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Purpose: To analyze topographic progression of geographic atrophy with different concentric circles centered on the fovea in 
correlation with decrease of visual acuity.

Methods: We retrospectively analyzed 36 eyes of 26 patients diagnosed with geographic atrophy and followed at least  
1 year. One millimeter circular area at the foveal center were defined as zone 1, and doughnut shape areas from between  
1 and 2 mm to between 5 and 6 mm were defined as zone 2 to 6. Then, changes of geographic atrophy area in each zone 
were measured with semi-automatic software. Correlation analysis and regression analysis were performed to determine the 
relationship between changes in visual acuity and atrophic area in each zone.

Results: Mean age was 76.9 years and follow-up period were 3.38 years. The mean atrophic area increased from 8.09 to 
16.34 mm2 and visual acuity decreased from 0.39 to 0.69 on logarithm of the minimal angle of resolution. Mean change of 
total geographic atrophy area was not significantly correlated with visual acuity decrease. While geographic atrophy progres-
sion within zone 1, 2, and 3 showed significant causal relationship with decrease of visual acuity (all, p < 0.05).

Conclusions: In contrast to the total geographic atrophy area, progression of geographic atrophy in parafoveal area was 
significantly correlated with decrease of visual acuity.
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Geographic atrophy is known as the end stage of the 
atrophic age-related macular degeneration without choroi-
dal neovascularization. It presents clinically as a loss of ret-
inal pigment epithelium including overlying photoreceptors 

and choroidal vessels may be seen more distinctly. Geo-
graphic atrophy is estimated to cause 12% to 21% of severe 
blindness in age-related macular degeneration patients [1,2]. 
Although enlargement of atrophic lesion is the most com-
monly used and reproducible methods to assess disease 
progression, it also correlates with the decrease of visual 
function.

Typically, atrophic lesions appear first in the perifoveal 
area, sparing the foveal center, over time these lesions often 
expand and coalesce to include the fovea [3]. This progres-
sion is expected to cause significant visual decline, al-
though visual acuity can decline before the fovea is affect-
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ed [4,5]. Patients with geographic atrophy may have 
scotomas, decreased reading speed, reduced contrast sensi-
tivity and low-luminance visual activity, even when central 
visual acuity is preserved [6-8]. It has been reported that 
central vision is not completely lost and thus have relatively 
preserved visual acuity until the atrophic area progresses to 
more than 80% of the foveal center [9]. This phenomenon 
is related to the fact that vision may vary according to pa-
tient’s ability to find minimally invaded center foveal area 
[10]. However, these is no conclusive result regarding how 
topographic progression of geographic atrophy may cor-
relate with visual acuity changes. Therefore, the objective 
of this study was to find relationship between progression 
of geographic atrophy and visual acuity decrease, accord-
ing to the involvement in different circular areas centered 
on the fovea.

Materials and Methods

Study design

A retrospective medical record review was performed for 
patients diagnosed with geographic atrophy secondary to 
age-related macular degeneration between February 2011 

and July 2017 at our hospital. This study was performed in 
accordance with the Declaration of Helsinki. Institutional 
review board of Kyung Hee University Hospital approved 
the protocol (2019-05-013), and informed consent was ob-
tained from each subject. 

Subjects

Patients over 50 years of age without history of choroidal 
neovascularization were included in this study. Patients 
with at least 1 year of follow-up period were reviewed. Pa-
tients with atrophy due to high myopia (spherical equiva-
lent >-6 diopters) or due to macular dystrophy were exclud-
ed. Patients with dense cataracts or corneal opacity were 
excluded to provide good imaging quality and analysis. Pa-
tients with previous ocular surgery including vitrectomy or 
pre-existing ocular disease including uveitis, severe glauco-
ma, and severe diabetic retinopathy were also excluded 
from this study. 

Retinal imaging procedure 

Geographic atrophy was defined as discrete areas mea-
suring more than 500 mm of loss of retinal pigment epithe-
lium with a color and thickness change relative to the sur-

Fig. 1. Total geographic atrophic area and segmented geographic atrophy area by zone 1 to zone 6. (A) Total atrophic area, (B) zone 1, (C) 
zone 2, (D) zone 3, (E) zone 4, (F) zone 5, and (G) zone 6. Yellow region indicates manually measured atrophic area based on light blue 
autofluorescence image. Each zone was defined as doughnut shape area divided by distance of 1 mm from foveal center. 
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rounding retina with more prominent visualization of 
choroidal vessels. Atrophic area was measured based on 
fundus autofluorescence (FAF;  30 × 30 degrees and 768 × 
768 pixels; Spectralis HRA-OCT, Heidelberg Engineer ing, 
Heidelberg, Germany). Color fundus photography and opti-
cal coherence tomography (Spectralis HRA-OCT) were 
used to determine the involvement of central fovea.

Image analysis and software

Geographic atrophy area was measured manually using 
ImageJ ver. 1.48 (National Institutes of Health, Bethesda, 
MD, USA; http://imagej.nih.gov/ij/) and calculated with 
MATLAB ver. R2013b (The MathWorks, Natick, MA, 
USA). Zone 1 (fovea) was defined circle with 1 mm diame-
ter centered on the fovea. Then, zone 2 to 6 were defined 
as doughnut-shaped area around fovea divided by concen-
tric circles each with increase in diameter from 1 to 6 mm 
(Fig. 1A-1G). Total atrophic area and atrophic area in each 
zone were measured twice by one physician on two differ-
ent dates and their average value was obtained.

Examination protocol

A full ophthalmic examination was performed, includ-
ing best-corrected visual acuity (BCVA) using decimal 
chart at 4 m, slit-lamp examination, fundus photography, 
FAF, and optical coherence tomography (OCT) in each 

visit. BCVA was converted to logarithm of the minimal 
angle of resolution equivalent. BCVA and change of atro-
phic area were then analyzed annually (Fig. 2A-2C).

Statistical analysis

Descriptive statistics were used for each area of atrophic 
region over time and BCVA. Relation between area and 
BCVA was described using mixed model analysis of cova-
riance and generalized linear model. All statistical analyses 
were performed using PASW SPSS ver. 18.0 (SPSS Inc., 
Chicago, IL, USA). A p-value of <0.05 was considered sta-
tistically significant for all analyses.

Results

A total of 36 eyes of 26 patients with geographic atrophy 
secondary to age-related macular degeneration were ana-
lyzed. Mean age of patients was 76.90 ± 7.90 years and 
mean follow-up period was 3.38 ± 1.57 years (Supplemen-
tary Table 1, 2). Among all patients, visual acuity was sig-
nificantly decreased from 0.39 ± 0.40 to 0.69 ± 0.64 loga-
rithm of the minimal angle of resolution during the 
follow-up period (p < 0.001). The atrophic area was mea-
sured twice and intraclass correlation was analyzed. Based 
on intraclass correlation coefficient, there was a high de-
gree of accuracy of atrophic area on each zone (intraclass 

Fig. 2. A serial fundus autofluorescence image of subject with geographic atrophy. Geographic atrophy area was measured based on fun-
dus autofluorescence image. Corresponding image was divided by six circular areas at increase of 1 mm from foveal center. Progression 
of atrophic region was observed on zone 1 through zone 6 at yearly follow-up images. (A) Baseline, (B) 1-year follow-up, and (C) 2-year 
follow-up. AF = autofluorescence; VA = visual acuity. 
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correlation coefficient >0.93) (Supplementary Table 3). 
Therefore, we assumed atrophic region by averaging two 
areas.

Progression of atrophy area

Atrophic area of each eye was compared from initial visit 
to the last visit. During follow-up period, atrophic area in-
creased from 8.09 to 16.34 mm2 and progression rate of total 
geographic atrophy area was 2.44 mm2/yr. Atrophic area of 
1 mm from foveal center increased from 0.07 to 0.10 mm2. 
Rate of progression increased when distance from foveal 
center was increased. For example, 6 mm from foveal cen-
ter showed the most rapid progression of atrophic area. Even 
if area of each region was standardized, rate of progression 
increased in the peripheral atrophic area (Table 1).

Correlation between topographic progression of atro-
phy and BCVA changes

Causal relationship of change in atrophic area with 
BCVA during follow-up period was analyzed by analysis 
of covariance after adjusting for year, initial atrophic area, 
initial visual acuity, each patient, and patient’s eyes. Chang-
es in total atrophic area was not significantly correlated 
with decrease of BCVA (p = 0.108). However, zone 1 to 
zone 3 showed significant relationships with change of vi-
sual acuity. Zone 1 (correlation coefficient, r = 0.54) and 
zone 2 (r = 0.61) showed more relevant causal relationship 
with change of vision than zone 3 (r = 0.44). Whereas zone 
4 to zone 6 showed insignificant correlation with change of 
BCVA (Table 2).

Causal relationship between change of atrophic area and 

BCVA was analyzed using generalized linear model. 
Among divided zones, zone 2 to zone 4 showed relation-
ship with change of visual acuity. Zone 2 had the most rel-
evant relationship with visual change (r = 0.73, p < 0.001) 
(Supplementary Table 4).

Discussion

Geographic atrophy is an irreversible, progressive vi-
sion-threatening disorder, and there has been no satisfacto-
ry method for rating disease severity affecting individual’s 
visual function. In the most recent Chroma and Spectri 
study, correlation coefficients between geographic atrophy 
lesion size and visual function showed moderate to poor 
associations [11]. Therefore, we evaluated progression of 
geographic atrophy on dividing area according to the dif-

Table 1. Progression rate of geographic atrophy area according to the zone 1 to 6

Atrophic area Initial area (mm2) Rate of progression (mm2/yr) Ratio of increase
Total area 8.09 ± 0.10 2.440 2.02
Zone 1 0.07 ± 0.10 0.011 1.45
Zone 2 0.23 ± 0.18 0.072 1.67
Zone 3 0.48 ± 0.30 0.210 1.84
Zone 4 0.92 ± 0.31 0.380 1.97
Zone 5 0.85 ± 0.22 0.510 1.99
Zone 6 0.95 ± 0.45 0.640 2.00

Values are presented as mean ± standard deviation unless otherwise indicated.

Table 2. Causal relationship of change of atrophic area with 
visual acuity according to the zone 1 to zone 6

Atrophic area Correlation coefficient (r) p-value
Total area 0.10 0.108
Zone 1 0.54 0.021*

Zone 2 0.61 0.010*

Zone 3 0.44 0.032*

Zone 4 0.35 0.099
Zone 5 0.22 0.167
Zone 6 0.18 0.103

Analyzed by analysis of covariance after adjusting for year, 
initial atrophic area, initial visual acuity, each patient, and 
patient’s eyes.
*Statistically significant value p < 0.05.
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ferent size of concentric circles from fovea and attempted 
to find their correlations with the decrease of visual acuity.

Overall, progression rates of geographic atrophy were re-
ported in the literature for study populations range from 
0.534 to 2.64 mm2/yr [12,13]. Our research showed that the 
progression rate of geographic atrophy was 2.44 mm2/yr, 
which was comparable with that of previous studies. In ad-
dition, risk factors for faster rates of geographic atrophy le-
sion enlargement was identified as larger baseline lesion 
size and extrafoveal location, in Chroma and Spectri study 
[11]. Similarly, progression of geographic atrophy was ob-
served be faster with increasing distance from the foveal 
center in the present study. 

In this study, we focused on causal relationship between 
progression of geographic atrophy in specific area and 
change of vision. Consistent with previous reports, change 
in total atrophic area was not significantly was correlated 
with visual changes. However, after adjusting for initial 
factors including initial area and initial visual acuity, sig-
nificant relationship between geographic atrophy progres-
sion and visual acuity was observed in zone 1, 2, and 3 de-
fined as parafoveal area. To the best of our knowledge, this 
is the first long-term study aimed to evaluate growth rate 
of geographic atrophy in Korean population. Also, we first-
ly reported to reveal geographic atrophy progression in di-
vided concentric circular areas associated with change of 
vision. 

Photoreceptor layer on fovea is consisted of entirely cone 
cell. It is also known as the most important area of maxi-
mum visual acuity. In that sense, progression of geographic 
atrophy in zone 1 (1 mm from foveal center) had a strong 
effect on decrease of visual acuity. Interestingly, zone 2  
(1 to 2 mm from foveal center) had the strongest correla-
tion with visual acuity. The effect of progression in atro-
phic area on visual acuity gradually decreased from para-
foveal to perifoveal area. This phenomenon can be related 
to characteristic of autofluorescence image to detect lipo-
fuscin. The maximum intensity on parafoveal region de-
creases towards the retina periphery on autofluorescence 
image [14]. Lower intensity on foveal center is due to foveal 
luteal pigment absorbing blue light [15]. Moreover, higher 
melanin granule and lower lipofucin granule in central ret-
inal pigment epithelium are associated with lower intensity 
[16]. Therefore, single autofluorescence image is not suit-
able to evaluate degeneration on foveal center. On the other 
hand, degeneration in the parafoveal region can be easily 

detected due to higher intensity on autofluorescence. Al-
though we carefully measured atrophic area of foveal cen-
ter by using multimodal image including fundus photogra-
phy and OCT, we could not exactly measure damage of 
specific cell type by using these images. Consequently, the 
inconsistency of clinical image of atrophic area over degen-
eration on cellular level can be one reason for explaining 
the importance of parafoveal area over foveal center.

It is well-known that parafoveal region can support cen-
tral vision and visual acuity. Rods are known to produce 
diffusible substance essential for cone survival [17,18]. If 
rods are mostly present in the parafoveal area, parafoveal 
region can affect visual acuity. Geographic atrophy lesions 
may grow into foveal surrounding horseshoe or ring shapes 
[5]. It was hypothesized that preferential foveal sparing re-
flects the relatively lower susceptibility of cone versus rod 
photoreceptors to cell death [19,20]. Recently with the de-
velopment of OCT angiography, degeneration areas of geo-
graphic atrophy are found not only on photoreceptor and 
retinal pigment epithelium, but also on choriocapillaris, the 
innermost layer of choroid [21]. Choriocapillaris is known 
to support retinal pigment epithelium and photoreceptor 
layer. In that case, microvascular degeneration of geo-
graphic atrophy over parafoveal area can induce decrease 
of visual acuity over time. A recent study has revealed the 
association of parafoveal area and visual acuity [22,23]. 
Sandberg et al. [17] have reported that visual acuity is not 
only related to foveal area, but also related to parafoveal 
retinal thickness in retinitis pigmentosa. Another study has 
revealed the correlation of change in microvascular struc-
tures with visual acuity in retinal vein occlusion by using 
OCT angiography [23]. In this report, superficial foveal 
avascular zone and parafoveal vascular density are cor-
related with visual acuity in retinal vein occlusion. In that 
sense, further study will be needed to find the relationship 
of microvascular degeneration and atrophic area correlat-
ing with visual change. 

This study has some limitations. First, the number of pa-
tients and eyes involved was relatively small and follow-up 
period was not consistent. Secondly, due to the retrospec-
tive nature of this study, only BCVA was explored to esti-
mate visual deficit in geographic atrophy. It is recognized 
that BCVA often underrepresents functional deficits, espe-
cially in those patients with foveal sparing-lesions [24]. 
Other studies have evaluated correlations between geo-
graphic atrophic lesion area and alternative measures of vi-
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sual function, such as, low-luminance visual acuity, micro-
perimetry, and reading speed. Thirdly, geographic atrophy 
size was evaluated using FAF imaging, which visualizes 
decreased autof luorescence. Loss of the photoreceptor 
components or choriocapillaris may not show as abnormal-
ities on FAF, and thus the use of FAF-detected geographic 
atrophy area may not appropriately reflect the true extent 
of cell death or dysfunction and thus may not correlate as 
well as may be expected with decline in visual function 
[25,26]. Also, due to fovea absorbing blue light autofluores-
cence, measuring foveal involvement in the presence of 
geographic atrophy by short-wavelength FAF alone may be 
challenging [3]. Therefore, we used other imaging modali-
ties including color fundus photo and OCT in confirming 
lesion boundaries. However, the degree of precision wtihin 
measured atrophic area around the fovea can affect the va-
lidity of progression of zone 1.

Currently, many factors potentially prognostic for geo-
graphic atrophy progression have been identified, yet imag-
ing parameter for rating an individual’s severity is limited, 
particularly those affecting visual function. For example, 
although lesion size is known to be important, the degree 
of foveal involvement and impact of parafoveal lesions are 
critical to determining geographic atrophy lesions to visual 
acuity. Therefore, our results suggested that geographic at-
rophy progression including parafoveal area, especially 
within 3 mm from foveal center, had significant correlation 
with visual acuity, in contrast to the progression of total 
atrophic area. Geographic atrophy progression within para-
foveal area should carefully be monitored for decrease of 
vision. Further study would be warranted to understand 
how this topographic involvement of geographic atrophy 
exactly interact and relate to the central visual function.
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Supplementary Table 1. Baseline characteristics

No. Patient Visual acuity 
(logMAR)

Configuration 
[4] Inner zone Inner zone

area
Progression to inner 

zone Status

1 Patient 1 0.7 Unifocal 1 0.19 - Phakic
2 Patient 2 0.3 Unifocal 3 0.02 Stationary Pseudo
3 Patient 2 0.3 Multifocal 6 0.08 Stationary Pseudo
4 Patient 3 0.2 Multifocal 1 0.02 - Phakic
5 Patient 3 0.2 Multifocal 2 0.08 Stationary Phakic
6 Patient 4 1.3 Multifocal 1 0.6 - Pseudo
7 Patient 4 0.5 Multifocal 1 0.44 - Pseudo
8 Patient 5 0.3 Multifocal 1 0.74 - Phakic
9 Patient 6 0.05 Multifocal 2 0.12 2 Year to zone 1 Pseudo
10 Patient 6 0.05 Multifocal 2 0.06 2 Year to zone 1 Phakic
11 Patient 7 0.4 Multifocal 1 0.91 - Phakic
12 Patient 7 0.3 Multifocal 1 0.65 - Phakic
13 Patient 8 0.5 Unifocal 1 0.5 - Phakic
14 Patient 8 0.8 Unifocal 1 0.64 - Phakic
15 Patient 9 0 Multifocal 3 1.03 1 Year to zone 2 Phakic
16 Patient 9 0.15 Multifocal 2 0.09 Stationary Phakic
17 Patient 10 0.05 Unifocal 2 0.01 1 Year to zone 1 Phakic
18 Patient 10 0.05 Multifocal 3 0.19 1 Year to zone 2 Phakic
19 Patient 11 0.15 Unifocal 1 0.08 - Phakic
20 Patient 12 0.15 Multifocal 3 0.02 1 Year to zone 2 Pseudo
21 Patient 13 0.4 Multifocal 2 0.07 Stationary Phakic
22 Patient 14 1.0 Multifocal 1 0.78 - Phakic
23 Patient 15 0 Multifocal 2 0.34 Stationary Phakic
24 Patient 16 0.3 Unifocal 2 0.15 3 Year to zone 1 Phakic
25 Patient 17 1.6 Multifocal 1 0.68 - Phakic
26 Patient 18 0.3 Multifocal 1 0.78 - Phakic
27 Patient 19 0.1 Multifocal 4 0.08 Stationary Phakic
28 Patient 19 0.1 Multifocal 4 0.08 Stationary Phakic
29 Patient 20 0.9 Unifocal 1 1.05 - Phakic
30 Patient 20 0.9 Unifocal 1 1.2 - Phakic
31 Patient 21 0.3 Multifocal 2 0.18 1 Year to zone 1 Phakic
32 Patient 22 0.5 Unifocal 3 0.6 Stationary Phakic
33 Patient 23 0.4 Unifocal 1 0.09 - Phakic
34 Patient 24 0.4 Multifocal 1 0.05 - Phakic
35 Patient 25 0.2 Unifocal 5 0.68 2 Year to zone 4 Phakic
36 Patient 26 0.3 Unifocal 3 0.07 Stationary Phakic

logMAR = logarithm of the minimal angle of resolution.
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Supplementary Table 2. The number of eyes divided by fol-
low-up period
Mean follow-up period (yr) No. of eyes (%)
1 5 (13.89)
2 6 (16.67)
3 8 (22.22)
4 9 (25.00)
5 3 (8.33)
6 5 (13.89)
Total 36 (100)
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Supplementary 3. The degree of accuracy of measured atrophic area was analyzed using intraclass correlation
Variable Intraclass correlation coefficient (95% confidence interval) p-value
Total area trial 1 & 2 0.98 (0.97–0.99) <0.001

Zone 1 1.00 (1.00–1.00) <0.001
Zone 2 0.99 (0.98–0.99) <0.001
Zone 3 0.98 (0.97–0.99) <0.001
Zone 4 0.98 (0.96–0.98) <0.001
Zone 5 0.98 (0.97–0.99) <0.001
Zone 6 0.93 (0.90–0.95) <0.001
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Supplementary 4. Relationship between decease of best corrected visual acuity and change of atrophic area was analyzed using 
generalized linear model
Atrophic area Coefficient (r) p-value
Total area 0.51 0.062
Zone 1 0.71 0.028*

Zone 2 0.73 0.002*

Zone 3 0.71 0.002*

Zone 4 0.59 0.008*

Zone 5 0.50 0.610
Zone 6 0.41 0.058

*Statistically significant value.


