, high 
myopia (≤ –6.00 D) or high hypermetropia (≥ +6.00 D), retinal vascular diseases, central serous chorioretinopathy, 
uveitis, or were affected by an epiretinal membrane that impacted the central 1 mm Early Treatment Diabetic 
Retinopathy Study (ETDRS) subfield were excluded. Also excluded were eyes with a history of ocular surgery, other 
than cataract surgery performed at least three months prior to study inclusion. No patients had any history of exposure to 
medications or other agents known or suspected to be retinotoxic, such as hydroxychloroquine, tamoxifen, or pentosan 
polysulfate. Finally, patients whose eyes developed neovascular AMD were also excluded because of the potential impact 
of incipient macular neovascularization on retinal thickness measurements.16

Image Acquisition and Evaluation
Retinal thickness map measurements were obtained from each spectral-domain OCT macular cube scans (512 × 128) by 
using the built-in software (Cirrus, software version 11.5.2.54532; Carl Zeiss Meditec, Inc). Retinal thickness was 
calculated automatically as the distance between the vitreoretinal interface and RPE, based on reflectivity characteristics.

The average retinal thickness for the central 1-mm ETDRS subfield and inner (3-mm ETDRS) and outer (6-mm 
ETDRS) rings were measured in microns (µm) (Figure 1). At the time of inclusion, the index OCT scan was reviewed to 
confirm the absence of features indicative of advanced AMD. Linear measurements were performed on OCT B-scans in 
accordance with consensus definitions for complete RPE and outer retinal atrophy (cRORA) with associated hyper
transmission through Bruch’s membrane.10–12 Progression to GA was defined as the development of cRORA with a linear 
extent ≥250 μm on OCT B-scans, accompanied by hypertransmission through Bruch’s membrane,17 the study endpoint. 
The location of incident GA was classified as subfoveal (ICD-10-CM H35.314x: advanced atrophic age-related macular 
degeneration with subfoveal involvement) or non-subfoveal (ICD-10-CM H35.313x: advanced atrophic age-related 
macular degeneration without subfoveal involvement).12

Change in retinal thickness for each subfield was calculated by using the follow-up reference scan function to align 
subsequent scans with the baseline image. Rate of change is presented as a percentage change in thickness per year relative to 
its baseline value to control for the effects of age, sex, and eye-specific factors such as axial length and refractive error on 
macular thickness, calculated as: Δ subfield thickness (µm/year) ÷ baseline subfield thickness (µm) × 100.18,19 (Garcia- 
Valenzuela E et al IOVS 2002;43:ARVO E-Abstract 2574). This normalization reduces variability related to baseline 
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differences in macular thickness across eyes. Images were excluded from analysis if there was low signal strength index (<5), 
blink artifacts, poor fixation resulting in motion or image doubling artifacts, localized loss of signal from media opacities, or 
major segmentation errors. Minor segmentation errors were manually corrected by using the built-in machine software. The 
uneven quality of longitudinal imaging data available for the eyes included in our study precluded reliable, automated 
segmentation of individual retinal layers.

Statistical Analysis
Data were analyzed using SPSS (Version 28.0, IBM, Armonk, NY). Data are reported as mean (±SD) for continuous 
variables that follow a normal distribution. For non-normally distributed variables and categorical data, the median, 
interquartile range (IQR), minimum, and maximum are provided for frequency (count), along with relative frequency 
(percentage). Student’s t-test was used to compare normally distributed quantitative variables, while nonparametric 
Wilcoxon signed rank test was used for non-normally distributed quantitative variables. Pearson’s correlation coefficient 
and Spearman rank correlation were used to evaluate the linear relationship between continuous and ordinal variables, 
respectively. Binary logistic regression models were utilized to determine the risk of developing GA based on various 
factors, including age and visual acuity. All tests were 2-sided and p-values below 0.05 were regarded as statistically 
significant.

Results
A total of 201 eyes from 142 patients were included in the study. The median (IQR) baseline age was 77 (interquartile range 
[IQR] 71 to 83) years and 65.5% of patients were female. Central subfield thickness (CST, 1 mm ETDRS subfield) 
demonstrated a modest age-related decline, with inner and outer rings showing a faster reduction with age (Figure 2). 
A weighted linear regression using the median age of each five-year bin as the predictor demonstrated a significant negative 
association between age and average retinal thickness within each ETDRS ring. Mean CST thickness decreased with age 
across five-year age bins (β = −0.278 µm/year, SE = 0.070, t(6) = −3.99, p = 0.007; R2 = 0.73). Similarly, the inner (ETDRS 
3-mm) and outer (ETDRS 6-mm) rings showed a strong inverse associations between mean thickness and age across five-year 
age bins (outer ring: β = −0.55 µm/year, t(6) = −12.7, p < 0.001; R2 = 0.96; inner ring: β = −0.690 µm/year, SE = 0.058, t 

Figure 1 ETDRS grid map of the macula. The ETDRS grid consists of three concentric regions: the central subfield (blue, a circle centered on the foveola 1 mm in diameter 
used to define CST), the inner 3-mm ETDRS ring (green, 3 mm in outer diameter), and the outer 6-mm ETRDS ring (red, 6 mm in outer diameter). Each ring is further 
divided into four quadrants: superior (S), inferior (I), nasal (N), and temporal (T). 
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; CST, central subfield thickness.
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(6) = −11.80, p < 0.001; R2 = 0.96). Both the inner ring (p = 0.001) and outer ring (p = 0.014) thinned faster than the CST. By 
contrast, the rate of inner to outer ring thinning was similar (p = 0.406).

Development of GA
At last follow-up, 17 eyes from eight patients developed GA (8.5%) at a median age of 86 (82 to 88) years and after 
a median (IQR) observation of 5.2 (4.4 to 8.2) years (Figure 3 and Table 1). By contrast, eyes that did not develop GA 
had a similar age at last observation (median age 82 [IQR 76 to 88] years, p = 0.569) with a similar length of observation 
(median 4.3 [IQR 2.1 to 8.4] years, p = 0.294). Five eyes (29%) met criteria for incident subfoveal GA and 12 eyes 
(71%) developed incident non-subfoveal GA. Eyes that developed GA had slightly worse median BCVA at the start of 
the study (logMAR 0.10 [IQR 0.00 to 0.20] vs. logMAR 0.20 [IQR 0.20 to 0.30], p < 0.001) and worse median BCVA at 

Figure 2 Age-related macular thickness by ETDRS grid region. (A) Central subfield thickness (CST; 1 mm ETDRS subfield) shows a modest decline across 5-year age 
cohorts (linear fit: y = −1.3 x + 264). (B) Inner (ETDRS 3-mm ring) and outer (ETDRS 6-mm ring) rings demonstrate steeper age-associated thinning, greater in the inner 
ring (y = −3.3 x + 323) than the outer ring (y = −2.6 x + 279). Dashed lines indicate the 95% confidence bands around the fitted regression lines. 
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; CST, central subfield thickness.
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the end of the study (logMAR 0.30 [IQR 0.10 to 0.40] vs. logMAR 0.40 [IQR 0.30 to 0.54], p < 0.001). Finally, eyes that 
developed incipient GA lost more visual acuity over the course of the study (logMAR 0.10 [0.00 to 0.30] vs log MAR 
0.16 [0.10 TO 0.20]; p = 0.049). By contrast, no association was found between the rate of retinal thinning and the use of 
AREDS supplements or from the smoking of tobacco.

Figure 3 Longitudinal OCT of the right eye of a 75-year-old woman with intermediate AMD demonstrating progressive macular thinning over five years. Near-infrared 
reflectance (NIR) fundus image with ETDRS grid overlays display subfield thicknesses relative to an age- and sex-matched normative data (green = within 1 SD; yellow = 1–2 
SDs; red = ≥ 2 SD). Corresponding B-scans are shown below each panel. (A) Baseline: no significant thinning is observed in any of the ETDRS subfields. (B) Year 3: 
borderline thinning is noted in the superior outer ETDRS subfield. (C) Year 5: resorption of drusen was associated with overlying cRORA (horizontal diameter 290 µm), 
illustrating incipient subfoveal GA. Scale bar 200 µm. Arrow indicates the direction of the scan from temporal to nasal (T→N). 
Abbreviations: OCT, optical coherence tomography; AMD, age-related macular degeneration; ETDRS, Early Treatment Diabetic Retinopathy Study; SD, standard deviation; 
cRORA: complete retinal pigment epithelium and outer retinal atrophy.

Table 1 Demographic and Clinical Characteristics of Study Eyes

Characteristic All Eyes§  

(n=201)
Status at End of Study p†

Nonexudative 
AMD without GA 

(n=184)

Nonexudative 
AMD with GA 

(n=17)

Age, median (IQR), years
Baseline 77 (71 to 83) 77 (71 to 83) 78 (76 to 84) 0.390

End of study 82 (76 to 88) 82 (76 to 88) 86 (82 to 88) 0.569

Sex, % (n)
Female 65.5 (93) 64.6 (82) 75.0 (9) 0.292

Male 34.5 (49) 35.4 (46) 25.0 (3) –
Race, % (n)

White (non-Hispanic) 96.5 (194) 96.7 (178) 94.1 (16) 0.899

Other 3.5 (7) 3.3 (5) 5.9 (1) –
Sociomedical traits, % (n)

AREDS supplement use  

Smoking tobacco

41.8 (84) 

8.0 (16)

41.8 (77) 

8.7 (16)

41.2 (7) 

0.0 (0)

0.839 

0.424

(Continued)
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Macular Change Analysis
Eyes that developed incipient GA demonstrated retinal thinning at a significantly faster rate compared with eyes with less 
advanced stages of nonexudative AMD (Figure 4). Measured as a percent change in retinal thickness, CST thinned at 
a rate of −1.59% ± 1.08% per year for eyes that developed GA, compared with −0.47% ± 1.65% per year for eyes that 
did not reach this stage (p = 0.007; (Table 2). Similarly, the inner ring (−1.48% ± 0.63% per year vs. −0.65% ± 0.99% 
per year, p < 0.001) and outer rings (−0.75% ± 0.37% per year vs. −0.30% ± 0.61% per year, p = 0.003) thinned faster in 
eyes that developed GA. When a single eye from each subject was selected at random, the rate of inner ring thinning 
remained statistically significant (−1.34% ± 0.58% per year vs. −0.69% ± 1.09% per year, p = 0.043).

Across all eyes, the rate of thinning was weakly correlated with age for the CST (r = −0.084, p = 0.022) and inner ring 
(r = −0.127, p < 0.001), but not for the outer ring (r = −0.017, p = 0.663). By contrast, BCVA did not correlate with the rate of 
macular thinning. After controlling for age, the rate of thinning showed a significant correlation with the risk of developing GA 
(CST: adjusted odds ratio [aOR], 1.11; 95% CI, 1.01–1.23, p = 0.035; inner ring: aOR, 1.23; 95% CI, 1.05–1.43, p = 0.008; 
outer ring: aOR, 1.47; 95% CI, 1.11–1.96, p = 0.007). Stepwise linear regression identified the rate of inner ring thinning as the 
factor most strongly associated with incipient GA, with a receiver operating characteristic curve (ROC) demonstrating a high 
predictive accuracy (area under the curve [AUC], 0.821; 95% CI, 0.746–0.896; p < 0.001).

Discussion
Our study establishes that the rate of macular thinning is associated with the development of incipient GA. Specifically, we 
quantify the rate of thinning and identify ETDRS inner ring thinning as the most significant predictor associated with the 
development of cRORA, a finding on OCT imaging that represents GA.10–12 Given the frequency with which spectral-domain 
OCT macular imaging is performed, not only by providers specializing in retina care but also in routine clinical practice, our 

Table 1 (Continued). 

Characteristic All Eyes§  

(n=201)
Status at End of Study p†

Nonexudative 
AMD without GA 

(n=184)

Nonexudative 
AMD with GA 

(n=17)

BCVA, median (IQR), logMAR
Baseline 0.10 (0.00 to 0.20) 0.10 (0.00 to 0.20) 0.20 (0.20 to 0.30) <0.001
End of study 0.30 (0.10 to 0.40) 0.30 (0.10 to 0.40) 0.40 (0.30 to 0.54) <0.001
∆BCVA 0.10 (0.00 to 0.30) 0.10 (0.00 to 0.30) 0.16 (0.10 to 0.20) 0.049

Macular Thickness, mean (SD), µm
CST (1-mm ETDRS subfield)

Baseline 258.8 (22.2) 259.4 (22.0) 252.9 (23.2) 0.149

End of study 253.5 (25.3) 255.4 (24.6) 232.9 (23.2) <0.001
Inner Ring (3-mm ETDRS subfield)

Baseline 308.9 (17.4) 309.3 (17.5) 305.1 (14.8) 0.215

End of study 299.6 (20.0) 301.3 (19.6) 281.3 (14.5) <0.001
Outer Ring (6-mm ETDRS subfield)

Baseline 266.9 (15.6) 266.9 (15.7) 268.1 (13.7) 0.652

End of study 262.6 (16.5) 263.1 (16.5) 257.5 (15.6) 0.001
Period of Observation, median (IQR), years

Years median (IQR) 4.6 (2.2 to 8.4) 4.3 (2.1 to 8.4) 5.2 (4.4 to 8.2) 0.294

Scans interval median (IQR) 1.1 (0.7 to 1.3) 1.1 (0.7 to 1.3) 1.2 (0.9 to 1.2) 0.453

Time to GA onset, years mean (SD) – – 5.9 (2.4) –

Notes: §Five patients had one eye excluded because of preexisting GA, 62 patients had one eye excluded because of a history of neovascular AMD, and 16 
patients had one eye excluded because of another eye disease, such as a visually significant cataract, epiretinal membrane, diabetic retinopathy, or retinal 
vascular disease, or because of having OCT scans of insufficient quality. †Significance is marked in bold (p < 0.05). 
Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; BCVA, best-corrected visual acuity; CST, central subfield 
thickness; GA, geographic atrophy; OCT, optical coherence tomography; IQR, interquartile range; SD, standard deviation.
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approach, which relies on automated analysis of retinal thickness on ETDRS subfield maps, should be readily accessible and 
familiar to most clinicians. Increasing the awareness of the association between regional thinning rates, particularly in the 
ETDRS inner ring, should make it possible for clinicians to better identify eyes at higher risk of progression to GA. This 
discovery will not only foster closer monitoring of patients at an elevated risk of late-stage AMD, but it will provide an 
opportunity to implement nutritional supplements and healthy lifestyle behaviors proven to reduce the risk of advanced AMD.7–9

Similar to the findings in our study, the atrophy in more than one-third of eyes with incipient GA is foveal at 
presentation.20 Eyes that developed incipient GA lost more visual acuity, but this decline in vision did not correlate with 
the spatial location of the atrophy or its rate, likely because of the limited size of our sample. This lack of a functional 

Table 2 Rate of Macular Thinning in Eyes by GA Status

All Eyes 
(n=201)

Status at End of Study p†

Nonexudative 
AMD without GA 
(n=184)

Nonexudative 
AMD with GA 
(n=17)

Retinal Thickness (% change / year)
CST (central 1-mm subfield)

Mean (SD)¥ 0.56 (1.6) 0.47 (1.7) 1.59 (1.1) 0.007
Inner Ring (3-mm ETDRS subfield)

Mean (SD)¥ 0.72 (1.0) 0.65 (1.0) 1.48 (0.6) <0.001
Outer Ring (6-mm ETDRS subfield)

Mean (SD)¥ 0.33 (0.6) 0.30 (0.6) 0.75 (0.4) 0.003

Notes: †Significance is marked in bold (p < 0.05). ¥Normalized to baseline thickness. 
Abbreviations: AMD, age-related macular degeneration; CST, central subfield thickness; GA, geographic atrophy; SD, standard 
deviation.

Figure 4 Thinning of the ETDRS grid region on the macular OCT. Percentage change per year in retinal thickness analysis performed using the ETDRS grid centered on the 
fovea for eyes with non-exudative AMD without GA (solid bars) and advanced AMD with GA (hatched bars). Values are expressed as mean % / year (SD), normalized to the 
respective baseline macular OCT ETDRS grid region thickness. GA eyes show greater thinning across all regions, with the CST (blue) the most pronounced, followed by the 
inner (green) and outer (red) rings. Significance: ** = p < 0.01; *** = p < 0.001. 
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; OCT, optical coherence tomography; AMD, age-related macular degeneration; GA, geographic 
atrophy; SD, standard deviation; CST, central subretinal thickness.
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endpoint, despite a well-known association between GA and central vision loss,1,2 is likely partly because selecting 
incident GA as our study outcome did not allow sufficient time for atrophy to impair central vision, as it takes an average 
of 2.5 years from the initial identification of GA for central vision to decline.6 Nonetheless, eyes that developed GA 
exhibited comparatively worse final BCVA, suggesting that factors beyond thinning alone may contribute to visual 
decline in this subgroup. We also lack other functional measures of visual function known to be affected by advanced 
AMD, such as contrast sensitivity or dark adaptation,21 and we did not include microperimetry data, which would have 
allowed measurement of the size and extent of any associated scotomas.22

Recently, the US Food and Drug Administration (FDA) approved two novel complement inhibitors capable of slowing the 
progression of GA secondary to AMD. However, the Phase 3 clinical trials underlying their approval failed to achieve endpoints 
related to preserving visual function, and identified an increase in the rate of neovascular AMD with complement treatment,23–25 

a side effect replicated by real-world clinical studies.26 The FDA also recently cleared photobiomodulation (PBM) as a treatment 
for eyes with intermediate AMD or non-central GA,27 on the basis of sham-controlled, double-blinded studies of low-level light 
therapy.28,29 The development of these and other emerging treatments for nonexudative AMD increases the urgency of identifying 
biomarkers linked to the risk of the progression to advanced nonexudative AMD. Assessing the rate of retinal thinning might also 
be useful for patient selection for treatment given the risks and costs of currently available interventions.30

In clinical practice, the time required to obtain serial, high-quality OCT scans that allow for automated segmentation of 
individual retinal layers or to manual correct segmentation, is lacking. By contrast, the approach taken in our study considered 
the built-in total retinal ETDRS subfield thickness is not only readily available, but it is relatively easy to apply and is likely 
compatible with real-world clinical practice. Notably, the change of mean thickness assessed by using semiautomated 
segmentation of the ETDRS subfields on OCT imaging has been proposed as a potential endpoint for clinical trials aimed 
at slowing disease progression in GA31 and inherited retinal degenerations (IRD).32 Recent work has introduced metrics such 
as the Macular Tissue Integrity Index, which quantify residual retinal tissue and may provide a more functionally relevant 
assessment beyond conventional thickness measures.33 The pathophysiology of GA is not yet fully understood, and it is still 
not known if the primary site of disease lies at the level of the RPE, photoreceptors, Bruch’s membrane, or choriocapillaris, 
and whether this varies from patient to patient. A single clinical snapshot of retinal anatomy by OCT fails to account for time- 
varying thinning that may precede visible structural collapse of the outer retina. Identifying eyes with rapid macular thinning 
may aid forecasting of progression of incomplete RPE and outer retinal atrophy (iRORA) to cRORA.

In our study, retinal thickness was measured by using semiautomated segmentation of the ETDRS subfields on spectral- 
domain OCT images from the inner limiting membrane (ILM) to the RPE (inner boundary of the RPE band). We did not assess 
changes in Bruch’s membrane or the choriocapillaris, or quantify ellipsoid zone (EZ) disruption, which often precedes or 
accompanies outer retinal atrophy.17 We also did not assess the eyes in our study for other features that have been proposed to 
serve as biomarkers for late AMD, including drusen type, the height of drusenoid pigment epithelial detachments, the presence of 
intraretinal hyperreflective foci, and a thin double-layer sign.34,35 Notably, rapid macular thinning has been identified as an 
important, early sign of hydroxychloroquine-associated retinal toxicity. Melles et al showed that conventional signs of toxicity on 
spectral-domain OCT or the 10–2 visual field became apparent with as little as 20 to 30 µm of retinal thinning in the ETDRS inner 
ring.36 This suggests that this region may be more sensitive to identifying retinal degeneration because of anatomical or functional 
aspects. It is therefore critical for any eyes that show abnormally fast retinal thinning to be monitored for other causes of retina 
disease such as IRD,32 central serous retinopathy,37 myopic degeneration,38 and drug toxicities,36 all of which were excluded as 
causes for the patients in our study.

Traditional color photographs and fundus FAF images were not available for all of the eyes included in our study.39 In 
clinical research, GA is often delineated by centering an ETDRS grid on the foveola, using these modalities.31 However, 
compared to spectral-domain OCT imaging, these modalities are less commonly performed in a routine retina practice and are 
less sensitive for detecting macular neovascularization.16 They are also limited in their ability to delineate other structural 
details that develop in advance of GA such as photoreceptor degradation, RPE thinning, and choriocapillaris deterioration (ie., 
iRORA) prior to the development of GA.17,40 Importantly, signs of cRORA on spectral-domain OCT demonstrate near-perfect 
agreement with a first-order agreement coefficient of 0.99.41 In the future, the introduction of high-resolution, swept-source 
OCT is likely to increase iRORA detection.42,43 Recent studies have also highlighted the potential of OCT angiography as 
a tool for monitoring the risk of progression to late nonexudative AMD.40,44
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Limitations
We acknowledge the limitations of this study, including its retrospective design and modest size of the sample drawn 
from a single academic retina center. The study population was also limited in its racial and ethnic diversity, which, 
although not unexpected for patients diagnosed with AMD,2 may nonetheless have the consequence that the results of our 
study may not be capable of being generalized to other populations. Our study was also underpowered to assess the 
impact of AREDS supplements, the smoking of tobacco, or other sociodemographic factors. Real-world clinical studies 
like ours also result in incomplete data collected at irregular intervals. Although all patients underwent clinical retinal 
examination and spectral-domain OCT imaging, uneven quality of imaging obtained in a clinical practice limited our 
ability to segment individual retinal layers. Using longer scanning protocols that incorporate signal averaging or 
enhanced depth protocols would have permitted quantitative assessment of individual retinal layers or choroidal 
thickness that may serve as important biomarkers.44,45 Finally, future OCT imaging software will likely integrate artificial 
intelligence-based decision-support tools that may aid recognizing features linked to GA progression.46

Conclusion
Our study reveals that monitoring the rate of macula thinning, particularly in the ETDRS inner ring on spectral-domain OCT 
imaging, may help identify eyes at greater risk of progression to incipient GA. Determining which patients are at a greater risk 
of progression to late-stage nonexudative AMD could aid in the selection of patients who have the most potential to benefit 
from emerging interventions, or the use of AREDS nutritional supplements known to slow disease progression. The 
recognition of the relationship between macular thinning and development of cRORA may also guide the selection of patients 
for inclusion in future clinical trials assessing new interventions designed to slow or prevent GA. Finally, because our study 
relies upon readily available clinical imaging tools familiar to most clinicians that provide care to patients with AMD, it can 
potentially be rapidly and widely adopted. This should allow patients with AMD to be referred to retina specialists before 
central visual function is compromised and when vision-sparing therapies are likely to be the most effective.
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