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Purpose: To evaluate disease progression and associated vision changes in patients with geographic at-
rophy (GA) secondary to age-related macular degeneration (AMD) in 1 eye and GA or neovascular AMD (nAMD) in
the fellow eye using a large dataset from routine clinical practice.

Design: Retrospective analysis of clinical data over 24 months.
Subjects: A total of 256 635 patients with GA from the American Academy of Ophthalmology (Academy)

IRIS� Registry (Intelligent Research in Sight) Registry (January 2016 to December 2017).
Methods: Patients with � 24 months of follow-up were grouped by fellow-eye status: Cohort 1, GA:GA;

Cohort 2, GA:nAMD, each with (subfoveal) and without subfoveal (nonsubfoveal) involvement. Eyes with history of
retinal disease other than AMD were excluded. Sensitivity analysis included patients who were managed by retina
specialists and had a record of imaging within 30 days of diagnosis.

Main Outcome Measures: Change in visual acuity (VA), occurrence of new-onset nAMD, and GA pro-
gression from nonsubfoveal to subfoveal.

Results: In total, 69 441 patients were included: 44 120 (64%) GA:GA and 25 321 (36%) GA:nAMD.
Otherwise eligible patients (57 788) were excluded due to follow-up < 24 months. In both GA:GA and GA:nAMD
cohorts, nonsubfoveal study eyes had better mean (standard deviation) VA at index (67 [19.3] and 66 [20.3] letters)
than subfoveal eyes (59 [23.9] and 47 [26.9] letters), and 24-month mean VA changes were similar for non-
subfoveal (�7.6 and �6.2) and subfoveal (�7.9 and �6.5) subgroups. Progression to subfoveal GA occurred in
16.7% of nonsubfoveal study eyes in the GA:GA cohort and 12.5% in the GA:nAMD cohort. More new-onset
study-eye nAMD was observed in the GA:nAMD (21.6%) versus GA:GA (8.2%) cohorts. Sensitivity analysis
supported the robustness of the observations in the study.

Conclusions: This retrospective analysis describes the natural progression of GA lesions and the decline in
VA associated with the disease.
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Geographic atrophy (GA) is the advanced form of age-
related macular degeneration (AMD).1e3 Over 5 million
patients worldwide are estimated to have GA, with 1 million
in the United States alone.4,5 Although neovascular AMD
(nAMD) can be successfully treated with VEGF
inhibitors, the treatment of GA remains a substantially
unmet need. Geographic atrophy is defined by the
irreversible loss of retinal structures, including
photoreceptor cells, retinal pigment epithelium, and
choriocapillaris.6 Pathophysiological studies show that GA
often begins in the regions away from the fovea and, over
time, spreads to cover the center of the fovea; however,
the rates and dynamics of disease progression vary
ª 2023 by the American Academy of Ophthalmology
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considerably from person to person.6 It is important to
note that GA and nAMD can coexist in the same eye.

Loss of visual acuity (VA) in GA has been reported in
numerous prospective and retrospective natural history
studies.6e9 Irreversible decline in VA has been shown to
accompany GA lesion growth, although the relationship
between lesion growth and VA decline is complex, owing to
GA lesion characteristics such as location, focality, and
degree of foveal involvement as well as limitations in in-
struments used to measure visual function.8,10,11 Data from
the prospective Proxima A and B studies showed rapid GA
lesion expansion and an associated decline in vision.12 A
retrospective study of 40 543 patients from the United
1https://doi.org/10.1016/j.xops.2023.100318
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Kingdom showed that the type and stage of AMD in the
fellow eye affected rate of disease progression in the study
eye. Additionally, factors including age, female sex, and
presence of cardiovascular conditions tended to predispose
patients to higher risk of disease progression to advanced
AMD, according to a multivariate analysis.13

With the wide-ranging functional impact of GA, there is
a need for additional data from a large patient population
that represent the natural course of GA outside the context
of a controlled clinical study. Understanding the natural
history and patterns of GA progression over time from a
large-scale, representative registry may help the timely
diagnosis and management of patients with GA.

To characterize the GA population and disease progres-
sion in everyday clinical practice, we conducted a retro-
spective analysis of the Academy’s IRIS registry.

Methods

Study Design

This was a retrospective analysis of clinical data recorded in the
IRIS Registry. The IRIS registry houses information from 60
electronic health record (EHR) data systems from > 15 000 cli-
nicians in ophthalmic practices and > 70 million unique patients,
including those without insurance, with adequate security per
Health Insurance Portability and Accountability Act laws. Ac-
cording to the guidance regarding methods for deidentification of
Protected Health Information in accordance with the Health In-
surance Portability and Accountability Act Privacy Rule, neither
Institutional Review Board approval nor exemption is required
because (1) the research and analysis was conducted on anony-
mized data in accordance with the deidentification standard
promulgated under 45 CFR x 164.514; and (2) no research was
conducted on human subjects. No patient authorization is required
because this study was certified as conducted on anonymized,
deidentified data used for research purposes by Verana Health.

Study Participants

The study included patients who were � 50 years of age at the
index date with an International Classification of Diseases (ICD)-
10 diagnosis code for GA in � 1 eye between January 1, 2016 and
December 31, 2017. The start date was selected based on the
availability of the ICD-10 code for GA, confirming disease severity
and eye laterality. As the ICD-10 codes use the phrases “with
subfoveal involvement” and “without subfoveal involvement,” the
terms “subfoveal” and “nonsubfoveal” have been used to describe
lesion location, respectively. Included patients had advanced AMD
in both eyes (GA in 1 eye and either GA or nAMD in the other).
The eye with GA was selected as the study eye in patients with
unilateral GA; in patients with bilateral GA, the eye without sub-
foveal involvement was selected as the study eye; and in cases
where neither or both had subfoveal GA, the better-seeing eye was
selected. Patients were excluded if they had nAMD in the study eye
before GA diagnosis (< 3 years before the study index date),
history of any other retinal condition, missing demographic in-
formation, or < 24 months of follow-up. To examine how disease
in the fellow eye affected outcome measures in the study eye,
patients were categorized according to the presence of bilateral GA
(GA:GA, Cohort 1), or fellow-eye nAMD (GA:nAMD, Cohort 2).

For the sensitivity analysis, patients who were managed by
retina specialists from the index diagnosis of GA and had a record
of imaging within 30 days of diagnosis were included. For
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inclusion in this analysis, patients were also required to have a
record of imaging that was a Current Procedural Terminology code
for either OCT or fundus autofluorescence within 30 days of a
progression event.

Study End Points

End points included change in VA over time, categorical VA
decline at 12 and 24 months, and mean time to severe visual
impairment in all the cohorts. All Snellen scores used to measure
VA were converted to logarithm of the minimum angle of
resolution first for analysis and then to ETDRS letters. Change in
VA over time was analyzed by VA values observed at baseline and
at 12 (� 45 days) and 24 (� 45 days) months. Visual acuity decline
at 12 and 24 months was also measured in terms of clinically
relevant vision end points, including loss of driving ability (worse
than 20/40 in the study eye) and legal blindness (20/200 or worse
in the study eye).

In study and fellow eyes, disease progression was defined as
either a change from nonsubfoveal to subfoveal GA or develop-
ment of new-onset nAMD, based on ICD-10 codes. In patients who
developed nAMD, those receiving anti-VEGF treatment and the
intervals of treatment were recorded.

Statistical Analysis

Statistical comparisons for VA values were not performed because
the VA assessments were a function of data availability in this
dataset. Comparisons between groups based on atrophy location
and fellow-eye involvement were performed using 2-sample t tests
(normal distribution) or Wilcoxon rank sum tests (nonnormal dis-
tribution) for 2-group continuous variable comparisons. For more
than 2-group comparisons, analysis of variance was used. To find
heterogeneity between each cohort for comparisons of categorical
variables, chi-square test was used. Worsening of VA was calcu-
lated by stratifying patients according to baseline VA. A logistic
multivariable analysis was performed to analyze factors associated
with follow-up < 24 months.
Results

Patient Characteristics

A total of 256 635 patients with GA were identified from the
IRIS Registry during the index period, and 69 441 patients
met inclusion criteria. Among the included population, 44
120 patients (63.5%) had bilateral GA (GA:GA; Cohort 1)
and 25 321 patients (36.5%) had nAMD in the fellow eye
(GA:nAMD; Cohort 2) (see Fig 1 and Table 1 for further
details).

Both cohorts were balanced with respect to race (as
classified in the IRIS Registry database), age, and sex.
Notably, 57 788 otherwise eligible patients were excluded
due to follow-up of < 24 months (Table 2).

In an analysis of treatment provider type, 55.1% (24 297)
of the patients in the GA:GA group (Cohort 1) were seen by
a retina specialist, 19.9% (8770) by a general ophthalmol-
ogist, 18% (7953) by other subspecialists, and 6.3% (2789)
by an optometrist. In comparison, 86.4% (21 871) of the
patients in the GA:nAMD group (Cohort 2) were seen by a
retina specialist, 7.5% (1898) were seen by a general
ophthalmologist, 4.4% (1113) were seen by other sub-
specialists, and 1.3% (323) were seen by an optometrist.



Figure 1. Patient disposition. *Includes only patients with geographic atrophy (GA) or neovascular age-related macular degeneration (nAMD) in the
fellow eyeAMD ¼ age-related macular degeneration; CNV ¼ choroidal neovascularization; EMR ¼ electronic medical records; ICD ¼ International
Classification of Diseases; VA ¼ visual acuity.
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Changes in VA

In Cohort 1 (GA:GA), mean (standard deviation) VA at
baseline was 63 (22.0) letters. Study eyes with nonsubfoveal
GA had better mean VA at index (67 [19.3] letters) than
Table 1. Patient Demographics and Treating Provi

GA:GA (n [ 44

Age, Mean (SD) 81.38 (8.68)
Sex, n (%)
Female 29 685
Male 14 435

Race, n (%)
White 37594
Black 506
Asian 571
Other 163
Unknown 5286

Treating provider, n (%)
Retina specialist 24 297
General ophthalmologist 8770
Other specialist (e.g., glaucoma) 7953
Optometrist 2789
Unknown 311

GA ¼ geographic atrophy; nAMD ¼ neovascular age-related macular degener
those with subfoveal GA (59 [23.9] letters). However, over
24 months, mean changes in VA were similar for both the
nonsubfoveal and subfoveal lesion subgroups, with a loss of
7.6 and 7.9 letters, respectively. In Cohort 2 (GA:nAMD),
mean (standard deviation) VA at baseline was 56 (25.7)
der of Patients with � 24 Months of Follow-up

120) GA:nAMD (n [ 25 321)

82.58 (7.90)

67 16 916 67
33 8405 33

85 22 368 88
1 133 0.5
1 195 0.8
0.4 64 0.3
12 2561 10

55 21 871 86
20 1898 7
18.0 1113 4
6 323 1
0.7 116 0.5

ation; SD ¼ standard deviation.
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Table 2. Characteristics of Patients with < 24 Months of Follow-up

< 24 mos Follow-up (n [ 57 788) ‡ 24 mos Follow-up (n [ 84 686) P

Age, Mean (SD) 85.03 (8.66) 81.37 (8.48) < 0.0001
VA at index, study eye; mean ETDRS letters, (SD) 48.97 (26.73) 56.87 (25.37) < 0.0001
Visits to retina specialist, mean, SD
first year post-index 2.91 (2.59) 4.09 (3.26)
second year post-index 2.16 (1.83) 4.08 (3.18)

Disease classification, n (%) < 0.0001
GA:GA, nonsubfoveal 18 288 (31.6) 24 476 (28.9)
GA:GA, subfoveal 19 375 (33.5) 22 631 (26.7)
GA:nAMD, nonsubfoveal 4921 (8.5) 11 798 (13.9)
GA:nAMD, subfoveal 6548 (11.3) 12320 (14.5)

GA ¼ geographic atrophy; nAMD ¼ neovascular age-related macular degeneration; SD ¼ standard deviation; VA ¼ visual acuity.
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letters. Visual acuity at index was likewise better for the
nonsubfoveal than subfoveal GA subgroups (mean 66 [20.3]
vs. 47 [26.9] letters, respectively), and similar changes were
seen at 24 months, with a mean loss of 6.2 and 6.5 letters
(Table 3, Fig 2A).

Categorical Decline in VA

At index in Cohort 1 (GA:GA), 14% of study eyes had VA
better than 20/20, and 42% had VA worse than 20/20 but
better than 20/40. In Cohort 2 (GA:nAMD), 8% of study
eyes had 20/20 vision or better, whereas 37% had vision
ranging from 20/20 to 20/40.

Among study eyes with VA of 20/40 or better at baseline,
the rates of decline were similar in both cohorts, with 30.2%
in the GA:GA cohort and 30.0% in the GA:nAMD cohort
progressing to VA worse than 20/40 at 24 months.

Among study eyes with VA worse than 20/40 and better
than 20/200 at index, 29.7% of the GA:GA and 27.6% of
the GA:nAMD cohorts progressed to VA 20/200 or worse at
24 months. In general, vision loss to VA 20/200 or worse
occurred more frequently in eyes with baseline subfoveal
GA. Fellow-eye status did not seem to correlate with decline
of VA in the study eye (Fig 2B, C).

Progression from Nonsubfoveal to Subfoveal
Lesions

In Cohort 1 (GA:GA), 3800 (16.7%) study eyes progressed
from nonsubfoveal to subfoveal GA over the follow-up
period, with a mean time to progression of 73.6 weeks
(16.9 months). In Cohort 2 (GA:nAMD), 1540 (12.5%)
study eyes progressed from nonsubfoveal to subfoveal GA
during follow-up, with a mean time to progression of 68.2
weeks (15.6 months). At the end of the first 12 months,
7.6% (GA:GA) and 6.0% (GA:nAMD) lesions progressed
from nonsubfoveal to subfoveal. At 24 months, these rates
were 12.8% and 9.9% for patients in the GA:GA and
GA:nAMD groups, respectively.

Development of Neovascular AMD

Overall, occurrence of nAMD was observed in the study eye
in 2066 (4.7%) of Cohort 1 (GA:GA) patients and in 3370
(13.3%) of Cohort 2 (GA:nAMD) patients during the first 12
4

months. The occurrence of study-eye nAMD at 24 months
increased to 8.2% (3611) and 21.6% (5476) for patients with
GA:GA and GA:nAMD, respectively (Fig 3A).

In patients with bilateral GA, 2608 (11.4%) study eyes with
nonsubfoveal and 2176 (10.2%) with subfoveal lesions had
new-onset nAMD with a mean time to occurrence of 76.1
weeks (17.5 months) and 72.6 weeks (16.7 months), respec-
tively. In comparison, patients with fellow-eye nAMD devel-
oped new-onset nAMD in the study eye more frequently in
both the nonsubfoveal (3605 [29.3%]) and subfoveal (3387
[26.0%]) subgroups than in the bilateral GA group, with mean
time to occurrence of 70 weeks (16.1 months) and 66.9 weeks
(15.3 months), respectively (Fig 3B).

Across cohorts, a majority of study eyes that developed
new-onset nAMD had a record of receiving � 1 anti-VEGF
injection(s) during the follow-up period. Of study eyes in
the GA:GA cohort that developed nAMD, 58% and 57%
with baseline nonsubfoveal and subfoveal lesions, respec-
tively, received � 1 anti-VEGF injection. Of study eyes in
the GA:nAMD cohort that developed nAMD, 65% and 57%
with baseline nonsubfoveal and subfoveal lesions, respec-
tively, received � 1 anti-VEGF injection.

Patients Lost to Follow-up

An incidental but important finding of this analysis was the
number of patients who were lost to follow-up. Of the
eligible patients, 57 788 (40.5%) were excluded from the
primary analysis due to < 24 months of follow-up (Table 2).
These excluded patients were, on average, 3.7 years older
and had worse VA (49 vs. 57 letters) than those with �
24 months of follow-up (P < 0.0001 for both). A larger
proportion of patients in the group with < 24 months of
follow-up had vision worse than 20/200 (24.6% vs. 16.8%).
This group also had a higher proportion of bilateral GA
(65.2% vs. 55.6%), subfoveal involvement in the study eye
(33.5% vs. 26.7%), and a lower rate of fellow-eye nAMD
(19.8% vs. 28.5%). They were less likely to be managed by
a retina specialist (60.7%) than those with � 24 months of
follow-up (69.9%). According to a logistic multivariable
analysis, patients between 60 and 80 years old, those with a
fellow-eye diagnosis of nAMD, those managed by a retina
specialist from the start of the follow-up period, and those
who had a concomitant glaucoma/cataract diagnosis or



Table 3. Visual Acuity in the Study Eye at Index and by Cohorts

Overall
GA:GA

(n [ 44 120)

Nonsubfoveal
GA:GA

(n [ 22 791)

Subfoveal
GA:GA

(n [ 21 329)

Overall
GA:nAMD

(n [ 25 321)

Nonsubfoveal
GA:nAMD

(n [ 12 309)

Subfoveal
GA: nAMD
(n [ 13 012)

Mean ETDRS letters, (SD)* 63 (22.02) 67.45 (19.25) 58.98 (23.87) 56 (25.72) 65.69 (20.34) 46.86 (26.91)
Proportion of patients, n (%)
20/20 or better 6294 (14) 3571 (15) 2723 (12) 2161 (8) 1469 (12) 692 (5)
< 20/20 or � 20/40 18 628 (42) 11 354 (49) 7274 (34) 9407 (37) 6295 (51) 3112 (24)
< 20/40 or � 20/100 11 144 (25) 5209 (22) 5935 (28) 6354 (25) 2930 (24) 3424 (26)
< 20/100 or � 20/200 3765 (8) 1179 (5) 2586 (12) 2762 (10) 632 (5) 2130 (16)
< 20/200 4289 (9) 1478 (6) 2811 (13) 4637 (18) 983 (8) 3564 (28)

GA ¼ geographic atrophy; nAMD ¼ neovascular age-related macular degeneration; SD ¼ standard deviation.
*Snellen was converted to ETDRS letters.
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procedure were more likely to have � 24 months of
follow-up.

Sensitivity Analysis

To confirm these overall observations, we performed a
sensitivity analysis among a subgroup of patients who were
diagnosed and managed by retina specialists (Table S4,
available at www.ophthalmologyscience.org). This
subpopulation was relatively balanced between Cohort 1
(GA:GA) and Cohort 2 (GA:nAMD) but had a greater
proportion of patients in Cohort 2 (GA:nAMD) than the
primary analysis (50% vs. 36%), likely because of retina
specialists’ involvement in nAMD management.

In this sensitivity analysis, Cohort 1 (GA:GA) had better
mean baseline acuity, and more study eyes in this cohort had
nonsubfoveal lesions. At 24 months, Cohort 1 (GA:GA) and
Cohort 2 (GA:nAMD) had a mean loss of 7.52 and 6.24
letters, respectively (Fig S4A, available at
ophthalmologyscience.org). Eyes with subfoveal
involvement also had greater mean and categorical VA
decline over both 12 and 24 months than those with
nonsubfoveal GA (Fig S4B).

At 24 months, 5891 (25.4%) study eyes in Cohort 1
(GA:GA) and 8423 (39.1%) study eyes in Cohort 2
(GA:nAMD) experienced disease progression to subfoveal
involvement or nAMD. Progression from nonsubfoveal to
subfoveal GA occurred in 21.8% and 15.0% of eyes in the
GA:GA and GA:nAMD groups, respectively. The effect of
fellow-eye nAMD on disease progression was also observed
in this analysis (Fig S4C).

These findings are consistent with the data from the
primary analysis.
Discussion

This analysis of the Academy’s IRIS Registry offers addi-
tional insights into the clinical course of GA over a 24-
month period. Substantial GA progression, including from
nonsubfoveal to subfoveal lesions, associated decline in
vision, and development of nAMD were observed in this
large dataset.
In the absence of clinical imaging data to confirm GA
lesions, a sensitivity analysis using diagnoses from retina
specialists was undertaken. Given that retina specialists may
have greater access to OCT and other imaging devices used
for monitoring GA lesions, this analysis lends credibility to
the observations of disease progression. Additionally,
presence of an OCT Current Procedural Terminology code
was required within 30 days of the GA diagnosis to ensure
an imaging procedure was conducted for each GA diagnosis
observed. Results from the sensitivity analysis of patients
seen by retina specialists were consistent with these overall
trends.

The influence of fellow-eye nAMD in this study was
notable. The development of nAMD was up to 3 times more
frequent in patients with fellow-eye nAMD compared with
those with bilateral GA, regardless of GA lesion location.
Other research has also shown that the presence of nAMD at
baseline in the fellow eye increases the probability of
nAMD developing in the study eye.14 The development of
neovascular disease in eyes with GA, here and in other
studies, suggests that the underlying relationship between
these pathological processes requires further elucidation.15

In a prospective cohort study within the Age-Related Eye
Disease Study 2, 29% of eyes with incident GA developed
nAMD within 4 years.16 A subsequent Age-Related Eye
Disease Study 2 report also demonstrated that fellow-eye
nAMD increases the chances of developing nAMD in an
eye with GA, and in a follow-up, new-onset nAMD
occurred within 5 years in 36.4% of eyes with baseline
fellow-eye nAMD versus 16% of those without.9,17,18 As
observed in this study, patients with fellow-eye nAMD
were also more likely to be seen by a retina specialist,
probably related to anti-VEGF treatment and associated
monitoring, suggesting a gap for patients with GA without
nAMD who may benefit from the care of a retina specialist.

In this study, categorical decline to VA worse than 20/40
and 20/200 was measured unilaterally. Because these were
patients’ better-seeing eyes, such worsening of vision could
potentially render an affected patient ineligible to drive (20/
40) or meeting criteria for legal blindness (20/200), sub-
stantially impacting their independence and quality of life. It
has been well documented that GA affects vision-related
quality of life, such as activities of daily living, driving
5
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Figure 2. A, Mean changes in visual acuity (VA) by cohort (including only patients with baseline and either month 12 or 24 VA data available). Cohorts
are nonsubfoveal geography atrophy (GA):GA; subfoveal GA:GA; nonsubfoveal GA:neovascular age-related macular degeneration (nAMD); subfoveal
GA: nAMD. B, Worsening of VA to < 20/40 among those with VA 20/40 or better at baseline. C, Decline of VA to � 20/200 or worse among those with
VA worse than 20/40 but better than 20/200 at baseline.
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patterns, work schedules, social activities, dependency, and
mental health.19e23 One retrospective analysis showed that
66.7% of patients with bilateral GA became ineligible to
drive by a median time of 1.6 years, whereas 16% were
legally blind after a median 6.2 years.24

The continued decline of vision, as indicated by the
marked deterioration in the first year in our study, highlights
the critical need to slow or prevent disease progression in
GA. Interestingly, a similar magnitude of vision decline was
observed in both nonsubfoveal and subfoveal lesion
6

subgroups, suggesting that visual function may be preserved
with future treatments even after lesions enter the fovea.
This finding aligns with previous reports suggesting that,
although early treatment might be most advantageous, there
remains a possibility of vision preservation later in the
course of the disease, although the relationship between
lesion growth and visual function is not completely under-
stood.8,10,12 At the time of the first clinical encounter in this
study, VA was generally not greatly impaired for the
patients with GA, particularly for those with nonsubfoveal



Figure 3. A, Occurrence of new-onset neovascular age-related macular degeneration (nAMD) in study eye by cohort. B, Disease progression to subfoveal
involvement and occurrence of new-onset nAMD in study eye by cohort. Patients were followed for � 24 months with mean (standard deviation) follow-up
of 1001 (164) days and median follow-up of 998 days (interquartile range, 261). Month 12 was measured as (365 þ 45-day window). Month 24 was
measured as (730 þ 45-day window). GA ¼ geographic atrophy.
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lesions. This study demonstrates a mean of 15.6 to 16.9
months to foveal encroachment within the 2 cohorts.
Considered with previous reports of a median time to
foveal encroachment of 2.5 years after GA diagnosis,25

these results suggest an opportunity for early therapeutic
intervention to prevent or slow lesion progression into the
foveal region.

When considered together with the proportion of patients
with < 24 months of follow-up, these data further suggest
that, although initial patient assessment may be happening at
appropriate times, subsequent care has not been optimal,
perhaps due to lack of available therapies and loss to follow-
up. Patients with vision loss due to GA may not perceive a
benefit to following up with their eyecare provider if they
have been informed about the lack of treatment options and
the irreversible nature of lesion growth. The results of this
study highlight the need for patient education and the
importance of follow-up in GA for adequate and ongoing
monitoring and vision support and to identify and treat
ocular comorbidities.26

This study has several limitations. As a large registry, the
IRIS Registry is based on ICD-10 codes and is limited by a
lack of clinical images and the likelihood of missing infor-
mation and documentation errors, all of which are common to
data derived from EHRs.27 With large registries such as IRIS,
it is impossible to account for miscoding and to verify and
validate data quality, which is beyond the scope of this
study and could be counted as a limitation.28 In the absence
of a direct image analysis, the sensitivity analysis undertaken
among patients examined by retina specialists helps address
these inherent limitations as care by subspecialists and the
presence of imaging data lend credibility to observations of
disease progression, and these results support the overall
trends observed in the larger population. Additionally,
although the IRIS Registry as a whole could be considered
representative of the United States population seeking
ophthalmic care, this study’s inclusion criteria may be biased
toward patients with sufficient access to health care
resources to have received 24 months of follow-up. Retro-
spective database studies necessarily rely mainly on billing
codes, which have limited ability to describe wide-ranging
medical conditions in detail.29 Because systemic
comorbidities and characteristics such as smoking status and
family history are not consistently noted in the EHR within
an ophthalmology practice setting, these factors could not be
analyzed further. In the future, studying such risk factors for
progression of GA in a large EHR registry could help
identify patients who are most likely to benefit from future
therapeutic approaches.

Other substantial limitations include lack of a reading
center, leading to diagnostic errors and low-quality evalua-
tions of VA. Also, because the VA data were collected as
Snellen scores and converted to ETDRS letters, caution
must be exercised in interpreting the precise letter results.
Finally, conventional VA testing may not reflect the true
extent of visual function loss in patients with foveal-sparing
scotomas.30 To further characterize functional progression,
patient-reported outcomes, such as reading acuity and
speed or use of questionnaires based specifically on low-
luminance activities, may be required.31,32

A strength of this study is the inclusion of patients with
GA routinely seen by thousands of ophthalmologists in
academic and community settings. Unlike other controlled
studies with narrowly selected patient populations, our
research features a prevalent GA patient population in
clinical settings that is diverse across institutions, ages, and
pre-existing conditions. Findings from this large study
highlight the rapid, irreversible, and clinically meaningful
progression of GA lesions and vision decline over a
24-month period.12 Well-designed, prospective studies with
7
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longitudinal data are required to study patterns of atrophy
development and to further our understanding of disease
progression and burden in AMD.33
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