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We provide an automated analysis of the pigment epithelial detachments (PEDs) in neovascular age-
related macular degeneration (nAMD) and estimate areas of serous, neovascular, and fibrous tissues
within PEDs. A retrospective analysis of high-definition spectral-domain OCT B-scans from 43 eyes of
37 patients with nAMD with presence of fibrovascular PED was done. PEDs were manually segmented
and then filtered using 2D kernels to classify pixels within the PED as serous, neovascular, or fibrous.
A set of PED composition indices were calculated on a per-image basis using relative PED area of
serous (PEDCI-S), neovascular (PEDCI-N), and fibrous (PEDCI-F) tissue. Accuracy of segmentation and
classification within the PED were graded in masked fashion. Mean overall intra-observer repeatability
and inter-observer reproducibility were 0.86 +0.07 and 0.86 +0.03 respectively using intraclass
correlations. The mean graded scores were 96.99 +8.18, 92.12+7.97, 91.48 +8.93, and 92.29+8.97
for segmentation, serous, neovascular, and fibrous respectively. Mean (range) PEDCI-S, PEDCI-N,

and PEDCI-F were 0.253 (0-0.952), 0.554 (0-1), and 0.193 (0-0.693). A kernel-based image processing
approach demonstrates potential for approximating PED composition. Evaluating follow up changes
during nAMD treatment with respect to PEDCI would be useful for further clinical applications.

Age-related macular degeneration (AMD) is a leading cause of blindness in the developed world, primarily
affecting individuals over the age of 60 years and accounting for 8.7% of all the blindness worldwide"?. Wet
AMD, also referred to as exudative or neovascular AMD (nAMD), is the less common type. It accounts for
only 10-15% of cases but is responsible for the majority of severe central vision loss in patients with AMD?>*.
Choroidal neovascularization (CNV) is the hallmark feature of nAMD, which can lead to rapidly progressive
vision loss®. In CNV, abnormal blood vessels grow from the choroidal vasculature leading to disruption of the
Bruch’s membrane. These vessels can also leak blood and filtrate into the retina leading to fluid in the intraretinal,
subretinal, and sub-retinal pigment epithelial (RPE) spaces®”’.

Elevation of the RPE layer, referred to as a pigment epithelial detachment (PED), is a frequent finding seen
in patients with nAMD and usually indicates the presence of CNV*. Different types of PEDs exist depending on
the type of material found within them. To name a few, PEDs may be filled with drusenoid material, serous fluid,
neovascular tissue, and/or fibrous tissue. The size and type of PED can greatly influence disease progression®'°.
For example, PEDs with fibrous and neovascular tissue are a risk factor for RPE rips and tears with an incidence
around 10%!. The presence of PEDs is prognostic of poor visual outcomes and thus are closely evaluated by
clinicians®!>13,

Patients with nAMD undergo routine optical coherence tomography (OCT) imaging to help guide treatment
and monitor disease progression'*. OCTs provide a non-invasive, non-contact method of visualizing cross-
sections of the retinal and choroidal structures. OCT scans can therefore provide clear views of abnormal fluid
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and tissues within these structures'’. PEDs can be identified by hyporeflective, hyperreflective, and/or irregu-
larly reflective pixels beneath the RPE. PEDs with drusenoid material are usually uniform, hyperreflective, and
rounded in shape*. PEDs with serous fluid are usually uniform and hyporeflective with a smooth contour. PEDs
with neovascular and/or fibrous tissue, also termed fibrovascular PED, have a more varied appearance. They can
have an irregular shape with varying reflectivity*.

The term fibrovascular refers to neovascular infiltration associated with fibrotic tissue, and therefore is an
encompassing term that captures both neovascular and fibrous tissue®. This commonly used term is a result of
the difficulty associated with distinguishing between neovascular tissue and fibrous tissue. On fundus image,
the two tissues often overlap spatially making it nearly impossible for clinicians to differentiate. However, with
the advent of OCT, and particularly high-definition OCT imaging, PEDs can be viewed in greater detail. Yet,
similar raw intensity values between the tissue types and noise within the image make the task difficult to per-
form with the naked eye.

In this study, we use an automated method for analyzing the OCT-based reflectivity to quantify presumed
components of PEDs. We hypothesize that there are inherent differences between serous, neovascular, and fibrous
material within PEDs on OCTs that can be revealed by using image processing techniques. Our objective is to
use a series of image processing techniques to approximate these components and estimate the relative areas of
each tissue type within PEDs in patients with nAMD.

Methods

This was a retrospective cross-sectional study involving patients with nAMD who attended the University of
Pittsburgh Medical Center Eye and Ear Institute. The study was carried out in accordance with the Declaration
of Helsinki and approved by the institutional review board (IRB) from the University of Pittsburgh. Written
informed consent was obtained from all study participants.

All subjects received a complete history and comprehensive ophthalmological exam including best-corrected
visual acuity (BCVA), intraocular pressure measurement, slit-lamp microscopy, and dilated fundus exam to
confirm nAMD and rule out other ocular pathologies. Inclusion criteria for this study included patients with
confirmed nAMD with at least one PED captured by B-scan. The minimum height and width of evaluated
PEDs were 100 microns. Exclusion criteria included complicated nAMD, drusenoid PED, and the presence of
other ocular diseases besides nAMD. Complicated nAMDs were defined as cases where RPE rips were present.
Drusenoid PEDs were defined by clinical evaluation and excluded to narrow the focus of the study to nAMD.
Eyes that received prior anti-vascular endothelial growth factor (anti-VEGF) treatment and eyes that were treat-
ment naive were both included.

Spectral Domain Optical Coherence Tomography (SD-OCT) images were acquired using the Heidelberg
Spectralis Device (Heidelberg Engineering, Heidelberg, Germany) for all patients. Single scan passing through
the fovea was used for image analysis. Each B-scan had a resolution of 1536 x 496 pixels with an intensity range
of 0-255.

Image pre-processing. To ensure accurate analysis of OCT images, a series of pre-processing steps were
applied: (1) linear normalization and (2) shadow compensation'*. The acquired scans displayed varied intensity
distributions. To account for these differences, all B-scans were standardized using linear normalization to a
range of 0-1. Since the area of interest lies below the RPE layer, another concern was signal extinction, visualized
as shadows, caused by fluid and vessels in the retina'>'®. To correct for this signal extinction, shadow compensa-
tion was applied to all scans. This method corrected for shadows by calculating a unique compensation factor on
a per-pixel basis by evaluating idiosyncrasies in the OCT'. Scans adjusted by pre-processing steps are referred
to as original processed images (I;).

Segmentation of PED. Subsequently, PEDs from each scan were manually segmented by a trained annota-
tor and verified by an expert clinician. Segmentations delineated the outer boundary of the entire PED and were
performed using the ImageJ software v1.53m. The polygon selector tool was used to outline the suspected PED,
and the “Fit Spline” feature was used to smooth the segmentation.

PED analysis. To characterize the fluid and tissue within a PED, a method of delineating serous, neovas-
cular, and fibrous tissue was desired. To perform this segmentation step, multiple image processing techniques
were explored including adaptive thresholding using Otsu’s method and unsupervised learning via a K-means
based algorithm. While Otsu’s method and similar adaptive thresholding techniques have shown promise in
deriving other OCT biomarkers such as choroidal vascularity index, such techniques yielded suboptimal results
for PED characterization'>"”. Therefore, a custom pixel-wise scarring likelihood metric was computed for each
pixel within the PED using multiple filtering steps. This metric, ranging from 0 to 1, was designed to estimate
a given pixels likelihood of belonging to either serous fluid, neovascular tissue, or fibrous tissue. Neovascular
tissue is defined as having a predominately vascular component, while fibrous tissue is defined as having a
predominately extracellular matrix component. A score of zero corresponds to serous fluid, a low-intermediate
score (0-0.6) corresponds to neovascular tissue, and a high score (0.6-1) corresponds to fibrous tissue. To quan-
tify the composition of material within the PED, a collection of PED composition indices (PEDCI) was derived
by calculating the relative area of serous (PEDCI-S), neovascular (PEDCI-N), and fibrous (PEDCI-F) material.
To calculate the pixel-wise scarring likelihood and PEDCI scores, a series of filters were applied to generate
modified images. Prior to these filtering steps, the PED region was padded using symmetric reflection at the
boundary. A schematic of the overall methodology is shown in Fig. 1.
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Figure 1. Proposed methodology for classification of serous, neovascular, and fibrous tissues in pigment
epithelial detachments (PED) and derivation of PED composition indices (PEDCI). Starting with the original
B-scan image in the top left, pre-processing steps including linear normalization and shadow compensation
were applied. The segmented PED was subsequently used to pad the region of interest in the processed image, I,
The transformation between I, to I, involves a series of kernel-based filtering steps. Classification of components
within the PED was performed using I,. PEDCI-S was derived from the ratio of the serous component area to
total PED area, PEDCI-N was derived from the ratio of the neovascular component area to total PED area, and
PEDCI-F was derived from the ratio of the fibrous component area to total PED area.

The filtering steps used were as follows. A 7 x 7 averaging kernel was applied to the original processed image,
I, generating I;. A 7x 7 standard deviation filter was applied to I, generating I,. I, was divided by I, on a per
pixel basis generating I;. I, was subtracted from I, generating I,. A 11 x 11 averaging filter was applied to I,
generating I5. A 9 x 9 averaging filter was applied to I, generating I,. I, was computed within the PED segmenta-
tion by comparing values in I against a global threshold (Gr1). If the value of the pixel in I was less than G1,
the corresponding pixel in I, was set to 0, otherwise the pixel in I, was set to the corresponding pixel in I5. The
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intensity of pixels of I, reflects the pixel-wise scarring likelihood. The 7 x 7 filters were used to derive the local
heterogeneity of the image while the larger 9 x 9 and 11 x 11 filters were used near the end of the algorithm when
aggregation of pixels was desired.

Each pixel was subsequently categorized as serous, neovascular, or fibrous using I,. A value of 0 was catego-
rized as serous fluid. To categorize non-serous pixels, a global threshold (G;2) was used. Scores greater than G2
were categorized as fibrous, and scores lower than G;2 were categorized as neovascular. Initially, G;1 and G2
were arbitrarily set, but repeated trials were reviewed by an expert clinician to determine final thresholds. On final
analysis, Gr1 and G2 were held at constant values for all images, set independently of evaluators. These filtering
steps are summarized in Eqgs. (1) and (2). Finally, PEDCI was determined using the calculations represented in
Eqgs. (3-5). Pre-processing and image analysis steps were performed using Matlab 2020b.

0, if AVG(,9) < Grl
I, = .
7TV Ave[ - (SRR ) 0], i AV6dn9 = Gr1 M
Serous, I,=0
Pixel Classification =  Neovascular, 0 <1I; < Gr2 (2)
Fibrous, I; > G2
Serous Area
PEDCI-S = —————— (3)
Total PED Area
Neovascular Area
PEDCIN= ——————— (4)
Total PED Area
Fibrous Area
PEDCI-F= ——— (5)
Total PED Area

The image processing algorithm, including the tuning of global threshold values and filter operations, were deter-
mined using a training dataset of 15 eyes from 15 patients with neovascular age-related macular degeneration.
These eyes were independent from the validation dataset and were excluded from evaluation.

Evaluation strategy. Relative and absolute areas of each fluid and tissue type were calculated within the
PED. These regions were then overlaid on the original processed image for visualization. While ground truth
classification of the material within the PED is important for evaluation of algorithm accuracy, delineating
between the different tissue types using the naked eye alone is challenging. Therefore, we evaluated the accuracy
of the algorithm using masked observer grading. Two expert clinicians were tasked with grading the accuracy
of the segmentation and classification within the PED in a masked fashion. If a certain fluid or tissue type was
absent, no grade was given. Each grader evaluated each PED at two different timepoints taken at least 24 h apart
and were masked to their own grades as well as other observer’s grades. Images were presented in a randomized
order. Intraclass correlations (ICC) were used to evaluate for intra-observer repeatability (between the same
grader) and inter-observer reproducibility (between different graders). Scores were reported on a scale of 0-100,
with 0 being inaccurate and 100 being accurate. Graders were masked to their own grades and to the grades of
other graders. Statistical analysis was performed using Statal6 and ExcelStats.

Results

A total 43 eyes from 37 patients (23 female, 14 male) with nAMD were included for validation of the proposed
methodology in the study. The mean age of the validation cohort was 75.2 + 14.4 years. Serous fluid, neovascular
tissue, and fibrous tissue were identified in 26, 38, and 24 of the 43 eyes respectively.

Mean total PED area was 0.28 +0.41 mm? When present, mean absolute serous, neovascular, and fibrous areas
in mm? were 0.16 £0.36, 0.15 +0.20, and 0.06 + 0.06 respectively. When present, mean relative serous, neovascular,
and fibrous areas were 41.7% +29.8%, 58.3% +28.2%, and 21.1% + 21.3% respectively. The discrepancy of serous
fluid and neovascular tissue areas and percentages can be attributed to relative PED size. This is reflected by the
median absolute serous, neovascular, and fibrous areas in mm?, which were 0.06, 0.09, and 0.04 respectively. The
mean PEDCI-S score was 0.253 +0.309, with a range of 0 to 0.952. The mean PEDCI-N score was 0.554 +0.267,
with a range of 0 to 1. The mean PEDCI-F score was 0.193 +0.209, with a range of 0 to 0.693. An example of the
classified PED from one of the patients is shown in Fig. 2. Distribution of image intensities across all patients
are shown for each PED component in Fig. 3.

The mean graded score of the segmentation of the PED was 96.99 + 8.18. The mean graded scores of the clas-
sification of serous, neovascular, and fibrous tissue were 92.12+7.97, 91.48 +8.93, and 92.29 + 8.97 respectively
as graded by two independent clinicians.

The ICCs for repeatability for grader 1 were 0.98, 0.86, 0.88, and 0.84; for grader 2 were 0.95, 0.76, 0.79,
and 0.82 for accuracy of segmentation and classification of serous, neovascular, and fibrous tissue respectively.
The mean ICCs for repeatability was 0.86 +0.07. The ICC for reproducibility were 0.89, 0.84, 0.82, and 0.87 for
accuracy of segmentation and classification of serous, neovascular, and fibrous tissue respectively. The mean
ICC:s for reproducibility was 0.86 +0.03. Bland—Altman plots for ICCs for reproducibility are shown in Fig. 4.
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Figure 2. Classification of pixels within a pigment epithelial detachment (PED) of a patient with neovascular
age-related macular degeneration. The original B-scan was taken using spectral domain optical coherence
tomography. Results from subsequent shadow compensation and computed per-pixel scarring likelihood

are shown. Classified areas include serous (red), neovascular (blue), and fibrous (green) components of the
PED. Classified areas were used to compute the PED composition indices: serous (PEDCI-S), neovascular
(PEDCI-N), and fibrous (PEDCI-F).
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Figure 3. Violin plot showing the distribution of pixel intensities from different components of a pigment
epithelial detachment (PED). Pixel intensities correspond to pre-processed spectral-domain optical coherence
tomography images taken from 43 eyes with neovascular age-related macular degeneration. Mutually exclusive
classified components include serous, neovascular, and fibrous. Fibrovascular is the combined distribution of
neovascular and fibrous tissue. Total PED is the combined distribution of serous, neovascular, and fibrous tissue.
The overlap in the distributions indicates the difficulty in separating tissue types, particularly neovascular and
fibrous tissue. The skewed distribution of fibrovascular tissue indicates more than one underlying tissue type.

Results from explored image processing techniques are shown in Fig. 5. In addition to the described meth-
odology, segmentation results from adaptive thresholding and unsupervised machine learning are displayed.
Qualitatively, these techniques displayed increased heterogeneity in segmented components and were more
sensitive to noise, which led to greater misclassification of pixels. Unsupervised learning methods were prone
to underestimation of serous components. Delineation of the fibrous tissue cannot be clearly seen in either of
these techniques.

Preliminary analysis of clinical correlation. While the aim of this study is to provide an automated
method of quantifying PEDs via the PEDCI biomarkers, we suspect that such biomarkers, particularly PEDCI-
F which infers presumed scarring, will be used by clinicians to assess for treatment response in patients with
nAMD. To explore this clinical application for follow-up evaluation, we have included a testing dataset of SD-
OCT B-scans from a patient with nAMD. B-scans were taken at a baseline treatment-naive visit and 12-month
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Figure 4. Bland-Altman plots capturing the difference in graded scores between two expert clinicians in
evaluating accuracy of segmentation and classification of serous, neovascular, and fibrous components of
pigment epithelial detachments (PED). Shaded areas capture two standard deviations from the mean. Significant
outliers in segmentation scores demonstrated disagreement of neovascular vs non-neovascular PED.

Figure 5. Classified components of a pigment epithelial detachment (PED) using different image techniques
on an optical coherence tomography B-scan taken from a patient with neovascular age-related macular
degeneration. Classified areas of the PED include serous (red), neovascular (blue), and fibrous (green)
components. Original b-scan (A). Adaptive thresholding using Otsu’s method (B). Unsupervised learning via
K-means clustering (C). Final pigment epithelial detachment composition index technique using kernel-based
image processing techniques (D).

follow-up visit following anti-vascular endothelial growth factor (anti-VEGF) treatment. OCT images along
with best-corrected visual acuity and PEDCI analysis are shown in Fig. 6.

The patient received six intravitreal aflibercept injections by the 12-month visit. An improvement in BCVA
was observed at the follow-up visit from 20/40 at baseline to 20/25 at the 12-month follow-up. PEDCI-F increased
from 0 at baseline to 0.823 at follow-up and PEDCI-S decreased from 0.966 to 0.022. The patient had a primarily
serous composition at baseline followed by a primarily fibrous composition at follow-up.

Discussion

Our study provides an automated method for analyzing PEDs within high resolution SD-OCT B-scans in patients
with nAMD. We found that a kernel-based approach can discriminate between serous, neovascular, and fibrous
tissue within a PED, with a mean ICC for repeatability and reproducibility of 0.86 +0.07 and 0.86 + 0.03 respec-
tively. To quantify the PED components, PEDCI biomarkers were calculated. Since these biomarkers were calcu-
lated as a ratio of individual components to total PED area, the repeatability and reproducibility of classification
accuracies serves as a good proxy for the evaluation of PEDCI.
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Figure 6. Optical coherence tomography images from a patient with neovascular age-related macular
degeneration at baseline and 12-month follow-up. Baseline images are treatment naive. The patient received six
intravitreal aflibercept injections before the 12-month visit. Best-corrected visual acuities (BCVA) are reported
along with calculated PED composition indices: serous (PEDCI-S), neovascular (PEDCI-N), and fibrous
(PEDCI-F). Classified areas include serous (red), neovascular (blue), and fibrous (green) components of the
PED.

To determine the methodology of our image processing approach, we started with a general schema of known
OCT signatures. Serous fluid is generally hyporeflective and uniform on SD-OCT*'°. Therefore, to determine if a
pixel was representative of serous fluid, a global threshold was applied along with an averaging filter to limit the
effects of erroneous pixels caused by image acquisition noise. Distinguishing between neovascular and fibrous
tissue was a more challenging task due to their overlapping raw pixel intensity distribution (Fig. 3). Inclusion
of drusen, which have distinct clinical features from fibrovascular lesions but similar pixel intensity distribu-
tions, would complicate a pixel-wise separation approach further. This is an additional reason why this study
was limited to non-drusenoid PEDs in nAMD. When analyzing fibrovascular lesions, both neovascular and
fibrous tissues are found in PEDs with a generally irregular appearance and neighboring SRF, which makes clear
delineation difficult’>. However, given enough resolution within a B-scan, neovascular tissue should have more
heterogeneity in its reflectiveness. Within neovascular tissue, hyperreflective areas of supporting tissues should
be speckled by hyporeflective pockets of fluid within the abnormal small blood vessels. In contrast, fibrous tissue
should be uniformly hyperreflective from fibrosis and the increased collagen content'®. Furthermore, as lesions
become less vascular and more fibrous, they become more hyperreflective on OCT*. Despite this theoretical
understanding, it is incredibly difficult to discriminate the two types of tissue on OCT in practice. As a result,
in the literature, such PEDs are referred to as fibrovascular PEDs, a mix of fibrous and neovascular tissue®!3. To
discriminate between the two, we used preprocessing steps to reduce noise and applied a standard deviation filter
to characterize local heterogeneity. We then subtracted a factor of this value from the raw intensity. Therefore,
pixels with greater local heterogeneity and lower pixel intensity were more likely to be classified as neovascular,
aligning with the theoretical understanding of the tissue.

While evaluating different areas within PED, we noticed that serous fluid had the greatest absolute area, while
neovascular tissue had the greatest relative percentage. Serous fluid was found in many of the very large PEDs
whereas neovascular tissue was found in both large and small PEDs. The mean PED area greatly varied between
scans, as did the mean areas of each tissue type. Despite this, repeatability and reproducibility remained greater
than 0.80 for all measurements except serous and neovascular ICC for repeatability for grader 2.

Although neovascular and fibrous tissue have similar appearances on OCT, they have different prognostic
value. Neovascular tissue is prone to leaking fluid into the PED and surrounding subretinal space. Fibrous tissue,
in the form of increased collagen content and reflectivity on OCT, is a sign of response to treatment during anti-
VEGF therapy. Fibrovascular PEDs therefore encompass a range of lesions, which can be described by multiple
subtypes depending on the presence and amount of neovascular and fibrous tissue. These subtypes have been
shown to lead to different patterns of CNV?. As a result, knowing the presence and relative size of the type of
material within a PED is critical in evaluating disease progression and response to treatment on routine OCT
examination of nAMD patients. In our dataset, 17 of the eyes did not have a serous component, of which 13
had both a neovascular and fibrous components. Therefore, quantifying the relative area of fibrous tissue from
neovascular tissue provides an additional level of analysis that could not be derived from describing the region
as fibrovascular. Furthermore, easy-to-understand metrics estimating the degree of scarring, PEDCI-F, and
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amount of serous fluid, PEDCI-S, can aid clinicians in directly comparing PEDs during follow up visits while on
anti-VEGF therapy. As shown in Fig. 6, the change in composition of the PED was captured by PEDCI metrics
and may help quantify treatment response.

The proposed methodology aims to classify serous, neovascular, and fibrous tissue within a PED to estimate
the composition of PED. This task can be represented as a semantic segmentation problem within the region
of interest, namely the PED. In recent years, the rise of artificial intelligence (AI), specifically deep learning,
has shown great promise in accurately completing these tasks?.. Convolutional neural networks (CNNs) have
already been trained to segment lesions such as intraretinal fluid, hyperreflective foci, and drusen*-**. However,
these methods require large datasets and ground truth labels for training. Unsupervised Al algorithms, as seen
in Fig. 5¢, do not require ground truth labels for training but are inferior to the more popular supervised Al
algorithms?®. Furthermore, they have increased computational cost compared to traditional image processing.
As the accuracy of unsupervised learning algorithms improves, the aforementioned methodology should be
revisited. OCT angiography (OCTA) has been postulated to provide vascularity information within a PED,
however lack of external validation makes OCTA a poor substitute for ground truth.

A primary limitation of our study was the effect of noise on our analysis. One of the key characteristics we
attempted to quantify was local heterogeneity through the local standard deviation of a pixel. However, the nature
of OCT imaging introduces signal noise that can be characterized by this same heterogeneity. Normally to correct
for such noise, an averaging filter can be utilized, but this would also decrease our ability to capture the desired
characteristic. Therefore, averaging filters were only applied after determining the local standard deviation.

Other limiting factors include the sample size and resolution of SD-OCT. As a result of strict inclusion cri-
teria, the sample size used to develop the algorithm was small. Additional studies with external validation are
planned. The technology for OCT has vastly improved over the last decade, but clinically available high-resolution
SD-OCT can only capture at 4 and 7 um per pixel in the axial and transverse direction respectively. The average
diameter of a capillary is just around 2.5 to 10 um, which would be only a few pixels in size on an SD-OCT?.
Therefore, the high-resolution scans used in this study may have had difficulty capturing the dense capillary
network of neovascular PEDs. Further studies with higher resolution SD-OCT scans need to be performed to
uncover the potential of image processing in PED tissue classification and utility of PEDCI biomarkers.

Other future directions include automated segmentation, volumetric analysis, clinical correlation, and tem-
poral analysis. Automated segmentation of the PED is necessary to limit human error and decrease the time
intensive task of manual segmentation. Over the past decade, researchers have been able to segment different
lesions within the retina, including PEDs, using CNNs. We plan to integrate CNNs to automate this pipeline.
Further investigation must also be conducted to assess the PEDCI within a volumetric space. 3D OCT scans can
provide spatial data and may better capture heterogeneity within tissues and fluid. Volumes calculated from such
scans will provide more representative relative sizes of serous, neovascular, and fibrous tissue.

In our preliminary analysis, we showed an example of how PEDCI could be used to evaluate changes in PED
composition over the course of treatment. Shifts in PED compartments were observed in the holdout patient
on follow-up visit, notably an increase in scarring and a reduction in serous fluid. These shifts demonstrated the
utility of PEDCI in capturing treatment related changes in a PED for which the total area remained relatively
consistent. An increase in PEDCI-F and decrease in PEDCI-S reflect an increase and decrease of fibrous and
serous components respectively, which are accompanied by an improvement in visual acuity. While an additional
study is underway to assess the clinical correlations of PEDCI over time, these initial findings show promise
in the utility of the biomarker. This will allow us to confirm our hypothesis and determine how compartments
within the PED shift due to treatment and disease progression.

In conclusion, our study reports an automated image processing approach to estimate the relative sizes of
serous, neovascular, and fibrous tissue which showed high agreement between expert clinicians. We also show
how these classifications can be used to calculate an easy to digest PEDCI metrics. Knowledge about the com-
position of a PED can help inform clinicians of the best course of treatment. We hope to conduct future studies
on how these areas and PEDCI change with treatment and disease progression.

Data availability
The data generated and analyzed in the current study are not publicly available due to protection of patient
privacy and are available upon reasonable request from the corresponding author.
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