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Background

The choriocapillaris is a single layer of vessels lying in a plane 
internal to the arteries and veins of the choroid and external 
to Bruch’s membrane [1]. It serves multiple functions, includ-
ing sustaining photoreceptor cells, removing waste products 
in the outer retina, and in thermoregulation [2]. The capillaries 
range in diameter from 10 to 50 µm. The vessels of the chorio-
capillaris appear as a continuous meshwork with the highest 
density in the posterior pole. Due to the optical filtering prop-
erties of the retinal pigment epithelium, the choriocapillaris 
has been difficult to image in vivo. The first direct method of 
choriocapillaris imaging was through fluorescein angiography 
developed by Novotny and Alvis in 1959 [3]. Later, indocya-
nine green angiography was introduced in the 1970s. Finally, 
with the development of spectral domain optical coherence 
tomography (SD-OCT), the choroid could be visualized, which 
was not possible with time-domain optical coherence tomog-
raphy (TD-OCT). This meant that choroidal vascular patterns 
and density using reconstructed SD-OCT volume imaging was 
possible [4]. Unfortunately, segmentation artifacts related to 
RPE curvature and inadequate resolution were observed when 
evaluating the choriocapillaris with this method. Through fur-
ther research, swept-source optical coherence tomography 
(SS-OCT) was introduced into ophthalmology as a novel imag-
ing modality to supersede spectral domain OCT. The advantage 
of SS-OCT over SD-OCT is the improved axial resolution and ax-
ial scan rates as well as signal-to-noise ratio. This is achieved 
by using a short cavity-swept laser with a tunable wavelength 
of operation instead of the diode laser used in spectral do-
main OCT [5]. SS-OCT operating at 1050 nm wavelength has 
greater penetration into the choroid than SD-OCT operating 
at 850 nm. This is due to the fact that absorption of light from 
melanin the major chromophore in the RPE decreases mono-
tonically with increasing wavelength. Additionally, according 
to the ANSI standard, the maximum permissible light expo-
sure increases with wavelength and is around 3 times higher at 
1050 nm than at 850 nm [6]. Therefore, by using higher-pow-
er settings at longer wavelengths, SS-OCT lso achieves high-
er signal sensitivity than SD-OCT. SS-OCT has enabled clearer 
visualization of the choroid as compared to SD-OCT and eas-
ier quantification of its parameters [7,8]. This has led to sev-
eral studies looking into the choroidal thickness and volume 
in numerous diseases such as central serous chorioretinopa-
thy (CSCR) [9], age-related macular degeneration (AMD) [10], 
diabetic retinopathy [11], gestational diabetes mellitus [12], 
or even following cataract surgery [13].

Currently, there are a number of ophthalmic swept-source 
OCT systems on the market. Unfortunately, the en face imag-
es of the choriocapillaris obtained with these systems are un-
clear and pixilated, and individual vessels cannot be discerned. 
Therefore, we decided to develop a technique to enhance the 

visualization of the choriocapillaris through computer image 
processing.

Material and Methods

To conduct this study, we used the DRI OCT Triton (Topcon, 
Tokyo, Japan). This swept-source OCT system operates us-
ing a wavelength of 1050 nm and achieves 100,000 A scans 
per second. En face images of the choriocapillaris at the fo-
vea were 3×3 mm in size (320×320 pixels) and saved in JPEG 
format. The 3×3 mm image size was assessed to be the most 
suitable for our patients. The fovea was our region of interest 
due to the pathologies involved (CSCR and cone-rod dystro-
phy). These images were then transferred for further process-
ing to ImageJ software (National Institute of Health, Bethesda, 
MD) version bundled with 32-bit Java 1.6.0_24. First, the im-
ages were despeckled. This is done through a median filter, 
which replaces each pixel with the median value in its 3×3 
neighborhood. Next, a Sobel edge detector was used to high-
light sharp changes in intensity. Two 3×3 convolution kernels 
were used to generate vertical and horizontal derivatives. The 
final image was produced by combining the 2 derivatives us-
ing the square root of the sum of squares. To magnify the im-
age, the zoom mode with the Lanczos filter of RegiStax ver-
sion 6 (Cor Berrevoets, Netherlands) was used. The flow chart 
of our data acquisition and processing can be seen in Figure 1.

Two male patients referred to our clinic were selected to un-
dergo swept-source optical coherence tomography angiogra-
phy (angio OCT) examination using the Topcon DRI OCT Triton 
in both eyes to aid in the differential diagnosis of their condi-
tions. Our first patient was a 17-year-old male with suspected 

Image acquisition through
Topcon DRI OCT Trition

Images despeckled using image J

Images magnification using Registax

Sobel edge detection through image J
3×3 convulsion kernels to generate
vertical and horizontal derivatives

Final image through combining two
derivatives using square root of the
sums of squares

Figure 1. �Flow chart of data acquisition and processing.
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of cone-rod dystrophy. Uncorrected distance visual acuity was 
20/20 in both eyes. He reported nyctalopia since childhood, 
but his history was otherwise unremarkable. Apart from swept-
source optical coherence tomography angiography, color fun-
dus photography (CFP) and short wavelength fundus autofluo-
rescence imaging (FAF) was performed. No abnormalities were 
found in either the superficial or deep capillary plexus on angio 
OCT. No visible changes were evident in the original choriocap-
illaris images in both eyes. Our second patient was a 45-year-
old male with presumed past bilateral central serous chorioret-
inopathy. Uncorrected distance visual acuity was 20/25 in both 
eyes. He reported having blurry vision in both eyes for over 1 
year, but his history was otherwise unremarkable. As in our 
first patient CFP, FAF, and swept-source angio OCT were per-
formed. No abnormalities were seen in either the superficial or 
deep capillary plexus or in the original choriocapillaris images.

Results

Clearly identifiable individual choriocapillaris vessels were found 
in all 4 enhanced en face images from both eyes of both patients. 
This is seen in Figure 2 from the first patient and in Figure 3 from 
the second patient. In the upper half of Figure 2, the original and 
enhanced images from the right eye may be observed, while in 
the bottom half the original and enhanced images from the left 
eye are visible. The same sequence of images was used in Figure 
3 for patient no. 2. Choriocapillaris vessel diameter was inspect-
ed in the processed images and found to be relatively similar 
throughout the entire images. Ten representative vessel diame-
ters were measured from each eye of both patients. The diame-
ter was found to be 14 µm. These results seem to correlate well 
when compared to images of the choriocapillaris taken using 
adaptive optics OCT (AO-OCT). In a study by Kurokawa et al. [14], 

Angiography (Choriocapillaris)
Choriocapillaris enhanced -1,2 ×

Choriocapillaris enhanced and magni�ed 2 ×

BM+0.0 μm ~ BM+10.4 μm
Right eye of patient no. 1

Angiography (Choriocapillaris)
Choriocapillaris enhanced -1,2 ×

Choriocapillaris enhanced and magni�ed 2 ×

BM+0.0 μm ~ BM+10.4 μm
Left eye of patient no. 1

Figure 2. �The upper 3 images display were obtained from the right eye of patient no. 1. The image on the left is the original 
choriocapillaris image obtained using the Topcon DRI OCT Triton. The middle image has been processed using ImageJ and 
magnified 1.2×. The image on the left has been processed using ImageJ and magnified 2× using RegiStax. The lower 3 
images display were obtained from the left eye of patient no. 1. The image on the left is the original choriocapillaris image 
obtained using the Topcon DRI OCT Triton. The middle image has been processed using ImageJ and magnified 1.2×. The 
image on the left has been processed using ImageJ and magnified 2× using RegiStax.
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choriocapillaris vessel diameter was found to be 17.4±2.3 µm in 
a group of 9 healthy patients using AO-OCT. Apart from chorio-
capillaris vessel diameter, the vessel structure of the choriocapil-
laris in our images seems to be consistent with images obtained 
with AO-OCT and in histologic sections [15]. Images of the su-
perficial and deep capillary plexus of patient no. 1 revealing no 
changes can be seen in Figure 4 along with the original chorio-
capillaris image. Normal-appearing images of the deep and su-
perficial capillary plexus of patient no. 2, along with the original 
choriocapillaris, can be seen in Figure 5.

Discussion

OCT angiography is an imaging method that facilitates visu-
alization of blood flow in biological tissues [16]. Motion as a 

contrast mechanism is used to visualize the location of mov-
ing cells. In ophthalmic angio OCT, the movement of red blood 
cells in the vessels of the retina and choroid is used. When the 
red blood cells flow across the imaging beam, fluctuations in 
the interference signal arise. Various detection and visualiza-
tion techniques for these fluctuations have been developed 
for optical OCT angiography. Unfortunately, the obtained en 
face images do not show individual vessels. Therefore, in this 
study we developed a method of enhancement of the cho-
riocapillaris, which yielded good results. To the best of our 
knowledge, there has previously been only 1 study, carried 
out by Spaide [17], using Image J software to process and en-
hance the visualization of the choriocapillaris layer in en face 
OCT angiography images. The author of the study was not 
able to visualize individual choriocapillaris vessels. En face an-
gio OCT images obtained from 104 eyes of 80 patients were 

Angiography (Choriocapillaris)
Choriocapillaris enhanced -1,2 ×

Choriocapillaris enhanced and magni�ed 2 ×

BM+0.0 μm ~ BM+10.4 μm
Right eye of patient no. 1

Angiography (Choriocapillaris)
Choriocapillaris enhanced -1,2 ×

Choriocapillaris enhanced and magni�ed 2 ×

BM+0.0 μm ~ BM+10.4 μm
Left eye of patient no. 1

Figure 3. �The upper 3 images display were obtained from the right eye of patient no. 2. The image on the left is the original 
choriocapillaris image obtained using the Topcon DRI OCT Triton. The middle image has been processed using ImageJ and 
magnified 1.2×. The image on the left has been processed using ImageJ and magnified 2× using RegiStax. The lower 3 
images display were obtained from the left eye of patient no. 2. The image on the left is the original choriocapillaris image 
obtained using the Topcon DRI OCT Triton. The middle image has been processed using ImageJ and magnified 1.2×. The 
image on the left has been processed using ImageJ and magnified 2× using RegiStax.
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Angiography (Super�cial) Angiography (Deep) Angiography (Quter retina) Angiography (Choriocapillaris)

ILM+ 2.6 μm ~ IPL/INL + 15.6 μm IPL/INL + 15.6 μm ~ IPL/INL + 57.2 μm IPL/INL + 70.2 μm ~ BM + 0.0 μm BM + 0.0 μm ~ BM + 10.4 μm

Angiography (Super�cial) Angiography (Deep) Angiography (Quter retina) Angiography (Choriocapillaris)

ILM+ 2.6 μm ~ IPL/INL + 15.6 μm IPL/INL + 5.2 μm ~ IPL/INL + 49.4 μm IPL/INL + 70.2 μm ~ BM + 0.0 μm BM + 0.0 μm ~ BM + 10.4 μm

Angiography (Super�cial) Angiography (Deep) Angiography (Quter retina) Angiography (Choriocapillaris)

ILM+ 2.6 μm ~ IPL/INL + 15.6 μm IPL/INL + 15.6 μm ~ IPL/INL + 57.2 μm IPL/INL + 70.2 μm ~ BM + 0.0 μm BM + 0.0 μm ~ BM + 10.4 μm

Angiography (Super�cial) Angiography (Deep) Angiography (Quter retina) Angiography (Choriocapillaris)

ILM+ 2.6 μm ~ IPL/INL + 15.6 μm IPL/INL + 5.2 μm ~ IPL/INL + 49.4 μm IPL/INL + 70.2 μm ~ BM + 0.0 μm BM + 0.0 μm ~ BM + 10.4 μm

Figure 4. Superficial and deep capillary plexus as well as choriocapillaris layer of both eyes in patient no. 1.

Figure 5. �Superficial and deep capillary plexus as well as choriocapillaris layer of both eyes in patient no. 2.
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imported into FIJI software (an expanded version of ImageJ 
version 1.51a). Automatic local thresholding was performed 
with the Phansalkar method. The threshold images were later 
analyzed with the “Analyze Particles” command. This resulted 
in images that were analyzed for the presence of flow voids 
as dark areas of decreased local blood flow. These flow voids 
were found to be smaller in size than individual choriocapil-
laris lobules. The first limitation of our study is that we exam-
ined only 4 eyes of 2 subjects. However, our results are simi-
lar to results obtained with higher-resolution adaptive optics 
optical coherence tomography and in histologic examinations. 
Secondly, since blood is highly scattering, large retinal blood 
vessels result in a lower signal level below the vessels and a 
more rapidly fluctuating speckle pattern, causing shadow-like 
artifacts in the choriocapillaris [8]. We did not have the means 
to compensate for this effect in our images. Research into the 
removal of these shadow-like artifacts on the choriocapillaris 
is still ongoing and there have been mixed results so far [18].

Further studies are needed to validate this new method of 
enhanced choriocapillaris visualization in images from equip-
ment using different methods of detection and visualizations 
of the fluctuation of the interference signal, as well as to test 
its clinical use in the setting of different diseases and to ex-
amine the effect of age on the structure of the choriocapillaris.

Conclusions

This method of enhancement of choriocapillaris visualization 
in en face swept-source angio OCT images is quick and easy 
to perform and only requires the use of open access software 
(ImageJ and RegiStax), making it widely available to clinicians 
and researchers alike.
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