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Abstract
Objectives To determine if commercial OCTA measurements can provide quantitative biomarkers for detection of radiation
retinopathy (RR) s/p I-125 plaque brachytherapy in patients with uveal melanoma.
Methods Retrospective review of 6 × 6 mm OCTA images of nonirradiated fellow eyes (group 1, 28 eyes), eyes without RR
(group 2, 22 eyes), eyes with RR (group 3, 13 eyes). We used automated AngioVue AngioAnalytics OCTA software
determinations of FAZ size, perimeter size, and 27 capillary density measurements (nine regions of each segmentation: full-
thickness retina, superficial plexus, deep plexus).
Results Average time since irradiation was 1.9 years in group 2, and 3.7 years in group 3. FAZ size was 1.2 mm in group 3
compared with 0.2 mm in group 1 and 0.3 mm in group 2 (both p < 0.001). Capillary density was statistically significantly
reduced in group 3 compared with group 1 in all 27 regions. Group 2 had significantly decreased superficial plexus capillary
density compared with group 1 in three regions. Group 3 had significantly reduced capillary density compared with group 2
in 6/27 (22%) regions. Linear regression showed a change in whole-scan density of −1.5 per year after irradiation in the full-
thickness retina segmentation (p= 0.008).
Conclusion Quantitative OCTA may aid in early detection of RR.

Introduction

Uveal melanoma is a life-threatening disease that is most
commonly treated with I-125 plaque brachytherapy, which
can damage the retina and choroid leading to radiation
retinopathy and resulting vision loss [1]. Optical coherence
tomography angiography (OCTA) has been utilized to study
radiation retinopathy in a few studies in this patient popu-
lation. In 2015, Veverka et al. showed that OCTA could
detect retinopathy earlier than structural OCT or ophthal-
moscopic findings, demonstrating its potential utility in
evaluating radiation retinopathy [2].

Later studies attempted to quantify these changes. In
2016, Shields et al. published two papers in the journal
Retina using Image J (National Institutes of Health,
Bethesda, MD) and Adobe Photoshop CS3 (Adobe Systems
Inc, San Jose, CA) to quantify 3 × 3 mm OCTA scans of the
fovea and parafovea. The first paper showed a decrease in
capillary density and foveal avascular zone (FAZ) size in
eyes with radiation retinopathy compared with fellow eyes
[3] The second paper demonstrated that eyes without
radiation retinopathy that had previously undergone plaque
brachytherapy may also have decreased capillary density [4].

However, in 2016 a novel software update was released by
OptoVue called AngioVue AngioAnalytics (Optovue RTVue,
XRAvanti, Optovue Inc., Fremont, CA) that allowed for
automated quantification of OCTA scans including FAZ size,
perimeter size, and capillary density measurements in each
Early Treatment Diabetic Retinopathy Study (ETDRS)
quadrant of the macula. This software was cleared by the
FDA in 2018 and is now commercially available. This soft-
ware update greatly standardized measurements and increased

the ease of quantifying OCTA images without the need of
exporting to and processing with outside software. To our
knowledge the AngioVue AngioAnalytics software has only
been used in one study of radiation retinopathy, which
demonstrated decreased capillary density of the full-thickness
inner retina of eyes before and 1 year after Ruthenium-106
plaque therapy [5]. While the results were interesting addi-
tions to the scientific literature, the study only skimmed the
surface of what we can glean from the information the new
software provides including FAZ measurements and capillary
density measurements of each indivfidual retinal plexus.
Furthermore, the study evaluated a different type of radiation
(beta irradiation) in comparison to what is typically used in
the United States of America (Iodine-125 low energy gamma
irradiation).

The aim of the present study was to compare FAZ size,
perimeter size, and 27 capillary density measurements (of
the nine ETDRS grid regions of each segmentation: full-
thickness inner retina, superficial plexus, deep plexus) of (1)
fellow nonirradiated eyes, (2) eyes without radiation reti-
nopathy from I-125 plaque brachytherapy for uveal mela-
noma, and (3) eyes with radiation retinopathy s/p I-125
plaque brachytherapy for uveal melanoma using the auto-
mated AngioVue AngioAnalytics software.

Subjects and methods

Patients

This study was approved by the Institutional Review Board
of The University of Illinois at Chicago as an exemption
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from review due to its retrospective nature. The research
adheres to the tenets of the Declaration of Helsinki and
complied with the Health Insurance Portability and
Accountability Act. This is a retrospective chart review of
all patients with uveal melanoma who underwent I-125
plaque brachytherapy by a single surgeon (WFM) and who
were imaged by the AngioVue AngioAnalytics software of
the RTVue XR “Avanti” OCTA system by OptoVue
(Optovue RTVue, XRAvanti, Optovue Inc., Fremont, CA).
Presence of radiation retinopathy was determined by a
single surgeon (WFM) based on presence of microvascular
changes in the macula on ophthalmoscopy and/or presence
of macular edema on structural OCT. Eyes with 6 × 6-mm
macular OCTA scans at UIC between 1/1/2016 and 10/1/
2018 were included. Eyes with other uveitic or vitreoretinal
diseases, previous intraocular surgery except cataract sur-
gery, and high myopia were excluded. Three OCTA images
of poor quality defined as signal strength under two and/or
image artifact obscuring at least ¼ of the image scan were
also excluded. If a patient had multiple imaging sessions,
only the most recent imaging date that met the above study
protocol was included.

We separated the patients’ eyes into three groups: fellow
nonirradiated control eyes (group 1), eyes s/p I-125 plaque
brachytherapy without clinical radiation retinopathy (group
2), eyes s/p I-125 plaque brachytherapy with radiation
retinopathy (group 3). The chart review included: date of
imaging visit, patient age, patient gender, best corrected
visual acuity (BCVA) at imaging visit, eye that underwent
I-125 plaque brachytherapy, location of uveal melanoma,
date of I-125 plaque brachytherapy, presence or absence of
radiation retinopathy.

Optical coherence tomography angiography

OCTA images were acquired by the AngioVue AngioA-
nalytics software of the RTVue XR “Avanti” OCTA system
by OptoVue (Optovue RTVue, XRAvanti, Optovue Inc.,
Fremont, CA). The Avanti system operates at a scan rate of
70,000 a-scans per second with an axial resolution of 5 µm.
The AngioVue AngioAnalytics software extracts a binary
image from the OCTA image and then defines vessel den-
sity as the percentage of the area occupied by the micro-
vasculature pixels in a given region. The vessel density is
calculated for a variety of regions based on the ETDRS grid.
The software automatically segments the retinal vasculature
into full-thickness inner retina, superficial capillary plexus
(SCP), and deep capillary plexus (DCP). The vessel density
can therefore be calculated for each region within a specific
OCTA segmentation.

The 6 × 6-mm OCTA macular scans were reviewed by a
single grader (TED) to determine image quality and accu-
racy of automated retinal layer segmentation. As stated

above, three OCTA images were excluded for poor image
quality. The image signal strength was recorded for each
eye. FAZ size and perimeter size measurements by the
AngioAnalytics software were collected for each eye.
Manual adjustment of the automated FAZ delineation was
performed using the AngioVue AngioAnalytics software
only when the automated FAZ delineation was deemed to
be inaccurate by the grader. Capillary density measurements
were recorded for each eye. These measurements included
nine ETDRS regions (whole scan, temporal/superior/nasal/
inferior parafovea, and temporal/superior/nasal/inferior
perifovea) of each of the three segmentations (full-thickness
inner retina, SCP, DCP) for a total of 27 regions analyzed
per eye. In a few cases manual adjustment of the ETDRS
grid was performed to center the grid at the fovea when the
automated placement of the ETDRS grid was deemed to be
inaccurate by the grader. In these cases, the capillary density
numbers were automatically recalculated by the AngioVue
AngioAnalytics software after adjustment of the ETDRS
grid. If the image quality was poor in a particular region but
the entire OCTA image otherwise met criteria for entrance
into the study, only that particular region was removed from
the study. Only 63/1701 (3.7%) regions were removed from
analysis for these purposes.

Statistical analysis

XLSTAT of Microsoft excel (Office 365 ProPlus, version
1808 build 10730, 2018, Redmond, Washington) was used
for all statistical analysis and p values of <0.05 were con-
sidered statistically significant. The Shapiro–Wilk test was
used to determine that the data sets had a non-normative
distribution. A Kruskal–Wallis test for non-normative dis-
tribution was therefore used to compare the average age,
BCVA, OCTA signal strength, and all OCTA measure-
ments between groups 1, 2, and 3. If a statistical sig-
nificance was noted between the three groups for any factor,
a Dunn’s multiple comparisons test with bonferroni cor-
rection (p < 0.017 significance value) was performed to
determine if there was any difference between groups 1 and
2, groups 2 and 3, and groups 1 and 3. A Chi-squared test
was used to compare the proportion of females and pro-
portion of right eyes between groups 1, 2, and 3. A Chi-
squared test was also used to compare the proportion of
eyes with peripapillary or macula uveal melanoma versus
peripheral uveal melanoma between groups 2 and 3.
A Mann–Whitney comparison of two samples was used to
compare the number of years since I-125 plaque bra-
chytherapy between groups 2 and 3. A linear regression was
used to plot FAZ size, perimeter size, whole-scan capillary
density measurements for each segmentation (full-thickness
retina, SCP, and DCP), and LogMAR BCVA over time
since I-125 plaque brachytherapy in all irradiated eyes
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(groups 2 and 3 combined) to determine the change in these
measurements over time.

Results

A total of 63 eyes were included in this study: 28 eyes in
group 1 fellow nonirradiated eyes, 22 eyes in group 2
without radiation retinopathy s/p I-125 plaque brachyther-
apy, and 13 eyes in group 3 with radiation retinopathy s/p I-
125 plaque brachytherapy.

In group 1 there were 16 females (57%) and 20 right eyes
(71%). The average age was 59 (range 43–82) years; the
average BCVA was 0.06 LogMAR (range 0–0.3); the
average OCTA signal strength was 7.5 (range 5–9).

In group 2 there were 6 females (27%) and 7 right eyes
(32%). The average age was 58 (range 26–76) years; the
average BCVA was 0.16 LogMAR (range 0–0.4); the
average OCTA signal strength was 6.7 (range 3–9).
The uveal melanoma was in the macula and/or at the arcade
in four eyes (18%), peripapillary in one eye (5%), and in the
periphery in the other 17 eyes (77%). The average years
since irradiation was 1.9 (range 0.3–6) years.

In group 3 there were nine females (69%) and eight right
eyes (62%). The average age was 63 (range 47–82) years;
the average BCVA was 0.78 LogMAR (range 0.2–1.7); the
average OCTA signal strength was 5.5 (range 2–10). The
uveal melanoma was in the macula and/or at the arcade in
five eyes (38%), peripapillary in two eye (15%), and in the
periphery in the other six eyes (46%). The average years
since irradiation was 3.7 (range 1.2–7.2) years.

There was no statistically significant difference between
the three groups in terms of age (p= 0.67), sex (p= 0.05),
or eye involved (p= 0.17). There was a significant
difference in LogMAR BCVA between all three groups:
group 1 < 2 (p= 0.001), group 1 < 3 (p= <0.001), group 2
< 3 (p= 0.003). Linear regression showed a worsening of
BCVA of +0.09 LogMAR per year (a decrease of
approximately one line of Snellen visual acuity per year,
p= 0.02). While there was not a significant difference in
signal quality between groups 1 and 2 (p= 0.28) and
groups 2 and 3 (p= 0.12), there was a decrease in signal
quality in group 3 compared with group 1 (p= 0.01). It was
more common for the uveal melanoma to be macular or
peripapillary in group 3 (43%) than in group 2 (23%) but
this comparison did not reach statistical significance (p=
0.06).

Size of the FAZ was 1.2 mm in group 3 compared with
0.2 mm in group 1 and 0.3 mm in group 2 (both p < 0.001,
Table 1). Linear regression showed an increase in the FAZ
size of +0.087 mm per year (p= 0.07) after the one outlier
greater than two standard deviations away was removed
(Fig. 1). Perimeter size was also significantly different

between groups 1 and 3 and groups 2 and 3 (both p < 0.001,
Table 1). Linear regression showed an increase in perimeter
size of +0.35 mm per year (p= 0.12) after the one outlier
greater than two standard deviations away was removed.

The average capillary density measurements in the 27
ETDRS regions for each group are listed in Table 2 and the
statistical comparisons of these capillary density between
the three groups are noted in Table 1. Capillary density was
statistically significantly reduced in group 3 compared with
group 1 in all 27 regions (ranging p= 0.011 to p < 0.001).
Group 2 had a statistically significant decrease in capillary
density in 3/27 regions (11%) compared with group 1, all of
which were regions of the SCP. Finally, group 3 had

Table 1 Table demonstrating the p values generating when comparing
the OCTA measurements between groups 1, 2, and 3.

Group
1 vs. 2

Group
1 vs. 3

Group
2 vs. 3

FAZ 0.765 <0.001 <0.001

Perim 0.991 <0.001 <0.001

Full thickness Whole 0.114 <0.001 0.047

Parafovea T 0.073 <0.001 0.085

Parafovea S 0.086 <0.001 0.011

Parafovea N 0.046 <0.001 0.018

Parafovea I 0.104 <0.001 0.068

Perifovea T 0.026 <0.001 0.086

Perifovea S 0.180 <0.001 0.032

Perifovea N 0.450 <0.001 0.011

Perifovea I 0.345 0.005 0.067

Superficial plexus Whole 0.046 <0.001 0.059

Parafovea T 0.001 <0.001 0.158

Parafovea S 0.023 <0.001 0.008

Parafovea N <0.001 <0.001 0.061

Parafovea I 0.174 <0.001 0.019

Perifovea T <0.001 <0.001 0.394

Perifovea S 0.067 <0.001 0.028

Perifovea N 0.975 0.011 0.018

Perifovea I 0.084 0.006 0.214

Deep plexus Whole 0.164 <0.001 0.015

Parafovea T 0.084 <0.001 0.035

Parafovea S 0.170 <0.001 <0.001

Parafovea N 0.035 <0.001 0.024

Parafovea I 0.182 <0.001 0.031

Perifovea T 0.139 0.001 0.045

Perifovea S 0.074 <0.001 0.082

Perifovea N 0.115 <0.001 0.015

Perifovea I 0.167 0.001 0.064

Using a Bonferroni correction, p values of <0.17 were considered
statistically significant and therefore bolded.

T temporal, S superior, N nasal, I inferior.

p < 0.017 statistically significant after Bonferroni correction.
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statistically significantly reduced capillary density com-
pared with group 2 in 6/27 (22%) ETDRS grid regions.
Linear regression showed a decrease in whole OCTA scan
capillary density of −1.5 per year in the full-thickness retina
segmentation (p= 0.008, Fig. 2), −1.5 per year in the
SCP segmentation (p= 0.008), and −1.4 per year in the
DCP segmentation (p= 0.01).

Discussion

This manuscript is the first to compare automated OCTA
measurements between eyes with uveal melanoma s/p I-125
plaque brachytherapy with and without retinopathy and
fellow nonirradiated eyes. Most previous studies used pro-
prietary or external software to show a difference in capil-
lary density after irradiation. However, in our study we

utilized the commercially available automated AngioVue
AngioAnalytics software, making our study more directly
clinically pertinent. Further we opted to compare not just
eyes with retinopathy to control eyes but also looked at the
subset of patients without clinical retinopathy to determine
if OCTA could detect retinal vascular changes earlier than
clinical examination alone.

First, this study confirmed the results of prior studies by
demonstrating that eyes with radiation retinopathy (group 3)
had a statistically significant decrease in capillary density
and increase in FAZ size and perimeter size than fellow
nonirradiated eyes (group 1). The decrease in capillary
density was noted in all retinal segmentations. Second, we
showed that the SCP capillary density measurements may
be useful in detecting early radiation retinopathy as there
appeared to be a decrease in the capillary density in this
capillary plexus of irradiated eyes without clinical

Table 2 Table demonstrating the average OCTA capillary density measurements in each of the 27 ETDRS regions for groups 1, 2, and 3.

Full-thickness retina

Whole Parafovea T Parafovea S Parafovea N Parafovea I Perifovea T Perifovea S Perifovea N Perifovea I

Group 1 51.4 56.1 55.5 55.5 54.6 51.6 50.4 53.3 50.4

Group 2 48.9 52.0 52.2 52.1 50.7 48.3 48.2 52.0 48.3

Group 3 42.8 44.9 44.3 42.7 43.8 42.74 42.0 44.7 43.4

Superficial capillary plexus

Whole Parafovea T Parafovea S Parafovea N Parafovea I Perifovea T Perifovea S Perifovea N Perifovea I

Group 1 48.7 51.3 52.7 51.4 52.2 45.6 48.4 52.5 48.5

Group 2 45.9 47.2 48.6 46.8 48.4 42.6 46.0 50.4 46.3

Group 3 40.7 41.4 40.8 39.6 40.6 39.4 40.0 43.5 41.8

Deep capillary plexus

Whole Parafovea T Parafovea S Parafovea N Parafovea I Perifovea T Perifovea S Perifovea N Perifovea I

Group 1 49.5 54.5 54.2 54.3 52.4 52.7 50.2 50.4 49.7

Group 2 46.8 51.0 51.3 51.2 49.2 50.2 47.1 47.5 46.6

Group 3 40.7 44.4 42.9 43.8 42.9 44.2 41.4 39.9 41.6

T temporal, S superior, N nasal, I inferior.

Fig. 1 Linear regression of the
FAZ size over time (number of
years since irradiation). The
FAZ increases by 0.087 mm per
year (p= 0.07) after I-125
plaque brachytherapy.
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retinopathy (group 2) compared with nonirradiated eyes.
We suspect that groups 2 and 3 are both parts of the
spectrum of radiation retinopathy but that signs of retino-
pathy present in group 2 are not readily detectable with
previous methods of evaluation. Third, FAZ size was
enlarged between groups 1, 2, and 3 showing that this could
also be a good early indicator of retinopathy. Early detec-
tion of FAZ size increase or capillary density changes in the
SCP may be useful biomarkers that prompt clinicians to
monitor patients more carefully possibly leading to earlier
treatment of the sequelae.

Many other retinal vascular diseases also demonstrate
progressive FAZ enlargement and decreased capillary
density measurements [6–8]. However, it is interesting to
note that in most retinal vascular diseases, such as retinal
vein occlusions or diabetic retinopathy, the DCP and SCP
are thought to be disproportionately affected, and many
people believe that the DCP may be affected to a greater
degree or earlier on than the SCP [9–11]. This is in contrast
to the findings in the present study, which demonstrated a
decreased capillary density in regions of the SCP in eyes
without clinical retinopathy but no significant decrease in
the DCP. This suggests that the SCP may actually be
affected earlier than the DCP in eyes s/p I-125 plaque
brachytherapy. Further studies with larger sample sizes may
better elucidate if the SCP is truly affected earlier than the
DCP as our study suggests especially as a handful of the
SCP capillary density measurement comparisons between
group 1 and 2 were only minimally above the Bonferroni
corrected p value of 0.017.

In this study we also used the data from all eyes that were
s/p I-125 plaque brachytherapy (combining groups 2 and 3)
to perform linear regressions to predict the change over time
of BCVA (a decrease in nearly one line of Snellen visual
acuity per year) and OCTA measurements. The decrease in
vision over time is interesting to note as even eyes without
clinical retinopathy demonstrated some visual acuity

decrease over time. This decrease in visual acuity may be
secondary to cataract but could also suggest that even
without macular edema there may be a component of
damage such as non-perfusion that is limiting these patients’
vision. Linear regression also showed that the FAZ
increased by +0.087 mm per year and that the capillary
density decreased by −1.5 per year in the full-thickness
retina and SCP segmentations and by −1.4 per year in the
DCP. These linear regressions may provide clinicians and
our patients with the ability to better predict how much
damage may occur over time. With better understanding of
the damage over time, we may adjust our follow-up time
frame accordingly for patients at high risk of potential
vision loss from radiation retinopathy. It would be bene-
ficial to repeat these calculations with a larger sample size
including patients that have longer follow-up times to
confirm these calculations. With larger sample sizes it
would also be possible to separate patients into high-risk
and low-risk groups for developing radiation retinopathy.
For example, eyes with higher doses of radiation and
radiation closer to the fovea or optic nerve are likely to
progress faster and therefore may have a steeper trajectory
than the overall cohort. While our study did not have the
power to definitively show that eyes with I-125 plaque
brachytherapy closer to the fovea and optic nerve were
more likely to develop retinopathy, there was a trend toward
this notion and prior literature has already demonstrated that
radiation retinopathy is more likely to occur in posteriorly
located uveal melanoma cases than with more peripheral
lesions [12–14]. Location of the melanoma does not directly
affect image acquisition. However, presence of macular
edema, which is more common in posterior pole melano-
mas, can decrease signal quality to the deeper layers of
the OCTA.

The main weaknesses of the paper include the relatively
modest sample size, retrospective nature, and the difference in
signal strength between groups 1 and 3. The average signal

Fig. 2 Linear regression of
capillary density of the whole-
scan full-thickness retina over
time (number of years since
irradiation). The capillary
density decreases by −1.50 per
year (p= 0.008) after I-125
plaque brachytherapy.
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strength was only 5.5 in group 3 compared with 6.7 in group
2 (p= 0.12) and 7.5 in group 1 (p= 0.01). A decrease in
signal strength can affect capillary density measurements by
reducing contrast between flow (retinal vasculature) and non-
flow areas, and by creating artifact and/or image noise. This
can produce falsely high capillary density measurements.
Previous studies have shown that image quality can affect the
reproducibility of capillary density measurements [15]. In our
study, three eyes with poor quality OCTA images were
removed to minimize this issue. However, it is possible that
the capillary density measurements in group 3, and to some
degree in group 2, may have been falsely high due to the
lower signal quality. Therefore, there may actually be an even
larger difference between group 1 and groups 2 and 3 than
noted in this study. While the overall conclusions of the study
remain unchanged by this, future prospective studies would
be useful to ensure more even and consistent signal strength
values. While the most clinically relevant area is the posterior
pole, which we evaluated in this study, future studies could
employ wide-field OCTA or a montage technique for further
information.

In conclusion, the present study demonstrated that
automated FAZ size and capillary density measurements
may be useful biomarkers for early detection of radiation
retinopathy after I-125 plaque brachytherapy, and deter-
mined the change in these measurements each year using
linear regression. These findings provide us with a greater
understanding of the disease process and a way to use
commercially available imaging to monitor our patients for
radiation retinopathy more closely.

Summary

What was known before

● Prior studies used proprietary software to note that
OCTA shows a decrease in capillary density and
increase in FAZ size in eyes with radiation retinopathy
compared with fellow eyes [3]. Eyes without radiation
retinopathy that had previously undergone plaque
brachytherapy may also have decreased capillary density
[4]. One study used the new commercially available
automated OCTA software to show decreased capillary
density of the full-thickness inner retina of eyes before
and 1 year after Ruthenium-106 plaque therapy [5].

What this study adds

● Our study compared FAZ size, perimeter size, and 27
capillary density measurements (of the nine ETDRS grid
regions of each segmentation: full-thickness inner retina,

superficial plexus, deep plexus) of (1) fellow nonirra-
diated eyes, (2) eyes without radiation retinopathy from
I-125 plaque brachytherapy for uveal melanoma, and (3)
eyes with radiation retinopathy s/p I-125 plaque
brachytherapy for uveal melanoma using the automated
AngioVue AngioAnalytics software. Therefore, our
study is different because it used commercially available
software, looked at all three groups in tandem, looked at
many more segmentations and area measurements, and
performed linear regressions to show change over time
of these potential biomarkers. It is thus more clinically
applicable and could potentially be used in the future for
prognostication and monitoring.
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