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Abstract

Purpose: The correlations between enlargement rates (ERs) of geographic atrophy (GA) and
choriocapillaris (CC) flow deficits (FDs), mean choroidal thickness (MCT), and choroidal
vascularity index (CVI) were investigated using swept source optical coherence tomography (SS-
OCT) in age-related macular degeneration (AMD).

Design: Retrospective review of prospective, observational case series.

Methods: Eyes with GA from AMD were imaged with SS-OCT (PLEX® Elite 9000; Carl Zeiss
Meditec, Inc, Dublin, CA) using 6x6 mm scan pattern. GA lesions were identified and measured
using custom en face structural images and annual square root ERs of GA were calculated. At
baseline, CC FDs from different regions outside of the GA were measured, and MCT and CVI
from the entire scan area were measured. All the measurements were performed using previously
published and validated algorithms.

Results: Thirty-eight eyes from 27 patients were included. The CC FDs within each region
around GA lesions were all highly correlated with ERs of GA (All P < 0.005). CVI inside GA
region was correlated with the ERs (P = 0.03), while other choroidal measurements had no
significant correlation with the ERs of GA (P > 0.06).

Conclusion: Statistically significant correlations were found between the ERs of GA and CC FD
% from the entire scan region outside the GA and not just the region immediately adjacent to the
GA. These results suggest that abnormal CC perfusion throughout the macula contributes to
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disease progression in eyes with GA. CVI inside GA region could also be a potential indicator for
the growth of GA.

INTRODUCTION

Geographic atrophy (GA) is the late stage of non-exudative age-related macular
degeneration (AMD) and a major cause of irreversible vision loss among the elderly
worldwide.l: 2 GA in AMD is characterized by the loss of photoreceptors, retinal pigment
epithelium (RPE), and choriocapillaris (CC) in the area where GA appears.3 4 While the
underlying pathophysiological mechanisms responsible for the onset, the enlargement rates
(ERs), and the directionality of GA growth are unknown and most likely result from the
interplay between genetic and environmental influences,® multimodal imaging of eyes with
AMD have identified numerous structural changes that appear to serve as harbingers of GA
onset and progression. These clinical signs include the size and appearance of drusen, such
as the drusen area, volume, and both hyporeflective foci and calcific inclusions within
drusen, the presence of hyper-reflective foci, the presence of reticular pseudodrusen (RPD),
also known as subretinal drusenoid deposits, thickening of the RPE/Bruch’s membrane
(BM) complex, hyper-autofluorescence, hyper-transmission defects, retinal subsidence, focal
loss of photoreceptors, and choroidal thinning.8-14 However, with the development of
optical coherence tomography angiography (OCTA), the predictive importance of CC
perfusion abnormalities under and around drusen and around GA has been investigated and
associated with disease progression.15-20

Several groups have investigated the correlation between the ERs of GA and CC flow
impairment.17-20 Using spectral domain OCTA (SD-OCTA), Nassisi et al.29 and Alagorie et
al.1” found that CC flow impairment within a 500 um rim region around GA correlated with
the annual growth rate of GA. However, using swept source OCTA (SS-OCTA), Thulliez et
al.19 and Moult et al.18 found that the annual ERs of GA were correlated with CC flow
deficits (FDs) not only within the 500 um rim region around GA, but also in regions further
away from the margins of GA within the 6x6 mm scan area. These studies suggested an
important role for CC flow impairment in the ERs of GA. The major difference between
these studies was whether this influence of CC flow impairment was mostly a local effect
along the margins of GA or whether the influence was indicative of a more widespread
abnormality involving CC flow impairment that could be detected further away from the
margins of GA. Interestingly, this localized impairment of CC perfusion around the margins
of GA has not yet been associated with the directionality of GA growth.

There are several possibilities why these groups have reached different conclusions about the
impact of localized versus global correlations between CC FDs and their influence on GA
progression. These groups used different OCTA instruments for image acquisition, different
anatomic slabs under the RPE/BM complex to segment and represent the CC layer, and
different algorithms and thresholding methods to process the images prior to quantifying the
CC FDs.17-20 For example, while SD-OCTA uses a light source with a wavelength of 840
nm, SS-OCTA uses a light source with a longer wavelength (1060 nm) that reduces light
scattering by the RPE resulting in better choroidal imaging. In addition, the longer
wavelength allows for the use of a higher laser power, which leads to a better signal-to-noise
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ratio. These factors, together with the denser scan patterns afforded by SS-OCTA
instrument, resulted in improved image quality below the RPE and provided better
visualization and quantification of the CC FDs than SD-OCTA imaging.21-25

Due to the longer wavelength used in SS-OCTA imaging, it is also possible to obtain full
thickness structural images of the choroid using the same scan patterns that were used to
obtain angiographic images.28 Unlike other studies that used central B-scans to investigate
macular choroidal thickness and vascularity in eyes with GA,20: 27-30 Zhoy et.al.26
developed an algorithm that segmented the choroid layer from the entire SS-OCTA volume
scans. They used an attenuation correction algorithm to better visualize the choroidal-scleral
interface, and their automated algorithms detected the choroidal boundaries and segmented
the major choroidal vessels based on the structural information alone. These algorithms
measured the mean choroidal thickness (MCT) over the entire scan region and the choroidal
vascular volume based on a generated three-dimensional representation of the choroidal
vessels. Knowing the entire choroidal volume and choroidal vessel volume from a given
scan region, it was possible to evaluate the choroidal vascular volume density, also known as
choroidal vascularity index (CVI). By scanning and analyzing 144 normal eyes from
subjects in their 20s through their 80s, Zhou et al. reported on the age-dependent changes in
the MCT and CVI throughout the 12x12mm scan region and showed that MCT decreases
with age while the CVI remained fairly constant.3!

In this current study, we imaged eyes with GA secondary to non-exudative AMD using SS-
OCTA and analyzed the CC FDs outside of the GA and measured the MCT and CVI
throughout the scan region in these eyes. We analyzed the possible correlations of these
measurements with the annual square root ERs of GA to determine if the changes in CC
perfusion and choroidal parameters could serve as biomarkers to predict disease progression.

MATERIALS AND METHODS

This prospective OCTA imaging study was approved by the institutional review board of the
University of Miami Miller School of Medicine. Informed consent was obtained from each
subject. This study was performed in accordance with the tenets of the Declaration of
Helsinki and complied with the Health Insurance Portability and Accountability Act of
1996.

Patients diagnosed with GA secondary to non-exudative AMD were enrolled into this study
and followed from June 2016 through November 2019 using SS-OCTA imaging (PLEX
Elite 9000; Carl Zeiss Meditec, Dublin, CA) as previously described.1® GA was identified as
a bright area on the en face structural OCT images, which represented axial projections of
the volume data within a given depth, and the use of corresponding B-scans confirmed the
loss of the RPE and the outer retina (Figure 1).32 To be included in the study, the total area
of GA had to be measured at least 2.54 mm? (one disc area), and for multifocal lesions, the
area of at least one focus of GA had to be > 1.25 mm2. Eyes with GA contiguous with
parapapillary atrophy were excluded from the study. The atrophic lesions also had to be fully
contained within the 6x6 mm scan pattern at baseline and at the one year follow up visit.
Exclusion criteria included patients with macular atrophy due to a diagnosis other than non-
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exudative AMD, any history of exudative macular neovascularization (MNV), and any
history of treatment naive, non-exudative MNV as determined using SS-OCTA.33

SS-OCTA imaging was acquired at the baseline and one-year follow up visits. All subjects
were imaged using the 6x6 mm scan pattern centered on the fovea. The SS-OCTA
instrument has a laser light source with a central wavelength of 1060 nm, a bandwidth of
100 nm, and a full width at half-maximum axial resolution in tissue of approximately 5 um
with a transverse resolution at the retinal surface of appropriately 20 pm. The instrument
operated at a scanning speed of 100,000 A-scans per second. The 6x6 mm scan pattern
consisted of 500 A-scans per B-scan, with each B-scan repeated twice at each position to
generate the angiography signal, and there were 500 B-scan positions along the 6 mm y-axis
that resulted in a uniform spacing of 12 uym between both A-scans and B-scans. Each A-scan
had a depth of 3 mm consisting of 1536 pixels per A-scan. Images with a signal strength of
less than 7 and images with evident motion artifacts were excluded from the data analysis.

The GA lesions were identified at baseline and at the one year follow up visit using OCTA
en face structure images generated using a custom slab that was located from 64 pm to 400
pum below BM as described in previous studies.1® 34 The hyper-transmission signal
corresponding to GA on the en face image was confirmed by reviewing the corresponding
B-scans. Once an eye qualified for enrollment based on the minimum size requirements for
unifocal and multifocal lesions, all additional areas of hyper-transmission having a greatest
linear dimension of at least 250 um were included in the overall measurements. The
boundaries of GA were manually outlined by two independent graders (YS and LW) using
an image analysis software (Adobe Photoshop CC; Adobe Systems, San Jose, CA) (Figures
1-3, red outlines) and a consensus of drawing boundaries was reached between both graders.
If a consensus could not be reached, then a senior grader (PJR) served as the adjudicator.
The areas of GA were calculated using the same image analysis software (Adobe Photoshop
CC; Adobe Systems, San Jose, CA). After obtaining the areas of the GA lesions from the
baseline and one year follow up visits, a square root transformation was applied to calculate
the ERs of GA since this strategy decreases the influence of baseline lesion size on the test-
retest variability and on the ERs of GA.1% 34 The annualized ERs of GA were defined as the
normalized difference in the square root of the area measurements from baseline and one
year as described in our previous studies.3*

The baseline images were used for the quantification of CC FDs around the GA. A detailed
description of methods used to process and quantify CC FDs were published in our previous
studies.19 35 Briefly, the detection of angiographic flow information was achieved using the
complex optical microangiography (OMAG?S) algorithm.21: 36. 37 CC en face flow images
were generated by applying a 15 pm thick slab with the inner boundary located 4 um under
BM and then resized to 1024x1024 pixels to be consistent with its original machine output.
The retinal projection artifacts were removed prior to compensating the CC en face flow
images for signal attenuation caused by overlying structures such as RPE abnormalities
(drusen, hyperreflective foci, or RPE migration). Compensation was achieved by using the
inverted images that corresponded to the CC en face structural images. CC images then
underwent thresholding to generate the CC FD binary maps. In this current study, we used
both a global thresholding method and a local thresholding method (the Phansalkar method)
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to process CC flow images in order to compare our results with publications using different
thresholding methods.38-41 Of note, recent papers have addressed the confusion surrounding
the appropriate window radius to apply when the Phansalkar local threshold method is
chosen. As recommended, we chose a window radius of 3 pixels (18 um) which provided a
more physiological visualization of the CC compared with a fixed window radius of 15
pixels (88 pum), which has been used erroneously in the literature.1”- 42 After both methods
were used to threshold the images, any CC FDs with a diameter smaller than 24 pm, which
represented physiological FDs and speckle noise, were removed from CC FD binary maps
before the final CC FD calculations.*3

Two different CC FDs parameters were used for the CC quantitation: the percentage of FDs
(FD%) and the mean or averaged FD size (MFDS). The CC FD% was defined as the ratio of
the number of all pixels representing FDs divided by all the pixels within a given region of
analysis, and the CC MFDS was defined as the average area of all isolated regions
representing CC FDs within a given region of analysis. Both CC FD% and CC MFDS were
analyzed in five different regions outside of the border of GA (Figure 2). The Rim 1 region
(R1) is a 1-degree rim region that extends from 0 um to 300 pm outside of the GA margin
(between red outline and purple outline) and CC FDs were color coded as red in R1. The
Rim 2 region (R2) is a 1-degree rim region that is located between 300 um and 600 pm
outside of the GA margin (between purple outline and yellow outline) and CC FDs were
color coded as purple in R2. The Rim 1+2 region (R1+2) is a 2-degree rim region that
combines R1 and R2 and extends from 0 um to 600 um outside of GA margin (between red
outline and yellow outline). The Rim 3 (R3) region is the region of the total scan area minus
the region of the GA, R1, and R2 (outside of the yellow outlines) and CC FDs were color-
coded as green in R3. The final region used for CC quantification in this study is the total
scan area minus the GA region (outside of the red outline), including the CC FDs color-
coded as red, purple and green.

SS-OCT scans at the baseline visit were used for choroidal measurements. The choroidal
layer was segmented using a previously published automated algorithm that detects the
boundaries of both BM and the bottom of the choroidal vessels, which is defined as
choroidal-scleral interface.26 As described in our previous studies, the algorithm corrects for
OCT signal attenuation, which enhances the contrast of the choroidal vessels and the
choroidal-scleral interface and achieves more accurate choroidal layer segmentation. After
segmenting the choroidal layer, a color-coded en face choroidal thickness map was
generated based on the distance between BM and the choroidal-scleral interface. The MCT
was calculated as the mean value of the choroidal thickness measurements over the analyzed
region. In this current study, MCT was calculated in three regions: inside of the GA, outside
of the GA, and within the total scan (Figure 3). In addition to measuring MCT using this
algorithm, a three-dimensional representation of the choroidal vessels was generated by
segmenting the vessels from the choroidal slab after attenuation compensation. Otsu’s global
threshold method was applied to segment the dark choroidal vessel lumen in the choroid and
the brightness was inverted to represent the choroidal vessels in the images.26 CVI was
calculated as the ratio of the choroidal vessel volume to the total choroidal volume within a
given region. Similar to MCT, the CVI was also analyzed in three regions: inside of the GA,
outside of the GA, and within the total scan.
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To detect RPD in these eyes with GA, the graders generated a custom en face structure
image for each eye using a 20 um thick slab that followed the RPE contour and was
positioned 20 pm above the RPE on the 12x12 mm scan using baseline images, and the
graders reached a consensus diagnosis of whether RPD were present as previously
described.1®

The Pearson’s correlation coefficient was used to evaluate the relationship between the
square root ERs of GA with the CC FD% and CC MFDS measurements generated using
both thresholding methods and the MCT and CVI measurements. In addition, the Pearson’s
correlation coefficient was used to evaluate relationships between CC FD measurements and
choroidal measurements and for the comparison of correlations between MCT and CVI in
normal eyes and in eyes with GA. The 2-sample t test was used to compare the annual
square root ERs of GA with the CC FDs, the choroidal measurements, and in eyes with RPD
and without RPD. Statistical analyses were performed with IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corporation, Armonk, NY) with a P value of < 0.05
considered to be statistically significant.

RESULTS

A total of 38 eyes from 27 patients with GA secondary to non-exudative AMD were enrolled
in this study. Of these 38 eyes, 22 eyes were reported previously, and the areas of GA were
confirmed for this current report.1® The average age of these patients was 81.4 years old
(SD: 7.54; Range: 62.9 — 93.1), and 52% of these patients were women. The average follow-
up time was 12.0 months (SD: 0.06; Range: 10.4 — 13.2). The average area of GA at baseline
was 4.98 mm? (SD: 1.76), the average area of GA at the one-year follow up visit was 6.52
mm? (SD: 2.16), and the average square root ER of GA was 0.31 mm/year (SD: 0.15;
Median: 0.28; Range: 0.11 — 0.78). Out of these 38 eyes, 35 eyes from 25 patients were
diagnosed with RPD. Out of these 38 eyes diagnosed with GA, there are 31 eyes with
subfoveal GA involvement and 7 eyes with GA that did not involve the subfoveal region
based on OCT images. The annual square root ER of eyes with central GA involving the
fovea was 0.30 mm/year (SD: 0.14) and the annual square root ER of eyes with non-central
GA was 0.39 mm/year (SD: 0.14). There was no significant difference in the ER of GA
based on foveal involvement (P = 0.13, t-test). Out of these 38 eyes, there were 26 eyes with
multifocal GA lesions and 12 eyes with unifocal GA lesions. The annual square root ER of
eyes with unifocal GA lesions was 0.31 mm/year (SD: 0.16) and the annual square root ER
of eyes with multifocal GA lesions was 0.33 mm/year (SD: 0.11). There was no significant
difference in GA ERs between multifocal and unifocal GA lesions (P = 0.662, t-test).

The CC FD% measurements were analyzed in five different regions for each eye. When
using the global threshold method, the CC FD% in R1, R2, R1+2, R3, and the total scan area
minus GA region were 27.57% (SD: 9.29), 22.30% (SD: 8.45), 25.01% (SD: 8.35), 12.77%
(SD: 3.73), and 15.59% (SD: 3.67), respectively, as shown in Table 1. CC FD% processed
using the global threshold method in each region were all highly correlated with the annual
square root ERs of GA, with r = 0.450 (P < 0.005), r = 0.524 (P < 0.005), r =0.515 (P <
0.005), r =0.459 (P < 0.005), r =0.626 (P < 0.001), respectively, as shown in Table 1. There
was no one region that was superior for predicting the ERs of GA (P = 0.354). When using
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the Phansalkar local threshold method with a window radius of 3 pixels (18 um), the CC FD
% in R1, R2, R1+2, R3, and total scan area minus GA region were 25.15% (SD: 10.44),
21.55% (SD: 9.70), 23.42% (SD: 9.81), 14.26% (SD: 5.64), and 16.52% (SD: 6.44),
respectively, as shown in Table 1. CC FD% processed using this local threshold in each
region were all highly correlated with the annual square root ERs of GA growth, with r =
0.624 (P <0.001), r = 0.650 (P < 0.001), r = 0.653 (P < 0.001), r = 0.568 (P < 0.001), r =
0.608 (P < 0.001), respectively, as shown in Table 1. Once again, there was no one region
that was superior for predicting the ERs of GA (P = 0.588). Similarly, CC MFDS
measurements from each region were also highly correlated with annual square root ERs of
GA when using both the global and local threshold methods. No one region was superior for
predicting GA growth (P =0.167 and P = 0.431, respectively). Table 1 shows the values of
CC FDs in each analyzed region and their correlations with annual square root ERs of GA.

The MCT measurements inside the GA region, outside the GA region, and in the total scan
area were 155.75 pm (SD: 88.33), 151.83 um (SD: 77.51) and 151.42 pm (SD: 77.86),
respectively. The CVI measurements inside the area of GA, outside the area of GA, and in
the total scan area were 0.57 (SD: 0.04), 0.59 (SD: 0.03) and 0.59 (SD: 0.03), respectively.
The only choroidal parameter that appeared to have a significant relationship with the annual
square root ERs of GA was the CVI measurements inside the GA region (Table 2; r = -0.35,
P =0.03). None of the other measurements correlated with annual square root ERs of GA, as
shown in Table 2.

When correlating CC FDs and choroidal measurements that were analyzed in the same
region (the total scan minus GA region), we found none of the CC FD% or CC MFDS
measurements using either global thresholding or local thresholding methods had any
significant correlations with the MCT measurements from that region. Similarly, no
significant correlations were found between CC FD% or CC MFDS and CVI measurements
from the same region.

While there were no correlations between the CC FD measurements and MCT or CVI
measurements when analyzed separately, we did find an unusual relationship between the
MCT and CVI when examined in eyes with GA compared with normal eyes that has been
reported in our previous study.3? When compared with our reference database of 144 normal
eyes with an average age: 55.1 years old (SD: 19.6; Range: 19 — 88),39 we found that the
CVI was lower in eyes with GA compared with normal eyes for a given MCT (Figure 4). In
normal eyes, we found the CVI to be fairly constant over a wide range of MCT
measurements in different regions of the posterior pole, and across different ages.3°
However, in eyes with GA, we found a significant correlation between MCT and CVI in
regions inside the GA, outside the GA, and throughout the total scan area (r = 0.48, P =
0.002; r = 0.65, P < 0.001; r = 0.65, P < 0.001, respectively), while in the normal eyes, there
was no significant correlation between MCT and CVI1 in the total scan area (P > 0.08). After
adjusting for age, there were significant differences between the MCT and CVI
measurements in eyes with GA compared with normal eyes as shown in Figure 4 (all P <
0.001).
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When analyzing eyes with RPD, we found no significant difference in annual square root
ERs of GA in eyes with RPD at baseline compared with eyes without RPD (P = 0.08).
Similarly, the presence of RPD was not correlated with CC FDs in any analyzed regions.
Moreover, the presence of RPD was not correlated with MCT and CVI measured inside of
the GA, outside of the GA, or in the total scan area.

DISCUSSION

In this study, we confirmed our previous report that CC FDs measurements in the
surrounding regions outside of the GA correlated with the annual ERs of GA.1% However, in
our previous report, it appeared that the relationship was strongest when we excluded the
area of GA and correlated the ER with CC FD% throughout the remaining scan area even
though all the surrounding regions had some degree of significant correlation with the ERs.
19 As in our previous report, we continued to find the highest CC FD% and MFDS
measurements within 600 pm of the GA margins, which corresponded to the R1 + R2
regions closest to the margin of GA. Now that we’ve added more patients with GA to our
cohort in this current study, we confirmed that the R1 + R2 regions still had the highest FD%
and MFDS measurements, but the correlations between CC FDS and the ERs of GA are now
similar in all the regions, regardless of whether they are close to the margin or further away
(Table 1). These findings were consistent when we used both thresholding methods to
calculate CC FD% and CC MFDS. Our results are now consistent with the GA ER
correlations reported by Moult et al.18 However, these findings differ from other reports
showing that the region within 500 um around the margin of GA correlates best with the
ERs of GA.17: 42 Why do different studies report different regional correlations with growth
rates? The most likely explanation is that our studies and the study from Moult et a/. that
show the more extensive correlations between ERs of GA and CC FDs were performed
using SS-OCTA imaging,18 19 while the other studies were performed using SD-OCTA
imaging.1” 20 Other possible explanations include differences in the position of the CC slab
used to generate the CC en face flow images, differences in image processing, including
different thresholding parameters, and differences in the population of patients with GA.
Regardless of any explanation, we are now assured that the differences cannot be explained
based on the thresholding methods used for image processing because we used the
recommended settings for both the global and local thresholding techniques and the results
were the same. We now know that when properly applied, both methods yield similar
outcomes.

The current study also analyzed the relationship between the ERs of GA and two different
choroidal parameters, the MCT and CVI measurements. Interestingly, when using the
Pearson correlation, we found a significant correlation between the ERs of GA and the CVI
measurement within the area of GA (r = -0.35, P = 0.03). Of note, no other MCT and CVI
measurements were correlated with the annual square root ERs of GA; however, the
relationship between the GA ERs and the CVI outside the GA and throughout the scan area
may become significant as additional cases are studied (Table 2, P = 0.07). Moreover, we did
find an unusual relationship between the CVI and MCT measurements in eyes with GA in
all the analyzed areas (within the GA, outside the GA, and throughout the scan area) as
shown in Figure 4. These results show that for a given choroidal thickness, the CVI is lower
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than expected when compared with the normal control population. A low CVI means that
the choroidal vessels occupy a lower volume than expected for a given choroidal volume.
This implies that there’s less blood in the choroidal vessels for a given choroidal volume in
eyes with GA secondary to non-exudative AMD compared with age-matched normal eyes.
When this is considered along with the increase in CC FD measurements outside of the GA
and the correlations that exist between these CC FDs and the ERs of GA, the possibility
exists that a decrease in choroidal perfusion is driving this decrease in the CVI, and this
decrease in choroidal perfusion may contribute to the decrease in CC perfusion represented
by the increase in CC FDs. If this is the case, then we might expect a significant relationship
between the CVI and the CC FDs measurements, however, this relationship was not
observed in this study (Figure 4). One explanation might be that the CV1 is less sensitive to
changes in choroidal perfusion when compared with our ability to detect CC FDs as a
measurement of perfusion changes. Interestingly, we did observe a correlation between the
CVI within GA and the ERs of GA that was statistically significant, but it was not possible
to segment and reliably quantify any remaining CC within the region of GA due to the
difficulties in distinguishing between the CC and the anteriorly displaced Sattler’s layer.*4
Another possibility to explain the decrease in the choroidal vascular volume would be to
invoke a feedback mechanism that decreases choroidal perfusion when there is a loss of
macular CC perfusion or it may be the result of direct complement-mediated damage to the
choroidal vessels as AMD progresses. All these possibilities are areas of ongoing
investigation.

Consistent without our previous study, the presence of RPD at baseline did not correlate
with the annual ERs of GA nor the CC FDs at baseline in any region. This study also
showed that the presence of RPD at baseline did not correlate with MCT and CVI
measurements at baseline in any region analyzed. While RPD may be associated with
increased CC FDs in eyes without GA, we were unable to show any difference in eyes with
GA.19 However, it is well known that quantifying RPD is a difficult task in eyes with GA
since RPD can be transient in late AMD and different studies use different detection
thresholds for diagnosing RPD.12: 45-48 Nevertheless, we were unable to correlate the
severity of GA progression or the choroidal measurements with the presence of RPD in eyes
with GA.

Limitations of this current study include a small sample size of 38 eyes; however, given the
fact that we established statistically significant correlations that only improved with our
increased sample size compared with our previous study, we fully expect these correlations
to persist even as our sample size increases. However, with a larger sample size, it may be
possible to uncover correlations between CVI measurements and GA ERs and CC FDs.
Another limitation is the lack of ground truth about CC visualization using OCTA /n vivo.
However, with the evolution of OCTA technology and algorithms, the visualization and
quantitation of CC FDs will improve. Lastly, we have a small sample size of eyes without
RPD, thus the association between GA ERs, CC FDs and choroidal measurements with
presence of RPD will continue to be explored. However, as mentioned previously, there
needs to be a consensus on the diagnosis and quantitation of RPD for future studies.
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In conclusion, we investigated CC FDs, MCT, and CVI in eyes with GA. We found that CC
FD measurements within the entire scan area outside of the GA were highly correlated with
the annual square root ERs of GA. While the MCT measurements were not correlated with
the ER of GA, the CVI measurements inside GA region appeared to be correlated with the
ERs of GA while the CVI measurements outside the GA were not correlated. We also found
that the CVI measurements were unusually low for a given MCT in these eyes. This
observation suggests that the decreased CV1 is the result of a decrease in the choroidal
vascular volume that is greater than expected for a given MCT, which may reflect a decrease
in choroidal perfusion, and this decreased perfusion may contribute to the increase in CC
flow impairment that appears to correlate with the ERs of GA.
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Figure 1:
Two eyes with geographic atrophy (GA) secondary to non-exudative age-related macular

degeneration imaged using swept source OCTA at the baseline visit and 1 year follow up
visit using 6x6 mm scan patterns. A and G: GA from one eye identified as a bright area on
en face structure image using a custom slab from 64 um to 400 um under Bruch’s membrane
(BM) at the baseline and 1 year follow up visits, respectively. B and H: B scans through the
GA lesions showing corresponding hyper-transmission defects, loss of RPE and outer retinal
layer. C and I: Manually outlined GA boundaries in red at the baseline and 1 year follow up
visits, respectively. D and J: GA from a second eye identified as a bright area on en face
structure image using a custom slab from 64 pm to 400 pm under BM at the baseline and 1
year follow up visits, respectively. E and K: B scans through GA showing corresponding
hyper-transmission defects, loss of RPE and outer retinal layer. F and L: Manually outlined
GA boundaries in red at the baseline and 1 year follow up visits, respectively.
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Figure 2:
Choriocapillaris (CC) analysis in two eyes with geographic atrophy (GA) secondary to non-

exudative age-related macular degeneration imaged using swept source OCTA at the
baseline visit using 6x6 mm scan patterns. A and F: GA lesions identified as a bright area
on én face structure images using a custom slab from 64 um to 400 um under Bruch’s
membrane (BM) at the baseline visit from two eyes. B and G: Manually outlined GA
lesions at the baseline visits for the two eyes (red outlines). C and H: CC en face flow
images using a 15 um thick slab with inner boundary located 4 pm under BM. The area of
GA was masked as white and excluded from CC analysis. D and I: CC flow deficits (FDs)
analyzed in different regions when using a global threshold method. White: The area of GA
lesions which was excluded from CC FDs analysis. R1: CC FDs were colored coded as red
in R1 region extending from 0 pm to 300 pm outside of GA border. R2: CC FDs were
colored coded as purple in R2 region extending from >300 pm - 600 pm outside of GA
border. R3: CC FDs were colored coded as green in the R3 region correspond to the total
scan region minus the GA region, R1 and R2. E and J: CC FDs analyzed in different
regions when using a local threshold method (Phansalkar method with a window radius of 3
pixels = 18 pum). White: The area of GA lesions which was excluded from CC FDs analysis.
R1: CC FDs were colored coded as red CC FDs in R1 region extending from 0 pm to 300
um outside of GA border. R2: CC FDs were colored coded as purple in R2 region extending
from >300 um to 600 um outside of GA border. R3: CC FDs were colored coded as green in
the R3 region corresponds to the total scan region minus the GA region, R1 and R2.
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Figure 3:
Choroidal analysis of two eyes with geographic atrophy (GA) secondary to non-exudative

age-related macular degeneration imaged using swept source OCTA at the baseline visit
using 6x6 mm scan patterns. A and F: GA lesions identified at the baseline visit from two
eyes on en face structure images using a custom slab from 64 pm to 400 pm under Bruch’s
membrane (BM). B and G: Manually outlined GA lesions at baseline visit from two eyes
(red outlines). C and H: Choroidal vascular maps generated after applying an algorithm to
segment the choroid layer by automatically detecting the choroidal boundary layers.
Superimposed red outlines represent the boundaries of the GA lesions. D and I: Choroidal
thickness maps with superimposed black outlines representing the boundaries of the GA
lesions. The mean choroidal thickness (MCT) was analyzed inside of GA region, outside of
GA and the total scan region. D represents one case and the MCT inside of GA region,
outside of GA region and in the total scan area were 103.26 um, 112.88 um and 111.34 pm,
respectively. I represents the other case and the MCT inside of GA region, outside of GA
region and in the total scan area were 175.06 pm, 191.89 pm and 189.42 pm, respectively. E
and J: choroid vascularity index (CVI) maps generated based on the ratio of choroidal
vascular volume to the total choroidal volume. Black outlines represent the boundaries of the
GA lesions. CVI was analyzed inside of GA, outside of GA and the total scan region. E
represents the same case as showing in D and CVI inside of GA, outside of GA, the total
scan area were 0.56, 0.58 and 0.58, respectively. J represents the same case showing in I and
CVl inside of GA, outside of GA, the total scan area were 0.56, 0.58 and 0.58, respectively.
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® GAeyes
O Normal eyes

0 100 200 300 400 500
MCT outside GA area and in
total scan area of normal eyes

Correlations between mean choroid thickness (MCT) and choroidal vascular index (CVI) in
eyes with geographic atrophy (GA) and normal eyes. A, B, C: In the total scan area, no
significant correlation was observed between MCT and CVI in normal eyes (r = —0.15, P =
0.081). A. In the total scan area, a significant correlation was observed between the MCT
and CVI in eyes with GA (r = 0.65, P < 0.001). B: Inside the areas of GA, a significant
correlation between MCT and CV1 was observed in eyes with GA (r = 0.48, P = 0.002). C:
Outside the areas of GA, a significant correlation between MCT and CVI was observed in
eyes with GA (r = 0.65, P < 0.001). MCT and CVI had significant differences in eyes with

GA compared with normal eyes after adjusting for age (all P < 0.001).
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Correlations between choriocapillaris flow deficits at baseline and the annual square root enlargement rates of

geographic atrophy in different regions

GA

CC FDs: Global CC FDs: Local
. Threshold Threshold
CC FDs Parameters | Regions of Interest M ethfds ,& ean Pearsonr, P value® Methrgé I\(;Iean Pearsonr, P value®
(SD) (SD)
Rim1 (0-300 pm) 27.57 (9.29) r = 0.450, P < 0.005 25.15 (10.44) r=0.624, P < 0.001
Rim2 (>300-600 pm) 22.30 (8.45) r=0.524, P < 0.005 21.55 (9.70) r=0.650, P < 0.001
Rim1+2 (0 600 pm) 25.01 (8.35) r = 0.515, P < 0.005 23.42 (9.81) r=0.653, P < 0.001
CC FD% m———
m otal scan area _ =
minus GA + R1+2) 12.77 (3.73) r = 0.459, P < 0.005 14.26 (5.64) r=0.568, P < 0.001
g‘}f" Scan area minus 15.59 (3.67) r=0.626, P < 0.001 16.52 (6.44) r=0.608, P < 0.001
Rim1 (0-300 pm) 0.0047 (0.0025) | r=0.497,P<0.005 | 0.0023(0.0018) | r=0.553, P <0.001
Rim2 (>300-600 pm) 0.0032 (0.0014) | r=0.645pP<0001 | 0.0017(0.0009) | r=0.666, P <0.001
CC MFDS Rim1+2 (0 600 pm) 0.0046 (0.0024) | r=0.640,P<0.001 | 0.0022(0.0015) | r=0.643, P<0.001
(Unit: mm?) Rim3 (Total scan area
minus GA + R1+2) 0.0026 (0.0006) | r=0526,P<0.005 | 0.0013(0.0004) | r=0.568, P <0.001
Total scan area minus 0.0032 (0.0008) | r=0.679,P<0.001 | 0.0015(0.0006) | r=0.614, P <0.001

CC: choriocapillaris; FDs:

(18 pm).

flow deficits; FD%: flow deficits percentage; MFDS: mean or averaged flow deficits size, unit: mm2 SD: standard
deviation; Global threshold method: standard deviation (SD) method; Local threshold method: Phansalkar method with window radius of 3 pixels

*
No statistically significance differences were found between different regions when comparing the correlation of CC FDs and GA ERs in different

regions: All P > 0.167.
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Table 2:

Correlations between choroid measurements at baseline and the annual square root enlargement rates of
geographic atrophy in different regions

Choroidal Parameters | Regions of Interest Mean (SD) Pearsonr | P value
Inside of GA 155.75 (88.33) -0.21 0.22
MCT (Unit: um) Outside of GA 151.83 (77.51) -0.24 0.15
Total scan area 151.42 (77.86) -0.23 0.16
Inside of GA 0.57 (0.04) -0.35 0.03
CVI Outside of GA 0.59 (0.03) -0.29 0.07
Total scan area 0.59 (0.03) -0.30 0.07

MCT: mean choroid thickness, unit: pm; CVI: choroidal vasculature index; GA: geographic atrophy; SD: standard deviation
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