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Background: Advancement of optical coherence tomography (OCT) technology allows for better iz vivo
visualization of the choroidal architecture, which comprises vessels and stroma. However, most OCT studies
using image binarization methods have focused only on choroidal vessels represented by dark pixels. This
study aimed to compare the distribution of choroidal hyperreflective spots on swept-source OCT (SS-OCT)
images between both eyes of normal subjects.

Methods: In this observational comparative study, we included SS-OCT images of healthy subjects, which
were prospectively obtained to compare images among the devices. SS-OCT images acquired using PLEX
Elite 9000 and DRI-OCT Triton were analyzed. En-face OCT images were obtained at five different depth
positions of the inner choroid at the macula. The mean reflectivity of the choroidal slabs, the number, total
area, and circularity of hyperreflective spots were quantitatively compared between the devices and between
both eyes of the same subjects.

Results: In 30 eyes of 15 healthy subjects, the mean reflectivity of the choroidal slabs varied with the scan
depth on both devices (P<0.001 and P<0.001). Hyperreflective spots were similarly distributed in the images
from both devices, but at different depths. The number and area of hyperreflective spots in the second and
third layers of the DRI-OCT Triton were positively correlated with those in the fourth and fifth layers of
the PLEX Elite 9000, respectively (all P<0.05). The intraclass correlation coefficients (ICC) for the area of
hyperreflective spots were excellent for the third slab of the DRI-OCT and the fifth slab of the PLEX Elite
(ICC =0.798; 95% CI, -0.576-0.904). The number and area of hyperreflective spots were correlated between
both eyes in the third, fourth and fifth layers on DRI-OCT Triton (all P<0.05) and in the first, second, and
fifth layers on PLEX Elite 9000 (all P<0.05).

Conclusions: Hyperreflective spots in en-face images from two different SS-OCT devices were similarly
observed between both eyes of the same person. The distributions of spots between the two eyes of the same
person were correlated. These findings suggest that the distribution of hyperreflective spots on the choroid

reflects the choroidal characteristics of the subject.
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Introduction

The choroid is a vascular coat that supports retinal
homeostasis (1-4). Choroidal vessels have been studied
under various conditions (5-9) and many chorioretinal
diseases are associated with choroidal vascular changes
(10-20). The choroid comprises both stroma and vessels
(1,4,11,21). With increasing age, the subfoveal choroidal
thickness progressively decreases (22) and the thicknesses of
Sattler’s and Haller’s layers and their vascular diameters also
decrease (23). The choriocapillaris density also decreases
with age (22).

Recent advances in optical coherence tomography (OCT)
technology have allowed for better in vivo visualization of
the choroidal architecture. Recent OCT studies have used
image binarization methods to determine the relative ratios
between the vascular or stromal components of the choroid,
such as the choroidal vascular index (CVI) (24-28). Agrawal
et al. (24) reported that in healthy subjects, CVI was less
affected by demographic factors such as age and axial
length than choroidal thickness. Breher ez a/. (27) showed
little variation in the CVI across the 10-mm center of the
posterior pole, whereas choroidal thickness decreased with
increasing eccentricity. Most studies reported decreased
luminal and total choroidal areas with increasing age in
normal subjects (28-31). Sonoda et al. (28) reported that
the stromal area decreased with increasing age, while
Ruiz-Medrano et /. (31) reported that it remained stable.
Age-related changes in the choroidal vascularity index
are controversial (24,30,32). However, most studies have
reported that the CVI decreases with increasing axial length.
(24,27,28) The ratio of stroma to vessels has been suggested
as a key component influencing the choriocapillaris flow and
is also involved in the pathogenesis of various chorioretinal
diseases (11,33-37). However, few studies have focused on
the choroidal stroma and analyzed their characteristics in
En face OCT images of normal subjects.

Choroidal stroma has been reported to play a role in age-
related macular degeneration and pachychoroid spectrum
diseases in previous studies (11). The choroidal stroma
comprises various cells and connective tissue elements that
cause variations in the choroid reflectance in the OCT
images. These variations in reflectance make it difficult to
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analyze the choroidal stroma in OCT images (38); thus,
the characteristics of the choroidal stroma in normal eyes
have not been well determined in vivo. We hypothesized
that variations in choroidal reflectance could reflect the
choroidal properties of the subjects. In this study, we used
two different swept-source OCT (SS-OCT) devices to
quantitatively determine hyperreflective spots at various
depth positions of the upper choroid and compared the
distribution of hyperreflective spots between both eyes
of the same subject. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/qims-21-637).

Methods

This observational comparative study was a retrospective
analysis of prospectively acquired OCT data. Previously, we
acquired SS-OCT images of healthy subjects to compare
images among various devices (39). Healthy Asian subjects
with normal fundus and axial lengths of less than 26.5 mm
were prospectively included from May 2017 to August 2018
after informed consent was obtained from all individual
participants.

In this study, data analysis was performed on May 2021.
We analyzed SS-OCT images acquired using two different
SS-OCT devices (Zeiss PLEX Elite 9000 and Topcon DRI
OCT Triton). The OCT images were obtained from the
OCT database of our hospital. The Institutional Review
Board of Korea University Medical Center approved this
study. Informed consent was waived for this study as it was a
retrospective review of anonymized image data. All research
and data collection were performed in accordance with the
tenets of the Declaration of Helsinki (as revised in 2013).
Additional information, including age, sex, laterality, and
axial length was collected. Axial length was measured using
the IOL Master (version 7.3.0.0048, Carl Zeiss Meditec
AG, Jena, Germany).

OCT imaging protocol

OCT images were obtained during the optical coherence
tomography angiography (OCTA) scanning protocol.
Imaging was performed without pupil dilation using two
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Table 1 Comparisons of two different swept-source optical coherence tomography devices

) Scan speed Axial/transverse Number of A-scans Number of .
Device Wavelength ) Scan area Algorithm
(A-scans/second) resolution per B-scan repeated B-scans
DRI OCT Triton 1,050 nm 100,000 5um/15um 3 mm x 3 mm 320 4 OCTARA
PLEX Elite 9000 1,040-1,060 nm 100,000 5um/12um 3 mm x 3 mm 300 4 OMAG

OCTARA, optical coherence tomography angiography ratio analysis; OMAG, optical microangiography. Data sourced from Yun C, Nam
KT, Park S, Hwang SY, Oh J. Features of the choriocapillaris on four different optical coherence tomography angiography devices. Int
Ophthalmol. 2020;40(2):325-333.

Figure 1 Five en face swept-source optical coherence tomography images at different depth positions. Five 3 mm x 3 mm En face slabs

centered on the fovea with a 10-pm thickness were obtained at different depth positions. The first, second, third, fourth, and fifth slabs
(from left to right) were taken between 0 and 10.4 pm, 10.4 and 20.8 pm, 20.8 and 31.2 pm, 31.2 and 41.6 pm, and 41.6 and 52 pm below the

Bruch’s membrane using the DRI OCT Triton device. Green lines indicate segmentation lines for choroidal slabs.

SS-OCT devices: DRI OCT Triton (version 10.13.003.06,
Topcon Corp., Tokyo, Japan) and PLEX Elite 9000 (version
1.6.0.21130, Carl Zeiss Meditec, Inc. Dublin, California,
USA). On the DRI OCT, En face SS-OCT images were
obtained using a 3 mm x 3 mm SS-OCTA scanning
protocol centered on the fovea. Each B-scan consisted of
320 A-scans and was repeated four times at each position
(Table 1). On the PLEX Elite 9000, En face SS-OCT images
were obtained using the SS-OCTA scanning protocol,
consisting of 300 A-scans with four consecutive B-scans with
a 3 mm x 3 mm pattern centered on the fovea. All OCT
scans were performed by a single experienced technician
at our hospital. Each subject underwent an OCT scan
using two devices on the same day. In a random sequence,
the two OCT scans were performed within 15 minutes.
After each examination, the images were checked, and those
with clearly visible retinal vessels and no artifacts were
selected. Automated layer segmentation was conducted
using the built-in software of each SS-OCT device. Only
high-quality images without any artifact and segmentation
error were analyzed in this study.
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En face OCT images

En face OCT images were obtained as previously described,
with modifications of the previous report (40). Five choroidal
layer slabs at different depth positions from the Bruch’s
membrane (BM), each with a 10-pm thickness were obtained
for each device: first (0—10 pm below the BM), second
(10-20 pm below the BM), third (20-30 pm below the BM),
fourth (30-40 pm below the BM), and fifth (40-50 pm
below the BM) choroidal layer slabs, which represented
the upper choroidal layers (Figure 1). We determined
the position and thickness of each slab using the built-in
software of each device. The upper and lower boundaries
of each slab were manually adjusted. As the choriocapillaris
is located directly beneath the BM and has a thickness of
approximately 10 pm in normal subjects (22,40,41), we
selected five choroidal layer slabs with adjustment of depth
positions in each device as follows. On the DRI OCT
Triton device, the inner and outer segmentation lines could
not be accurately adjusted by 10-pm, so they were instead
adjusted by 10.4-pm intervals. To obtain the first choroidal
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Figure 2 Measurements of reflectivity and hyperreflective spots of
En face swept-source optical coherence tomography (OCT) images.
After uploading the En face OCT image in Image] (top left), the
image was edited to reverse black/white and converted to 8-bits
(top right). Thereafter, the figure histogram was analyzed (middle).
The image was binarized with a threshold level set at two standard
deviations below the mean of the reflectivity from the histogram
(bottom left). The number, total area, average size, and circularity
of hyperreflective spots were measured using the analyzed
particle tool to trace the boundary on the image containing the

hyperreflective spots over 314 pm’ (bottom right).
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layer slab of the En face image of DRI OCT Triton, we used
the default setting of the device for the choriocapillaris,
which has inner and outer segmentation lines at 0 pm and
10.4 pm below the BM. Subsequent slabs were obtained
at 10.4-pm intervals with manual adjustment of inner and
outer segmentation lines, with the second, third, fourth,
and fifth slabs obtained between 10.4 pm and 20.8 pm,
20.8 pm and 31.2 pm, 31.2 pm and 41.6 pm, and 41.6 pm
and 52 pm below the BM, respectively. To obtain the first
choroidal layer slab of the En face image on the PLEX Elite
9000 device, the inner and outer segmentation lines for
the retinal pigment epithelium (RPE) fit were moved to 0
pm and 10 pm below the BM. The second, third, fourth,
and fifth slabs were taken between 10 and 20 pm, 20 and
30 pm, 30 and 40 pm, and 40 and 50 pm below the BM,
respectively. Five En face choroidal slab images of each
device were exported and used for imaging analysis.

Measurement of choroidal reflectivity and byperreflective
spots

After uploading the En face OCT images in Image] (http://
imagej.nih.gov/ij/; provided by the National Institutes of
Health in the public domain), they were edited to reverse
black/white and converted to 8-bit images (Figure 2). The
scale was set from pixels to micrometers, and the figure
histograms were analyzed. To remove the insignificant
area and better visualize the hyperreflective spots, the
reflectivity threshold level was set at two SDs below the
mean reflectivity of the image histogram, and only spots
below this threshold level were analyzed. Considering that
clustered small spots appear to be connected to each other
and to prevent these clustered spots mistakenly identified
as a large spot, we used the watershed function (42). The
hyperreflective spots were measured using the analyzed
particle tool to trace the boundary of the image containing
the hyperreflective foci. As SS-OCT provides a transverse
resolution of 20 pm (43), we defined the minimum
diameter and area of hyperreflective spots as 20 pm and
314 pm’, respectively, to prevent counting noise signals as
hyperreflective spots. Any particle with an area <314 pm’
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on Image] was not included in the analysis. The number,
total area, average size, and circularity of the hyperreflective
spots were calculated and compared between the two
devices and between both eyes of the same subjects.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 20.0 (IBM Corp.,
Armonk, NY, USA). All data are expressed as median with
interquartile ranges (IQRs). Correlations were analyzed
using Spearman's correlation coefficient (p). The baseline
characteristics were compared using the Mann-Whitney
U test for continuous variables. The differences between
the layers were analyzed using the Friedman test. Then,
Dunn-Bonferroni post hoc multiple comparisons were
performed between the different variable combinations.
The differences between the right and left eyes of the
same subjects were analyzed using the Wilcoxon signed-
rank test. Results were considered statistically significant at
P<0.05. Intraclass correlation coefficients (ICCs) were used
to analyze the agreement between the devices, which were
defined as poor for ICC <0.40, fair for 0.4-0.6, good for
0.6-0.75, and excellent for 0.75-1.00 (44).

Results
General characteristics

This study included 30 eyes from 15 healthy volunteers
(7 males and 8 females) with a median age of 33.0 (range,
29-45) years. The median axial lengths of the right and
left eyes were 25.16 (IQR, 24.70-25.52) mm and 25.26
(IQR, 24.83-25.41) mm, respectively (P=0.983). In both
devices, the mean reflectivity of the choroidal layer slab at
all depth positions did not differ between females and males
(all P>0.05), except for the fourth slab of the PLEX Elite
9000 (P=0.029). There were no differences in the mean
reflectivity between both eyes in all choroidal layer slabs (all
P>0.05).

Correlation of byperreflective spots with age and axial
length

The number of hyperreflective spots was not correlated
with age in all choroidal slabs of bilateral eyes on both OCT
instruments (all P>0.05), except the fourth slab of right eye
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on DRI OCT Triton device (p=-0.537 P=0.039). The total
area of hyperreflective spots were negatively correlated with
age in the third slab of the right eye (p=-0.535, P=0.040)
and in the fourth choroidal layer slab of both eyes on the
DRI OCT Triton device (p=-0.557, P=0.031 and p=-0.598,
P=0.018), but had no correlation with age in all other slabs
of bilateral eyes on both OCT instruments (all P>0.05).
The number of hyperreflective spots also did not show
any correlation with axial length in all choroidal slabs of
bilateral eyes on either OCT instrument (all P>0.05), except
the fourth slab of the right eye on DRI OCT Triton device
(p=-0.537 P=0.039). The total area of hyperreflective spots
were negatively correlated with axial length in the fifth
slab of left eye (p=-0.601, P=0.018), but had no correlation
with axial length in all other slabs of bilateral eyes on both
OCT instruments (all P>0.05). The correlation of the mean
reflectivity and distribution of hyperreflective spots with
age and axial length in 30 eyes of 15 normal participants are
summarized in Tables S1,S2.

Variations of mean reflectivity and distributions of
byperreflective spots at five upper choroidal layer slabs

The mean reflectivity of each slab varied with the depth
position of the slabs on both devices (P<0.001 and P<0.001)
(Table 2). Dunn-Bonferroni post hoc multiple comparisons
showed that the mean reflectivity of En face images in the
first choroidal layer slab was the lowest on both SS-OCT
devices (Table S3). The mean reflectivity was the greatest
in the second choroidal layer slab on the DRI OCT Triton
device, but this value did not differ significantly from that
of the third choroidal layer slab (P=0.338) On the PLEX
Elite 9000 device, the third, fourth, and fifth choroidal
layer slabs had higher reflectivity than the first and second
choroidal layer slabs (all P<0.010). Hyperreflective spots
were observed at all depth positions in the choroidal slabs
(Figure 3). On the DRI OCT Triton device, hyperreflective
spots were most frequently observed in the third layer of
the choroid (all P<0.05). The total area of hyperreflective
spots tended to be the greatest in the third choroidal slab,
but the value did not differ significantly from those in the
second and fifth slabs (P>0.999 and P=0.222, respectively).
On the PLEX Elite 9000 device, the number and total
area of hyperreflective spots were the greatest in the fifth
layer, but the values did not differ significantly from those
in the fourth choroidal layer slab (P=0.724 and P>0.999,
respectively).
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Table 2 Comparisons of reflectivity of the choroidal stroma and distributions of hyperreflective spots between En face slab images obtained at five

different depth positions of the upper choroid

First layer Second layer

Third layer Fourth layer Fifth layer P value

DRI OCT Triton

Reflectivity 133.5 (126.5-143.4) 154.8 (150.3-157.5)

Hyperreflective spots

149.9 (148.1-152.7)

148.6 (142.6-151.1) 145.4 (142.2-148.4) <0.001*

Number 115.0 (97.3-156.5) 247.5(216.5-277.0) 294.5(273.0-330.0) 275.0(237.5-307.8) 263.0 (236.3-287.5) <0.001*
Total area, 67,675.8 256,684.6 276,811.5 241,918.9 231,767.6 <0.001*
pm? (52,075.2-108,764.6) (212,211.9-290,764.2) (223,264.2-318,273.9) (177,055.7-281,184.1) (195,974.1-276,394.0)
Circularity 0.674 (0.658-0.701) 0.644 (0.622-0.656) 0.649 (0.628-0.664) 0.657 (0.638-0.665) 0.641 (0.631-0.664) <0.001*
Average size, 589.1 1,000.3 938.7 868.4 873.1 <0.001*
pm® (526.5-664.8) (918.1-1,103.7) (820.1-999.1) (741.1-917.1) (797.1-972.9)
PLEX Elite 9000

Reflectivity 111.4 (98.4-119.5) 119.1 (109.1-135.0) 137.9 (129.9-147.3) 153.9 (143.4-158.3) 154.4 (147.5-159.0) <0.001*

Hyperreflective spots
Number 42.5 (35.0-63.0) 76.5(39.8-120.3)  143.0(107.8-159.0) 207.5 (162.8-240.5) 262.5(212.5-278.8) <0.001*
Total area, 20,050.0 40,050.0 105,350.0 206,450.0 228,000.0 <0.001*
pm’ (16,600.0-31,825.0) (18,400.0-81,200.0) (74,500.0-142,250.0) (123,550.0-233,000.0)(171,875.0-271,350.0)
Circularity 0.775 (0.723-0.801) 0.749 (0.673-0.771) 0.659 (0.640-0.692) 0.661 (0.639-0.693) 0.662 (0.649-0.686) <0.001*

Average size, 532.1 (483.0-650.6)

pm?

482.0 (460.5-516.1)

721.3 (606.4-885.8)

889.7 (766.8-1008.7) 889.7 (807.7-966.2) <0.001*

Data are expressed as median (interquartile range). *, P values using the Friedman test were statistically significant at P<0.05.

Comparisons of byperreflective spots between devices

Hyperreflective spots were similarly distributed in
images between devices, but at different depth positions
of the choroidal layer slabs (Figure 4). The number of
hyperreflective spots in the second and third slabs of the
DRI OCT Triton device were positively correlated with
those in the fourth (p=0.378, P=0.040) and fifth (p=0.505,
P=0.004) slabs of the PLEX Elite 9000 device, respectively.
(Figure 5). The total area of hyperreflective spots for the
second and third slabs of the DRI OCT Triton were also
positively correlated with those for the fourth (p=0.370,
P=0.044) and fifth (p=0.700, P<0.001) slabs of the PLEX
Elite 9000, respectively. The fourth slab of the DRI OCT
Triton and the fifth slab of PLEX Elite 9000 had also
positive correlation for the total area of hyperretlective
spots (p=0.411, P=0.024). Bland-Altman plots showed fair
to good agreement of the measurements of hyperreflective
spots between the DRI OCT Triton and PLEX Elite
9000 devices (Figure 6). The ICCs were fair to excellent
between the third slab of the DRI OCT Triton and the
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fifth slab of the PLEX Elite 9000 in all measurements for
hyperreflective spots, including the number, total area,
and circularity (7able 3). We observed excellent agreement
in the total area of the hyperreflective spots between the
third slab of the DRI OCT Triton and the fifth slab of the
PLEX Elite 9000 [ICC =0.798, 95% confidence interval
(CI): 0.576-0.904]. The fourth slab of the PLEX Elite 9000
device had fair agreement with the second slab of the DRI
OCT Triton in the number and total area of hyperreflective
spots (ICC =0.507, 95% CI: ~0.037-0.765; ICC =0.526,
95% CI: 0.003-0.774, respectively).

Comparisons of byperreflective spots between eyes in
individual subjects

For the DRI OCT Triton device, the mean reflectivity of
the slabs was correlated between the right and left eyes only
in the third and fourth slabs (p=0.704, P=0.003; p=0.750,
P=0.001), while the PLEX Elite 9000 device showed
correlation at all four layers (all P<0.05) except for the
fourth layer (P=0.187) (Table 4). In the DRI OCT Triton
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Figure 3 Distribution of the number (left column) and total area (right column) of hyperreflective spots on En face choroidal layer slab
images obtained at five different depths of the upper choroid with the DRI OCT Triton (upper row) and PLEX Elite 9000 devices (lower

row). HRS, hyperreflective spots.

device, the number of hyperreflective spots was correlated
between both eyes in all slabs (all P<0.05) except for the first
slab (P=0.087). The total area of hyperreflective spots was
correlated at the third, fourth, and fifth slabs (all P<0.05). In
the PLEX Elite 9000 device, the number and total area of
hyperreflective spots were correlated between both eyes in
the first, second, and fifth slabs (all P<0.05).

Discussion

The choroid is present between the sclera and the BM.
While the choroid is the vascular bed of the eye that
supports homeostasis of the overriding neuroretina, it also
contains diverse cell types and connective tissue that form
the stroma (1). Previous histological studies have shown

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

that the stroma is populated by various cells and connective
tissue elements, including melanocytes, fibroblasts, mast
cells, elastic, collagen fibrils, blood vessels, macrophages,
dendritic cells, lymphocytes, nonvascular smooth muscle
cells, intrinsic neurons, and nerve fibers associated with
vessels (45). This characteristic inhomogeneous mixture
of various tissues can cause various reflections on OCT
imaging. The results of the current study show that the
choroidal stroma had various degrees of reflection, which
are presented as a histogram with gray scale reflecting the
variation in the reflectivity of En face images. This result
suggested that the variation of reflectivity in the choroidal
stroma can be determined on En face OCT images in
normal eyes.

In this study, the mean reflectivity of En face images
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varied throughout all depth positions of the choroidal layer
slabs. En face images immediately beneath the BM had the
lowest mean reflectivity on both SS-OCT devices. This
could be attributed to the fact that the first layer is related
to the choriocapillaris, a highly vascularized capillary layer
with lower reflectivity than that of the underlying choroidal
layer on OCT B-scan (40,46). We also found that some
layers had higher reflectivity than others. These findings are
consistent with those from OCT B-scan images, in which
the upper choroid had higher reflectivity than the deeper
choroid. This could be due to the limited penetration
depth of the OCT technology. Even with SS-OCT, signals
from deeper choroidal structures tend to be weaker than
those from the inner choroids (46,47). However, other
explanations may also contribute to this observation; for
instance, the differences in the ratios of stroma with high
reflectivity and vascular cavity with low reflectivity between
En face images obtained at different choroidal depths may

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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have resulted in mean reflectivity differences among En
face images (40). For example, immediately below the
choriocapillaris, the inner choroid may have more stromal
components than the middle of the choroid. This may mean
that the reflectivity of En face images can be used as a value
representing the reflectivity of the choroidal stromal layer
at each depth of the choroid. Another possible explanation
for the origin of this variation may be the presence of a
structure with abnormally high reflectance in specific layers
(48-51).

In this study, we defined hyperreflective spots as areas
with reflectivity over two SDs of the mean reflectivity of the
En face image. Hyperreflective spots are more frequently
observed in En face images with higher mean reflectivity
than in those with lower mean reflectivity. The finding that
the hyperreflective spots are prominent in a certain layer
below the BM suggests that the hyperreflective foci reflect a
specific component of the choroidal stroma. To investigate
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Quantitative Imaging in Medicine and Surgery, Vol 12, No 2 February 2022 929

© Number
200
......... R ——
c o Pe)
5 - ]
: 100 0% 0o
o
) o (e e)
g -
o 1T 00 O T 1
200 o 300 400
-100-
Average, n
¢ Total area
2.0x10°
e x 00 o
PO § e
g 1.0x10° - 7 0 o0
o $
o 4 9,
£ ¢ 98
a 0 T T 1
1x10° 2x10°  3x10°  4x10°
~1.0x10° - °
Average, pm’
A Circularity
0.10
0.05 4
@ o pe====-- A ----------
2 A
& 0.00 A T .
o A
g 0.60A & 85a fno 0.75
0 -0.054 Iy
___________ Ao oo
-0.10 4 A A
-0.15- Average

Second slab of DRI OCT Triton
vs.
Fourth slab of PLEX Elite 9000

O Number
200 °
___________ O -
< o
5 100
g e 2%
o) o (]
5 o (<]
£ o ° d
a O T ©—©%6toe—
200 300 400
o
-100-
Average, n
¢ Total area
2.0x10° - ¢
g. """"" o, T -TT=="=
¢ 1.0x10° °¢ °
5 50902, o
s o 888
= 0 & Op 0
=) T T T 1
1x10° 26105 3x10°  4x10°
.......... g-=------
-1.0x10° -
Average, um’
A Circularity
0.10+
0.05 A
g [~ T==T===°=° . "y
C
@ 0.00 —& x .
g 0.60 AM%A Ngo  o7s
& -0.05- A Ap
-------- - - - ‘- - - -
-0.10
-0.15-

Average

Third slab of DRI OCT Triton
vs.
Fifth slab of PLEX Elite 9000
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whether the hyperreflective spots were signal noise or a
phenomenon occurring due to the physical characteristics
of specific OCT instruments, we compared the distribution
of hyperreflective spots between En face images from two
different OCT devices in the same subject. We found that
the distribution was similar between the En face images
obtained from the two different OCT devices. Although the
depth positions of slabs below the BM of the En face images
differed, the patterns of distribution of the hyperreflective
spots were similar between images from the two devices.
The number and total area of hyperreflective spots were

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

highest at 20.8-31.2 pm below the BM in the DRI OCT
"Triton device, but were highest at 40-50 pm below the BM
in the PLEX Elite 9000 device. This difference may be
due to the different algorithms used to segment the BM or
RPE between the two OCT devices. It may also originate
from the differences in the algorithms used to segment
the upper boundary of the choroid (39). In the DRI OCT
Triton device, the default setting for the choriocapillaris
slab is 0-10.4 pm below the BM, compared to 29-40 pm
below the RPE fit segmentation line in the PLEX Elite
9000 device. While the depth differed between the devices,
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Table 3 Intraclass correlation coefficients for the comparisons of the number, total area, mean size, and circularity of hyperreflective spots

between the two devices

Choroidal layer slab

Hyperreflective spots

DRI OCT PLEX Elite Number Total area Circularity

Triton 9000 IcC 95% Cl Pvalue ICC 95% Cl Pvalue ICC 95% Cl P value
Second layer  Fourth layer 0.507 -0.037-0.765 0.031* 0.526 0.003-0.774  0.025* 0.432 -0.194-0.730 0.067

Third layer  Fourth layer -0.431 -2.006-0.319 0.830 -0.697 -2.565-0.192 0920 0.419 -0.220-0.724 0.075

Fourth layer  Fourth layer -1.308 -3.850-0.099 0986 -1.188 -3.598--0.042 0981 -0.103 -1.318-0.475 0.604

Fifth layer Fourth layer -1.231 -3.687-0.062 0.983 -0.812 -2.807-0.138 0.942 0.240 -0.597-0.638 0.232

Second layer ~ Fifth layer 0.425 -0.208-0.726 0.071 0476 -0.101-0.751 0.044* 0.349 -0.368-0.690 0.127

Third layer  Fifth layer 0.582 0.121-0.801 0.011* 0.798 0.576-0.904 <0.001* 0.630 0.222-0.824  0.005*
Fourth layer  Fifth layer 0.441 -0175-0.734 0.062 0584 0.125-0.802 0.011* -0.145 -1.406-0.455 0.641

Fifth layer Fifth layer 0.499 -0.053-0.761 0.034* 0477 -0.098-0.751 0.043* 0.301 -0.469-0.667 0.170

*, P values were statistically significant at P<0.05. ICC, intraclass correlation coefficients; 95% Cl, 95% confidence interval.

the distribution of hyperreflective spots was similar between
the En face images. This result suggests that choroidal foci
with abnormally high reflectivity exist in normal eyes, even
if there are differences between measurement devices.

To elucidate the factors influencing the distribution
of hyperreflective spots, we compared the distributions
between both eyes of the same subject. We found that
both the number and total area of hyperreflective spots
was correlated between the bilateral eyes in most slabs
of both devices. Although not statistically significant
in all choroidal slabs, this correlation was consistently
observed in the two different OCT devices. This may
suggest that the distribution of hyperreflective spots
represents the characteristics of the choroid in each
subject. Among the various cells and connective tissues
that constitute the choroidal stroma, hyperreflective spots
may originate from specific cell groups in the stroma, such
as melanocytes, fibroblasts, and macrophages. Although
inflammatory cells have also been suggested as a source
of hyperreflective spots in diseased eyes (52-54), it is
difficult to explain their distribution over a wide range
in normal eyes, as observed in the current study. Henle’s
fiber layer, running perpendicularly against incoming
light, is known to exhibit high reflectivity on OCT images
(55-57). Similarly, horizontally oriented neural or connective
tissues comprising the vascular wall can also induce high
reflectivity. However, in this study, the mean circularity of
the hyperreflective spots was 0.6-0.7, and the distribution
varied greatly between subjects. These findings suggest that

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the hyperreflective spots originate from a clump of highly
reflective cells or substances. Another possibility is that
the prominent hyperreflectivity originates from melanin
pigmentation. Previous studies in animals and humans
(49-51) suggested melanin pigmentation as a possible origin
of hyperreflectivity in the skin, retinal pigment epithelium,
and choroid (58,59). The melanin pigment in the choroid
absorbs light and limits its reflection. These melanin-rich
cells in the choroid may be a source of hyperreflective
spots in the choroidal stroma. Yiu et a/. (60) showed the
effect of uveal melanocytes on choroidal morphology in
rhesus macaques and humans on OCT B-scan images.
Tsai et al. (59) also showed hyperreflective melanocytes at
various skin depths using OCT in patients with junction
nevus. The melanocytes in the skin were round in their
representative image and appeared to have a shape and size
similar to that of the hyperreflective spot in the choroid.
They also reported that hyperreflective melanocytes were
clearly visible in the En face OCT images at imaging depths
of 90 and 110 pm, but less prominent at imaging depths
of 130 pm, possibly because of the weakening of the signal
intensity (59). Weakening of the reflection from the deep
layers may prevent clear demarcation of the hyperreflective
spots, similar to the findings of our study. These findings
support the suggestion that hyperreflective spots may
originate from melanin pigmentation. Although many
studies have suggested that melanin pigmentation can
induce hyperreflective spots in OCT images, further studies
are needed to confirm their origin in normal human eyes.
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Table 4 Correlations of mean reflectivity and distribution of hyperreflective spots between right and left eyes of 15 normal subjects

DRI OCT Triton

PLEX Elite 9000

p P value p P value
First choroidal layer
Reflectivity -0.243 0.383 0.707 0.003*
Hyperreflective spots
Number 0.457 0.087 0.722 0.002*
Total area 0.379 0.164 0.636 0.011*
Second choroidal layer
Reflectivity 0.139 0.621 0.714 0.003*
Hyperreflective spots
Number 0.542 0.037* 0.584 0.022*
Total area 0.371 0.173 0.756 0.001*
Third choroidal layer
Reflectivity 0.704 0.003* 0.575 0.025*
Hyperreflective spots
Number 0.667 0.007* 0.239 0.390
Total area 0.679 0.005* 0.504 0.056
Fourth choroidal layer
Reflectivity 0.650 0.009* 0.361 0.187
Hyperreflective spots
Number 0.654 0.008* 0.429 0.110
Total area 0.750 0.001* 0.432 0.108
Fifth choroidal layer
Reflectivity 0.475 0.074 0.639 0.010*
Hyperreflective spots
Number 0.838 <0.001* 0.621 0.014*
Total area 0.796 <0.001* 0.607 0.016*

*, P values using Spearman'’s correlation analysis were statistically significant at P<0.05.

In this study, we found no significant difference in mean
reflectivity in En face images of the upper choroid between
males and females. We also found that the distributions of
hyperreflective spots had no correlation with age and axial
length. However, even though they were prospectively
collected, a small number of relatively younger participants
were enrolled in this study, which might have influenced
the results. Moreover, we only included Asian subjects,
which may prevent the generalization of our results to
other ethnic populations. Further studies on the factors

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

influencing variation in choroidal reflectivity may help us to
better understand the clinical significance of hyperreflective
spots on the choroid. Another limitation of our study is that
we did not analysis the images after image normalization.
As the depth of the slab increases, the reflectivity of En
face image could be decreases. Other limitation is that we
arbitrary defined the threshold for the hyperreflective
spots at two SDs above the mean reflectivity. However,
all En face OCT images showed a unimodal distribution
and a symmetric or slightly right-skewed distribution in
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the histogram analysis. All histograms had absolute values
of skewness and kurtosis less than 1.0. In addition, we did
not consider the axial length in image analysis, nor did we
consider the magnification effect, caused by axial length
differences of the participants. Although we used a 3 mm
x 3 mm scan in this study, it is thought that the differences
in axial length may cause a slight difference in image size.
However, since we only used a narrow range in the center
of the macula, the bias would have limited effect on the
outcomes.

In conclusion, choroidal reflectivity varied throughout
the choroidal depths. The distributions of hyperreflective
spots in En face images were similar between En face
images from two different SS-OCT devices, and the
distributions were also correlated between both eyes of the
same subject. These findings suggest that the distribution
of hyperreflective spots on En face images represents the
characteristics of the choroid of each subject.
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Supplementary

Table S1 The correlation of age with reflectivity of each choroidal slab and the distribution of hyperreflective spots

DRI OCT Triton PLEX Elite 9000
p P value p P value
First choroidal layer
Reflectivity -0.054 0.775 -0.278 0.137
Hyperreflective spots
Number 0.136 0.474 0.311 0.094
Total area 0.169 0.372 0.350 0.058
Second choroidal layer
Reflectivity -0.094 0.620 0.108 0.569
Hyperreflective spots
Number 0.202 0.286 -0.030 0.876
Total area 0.219 0.246 0.018 0.925
Third choroidal layer
Reflectivity -0.472 0.008* 0.426 0.019
Hyperreflective spots
Number -0.274 0.143 0.082 0.665
Total area -0.510 0.004* 0.146 0.441
Fourth choroidal layer
Reflectivity -0.582 0.001* 0.202 0.285
Hyperreflective spots
Number -0.455 0.011* 0.148 0.435
Total area -0.561 0.001* 0.148 0.435
Fifth choroidal layer
Reflectivity -0.452 0.012* -0.403 0.027*
Hyperreflective spots
Number -0.213 0.258 -0.294 0.115
Total area -0.410 0.025* -0.284 0.128

*, P values using Spearman’s correlation analysis were statistically significant at the P<0.05 level.
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Table S2 The correlation of axial length with reflectivity of each choroidal slab and the distribution of hyperreflective spots

DRI OCT Triton PLEX Elite 9000
p P value p P value
First choroidal layer
Reflectivity -0.235 0.212 0.078 0.682
Hyperreflective spots
Number -0.056 0.770 -0.030 0.873
Total area -0.102 0.590 -0.021 0.914
Second choroidal layer
Reflectivity -0.131 0.489 <0.001 0.998
Hyperreflective spots
Number 0.054 0.776 -0.016 0.933
Total area -0.181 0.337 -0.056 0.768
Third choroidal layer
Reflectivity -0.365 0.047* -0.100 0.599
Hyperreflective spots
Number -0.222 0.238 -0.005 0.979
Total area -0.317 0.088 -0.093 0.627
Fourth choroidal layer
Reflectivity -0.046 0.808 -0.138 0.466
Hyperreflective spots
Number -0.118 0.536 -0.093 0.626
Total area -0.132 0.487 -0.166 0.381
Fifth choroidal layer
Reflectivity 0.049 0.795 -0.242 0.198
Hyperreflective spots
Number -0.086 0.653 -0.201 0.286
Total area -0.098 0.605 -0.392 0.032*

*, P values using Spearman’s correlation analysis were statistically significant at the P<0.05 level.
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Table S3 Post hoc multiple pairwise comparisons of reflectivity of the choroidal slab and distributions of hyperreflective spots between en face

slab images obtained at five different depth positions of the upper choroid

Hyperreflective spots

Reflectivity
OCT Pairwise Number Total area Circularity Average Size
devices comparisons Difference Difference Difference Difference Difference
in rank sum Pvalue in rank sum Pvalue in rank sum Pvalue in rank sum P value in rank sum P value
DRI 1st slab - 2nd slab -90.0 <0.001* -63.5 <0.001* -78.0  <0.001* 57.5 <0.001* -91.0 <0.001*
%Ct;;-n 1st slab - 3rd slab -64.0 <0.001* -104.0 <0.001* -95.0  <0.001* 44.5 0.003* -74.0 <0.001*
1st slab - 4th slab -44.0  0.003* -69.0 <0.001* -55.0  <0.001* 29.0 0.179 -41.0 0.008*
1st slab - 5th slab -32.0 0.090 -64.0 <0.001* -67.0  <0.001* 56.5 <0.001* -69.0 <0.001*
2nd slab - 3rd slab 26.0 0.338 -40.0 0.011* -17.0 >0.999 -13.0 >0.999 17.0 >0.999
2nd slab - 4th slab 46.0 0.002* -5.5 >0.999 23.0 0.604 -28.5 0.200 50.0 <0.001*
2nd slab - 5th slab 58.0 <0.001* -0.5 >0.999 11.0 >0.999 -1.0 >0.999 22.0 0.724
3rd slab - 4th slab 20.0 >0.999 34.5 0.048* 40.0 0.011* -15.5 >0.999 33.0 0.071
3rd slab - 5th slab 32.0 0.090 39.5 0.013* 28.0 0.222 12.0 >0.999 5.0 >0.999
4th slab - 5th slab 12.0 >0.999 5.0 >0.999 -12.0 >0.999 27.5 0.247 -28.0 0.222
PLEX  1stslab - 2nd slab -19.0  >0.999 -13.5 >0.999 -17.0 >0.999 24.0 0.500 -29.0 0.179
S:)it;o 1st slab - 3rd slab -60.0 <0.001* -48.5 <0.001* -50.5  <0.001* 63.0 <0.001* -59.0 <0.001*
1st slab - 4th slab -92.0 <0.001* -78.0 <0.001* -86.5  <0.001* 72.0 <0.001* -89.0 <0.001*
1st slab - 5th slab -89.0 <0.001* -100.0 <0.001* -98.5  <0.001* 66.0 <0.001* -83.0 <0.001*
2nd slab - 3rd slab -41.0  0.008* -35.0 0.043* -33.5 0.062 39.0 0.015* -30.0 0.143
2nd slab - 4th slab -73.0 <0.001* -64.5 <0.001* -69.5  <0.001* 48.0 <0.001* -60.0 <0.001*
2nd slab - 5th slab -70.0 <0.001* -86.5 <0.001* -81.5  <0.001* 42.0 0.006* -54.0 <0.001*
3rd slab - 4th slab -32.0 0.090 -29.5 0.160 -36.0 0.033* 9.0 >0.999 -30.0 0.143
3rd slab - 5th slab -29.0 0.179 -51.5 <0.001* -48.0  <0.001* 3.0 >0.999 -24.0 0.500
4th slab - 5th slab 3.0 >0.999 -22.0 0.724 -12.0 >0.999 -6.0 >0.999 6.0 >0.999

*, P values using Dunn-Bonferroni multiple comparison test were statistically significant at P<0.05.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

https://dx.doi.org/10.21037/qims-21-637



