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Background: To investigate the symmetry of interocular choroidal thickness and vascularity index
measurements in normal eyes using swept-source optical coherence tomography (SS-OCT). Cross-sectional
and observational study. This study included 244 eyes of 122 normal adults with ages uniformly distributed
from 19 to 89 years.

Methods: SS-OCT imaging was performed using a scanning pattern of 12x12 mm. Mean choroidal
thickness (MCT) and choroidal vascularity index (CVI) measurements in the entire scanning region were
obtained using a validated and published automatic method. The correlation and differences (including
signed and absolute differences) between bilateral MCT and CVI measurements were analyzed at the
following 6 regions: 3 concentric circles centered on the fovea with diameters of 2.5, 5, and 11 mm; the inner
rim from 2.5 to 5 mm circle; the outer rim from 5 to 11 mm circle; and the entire 12x12-mm scan region,
respectively. Comparison of interocular MCT and CVI measurements.

Results: MCT measurements in right and left eyes were strongly correlated in all regions [all intraclass
correlation (ICC) >0.73], but MCT measurements in right eyes were significantly thicker than in left eyes.
CVI measurements in right and left eyes were moderately correlated in all regions (all ICC >0.46), but
CVI measurements in right eyes were significantly smaller than that in left eyes in the macular subregions
(2.5 mm circle, 5 mm circle, and the inner rim). Neither signed nor absolute interocular differences in MCT
were correlated with corresponding CVI interocular differences.

Conclusions: Choroidal differences exist between normal fellow eyes in adults in the absence of obvious
pathology. This study is useful in assisting clinicians and researchers in distinguishing asymmetric changes

that are to be expected in normal eyes versus changes that could be associated with diseases.
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Introduction

Identifying asymmetrical or unilateral features between
fellow eyes is important in the investigations of ocular
diseases that only affect one eye or are initiated unilaterally
but eventually progress bilaterally. It is important to
establish a baseline of interocular asymmetry in normal
eyes that can be used to assist clinicians and researchers in
differentiating pathological differences from physiological
asymmetries. Previous studies have demonstrated that some
degrees of non-pathologic asymmetry can exist in the retina
and choroid between fellow eyes using optical coherence
tomography (OCT) (1-8).

OCT is a well-established non-invasive imaging method
with high resolution that can be performed in real-time
and provides three-dimensional (3D) imaging capabilities.
Recent advances in swept-source OCT (SS-OCT)
development make it an ideal tool for choroidal imaging
because of its deeper penetration depth enabled by longer
wavelength, faster imaging speed and negligible sensitivity
roll-off (9). When investigating the choroidal symmetry in
children (10) and young adults (11-13), a number of groups
utilized spectral-domain OCT (SD-OCT) with enhanced
depth imaging (EDI) (14). However, SD-OCT is limited
by its depth of penetration, leading to relatively poor
imaging quality in the choroidal layer. While EDI improves
the quality of choroidal imaging, it only improves depth
imaging within the macula and is difficult to perform a wide
field-of-view (FOV) imaging (14). In addition, most of the
participants of the above studies were less than 50 years
old, which provides limited understanding of the choroidal
symmetry within the elderly population. Although SS-
OCT has been used to investigate interocular symmetry of
the choroidal thickness in adults with normal eyes (8,15),
the results were derived by using manual measurements
from several selected B-scans, which is time consuming and
augments the possibilities of subjective bias.

Recently, attention has been paid to mapping the
choroidal thickness and choroidal vascularity index (CVI)
measurements from the entire 12x12 mm scan that
encompasses a 40-degree FOV centered on the fovea. In
prior work, we have generated a normative age-dependent
database of choroidal thickness and CVI measurements
using the SS-OCT 12x12 mm datasets (16). However, we
did not study the extent of interocular symmetry in these
eyes over the entire scanning region.

The purpose of this study is to use widefield SS-
OCT imaging to assess whether physiological choroidal
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asymmetry exists between fellow normal eyes within
the entire SS-OCT 12x12 mm scan regions. The extent
of physiological choroidal symmetry was assessed by
comparing the mean choroidal thickness (MCT) and CVI
measurements between the two normal eyes. We present
the following article in accordance with the STROBE
reporting checklist (available at https://dx.doi.org/10.21037/
qims-21-813).

Methods
Study participants

This was a cross-sectional study of SS-OCT choroidal
imaging in normal adults with ages uniformly distributed
from 19 to 89 years. This study was approved by the
Institutional Review Board (IRB) of Medical Sciences
Subcommittee at the University of Miami, Miller School
of Medicine and was conducted in compliance with the
Declaration of Helsinki (as revised in 2013). All the
participants had a normal ocular history in both eyes.
Study exclusion criteria included: (I) visual complaints; (II)
retinal, optic nerve or choroidal pathologies detected on
examination or with OCT imaging; (III) diabetes history;
(IV) uncontrolled hypertension. The sample size was
determined by the number of participants who met our
inclusion criteria during the study period. All participants
voluntarily gave written informed consents before scans
were taken.

OCT imaging and axial length measurements

OCT scanning was performed using a commercial SS-
OCT instrument (PLEX® Elite 9000, Carl Zeiss Meditec,
Dublin, CA, USA). This instrument was equipped with a
100 kHz swept laser source with a central wavelength of
1,050 nm and a spectral bandwidth of 100 nm, providing an
axial resolution of ~5 pm in tissue. Each OCT scan centered
on the fovea covered a FOV of 12x12 mm with a lateral
resolution of ~20 pm, and a measured depth of 3.0 mm
(1,536 pixels) in tissue. The OCT angiographic scan pattern
consisted of 500 A-lines per 6 mm horizontal B-scan, 500
B-scan positions along the vertical scanning dimension, and
two repeated B-scans per B-scan positions. A non-contact
biometry instrument was used to measure axial length
(IOLMaster, Carl Zeiss Meditec). Eyes were excluded from
the study if their axial length was more than 26 mm, and
OCT scans were excluded from this study if there were
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Figure 1 Cross-sectional B-scan and en face choroidal images taken of a 63-year-old woman. (A,B) Original cross-sectional B-scans. (C,D)

Cross-sectional B-scans after attenuation correction. Red lines highlight the upper boundary of the choroid (i.e., Bruch’s membrane), and

blue lines highlight the bottom boundary of the choroid (i.e., choroid-sclera interface). (E,F) Overlay of three concentric circles centered

on the fovea on the choroidal thickness maps. These circles divide the 12x12 mm scan into 6 regions for quantification: the 2.5 mm circle,

5 mm circle, 11 mm circle, inner rim (from the 2.5 mm circle to the 5 mm circle), outer rim (from the 5 mm circle to the 11 mm circle), and

the entire 12x12 mm scan. +: fovea. Color bar represents a depth range of 0-500 pm. (G,H) En face choroidal vasculature maps. (I,]) En face

choroidal vascularity index maps. Color bar represents a value range of 0-1.

noticeable motion artifacts or signal strength was less than
7 (recommended by the manufacturer). All imaging scans
and biometric measurements were performed by trained
operators at the department of ophthalmology, Bascom
palmer eye institute, Miami, FL, USA.

Choroidal segmentation

The choroidal slab was acquired by automatically outlining
the choroidal boundaries (i.e., Bruch’s membrane and
choroid-sclera interface) using a validated algorithm (17).
The contrast of the choroid-sclera interface [here referred
to as the outer border of choroidal vessels (18)] was
relatively low in the original OCT images because the
intensity of OCT light is exponentially attenuated along
its path as the light beam propagates through the highly
scattering RPE complex and choroid (Figure 1A4,1B). To
enhance the contrast of the choroid-sclera interface in
the OCT image, the algorithm applied an attenuation
correction strategy consisting of attenuation compensation
and exponentiation to the structural images (17,19) (Figure
1C,1D). Optic discs were excluded from the volumetric
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datasets before choroidal segmentation. The choroidal
boundaries were then automatically detected through
the graph search method (Figure 1C,1D). Even though
previous studies have shown excellent agreement between
this automatic method and manual segmentation (16,17).
We still manually checked the automatic segmentation for
accuracy once completed.

MCT measurements

The distance between the Bruch’s membrane and choroid-
sclera interface was used to generate en face choroidal
thickness maps (Figure 1E,1F), where the color represented
a thickness range between 0-500 pm. On each en face
map, three concentric circles centered on the fovea with
diameters of 2.5, 5, and 11 mm, respectively, were created
to generate 6 regions for quantification: the 2.5 mm
circle, 5 mm circle, 11 mm circle, inner rim (from 2.5 to
5 mm circle), outer rim (from 5 to 11 mm circle), and the
entire 12x12 mm scan (Figure 1E,1F). The foveal location
was automatically detected through searching the local
minimum thickness of the retinal layers in OCT structural
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Figure 2 En face images of interocular choroidal differences. (A)
Signed interocular differences in MCT. Color bar represents
a depth range of -250 to 250 pm. (B) Absolute interocular
differences in MCT. Color bar represents a depth range of 0 to
250 pm. (C) Signed interocular differences in the choroidal
vascularity index (CVI). Color bar represents a value range of
-0.5 to 0.5. (D) Absolute interocular differences in CVI. Color
bar represents a value range of 0 to 0.5. MCT, mean choroidal
thickness; CVI, choroidal vascularity index.

images. In this study, we used the MCT (referred to as the
average value of the thickness within a region of interest)
to represent the regional choroidal thickness (excluding the
optic disc).

CVI measurements

Figure 1C,1D show B-scans with dark vascular structures
within the choroidal layer. These structures are thought to
be choroidal vessels because most of the light is scattered
forward by the blood, allowing the large choroidal vessels
to appear as dark regions (low backscattered light) with
vessel-like shapes in the OCT images (20,21). In addition,
the highly backscattering RPE significantly reduced the
signal generated by the light that was backscattered by
the choroidal vasculature. Therefore, it is difficult for
conventional OCT angiography (OCTA) methods (22)
to detect the choroidal blood flow signal (20,21). In this
study, the choroidal vessels were obtained from the OCT
structural images after attenuation correction by segmenting
dark regions with the vessel-like shapes in the choroid using
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Otsu’s method (16,17,23). For convenient visualization, we
inverted the dark regions to appear bright (Figure 1G,1H).
The CVI was estimated by dividing the number of pixels
in the choroidal vessels by the total number of pixels in
the choroidal slab. The en face CVI map was generated
by mapping the CVI value at each A-line (Figure 11,17),
where the color represents a CVI value range of 0-1.
For comparison, the 12x12 mm scan of the CVI was also
divided by using the concentric circles mentioned above.

Interocular asymmetry measurements

The interocular asymmetry in the MCT and CVI
measurements was quantified by using signed difference and
absolute difference. The signed difference was calculated
by subtracting the left eye value from the right eye value.
To visualize interocular asymmetry, we flipped the right eye
en face images in the left-right direction, registered the two
images at fovea and optic nerve head, and then generated en
face maps of interocular difference (Figure 2).

Statistical analysis

The data with normal distributions (e.g., MCT, CVI
and signed interocular difference) were presented as the
mean and standard deviation (SD), while the data without
normal distribution (e.g., absolute interocular difference)
were presented as the mean, SD, median and range.
The strengths of correlations in corresponding regions
of measurements between fellow eyes were analyzed
by intraclass correlations (ICCs). ICCs >0.75 can be
interpreted as strong or excellent, ICCs <0.3 are weak or
poor, while intermediate ICCs are considered fair to good
or moderate (24). Paired-sample #-tests were utilized to
compare the measurements between fellow eyes.

The relationships between interocular differences in
the MCT and CVI measurements were analyzed by using
Pearson’s correlation. Furthermore, the relationships
between the interocular differences in MCT and CVI
measurements and each of the variables: (I) participants’
age, (II) interocular differences of axial length, were
studied by Pearson’s correlation. Statistical analysis was
carried out using MATLAB R2020b and IBM SPSS V25
(Armonk, NY, USA), and scatter plots were generated using
GraphPad Prism (GraphPad Software, San Diego, CA,
USA). Statistical significance is represented at two levels: *,
P<0.05, **, P<0.01.
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Table 1 Demographic characteristics of the participants in this study
Age decades

Characteristic Total

19-29 30-39 40-49 50-59 60-69 70-79 80-89
Number of patients 122 [244] 14 [28] 19 [38] 15 [30] 18 [36] 22 [44] 18 [36] 16 [32]
[number of eyes]
Age (mean + SD, years) 55.14+19.38 24.57+2.79 33.26+2.54 45.13+3.16 55.52+2.81 63.99+2.94 74.11+2.81 83.25+2.70
Gender (male/female) 49/73 7/7 11/8 4/11 2/16 10/12 8/10 7/9

Axial length (mean + SD, mm)

Right eye 23.84+0.89 24.43+1.07 24.01+0.81 24.13+0.83 23.69+1.04 23.87+0.78 23.39+0.79 23.47+0.63
Left eye 23.83+0.89 24.35+0.98 23.97+0.84 24.02+0.87 23.73+1.09 23.85+0.77 23.36+0.84 23.60+0.63
Results participant also showed varied differences across the entire

A total of 254 normal eyes from 127 participants ranging
from 19 to 89 years of age were enrolled in this study. Five
participants were later excluded: two because their axial
lengths were greater than 26 mm, one because the entire
choroidal layer was beyond the A-scan range, and two
because they were uncooperative, could not fixate, and the
scans could not be adequately obtained. The final analysis
included 122 participants (244 eyes), 49 men and 73 women,
with a mean age of 55.14£19.38 years. The demographic
characteristics of the participants are shown in 7able 1. No
significant differences were observed when comparing axial
length between fellow eyes.

Figure I shows the choroidal thickness, choroidal
vascularity, and the CVI maps derived from a 63-year-
old participant. On visual inspection, the en face choroidal
thickness and CVI maps did not appear completely
symmetrical. The choroidal thickness in the right eye
appeared thicker than that in the left eye in the macular
(5 mm circle) region. For CVI maps, a homogeneously
distributed mix of red to blue colors can be seen in both
eyes; however, subtle differences can also be observed
between the two eyes. Figure 2 shows the interocular
asymmetry maps derived from the same participant
represented in Figure 1. The uneven appearance of the
interocular asymmetry maps confirms the interocular
choroidal differences shown in Figure 1. This participant
demonstrated a thicker choroidal thickness in the 2.5 mm
circle region in the right eye compared with that of the left
eye (Figure 2A4). The MCT absolute difference between
fellow eyes in the 2.5 mm circle region is the most obvious
difference in the entire scanning region (Figure 2B).
Similarly, the CVI interocular asymmetry maps of this

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

scanned region between fellow eyes (Figure 2C,2D).

MCT and CVI measurements

The values, correlation coefficients, and comparisons of the
bilateral measurements in MCT and CVI measurements
are summarized in Table 2. MCT in the 5-mm circle
region measured 261.75+80.67 pm in right eyes and
251.22+69.11 pm in left eyes. CVI in the 5 mm circle
region was 0.618+0.024 in right eyes and 0.625+0.029 in
left eyes. In all the regions, there was a strong correlation
between fellow eyes in MC'T, whereas there was only a
moderate correlation between fellow eyes in CVI. MCT
was statistically thicker in the right eyes than that in the
left eyes in all the quantified regions. In contrast, CVI was
statistically lower in the right eyes than that in the left eyes
in the 2.5 mm circle, 5 mm circle, and inner rim regions.
Figure 3 shows the correlation and Bland-Altman agreement
analysis on MCT and CVI measurements in the 5 mm
circle region between fellow eyes.

Signed and absolute interocular differences in MCT
and CVI measurements are summarized in Tables 3,4.
The normal 95% limits of signed differences and absolute
differences in MCT and CVI measurements could be
used as a reference for physiological asymmetry. For
example, if the MCT of the left eye is more than 77.75 pm
thicker than the MCT of the right eye, or the MCT of
the right eye is more than 125.71 pm thicker than the
MCT of the left eyes in the 5 mm circle region, then this
patient’s interocular difference is thought to be abnormal.
Alternatively, if the absolute interocular MCT difference
is greater than 104.25 pm in the 5 mm circle region, then
this patient’s eyes are also considered abnormal. In addition,
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MCT (n=122) CVI (n=122)
Region Interocular Interocular
quantified Right eye (um), Left eye (um), intraclass P value of Right eye, Left eye, intraclass P value of
mean (SD) mean (SD)  correlation paired t-test mean (SD) mean (SD) correlation  paired t-test
coefficient coefficient
2.5 mmcircle 274.09 (95.47) 260.03 (74.91) 0.735 0.013* 0.618 (0.037)  0.627 (0.041) 0.462 0.018*
5 mm circle 261.75 (80.67) 251.22(69.11) 0.812 0.011* 0.618 (0.024)  0.625 (0.029) 0.521 0.002**
Inner rim 257.42 (77.80) 246.99 (67.21) 0.812 0.010* 0.618 (0.024)  0.625 (0.029) 0.597 0.004**
11 mm circle 235.33 (60.70) 229.47 (59.07) 0.918 0.007** 0.607 (0.020)  0.610 (0.025) 0.520 0.079
Outer rim 226.57 (54.83) 222.32 (56.27) 0.919 0.035* 0.603 (0.021)  0.605 (0.025) 0.598 0.311
12x12 227.26 (54.41) 221.62 (53.89) 0.918 0.004** 0.609 (0.019)  0.612 (0.024) 0.599 0.091
*, P<0.05; **, P<0.01. MCT, mean choroidal thickness; CVI, choroidal vascularity index.
A MCT in the 5 mm circle region B CVl in the 5 mm circle region
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Figure 3 Correlation and Bland-Altman agreement analysis on MCT and CVI measurements in the 5 mm circle (macular) region between

fellow eyes. The slope of the dashed lines in the correlation analysis maps (A,B) is 1. The solid lines in Bland-Altman agreement analyses (C,D)

represent the bias, and the perforated lines represent the upper and lower 95% limits of agreement. MCT, mean choroidal thickness; CVI,

choroidal vascularity index.

the box plots of signed interocular differences in MCT and
CVI measurements are shown in Figures 4,5, respectively.
Figure 4 shows trends for right eyes to have thicker
MCTs than left eyes in all the regions. Comparatively,
Figure 5 shows trends for right eyes to have lower CVlIs
in all the regions. Although a weak inverse relationship
between signed interocular differences of MCT and

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

signed interocular differences of CVI was observed in the
2.5-mm circle (Pearson’s r=-0.21, P=0.020), the strength
of the relationship was too weak to consider noteworthy
(1able 5). Therefore, neither signed nor absolute interocular
differences in MCT were correlated with corresponding
CVI interocular differences in all the regions quantified

(1able 5 and Figure 6).
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Signed interocular differences

Size of signed interocular

Absolute interocular differences (um)

Region (right eye - left eye, pm) differences (the average signed

W pean (5D) D550 10 07 5% ) Soroontage of e MOT 36 Mean (D) Median (min, max e
2.5 mmcircle 14.06 (61.52) -88.43to 168.63 5.26 42.81 (46.22) 30.60 (1.55, 251.41) 139.89
5mmcircle  10.53 (45.21) -77.75t0 125.71 411 33.17 (32.34) 20.99 (0.07, 152.04) 104.25

Inner rim 10.42 (43.74) -77.78 to 109.08 413 32.33 (31.13) 19.64 (0.27, 148.08) 102.04

11 mmoircle  5.86 (23.63)  -41.07 to 54.54 2.52 18.82 (15.36) 14.43 (0.08, 64.62) 52.33
Outer rim 4.25 (22.00) -33.90 to 51.94 1.89 17.36 (14.09) 12.03 (0.34, 55.27) 47.65
12x12 5.64 (21.31) -36.02 to 46.38 2.51 17.42 (13.42) 14.69 (0.21, 54.53) 44.48

MCT, mean choroidal thickness.

Table 4 Signed and absolute interocular differences in CVI

Relative interocular differences
(right eye - left eye)

Size of signed interocular
differences (the average
signed interocular difference

Absolute interocular differences

Normal 95%

Mean (SD) limits (95% tile)

Median (min, max)

Region
quantified Mean (SD) Normal 95% Iim.its as a percentage of the
(2.5% to 97.5% title) average CVI, %)

2.5 mm circle -0.0087 (0.040) —0.088 to 0.071 -1.40

5 mmcircle -0.0074 (0.0257) -0.063 to 0.037 -1.19

Inner rim —-0.0067 (0.0256) -0.070 to 0.034 -1.08

11 mm circle -0.0032 (0.0201) -0.046 to 0.035 -0.53

Outer rim —0.0019 (0.0207) -0.046 to 0.040 -0.32

12x12 —0.0030 (0.0196) —-0.044 to 0.036 -0.49

0.0323 (0.0249) 0.0315 (0.0001, 0.1100) 0.074
0.0210 (0.0166) 0.0168 (0.0002, 0.0910) 0.050
0.0199 (0.0173) 0.0159 (0.0001, 0.0919) 0.051
0.0158 (0.0128) 0.0141 (0.0001, 0.0604) 0.038
0.0162 (0.0130) 0.0119 (0.0003, 0.0527) 0.042
0.0155 (0.0122) 0.0131 (0.0003, 0.0579) 0.039

CVI, choroidal vascularity index.

Mean choroidal thickness (MCT, pym)
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thicker MCT5 (the mean value larger than 0) shown in the 2.5 mm
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Choroidal vasculature index (CVI)
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Table 5 Correlation coefficients between MCT and CVI in interocular differences

Correlation between MCT and CVI in signed interocular
differences (right eye - left eye)

Region quantified

Correlation between MCT and CVI in absolute
interocular differences

Coefficients P value Coefficients P value
2.5 mm circle -0.21 0.020 0.01 0.883
5 mm circle -0.12 0.191 -0.05 0.601
Inner rim -0.07 0.457 -0.09 0.322
11 mm circle -0.09 0.349 -0.06 0.531
Outer rim -0.01 0.878 0.007 0.937
12x12 -0.08 0.369 -0.004 0.967
MCT, mean choroidal thickness; CVI, choroidal vascularity index.
A 5 mm circle B 5 mm circle
(S) 0.05 o r=-0.12, P=0.191 % 0.10 ~ r=-0.05, P=0.601
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Figure 6 Scatter plots showing relationships between interocular differences in MCT and CVI measurements from all 122 participants in

the 5 mm circle (macular) region. (A) The relationship between signed interocular differences in MCT and CVI in the 5 mm circle region.

(B) The relationship between absolute interocular differences in MCT and CVI in the 5 mm circle region. MCT, mean choroidal thickness;

CVI, choroidal vascularity index.

Factors influencing interocular differences in MCT and
CVI measurements

The relationship between interocular differences and
clinical factors such as age and axial length are shown in
Tubles 6,7 and Figures 7,8. Neither the signed nor absolute
interocular differences of MCT were significantly related
to age or the respective interocular differences in the
axial length. Despite a handful of statistically significant
correlations between signed interocular difference of CVI
and age, none rose to the level of being clinically significant.
Therefore, like MCT, the signed or absolute interocular
differences of CVI were not significantly related to age or
the interocular differences in the axial length.

Discussion

Choroidal diseases can be unilateral, bilateral, or present

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

unilaterally at first, but then progress bilaterally, such as
tumors (25), age-related macular degeneration (AMD)
(26,27), and polypoidal choroidal vasculopathy (PCV)
(28,29). In eyes that appear normal, the appearance of
bilateral differences in choroidal measurements between
fellow eyes that exceed the range of physiological
asymmetry may be the first clue of an evolving pathological
process that warrants further examination and follow-
up. Therefore, establishing baseline choroidal asymmetry
between fellow eyes in the normal population may be of
clinical benefit, especially when monitoring for the onset of
diseases that tend to affect both eyes.

As expected, our study demonstrated strong correlation
of MCT measurements between the right and left eyes in all
the regions in this normal population (7zble 2 and Figure 3),
which is consistent with previous studies (11,12,14,15).
Despite a strong correlation of the choroidal thickness
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Table 6 Assessment of age influencing interocular differences in MCT and CVI (correlation coefficients, P values)

Measurement Region quantified

Signed differences Absolute value differences

MCT 2.5 mm circle
5 mm circle
Inner rim
11 mm circle
Outer rim
12x12
CVI 2.5 mm circle
5 mm circle
Inner rim
11 mm circle
Outer rim

12x12

r=-0.08, P=0.375
r=-0.08, P=0.393
r=-0.10, P=0.297
r=0.01, P= 0.945
r=0.07, P=0.428
r=0.003, P=0.972
r=0.14, P=0.116
r=0.15, P=0.105
r=0.12, P=0.204
r=0.19, P=0.037*
r=0.20, P=0.030*
r=0.19, P=0.035*

r=-0.01, P=0.922
r=0.07, P=0.467
r=0.07, P=0.472
r=0.16, P=0.070
r=0.14, P=0.114
r=0.18, P=0.046"
r=0.01, P=0.919
r=—0.04, P=0.660
r=—0.04, P=0.648
r=-0.10, P=0.252
r=—0.09, P=0.318
r=—0.16, P=0.084

*, P<0.05. MCT, mean choroidal thickness; CVI, choroidal vascularity index.

Table 7 Assessment of interocular differences in axial length influencing interocular differences in MCT and CVI (correlation coefficients, P values)

Measurement Region quantified

Signed differences Absolute value differences

MCT 2.5 mm circle
5 mm circle
Inner rim
11 mm circle
Outer rim
12x12
CVI 2.5 mm circle
5 mm circle
Inner rim
11 mm circle
Outer rim

12x12

r=-0.04, P=0.628
r=-0.03, P=0.717
r=-0.03, P=0.780
r=0.02, P= 0.791
r=0.05, P=0.595
r=0.01, P=0.893
r=-0.04, P=0.633
r=—0.05, P=0.610
r=-0.03, P=0.705
r=-0.14, P=0.116
r=-0.15, P=0.091
r=-0.12, P=0.171

r=0.13, P=0.154
r=0.12, P=0.177
r=0.11, P=0.234
r=0.16, P=0.080
r=0.12, P=0.179
r=0.16, P=0.080
r=-0.03, P=0.742
r=—0.08, P=0.378
r=-0.002, P=0.979
r=-0.0002, P=0.999
r=0.06, P=0.512
r=0.01, P=0.871

MCT, mean choroidal thickness; CVI, choroidal vascularity.

between fellow eyes, comparison analysis revealed that
choroidal thickness in some macular subregions in right
eyes tended to be thicker than that in left eyes in normal
eyes (8,10,12,15,30). However, two prior studies reported an
opposite result, that is, the subfoveal choroidal thickness of
the right eyes was thinner compared to the left eyes (11,14).
It is worth noting that the results of these prior studies were

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

all derived from manual measurements of selected B-scans,
therefore, the subjective bias of the choroidal thickness
measurements might lead to discrepancies among studies.
Here we showed a significantly thicker MCT in right eyes
than in left eyes in all the regions (Table 2 and Figure 4).
It is suspected that the interocular choroidal asymmetry
of MCT might be attributed to asymmetrical choroidal
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blood flow (31-33). One possible explanation of this is
the anatomical asymmetry of the aortic arch and common
carotid arteries. It is known that the right common carotid
originates from the neck from the brachiocephalic trunk,
while the left originates in the thorax from the aorta (34),
and the choroidal vasculature is supplied by the long and
short posterior ciliary and the anterior ciliary arteries (35),
all of which are the distal branches of the ophthalmic
artery, which arises from the internal carotid artery. The
asymmetry of the common carotid arteries, along with
variations in vessel curvature, result in hemodynamic
differences that may cause observable interocular differences
in MCT (34,36). Anatomical asymmetries in non-pathologic
choroidal venous drainage (37,38) and autonomic and
sensory neural innervation (39) may also precipitate
variations in MCT measurements resulting from differences
in the choroidal circulation. The vasculature is complicated
further by the presence of collateral blood flow from
the external carotid arteries (40,41). One future strategy
to investigate the asymmetries in choroidal blood flow
resulting from interocular variations in anatomic vasculature
or neural innervation would be to visualize facial blood
flow in relation to asymmetrical choroidal thickness (42).
Another possibility is that MCT asymmetry between
eyes may be due to eye preference. Previous studies have
shown that approximately 70% of the population are
right-eye dominant (43,44), and differences linked with
eye dominance such as accommodation have been tied
to changes in choroidal thickness (45,46). To explore this
possibility, we propose that future studies designed to
study these interocular choroidal differences will need to
document the dominant eye for each subject.

The interocular symmetry in CVI has not been
previously studied in detail. We found that unlike a strong
interocular correlation in MCT, there was only a moderate
interocular correlation in CVI within all corresponding
regions (1able 2). Our study showed a significantly smaller
CVI in the right eyes compared with the left eyes within
the central regions (2.5-mm circle, 5-mm circle, 5-mm
rim). However, it is worth noting that the size of signed
interocular differences in CVI, being only ~0.32% to
1.40% (lable 4 and Figure 5), was very small, therefore, the
difference in CVI measurements between fellow eyes is not
likely to be clinically significant in normal eyes. In addition,
compared with previous methods for measuring CVI on
two-dimensional images (i.e., B-scan or en face images)
(47-49), our method of calculating CVI was performed on
the entire volumetric scan, which is thought to be more

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

relevant and reasonable.

In the correlation analysis (7zble 5 and Figure 6), neither
signed nor absolute interocular differences in MCT were
correlated with corresponding CVI interocular differences,
which suggests that any mechanism explaining MCT
asymmetry may not be what drives the CVI asymmetry.
In addition, we did not find any significant correlation
between the interocular differences (including both signed
and absolute differences) in MCT and CVI measurements
and the age of the participants (Tzble 6), indicating that
age-specific normal ranges for MCT and CVI symmetry
measurements are not necessary. Although Chen er al. (12)
reported a marginally significant trend (r=-0.20, P=0.048)
for reduced absolute differences in foveal choroidal
thickness with the increase of age, the degree of the
relationship did not rise to the level of being clinically
significant. Signed interocular MCT differences also
showed no relationship with signed interocular axial length
differences (Figure §), which was inconsistent with the
result reported by Kim ez 4/. (15) in which the interocular
choroidal thickness and axial length differences had a
significant negative correlation. This may be due to the
differences in the measurement methods used and the
distribution of participants’ age between these two studies,
as well as the exclusion of participants with axial lengths
greater than 26-mm axial length in our study.

While promising, there were some notable limitations
in this study. Firstly, we did not acquire other information
(e.g., dominant eye, interocular pressure, visual acuity, and
refraction errors) that may influence interocular choroidal
symmetry. While we excluded eyes with pathological
myopia, myopia has been correlated with increased
interocular differences in choroidal thickness with thinning
of choroid in the more myopic eye (50-53). Characterizing
atypical MCT in cases of asymmetric myopia would further
refine a clinical baseline for physiologic asymmetries in
MCT, as well as pathologies linked to eyes with greater
degrees of myopia (54). However, given that our intention
was primarily to assess the physiological choroidal
asymmetry in MCT and CVI within normal eyes, this
limitation was not thought to diminish the validity of this
study. Secondly, our study was a cross-sectional study and
only involved one time point, which may result in inclusion
of participants whose ocular diseases were at a very early
stage and did not meet clinical diagnostic criteria. This is
a common limitation for all current studies investigating
interocular asymmetry of the choroid in normal eyes
(8,10-12,15,55). Future studies will need to recruit more
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participants and carry out multiple clinical examinations and
SS-OCT imaging sessions to distinguish participants who
currently appear “normal” but later develop ocular diseases,
such as AMD.

To the best of our knowledge, we are unaware of any
report using widefield SS-OCT imaging to investigate
choroidal symmetry between fellow normal eyes. Our
study has successfully demonstrated subtle differences
in MCT and CVI measurements between fellow normal
eyes using SS-OCT and established 95% normal limits
for these measurements between eyes. This study will be
useful clinically in assisting clinicians and researchers in
distinguishing pathological eyes from eyes that are within
the tolerance limits for physiological asymmetry.
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