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Abstract
Purpose: To investigate choriocapillaris �ow voids (FV) with a new optical coherence tomography
angiography (OCTA) image processing strategy to exclude artifacts due to vitreous opacities, subretinal
pigment epithelium (sub-RPE) �uid and deposits, and subretinal �uid (SRF) by thresholding the en-face
OCT image of the outer retina.

Methods: This retrospective study included 15 eyes with drusen and 15 eyes with SRF. Number (FVn),
average area (FVav), and maximum area (FVmax) of FV and the percentage of the nonperfused
choriocapillaris area (PNPCA) obtained using the proposed strategy were compared with those obtained
by removing only artifacts due to super�cial capillary plexus (SCP).

Results: There were three eyes with autosomal dominant drusen and 12 eyes with drusen secondary to
non-exudative AMD in the drusen group. SRF group included 15 eyes with active central serous
chorioretinopathy. PNPCA, FVav, FVmax, and FVn obtained using the algorithm were signi�cantly lower
than those obtained by removing only SCP in both groups (all p< 0.05). The algorithm was able to remove
94.7% of artifacts secondary to vitreous opacities and all artifacts secondary to serous pigment epithelial
detachments.

Conclusion: Nonperfusion areas of choriocapillaris may be overestimated in eyes with RPE abnormalities
and SRF. These areas can be removed using thresholded images of the outer retina en-face OCT scans.

Introduction
Choroid is one of the most highly vascularized tissues of the body. Its main function is to supply oxygen
and nutrients to avascular layers of retina and retinal pigment pigment epithelium (RPE). The choroid has
three vascular layers: starting from the scleral side, Haller’s layer consisting of large-sized vessels,
Sattler’s layer consisting of medium-sized vessels, and choriocapillaris. The choriocapillaris is a highly
anastomosed, lobular, single-layer network of capillaries. It has a thickness of 10 µm at the fovea and 7
µm at the periphery.[1]

Choroid and choriocapillaris abnormalities play an important role in pathogenesis of several retinal
diseases such as age-related macular degeneration (AMD), central serous chorioretinopathy (CSC), and
polypoidal choroidal vasculopathy (PCV).[2–12] Histological studies revealed that the thickness of
choriocapillaris decreases in eyes with AMD and drusenoid deposits are associated with regions of
capillary dropout.[8, 10] McLeod et al.[7] reported close association between choriocapillaris degeneration
and RPE atrophy in non-exudative AMD with geographic atrophy. They also have found that ischemia due
to choriocapillaris degeneration stimulates development of choroidal neovascularization. Studies using
indocyanine green angiography revealed the presence of choroidal hyperpermeability and �lling defects
in eyes with central serous chorioretinopathy (CSC) and polypoidal choroidal vasculopathy (PCV).[2, 9,
11] Drusen-like deposits and RPE abnormalities are colocalized with choriocapillaris �lling delay and
choroid hyperpermeability in eyes with CSC and their fellow eyes.[4, 6] Enhanced depth imaging (EDI)
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spectral domain optical coherence tomography (SD-OCT) and swept-source OCT revealed that the whole
choroid is thickened while the inner choroid is attenuated in eyes with CSC and PCV.[2, 3, 5, 12]

Although abnormalities of the choriocapillaris participate pathogenic mechanisms of common retinal
diseases, in vivo visualization of the choriocapillaris was not possible until the introduction of OCT-
angiography (OCTA). Blood �ow appears as bright areas, and �ow (signal) void (FV) appears as dark
regions in OCTA scans of the choriocapillaris.[13] However, artifacts such as masking, unmasking,
motion, projection, and backscattering may cause incorrect signals.[14, 15] Regions of masking artifact
due to drusen, pigment epithelium detachment (PED), and some RPE lesions can be excluded,[13] or
signal loss secondary to these artifacts can be compensated for with different strategies.[16] However,
there has been no appropriate method to overcome all masking and unmasking artifacts due to
subretinal �uid (SRF), sub-RPE �uid and deposits, and vitreous opacities.

We performed a new strategy to exclude artifacts due to �uid or deposit accumulation under RPE, and
SRF by using thresholding of outer retina en-face OCT scans. In this study, we aimed to compare
choriocapillaris FV measurements obtained using our strategy and obtained by removing only artifacts
due to the super�cial capillary plexus (SCP) in eyes with drusen and eyes with SRF.

Methods
We retrospectively reviewed medical records of patients with drusen and CSC who had been referred to
Istanbul Retina Institute from January 2018 to April 2020. 15 eyes with drusen and 15 eyes with SRF were
included in the study. Only one eye for each subject was included. Both groups had eyes with PED and
vitreous opacities. SRF group had also eyes with drusen-like sub-RPE deposits (Fig. 1).

Medical history, refractive error measurements, and OCTA (RTVue-XR Avanti, Optovue, Fremont, California,
USA) images were obtained from the patients’ medical records. The study protocol was approved by the
Institutional Review Board of Sisli Memorial Hospital, Istanbul. The study adhered to the tenets of the
Declaration of Helsinki.

OCTA imaging

En-face OCTA images of the super�cial plexus (internal limiting membrane to the inner plexiform layer − 
10 µm), outer retina (outer border of outer plexiform layer + 10 µm to Bruch’s membrane − 10 µm), and
choriocapillaris (Bruch’s membrane − 10 µm to Bruch’s membrane + 30 µm), and en-face structural OCT
images of the outer retina (outer border of outer plexiform layer + 10 µm to Bruch’s membrane − 10 µm)
were obtained by using RTVue-XR Avanti with a split-spectrum amplitude-decorrelation angiography
algorithm (AngioVue software, version 2017.1.0.151; Optovue Inc). All images were 6 × 6 mm and
centered on the fovea. The OCTA image of the outer retina was evaluated by using the “remove
projection” option.

Image processing
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Step 1) En-face OCTA images of the super�cial plexus, outer retina, and choriocapillaris, and en-face
structural OCT images of the outer retina were extracted as .jpg �les. Images were then imported into
MATLAB (version 9.8.0 (R2020a), Natick, Massachusetts: The MathWorks Inc.). The MATLAB based
stand-alone program and code for analysis are available in
https://github.com/erdosty/OCRA/releases/tag/1.46. The edges of images were cut to remove markings
of AngioVue software and 5 × 5 mm images centered on the fovea were used for image analysis. A 5000
× 5000 µm (5 × 5 mm) image appears as 500 × 500 pixels (1 pixel = 10 µm).

Step 2) En-face structural OCT images of outer retina have been used to extract artifacts due to
hyperre�ective and hypore�ective lesions. On en-face structural OCT images of outer retina, MATLAB
based algorithm determined the hyperre�ective artifacts by gaussian distribution thresholding and the
hypore�ective artifacts by maximum entropy thresholding (available in
https://github.com/erdosty/OCRA/releases/tag/1.46).[17] Maximum entropy thresholding was applied to
the OCTA images of super�cial plexus (Fig. 1, 2). Two thresholded images of en-face structural OCT of
outer retina and the OCTA image of super�cial plexus were merged to obtain images that include all
artifacts (Fig. 1–4). Particles function analysis was used to determine the area after exclusion of
artifacts.

Step 3) To determine the global threshold of nonperfusion, the mean of the all pixel values in the en-face
OCTA image of the outer retina was calculated. Thresholding was applied to the choriocapillaris image by
using the global threshold of nonperfusion as previously described (Fig. 1).[13] The choriocapillaris pixels
under this threshold point were considered nonperfusion.

Step 4) The image that include all artifacts and the nonperfusion choriocapillaris image were merged and
binarized (Fig. 1). Then FV were analyzed by using analyze particles function. The number (FVn), total
area, and average area (FVav) of FV were obtained and “results” was saved as an .xls �le and the
maximum area (FVmax) of the FV (the largest FV area) was determined by sorting the areas of FVs. The
percentage nonperfused choriocapillaris area (PNPCA), de�ned as the percentage of pixels in the
choriocapillaris below a nonperfusion global threshold, was calculated by using the following formula:
PNPCA (%) = (total area of FV / artifact excluded analysis area) × 100.[18, 19] All of these steps can be
performed automatically with MATLAB based application of our algorithm (Fig. 4).

All steps, except binarization of en-face structural OCT image of outer retina, were re-perfomed to obtain
FV image after removal of artifacts caused only by the super�cial plexus (Fig. 2).

Exclusion criteria

Patients whose spherical equivalent refractive error was ≥ 4.0 diopters were excluded from the study. Any
OCTA images with a quality score < 8 were excluded from analysis. One of the important points for this
image processing method is to know that the Henle �ber layer can appear hyperre�ective in OCT images
if the retina is scanned with a decentered pupil entry position of OCT beam.[20] Because of the
hyperre�ective Henle �ber layer, segmentation errors may occur and healthy tissue may appear more



Page 5/13

hyperre�ective in en-face structural OCT images of the outer retina. Small segmentation errors due to the
Henle �ber layer were corrected manually. Images with large segmentation errors were excluded.
Statistical analysis

All statistical analyses were performed with SPSS (version 21, IBM corp., Armonk, New York, USA). The
Wilcoxon signed ranks test was used to compare FV measurements obtained before and after using our
algorithm. The intraclass correlation coe�cient were also calculated. P < 0.05 was considered statistically
signi�cant.

Results
There were three eyes with autosomal dominant drusen and 12 eyes with drusen secondary to non-
exudative AMD in the drusen group. SRF group included 15 eyes with active CSC. The patients with SRF
had a mean age of 47.3 ± 9.9 years old (min: 36, max: 65) and the patients with drusen had a mean age
of 65.3 ± 15.1 years old (min: 37, max: 83). Five patients (33.3%) in SRF group and seven patients (46.7%)
in drusen group were female.

PNPCA, FVav, FVmax, and FVn obtained using our algorithm were signi�cantly lower than those obtained
by removing only SCP in both groups (all p < 0.05) (Table).

Of 30 eyes participated in our study, 19 had vitreous opacities causing shadowing artifact. Our algorithm
was able to remove artifacts due to vitreous opacities in 18 (94.7%) eyes. 12 eyes had serous PED and
our algorithm removed all serous PEDs causing shadowing effect on choriocapillaris.

Discussion
With OCTA, it is possible to display SCP, deep capillary plexus, and choriocapillaris separately. Although
OCTA provides cross-sectional images, visualization of deep layers, especially the choriocapillaris, is
in�uenced by other tissues and alterations above them. These artifacts may cause overestimation of
nonperfuison areas of choriocapillaris. [16, 21, 22] Commercial softwares of OCTA devices can remove
artifacts secondary to SCP but they can not remove other artifacts. En-face OCT is very useful to show
structural changes of retina. We used en-face structural OCT images of the outer retina to remove
hyperre�ective and hypore�ective artifacts because the fovea includes only the outer retinal layers while
en-face OCT images of other layers have relatively higher hypore�ective foveal appearance, which makes
these layers unsuitable for image binarization. Moreover, we observed that isore�ective lesions found in
the en-face structural OCT images of outer retina do not lead to masking or unmasking artifacts. As
expected, our study revealed that FVn obtained by removal of hyperre�ective and hypore�ective artifacts
on en-face structural OCT of the outer retina in addition to artifacts secondary to SCP is lower than FVn
obtained by removing only SCP. We also detected a decrese of PNPCA, FVav, and FVmax after using our
method in eyes with drusen and SRF.
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In eyes with CSC, Aggarwal et al.[21] reported that the shadowing effect of overlying subretinal �uid, sub-
RPE �uid and sub-RPE deposits hinders determination of real choriocapillaris FV. Yang et al.[22] found a
positive correlation between central sub�eld thickness and choriocapillaris FV in CSC eyes with subretinal
�uid due to its shadowing effect and vice versa in CSC eyes without subretinal �uid. Several studies have
investigated choriocapillaris �ow alterations in eyes with CSC but none of them has overcome OCTA
visualization artifacts.[15, 21–26]

Some studies have been conducted in patients with AMD to obtain choriocapillaris images with drusen
artifact removed.[13, 16, 18, 19] Borrelli et al.[18] used binarized RPE elevation images to exclude areas
with drusen. However, using this method causes exclusion of all RPE lesions and some of these lesions
do not lead to artifact. Nesper et al.[13] obtained drusen-artifact-removed choriocapillaris images with
binarized en-face structural OCT images of the RPE layer. Only hypore�ective artifacts in en-face
structural OCT can be removed by using their method, but most of the RPE lesions cause hyperre�ective
artifacts in en-face structural OCT of the RPE or outer retina. Using RPE elevation map, Zhang et al.[16]
managed to compensate for signal reduction secondary to drusen without excluding any area. They
reported decrease of FV after signal compensation. Artifacts due to very dense and shallow lesions can
not be compensated as much as artifacts due to light and elevated lesions, because their method
considered height but not density of RPE alterations. Their method can overcome artifacts due to sub-
RPE �uid but can not overcome artifacts due to subretinal �uid and vitreous opacities. To the best of our
knowledge, none of the previous automated methods can exclude or compensate for all artifacts due to
subretinal �uid, PED, hyperre�ective RPE lesions and vitreous opacities. We have overcome these artifacts
by removing hyperre�ective and hypore�ective artifacts on en-face structural OCT of the outer retina and
keeping isore�ective lesion areas which do not lead artifact. We applied global thresholding to reveal
nonperfusion areas of choriocapillaris (step 3). Other thresholding methods, such as Phansalkar
thresholding, can also be used with our artifact removal process instead of step 3. In a very recent report,
Burnasheva et al.[27] manually removed hypore�ective and hypore�ective artifacts using en-face
structural OCT image of the whole retinal slab to evaluate FV in eyes with CSC. However, healthy areas
and artifacts are separated more clearly using en-face structural OCT image of the outer retina than using
en-face structural OCT image of the whole retinal slab. Moreover, using an automated method avoids
user-dependent bias.

This study only focused on the effect of artifact removal on FV parameters in eyes with RPE
abnormalities and SRF. Further studies are required for investigating FV alterations in speci�c retinal
diseases.

In conclusion, nonperfusion areas of choriocapillaris may be overestimated in eyes with RPE
abnormalities and SRF. These areas can be removed using thresholded images of the outer retina en-face
OCT scans. Our new artifact-removal strategy is useful in assessment of choriocapillaris FV in eyes with
SRF, drusen, drusen-like deposits and sub-RPE �uid. Morover, artifacts secondary to vitreous opacities can
also be removed by our strategy.
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Figures

Figure 1

Representation of the algorithm used to obtain artifact removed choriocapillaris (CC) �ow voids (FV) in
an eye with active acute central serous chorioretinopathy. Before starting image processing, the edges of
images were cut and 5 × 5 mm images centered on the fovea were imported into MATLAB. For image
processing, we �rst applied two different thresholding to en-face optical coherence tomography (OCT)
image of outer retina to determine the hyperre�ective artifacts by gaussian distribution thresholding and
the hypore�ective artifacts by maximum entropy thresholding. Hypore�ective areas due to retinal vessels,
subretinal �uid, and vitreous opacities (white circles in the original and thresholded outer retina en-face
OCT images) and hyperre�ective areas (white arrows in the original and thresholded outer retina en-face
OCT images) due to retinal pigment epithelium lesions and dense material accumulation appeared white
in these thresholded images. Then we applied maximum entropy thresholding to OCT-angiography
(OCTA) image of super�cial capillary plexus (SCP). We merged these three thresholded images
(hypore�ective artifacts + hyperre�ective artifacts on outer retina en-face OCT + SCP). Then we binarized
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this combined image and obtained an image in which all artifacts appeared white. To determine the
global threshold of nonperfusion, the mean of the all pixel values in the outer retina en-face OCTA image
was calculated and global thresholding was applied to CC image by using this value. Finally, threshold
applied images of artifacts and the nonperfusion CC image were merged and binarized so we obtained
the artifact removed CC FV image in which FVs appeared black. Note that the �ow voids co-localized with
the artifacts were removed.

Figure 2

Image processing of choriocapillaris (CC) �ow void analysis in an eye with drusen. A. En-face structural
optical coherence tomography (OCT) image. B. En-face OCT angiography (OCTA) image of super�cial
plexus. C. En-face OCTA image of outer retina. D. En-face OCTA image of CC. E. Maximum entropy
thresholded image of en-face OCTA image of super�cial plexus. This image also represents the image
that contains only the artifacts (white areas) secondary to the super�cial plexus. F. The image that
includes all artifacts (white areas). G. Flow voids (black areas) after removal of artifacts caused only by
the super�cial plexus (E). H. Flow voids (black areas) after removal of all artifacts (F).



Page 12/13

Figure 3

Image processing of choriocapillaris (CC) �ow void analysis in an eye with subretinal �uid (white arrow),
pigment epithelial detachment (black arrow), and vitreous opacity (white arrowhead). A. En-face
structural optical coherence tomography (OCT) image and B-scan structural OCT images of outer retina.
B. En-face OCT angiography (OCTA) image and B-scan structural OCT images of outer retina. C. En-face
OCTA image of super�cial plexus. D. En-face OCTA image of CC. E. The image that includes all artifacts
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(white areas). Note that the artifacts secondary to subretinal �uid, pigment epithelial detachment, and
vitreous opacity appear white. F. Flow voids (black areas) after removal of all artifacts.

Figure 4

Automated image processing with our strategy using MATLAB based application in an eye with
subretinal �uid. The user can load en-face structural optical coherence tomography (OCT) image of outer
retina, super�cial capillary plexus (SCP) OCT-angiography (OCTA) image, choriocapillaris OCTA image,
and outer retina OCTA image. “Calculate artifacts” option generates “Artifact Removed Area” image in
which artifacts appear white. It also calculates artifact removed area in pixel value (1 pixel = 10 µm, 1
pixel2 = 100 µm2). “Calculate Flow Voids” option generates “Flow Voids (artifact removed)” image and
also calculates �ow void area, number of �ow voids, average (mean) size of �ow voids and the
percentage nonperfused choriocapillaris area (PNPCA). The maximum size of �ow void areas can be
obtained from “Export Results (FVmax)” option.


