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Abstract
Optical Coherence Tomography Angiography (OCTA) has emerged as a useful modality for the diagnosis
and management of uveitic diseases, but comparisons with other imaging modalities in uveitis are
limited. The purpose of this study is to compare hypocyanescent lesions on Indocyanine Green
Angiography (ICGA) to choriocapillaris �ow de�cits on OCTA in eyes with posterior and panuveitis. En-
face 6x6 OCTA images of the choriocapillaris and mid-phase ICGA images from patients with posterior
and panuveitis were reviewed and images were quantitatively compared. Lesion(s) on ICGA and OCTA
images were outlined, binarized and then overlapped to determine the Dice similarity coe�cient (DSC).
Measurements of lesion morphology were compared using Bland-Altman analysis contrasting four
primary features: lesion number (LN), lesion density (LD%), lesion circularity (LCi) and mean lesion size
(MLS). A total of 36 eyes from 26 patients were analyzed. The overall agreement in spatial overlap
between lesions from ICG and OCTA was classi�ed as “good” [DSC ≥ 0.7] (mean DSC = 0.744; 95%
con�dence interval [0.679, 0.809]). No signi�cant differences were noted between the LN, LD%, LCi, and
MLS. Overall, OCTA appears to be comparable measure of choriocapillaris �ow de�cits in patients with
posterior and panuveitis compared with hypocyanescent lesions on ICGA.

Introduction
Uveitis is responsible for an estimated 30,000 new cases of legal blindness annually in the United
States.1,2 Dye-based methods including indocyanine green angiography (ICGA) and �uorescein
angiography (FA) are part of the standard for evaluating patients with posterior segment uveitis.3–5

Optical coherence tomography angiography (OCTA) is an imaging modality that acquires volumetric
scans that can be segmented to visualize blood �ow at the levels of the retinal capillary plexuses and
choriocapillaris at a �xed point in time.6 Prior reports have described the utility of OCTA in demonstrating
changes in the choriocapillaris in patients with posterior segment uveitic diseases including birdshot
chorioretinopathy, multifocal choroiditis, punctate inner choroidopathy, and tubercular choroiditis.7–9 On
en-face representations, OCTA can depict areas of choriocapillaris �ow de�cits and has demonstrated
repeatability in uveitis patients.10 The choriocapillaris �ow de�cits may represent absent �ow or areas of
�ow that are too slow to be detectable by the OCTA platform.11–13 Further, OCTA has the advantages of
being a non-invasive imaging modality with a relatively short acquisition time that could be well utilized
in the clinical setting.

The goal of this study is to investigate the agreement between OCTA and ICGA in assessing
choriocapillaris involvement in uveitis patients. We quantitatively evaluated and compared the similarity
between choriocapillaris �ow de�cits on OCTA and hypocyanescent areas on ICGA in patients with
posterior and panuveitis.

Methods
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Study Design. 
A retrospective review of OCTA and ICGA images was conducted of patients diagnosed with posterior and
panuveitis and evaluated by the uveitis service at the National Eye Institute (NEI), National Institutes of
Health (NIH) Bethesda, MD between December 2016 to August 2021. All research was conducted under
an Institutional Review Board (IRB) approved protocol where informed consent for the inclusion for the
use of data was obtained by all study participants. This study adhered to the tenets of the Declaration of
Helsinki.

Anatomical diagnosis was made based on the Standardization of Uveitis Nomenclature (SUN) criteria.14

Demographic and clinical data including age, sex, best corrected visual acuity (BCVA) in LogMAR,
spherical equivalent (S.E.), disease duration, disease activity were obtained.

Inclusion and exclusion criteria. 
Eyes with posterior and panuveitis and with hypocyanescent lesions present on mid-phase ICGA were
included. OCTA images obtained on the same date were compared with ICGA. Exclusion criteria were as
follows: 1) OCTA image with signal strength < 7; 2) substantial motion artifact or segmentation error; 3)
co-existent retinal and choroidal diseases other than uveitis including age-related macular degeneration
or central serous chorioretinopathy, and 4) eyes with previous history of macular laser. Structural en-face
OCTA images were reviewed to exclude false �ow de�cits.

Image acquisition. 
The ICGA and OCTA images were obtained using the Spectralis HRA, (Heidelberg, Germany) and the
CIRRUS AngioPlex Model 5000, (Carl Zeiss Meditec, Germany), respectively. On OCTA, only 6 X 6-mm
scans centered on the fovea were included. For quantitative and qualitative interpretation of OCTA
images, maximum projection was used to construct the en-face representations of the choriocapillaris
slab. We de�ned the choriocapillaris slab at the default setting (29–49 µm below the retinal pigment
epithelium (RPE)-�t segmentation line, an estimate of Bruch’s membrane).15 If improper automated
segmentation was noted, manual corrections were performed accordingly.

Image processing and analysis. 
To quantify the agreement between choriocapillaris �ow de�cits on OCTA and hypocyanescent lesions on
ICGA, a novel semi-automatic algorithm was developed. Each image was graded independently from the
corresponding imaging modality. Throughout, the grader was blinded to the patient’s diagnosis.
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First, images were imported into ImageJ (version 1.51g, National Institutes of Health, Bethesda, MD).
Next, the en-face super�cial capillary plexus (SCP) OCTA image was opened alongside the ICGA image
for feature-based image registration. Image registration is the process of aligning two images to
determine corresponding points.16 Points are often utilized for the basis of registration and were placed
on distinctive vessel junctions at corresponding locations.17,18 A single point was placed in each
quadrant of the image for a total of four per image (Fig. 1a,b). Moving Least Squares (MLS) is an
automatic, non-rigid, point-based technique in which two images are aligned based on feature points
extracted from them.19 Using the similarity MLS deformation technique (Plugins > Registration > Moving
Least Squares > Similarity method), the OCTA image was registered to the ICGA image (Fig. 1c). Image
registration was validated by careful visual inspection.

Using the freehand selection tool in ImageJ, hypocyanescent lesions on ICGA images (Fig. 1d,e) or were
meticulously outlined (in magenta) and added to the region of interest (ROI) manager. The lesion outlines
on each image were �lled, and the image was binarized (Fig. 1f). The process was repeated for
choriocapillaris �ow de�cits on OCTA images (Fig. 1g,h,i). To determine the spatial overlap between the
lesion areas, the Dice Similarity coe�cient (DSC) was computed (Fig. 2). The DSC measures the spatial
overlap between two segmentations.20 A value closer to 0 indicates no spatial overlap between two sets
of binary images, and a value of 1, indicates complete overlap.21 Good agreement was considered if the
DSC ≥ 0.7, moderate agreement if the DSC was between 0.5 and 0.7, and poor agreement if the DSC ≤ 
0.5, as similarly reported in the literature.22 The DSC was calculated using the CLIJ2 plugin on ImageJ.23

To characterize lesion morphology the “Analyze particles” function on ImageJ was applied to measure
the lesion number (LN), mean lesion size (MLS), lesion density (LD%), and the lesion circularity index
(LCi). LN is the number of distinct lesions in each image. MLS describes the average lesion size in each
image. LD% is the proportion of lesion area to the total image area. LCi quanti�es the mean circularity of
the lesions in the image, where for any lesion, a value of 1.0 indicates a perfect circle and a value
approaching 0.0 indicates an increasingly elongated shape.

Statistical methods. 
Statistical analysis was performed using GraphPad Prism version 9.1.2 (GraphPad Software Inc, La Jolla,
CA) and. The Anderson-Darling test was performed to detect the normality of distribution. Given their
distribution, lesion morphology measurements (LN, MLS, LD% and LCi) obtained from both modalities
were compared using the non-parametric Clustered Wilcoxon signed rank test.24 At the eye level, Bland-
Altman plots were used to compare the differences in lesion morphology between OCTA and ICGA
against the average of each measurement. Limits of agreement were set to ± 1.96 standard deviations
from the mean difference for each morphological feature. To compare the DSC between the clinically
active and clinically quiet eyes, Welch’s t-test was selected. The chosen level of statistical signi�cance for
all tests was P less than 0.05. Mean and SD are reported as “mean ± SD”.
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Results

Study population. 
A total of 36 eyes from 26 patients (18 female and 8 male) with posterior or panuveitis were included in
this study. The mean age was 47.1 ± 13.0 years. Punctate inner choroidopathy (PIC; n = 11 eyes) or
serpiginous choroiditis (SC; n = 7 eyes) were the most common disease etiology. The mean disease
duration was 7.46 ± 5.58 years (n = 34). The mean BCVA was 0.178 ± 0.298 (Snellen 20/30). The mean
S.E. was − 2.13 ± 4.05 (n = 34) and high myopia (S.E. < -6) was seen in four eyes of four patients. Two-
thirds of eyes (n = 24) were clinically quiet. Baseline characteristics are listed in Table 1.

 
Table 1

Baseline characteristics of patients with posterior and panuveitis.
Characteristic Value

Age, years (mean ± SD) 47.1 ± 13.0

Sex, persons (female: male) 18:8

BCVA, logMAR (mean ± SD) 0.177 ± 0.298

*Disease duration, years (mean ± SD) 7.46 ± 5.58

*Spherical equivalent, diopters (mean ± SD) -2.13 ± 4.05

Clinical activity, eyes, (quiet: active) 24:12

Disease, eyes 36

Punctate Inner Choroidopathy 12

Serpiginous Choroiditis 7

Ampiginous Choroiditis 5

Birdshot Chorioretinopathy 5

Vogt-Koyanagi-Harada 2

Idiopathic Panuveitis 2

Multifocal Choroiditis 2

Sarcoid Panuveitis 1

*Best corrected visual acuity (BCVA) and Spherical equivalence included 34 eyes. Values are mean ± 
standard deviation. LogMAR indicates Logarithm of the Minimum Angle of Resolution.
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Measuring spatial agreement between OCTA and ICGA
using the DSC. 
The mean DSC between all ICGA and OCTA images was 0.744 ± 0.192. Good agreement (0.858 ± 0.092)
was seen in 23 (64%) eyes, moderate agreement (0.626 ± 0.069) was seen in nine (25%) eyes, and poor
agreement (0.352 ± 0.090) was seen in four (11%) eyes. Among disease subtypes, eyes with SC had the
highest mean agreement (0.957 ± 0.024, Fig. 3). Disease etiology was variable in eyes with poor
agreement, including: a single eye with sarcoid panuveitis (DSC = 0.244), one of �ve eyes with
ampiginous choroiditis (AC) (DSC = 0.445), and two of twelve eyes with PIC disease (DSC = 0.402 and
0.315).

Comparison of lesion morphology features between OCTA
and ICGA. 
The distribution of values for lesion features departed from normality and non-parametric testing was
chosen for analysis. No signi�cant differences were observed in any of the morphological parameters
between the two modalities (P = 0.202 (LN), 0.916 (LD%), 0.178 (MLS), 0.279 (LCi), Clustered Wilcoxon
signed-rank test). The mean LN, LD%, MLS, and LCi were 4.00 ± 4.91, 15.5 ± 14.7, 2.49 ± 2.82 mm2, and
0.585 ± 0.105 in the OCTA group compared with the ICGA group (4.69 ± 4.64, 15.48 ± 14.4, 2.34 ± 3.28
mm2, and 0.600 ± 0.113). Lesion morphology measurements are summarized in Table 2.
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Table 2
Comparison of lesion morphology between imaging modalities.

  OCTA ICGA *P-value

LN 4.00 ± 4.91 4.69 ± 4.64 0.202

Active 3.50 ± 3.45 4.67 ± 5.26 0.413

Quiet 4.25 ± 5.55 4.71 ± 4.42 0.318

LD,% 15.5 ± 14.7 15.48 ± 14.4 0.916

Active 8.35 ± 11.6 8.10 ± 9.94 0.716

Quiet 19.0 ± 14.9 19.1 ± 15.0 0.841

MLS, mm2 2.49 ± 2.82 2.34 ± 3.28 0.178

Active 1.20 ± 1.32 1.73 ± 3.68 0.860

Quiet 3.14 ± 3.15 2.65 ± 3.10 0.097

LCi, (0–1) 0.585 ± 0.105 0.600 ± 0.113 0.279

Active 0.624 ± 0.063 0.611 ± 0.100 0.967

Quiet 0.565 ± 0.117 0.594 ± 0.120 0.191

Lesion morphology was described using four features: lesion number (LN); lesion density (LD), mean
lesion size (MLS), and lesion circularity index (LCi). Overall analysis found no signi�cant difference
was noted for all morphological features between imaging modalities (P > 0.05, n = 36). Subanalysis
by disease activity, active (n = 12) or quiet (n = 24) disease, reported similar �ndings. *Clustered
Wilcoxon matched pairs signed-rank test. Values are represented as mean ± standard deviation. OCTA
indicates optical coherence tomography angiography. ICGA indicates indocyanine green angiography.

To further assess the comparability between both modalities, Bland-Altman analysis was performed on
all morphological features (Fig. 4). Linear regression was performed to analyze for the presence of
heteroscedasticity where agreement between the methods decreases as the size of the deviation
increases between measurements. There was a mean difference of 0.694 ± 2.80 for LN (Fig. 4a) and − 
0.015 ± 0.105 for LCi (Fig. 4b). The 95% limits of agreement (LoA) were between 4.79 and − 6.18 for LN
and between 0.192 and − 0.221 for LCi. Regression (slope [95% CI]) demonstrated no signi�cant
proportional bias for LN or LCi (0.104 [-0.150 to 0.274]; R2 = 0.010, P = 0.558; 0.189 [-0.473 to 0.295]; R2 = 
0.007; P = 0.640). There was a mean difference of 0.023 ± 3.12 for LD% (Fig. 4c) and 0.149 ± 2.60 mm2

for MLS (Fig. 4d). The 95% limits of agreement (LoA) for were between 6.15 and − 6.10 for LD% and
between 5.24 mm2 and − 4.94 mm2 for MLS. Regression demonstrated no signi�cant proportional bias
for LD% or MLS (0.021 [-0.054 to 0.096]; R2 = 0.009; P = 0.572; -0.183 [-0.504 to 0.137]; R2 = 0.038; P = 
0.253). Across all morphological features, we noted a total of nine outliers from seven eyes. Two eyes
had SC, four eyes had PIC and one eye had AC.
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Disease activity and lesion agreement. 
Eyes with clinically active disease (0.642 ± 0.175, n = 12) had a signi�cantly lower DSC compared with
those eyes with clinically quiet disease (0.789 ± 0.183, n = 24) (P = 0.028, Welch’s t-test). Figure 5 shows
two eyes with PIC with active and quiet disease. Figure 5a,b illustrates a patient eye with active PIC
disease where LN was greater on ICGA compared with OCTA and with poor agreement (DSC = 0.402).
Figure 5c,d. illustrates a patient eye with no difference in lesion number and good agreement (DSC = 
0.817). Lesion morphological features were compared within the active and quiet groups between the two
modalities and no signi�cant differences were noted for any of the lesion morphological features within
each group. Subanalysis of lesion morphology by disease activity is listed in Table 2.

Discussion
In this retrospective, cross-sectional study, we quantitatively compared choriocapillaris �ow de�cits on
OCTA to hypocyanescent lesions on ICGA in eyes with posterior and panuveitis. We found good
agreement in the spatial overlap of hypocyanescent lesions on ICGA with choriocapillaris �ow de�cits on
OCTA. However, agreement between the modalities was signi�cantly lower in the active disease group
compared with the quiet group. However, speci�c aspects of lesion morphology, including the LN, MLS,
LD% and LCi, were comparable between OCTA and ICGA.

ICGA has become an established technique to identify and monitor choroidal and retinal diseases.25,26

However, dye-based angiography is time-consuming, expensive, and invasive with the potential for
adverse reactions to these procedures.27 In contrast, OCTA permits rapid, non-invasive three-dimensional
visualization of the choroid and has emerged as an useful imaging modality in the diagnosis and
monitoring of patients with uveitis.

OCTA relies on temporal changes in the OCT signal caused by the motion of �ow particles, erythrocytes,
to discriminate from static tissue. This is followed by device amplitude decorrelation and phase variance
methods which enable visualization of the microvasculature, or rather vascular �ow.13,28 Flow de�cits on
OCTA are thought to be due to ischemia of the choriocapillaris, loss of the choriocapillaris 29 or the result
of in�ammatory in�ltration into the choriocapillaris. 30–33 The in�amed choroid may cause capillary
compression resulting in absent or reduced blood �ow that is below the detectable threshold on the OCTA
device, appearing as a �ow de�cit.

Few studies have compared �ow de�cits on OCTA with hypocyanescent lesions seen on ICGA in uveitis.
Pepple et al. evaluated three patients with BCR using swept-source OCTA and found that choriocapillaris
�ow voids colocalized with hypocyanescent ICGA lesions. 34 They also observed regressed �ow void after
treatment in patients with acute BCR. Similarly, a consistent �nding between hypo�uorescent lesions in
ICGA and �ow de�cits on OCTA were also demonstrated in active VKH patients.35 However, comparisons
in these studies are largely descriptive. To further validate the utility of OCTA in the uveitis clinic, a
quantitative comparison with conventional angiography, ICGA, is necessary.
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We used the DSC to quantify the spatial overlap of lesions and demonstrated good agreement between
ICGA and OCTA. Further analysis of all disease subtypes included in this study, showed that eyes with SC
were found to consistently have the highest level of agreement. This �nding correlates with observations
in prior studies. Pakzad-Vaezi et al. evaluated the choriocapillaris in patients with a diagnosis of SC using
SS-OCTA and compared �ndings with conventional imaging modalities. In their study, the lesion size and
location of choroidal lesion had high agreement between SS-OCTA and ICGA..36 The high-level agreement
in our cohort for SC patients is likely due to the nature of the disease which is chronic and the well
demarcated areas of extensive chorioretinal atrophy. These lesions have well-de�ned borders on OCTA,
visualized by their hyperre�ective edges and view of underlying medium choroidal vessels, that correlate
well with clearly demarcated edges of hypocyanescent lesions on ICGA.37,38

Eyes with active disease had signi�cantly lower DSC compared to quiet eyes. However, there was no
signi�cant difference in lesion morphology between the modalities for active or quiet disease. In the
chronic stage of disease, we observed that the choroidal lesions were atrophic and well-demarcated. In
contrast, in the more active phase of disease, the irregularity in the lesions including their borders, and the
outer retinal involvement may have contributed to the variability between the two modalities. Notably, in
two of the four DSC outliers, hypocyanescent areas due to blockage from outer retinal in�ammatory
lesions were observed. However, corresponding false �ow voids at the level of the choriocapillaris were
not seen on OCTA.

Our study is limited by its retrospective nature and relatively small sample size so the study may not have
had su�cient power to detect a meaningful difference. Additionally, we only included macular centered
images in our study, thus lesions extending to the periphery of the 6 X 6-mm scan, resulted in borders of
the captured lesions being de�ned by the scan area. Wide-�eld swept-source angiography (SS-OCTA)
imaging may capture more peripheral choriocapillaris lesions with higher resolution images, making the
comparison between these modalities more representative. Despite limitations, the study included a
heterogenous group of uveitic diseases and utilized a unique registration method followed by
comprehensive morphological analysis of the lesions.

To our knowledge, this is the �rst study to extensively compare OCTA and ICGA in the detection of
choriocapillaris lesions in posterior and panuveitis. Our results showed that OCTA can be used as a
noninvasive imaging modality to visualize choriocapillaris �ow de�cits which matched hypocyanescent
lesions seen on ICGA spatially and morphologically. OCTA can be useful as a tool to detect and monitor
choriocapillaris involvement in uveitis, particularly in the macular area, which is signi�cant for visual
function. Larger studies with prospective data, and higher resolution OCTA devices with montaging
capabilities to permit wider �elds of view are necessary for expanding the potential role of OCTA in uveitis
management.
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Figure 1

Example image registration between OCTA and ICGA images. OCTA images were registered to mid-phase
ICGA images to allow for lesion comparison for each eye. A point (magenta) was placed on a vessel
junction in each quadrant of the (a) ICGA and the (b) en-face SCP OCTA images at corresponding
locations. Registration was completed using a feature-based similarity MLS registration method on
ImageJ that resulted in the image (c). The individual lesions on the (d) ICGA image were (e) outlined by
the grader and the image was (f) binarized . The same procedure was repeated for the (g,h,i) OCTA image.
The binarized images were used for further analysis of lesion overlap and morphology comparison
between the two imaging modalities. OCTA indicates optical coherence tomography angiography. ICGA
indicates indocyanine green angiography. SCP indicates super�cial capillary plexus. MLS indicates mean
least squares.
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Figure 2

Example of Dice-similarity coe�cient (DSC) computation. After binarization of the grader-annotated
lesions on the en-face choriocapillaris OCTA image (a,b) and the ICGA image (c,d), lesions were
overlapped using ImageJ (e). Lesion outlines on the en-face choriocapillaris OCTA image are represented
in yellow. Lesion outlines on the ICGA image are represented in magenta. DSC is calculated as two times
the area of overlap divided by the total number of pixels in both images. OCTA indicates optical
coherence tomography angiography. ICGA indicates indocyanine green angiography. DSC indicates Dice-
similarity coe�cient.
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Figure 3

Eyes with Serpiginous Choroiditis (SC) had the highest mean Dice-similarity coe�cient (DSC) among all
disease subtypes. Example of an eye with SC. Image registered(a) en-face choriocapillaris OCTA image
and (b) ICGA image. Choroidal atrophy is seen with well demarcated lesion borders. The mean DSC for
patients with SC was 0.957 ± 0.024 (n=7). Good agreement was de�ned as DSC ≥ 0.7. OCTA indicates
optical coherence tomography angiography. ICGA indicates indocyanine green angiography.
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Figure 4

Bland-Altman comparison between the morphological characteristics of lesions between OCTA and ICGA
images. (a) Lesion number (LN) (b) Lesion circularity (LCi) (c) Lesion density (LD%) (d) Mean lesion size
(MLS). The orange solid horizontal line represents the mean difference for each parameter across all
images. The blue dotted horizontal lines represent the upper (mean + 2 SD) and lower limits (mean – 2
SD) that de�ne the interval of agreement where 95% of the differences between the two modalities lie.
The black solid line represents the linear regression line and analysis of differences and mean for all
parameters used to evaluate for proportional bias between the modalities. The �lled points indicate eyes
with active disease and the hollow points indicate eyes with quiet disease. The differences between LN,
LD%, and LCi were normally distributed between the two modalities. However, the differences between
MLS were not normally distributed. OCTA indicates optical coherence tomography angiography. ICGA
indicates indocyanine green angiography. SD indicates standard deviation.
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Figure 5

Disease activity and DSC analysis. An example of an eye with poor agreement (DSC ≤ 0.5) between
modalities and an eye with good agreement (DSC ≥ 0.7). En-face choriocapillaris OCTA images (top row)
with their corresponding ICGA images below (bottom row). Eye with active PIC disease demonstrating
fewer LN on OCTA (a) compared with ICGA (b) and poor agreement (DSC = 0.402). (c,d) Eye with quiet
PIC disease demonstrating no difference in LN and good agreement (DSC = 0.817). PIC indicates
punctate inner choroidopathy. OCTA indicates optical coherence tomography angiography. ICGA
indicates indocyanine green angiography. DSC indicates Dice-similarity coe�cient. LN indicates lesion
number.


