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PURPOSE. The purpose of this paper was to study the bilateral choroidal thickness (CT)
symmetry and differences in healthy individuals using wide-field swept-source optical
coherence tomography (SS-OCT).

METHODS. All participants underwent a wide-field 16-mm 1-line scan using SS-OCT. CTs
were measured at the following 12 points: 3 points at 900 μm, 1800 μm, and 2700 μm
away from the nasal optic disc margin (nasal peripapillary area), 1 point at the subfovea,
6 points at 900 μm, 1800 μm, and 2700 μm away from the subfovea to the nasal and
temporal areas (macular area), and 2 peripheral points at 2700 and 5400 μm from tempo-
ral point 3 (peripheral area). Bilateral CTs were measured; their correlations and differ-
ences in the corresponding regions were analyzed.

RESULTS. There were no statistically significant differences in CTs between the right and
left eyes in all corresponding areas (all P > 0.05); they all showed significant positive
correlation coefficients (r) (all P < 0.001). However, the nasal peripapillary and periph-
eral areas had relatively low correlation coefficients, compared to the macular areas.
In addition, the bilateral CT differences were 32.60 ± 25.80 μm in the macular area,
40.67 ± 30.58 μm in the nasal peripapillary area, and 56.03 ± 45.73 μm in the peripheral
area (all P < 0.001).

CONCLUSIONS. Overall, the CTs of each region were bilaterally symmetrical. However, the
differences in CTs increased from the center to the periphery, which indicated that the
anatomic variation of the nasal peripapillary and peripheral choroid was greater than
that of the macula.

Keywords: choroidal thickness, interocular symmetry, wide-field swept-source optical
coherence tomography

The choroid is the vascular layer of the eye, located
between the retinal pigment epithelium (RPE) and the

sclera. The main function of the choroid is to supply
blood and nutrients to the RPE and the outer retina.1

Other roles include heat dissipation in the macula2 and the
release of scleral growth factors that affect ocular growth.3,4

Various diseases that are closely related to the choroid
have been described, such as age-related macular degen-
eration,5,6 central serous chorioretinopathy,7 polypoidal
choroidal vasculopathy,8 Vogt-Koyanagi-Harada disease,9

high myopia,10 birdshot chorioretinopathy,11 and hyperten-
sion.12 Morphological analysis of the choroid (e.g. thickness,
area, or volume) is considered important in patients with
these conditions.

Measurement of choroidal thickness (CT) using enhanced
depth imaging optical coherence tomography (EDI-OCT)
was introduced by Spaide et al.13 The use of EDI-OCT
has enabled imaging of deeper structures (e.g. choroid
and choroidoscleral junction) that were difficult to observe

in conventional spectral-domain OCT (SD-OCT). However,
EDI-OCT has problems, such as light scattering caused by
the RPE and choroid.14 In particular, EDI-OCT is limited in
that it is difficult to identify the outer border of the choroid in
patients with CT > 500 μm.15 The recently developed swept-
source OCT (SS-OCT) uses a wavelength of 1040 to 1060 μm,
which enables deeper penetration. Therefore, SS-OCT can
obtain more detailed images of choroid and choroidoscle-
ral junction. These advances in the measurement of CT have
made it possible to study the association of CT with vari-
ous factors, such as age,16 sex,17 spherical equivalent (SE),18

axial length (AL),19,20 intraocular pressure (IOP).21

The scan rate in commercially available SS-OCT is nearly
twofold more rapid than conventional SD-OCT. This high
scan speed reduces motion artifacts and enables acquisi-
tion of wide-field B-scan imaging.22 Since the introduction
of wide-field SS-OCT,23,24 images of the retina, choroid,
and choroidoscleral junctions in the peripheral and macu-
lar areas have been obtained without a montage process.25
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FIGURE 1. A 16-mm wide-field optical coherence tomography image of a healthy individual. Choroidal thicknesses were measured with
a caliper at 12 points as follows; 3 points at 900 μm, 1800 μm, and 2700 μm away from the Bruch’s membrane opening (BMO) of nasal
optic disc margin (nasal points 3, 2, and 1, respectively; nasal peripapillary area), 1 point at the subfovea, 6 points at 900 μm, 1800 μm, and
2700 μm away from the subfovea to nasal and temporal areas (nasal point 6 and temporal point 1; nasal point 5 and temporal point 2; nasal
point 6 and temporal point 3, respectively; macular area), and 2 points at 2700 μm, 5400 μm away from temporal point 3 (temporal points
4, 5, respectively; peripheral area).

TABLE 1. Baseline Characteristics of Participants

Characteristic P Value

Number of patients (no. of eyes) 32 (64) N/A
Age, mean ± SD, years 27.75 ± 2.22 N/A
Sex, M/F 19/13 N/A
BCVA, mean ± SD, log MAR* 0.513
Right 0.00 ± 0.16
Left −0.01 ± 0.34

Spherical equivalent, mean ± SD, diopters* 0.613
Right −3.17 ± 1.90
Left −3.08 ± 2.07

Intraocular pressure, mean ± SD, mm Hg* 0.524
Right 15.97 ± 3.30
Left 15.81 ± 3.07

Axial length, mean ± SD, mm* 0.538
Right 24.99 ± 0.90
Left 24.94 ± 0.91

* Comparison between right and left eyes using paired t-test.
SD, standard deviation; BCVA, best-corrected visual acuity; log MAR, logarithm of the minimum angle of resolution.

Various studies have been conducted regarding peripheral
retinal and choroidal morphology using wide-field OCT.26–28

In most healthy individuals, both eyes are not anatomi-
cally and functionally identical, but they generally appear to
be similar. If there is a change in interocular symmetry, the
physician should consider whether it is due to disease or
constitutes asymmetry within the normal range, as this can
have an important effect on the determination of treatment.
Understanding interocular symmetry can be an important
factor in the diagnosis, treatment, and follow-up of various
diseases.

There have been several reports regarding the inte-
rocular symmetry of CT.29–34 However, most studies have
focused on CT around the macula. To the best of our
knowledge, no study has compared the interocular symme-
try of CT in the peripheral area using wide-field SS-
OCT. Here, we measured bilateral CTs in the macular,
nasal peripapillary, and peripheral areas using a 16-mm
wide-field SS-OCT, then analyzed their symmetries and
differences.

METHODS

This retrospective, observational study was approved by the
Institutional Review Board of Chungnam National Univer-
sity Hospital (Daejeon, Republic of Korea). Informed consent
was obtained from all participants, and the study protocol
adhered to the tenets of the Declaration of Helsinki.

Participants

The study included young healthy adults with no specific
findings, all of whom visited the retina clinic in Chung-
nam National University Hospital for minor ocular discom-
fort (e.g. dry eye symptoms, floaters, and spectacle prescrip-
tion due to refractive errors) or regular ophthalmic exami-
nation (e.g. evaluation of myopia without discomfort). Age,
sex, medical history, and previous ocular surgery informa-
tion were collected; all patients underwent comprehensive
assessments of best-corrected visual acuity (BCVA), IOP (CT-
80; Topcon Corporation, Tokyo, Japan), SE (KR-1; Topcon

Downloaded from iovs.arvojournals.org on 05/05/2021



Interocular Symmetry of CT Using Wide-Field SS-OCT IOVS | March 2021 | Vol. 62 | No. 3 | Article 5 | 3

TABLE 2. The Reproducibility of Choroidal Thickness Measure-
ments by Different Observers in Both Eyes

Right Eyes Left Eyes

Points ICC* CV ICC* CV

Nasal peripapillary area Nasal 1 0.938 5.22 0.953 4.94
Nasal 2 0.953 4.91 0.964 5.75
Nasal 3 0.954 4.87 0.919 6.00

Macular area Nasal 4 0.975 5.04 0.969 5.12
Nasal 5 0.987 3.13 0.928 5.91
Nasal 6 0.957 4.08 0.965 3.91
Subfovea 0.961 3.44 0.951 3.70
Temporal 1 0.976 3.03 0.969 3.60
Temporal 2 0.942 4.68 0.970 4.25
Temporal 3 0.945 3.98 0.952 3.46

Peripheral area Temporal 4 0.949 6.03 0.965 5.50
Temporal 5 0.963 5.23 0.928 4.52

* The P value < 0.05 in all ICC values.
ICC, interclass correlation coefficient; CV, coefficient of variation.

Corporation, Tokyo, Japan), and AL (IOL Master; Carl Zeiss
Meditec, Jena, Germany), as well as dilated fundus examina-
tions. SS-OCT (PLEX Elite 9000; Carl Zeiss Meditec, Dublin,
CA, USA) was performed to evaluate macular disease and
measure CTs.

This study included individuals with a BCVA of 20/20 or
better, all of whom had no medical history (e.g. diabetes
and hypertension) and no abnormal ocular findings at the
comprehensive examinations. Patients with SE < −6.0 D, AL
> 26.5 mm, anisometropia > 3.0 D, IOP > 21 mm Hg, chori-
oretinal disease, glaucoma, optic nerve disease, or previous
ocular surgery (including refractive surgery) were excluded.

Image Acquisition

The Zeiss PLEX Elite 9000 instrument is based on SS-OCT
and uses a swept-source tunable laser with a center wave-
length between 1040 nm and 1060 nm as a light source.
In addition, it has a speed of 100,000 A-scans/second and
provides an A-scan depth of 3.0 mm in tissue, an optical
axial resolution of 6.3 μm in tissue, a digital axial resolution
of 1.95 μm in tissue, and a transverse resolution of 20 μm
(depending on the beam size at the pupil).

The Zeiss PLEX Elite 9000 instrument offers a variety of
scan types; in this study, the HD spotlight 1 (16 mm, 10–
100×) scan was used. This scan generates a single, high-
definition scan with a depth of 3.0 mm, 100 B-scans, 1024
A-scans, and a length of 16 mm (adjustable to 4, 6, 9,
and 12 mm) anywhere on the fundus image. The examiner
can set the number of scan frames (scan repetitions) at 10
intervals from 10 to 100. In this study, the HD spotlight 1
scan (with a length of 16 mm and 100 scan frames [repeti-
tions]) was performed twice for all participants by an expe-
rienced examiner; the best scan with a signal strength ≥ 9
was selected for analysis. Results from individuals with an
OCT scan signal strength < 8 or with a scan artifact were
excluded.

CT Measurements

CT measurements were conducted in the manner described
in our previous study.35 In the HD spotlight 16-mm scan,
measurements were made at 12 points: 3 points at a distance
of 900 μm, 1800 μm, and 2700 μm from the Bruch’s
membrane opening of nasal optic disc margin (nasal points
3, 2, and 1, respectively; nasal peripapillary area), 1 point
at the subfovea, 6 points at a distance of 900 μm, 1800 μm,

FIGURE 2. Bland-Altman plots for the agreement of CT measurements between two different observers. The solid lines show the bias (mean
of interocular CT difference), upper and lower limits of agreement. The dotted lines represent the 95% confidence interval of the bias,
upper and lower limits of agreement. The values of mean bias, upper and lower limits of agreement are shown at the right end of solid
lines, respectively. There were no trends according to area or laterality, and the difference in CT measurements by two observers was not
significant. CT, choroidal thickness.
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TABLE 3. Comparison of Choroidal Thickness (CT) Measurements Between Right and Left Eyes at Each of 12 Points

CT, μm, Mean ± SD Measure of Symmetry

Point Right Eye Left Eye P- Value*
Interocular Correlation

(r) (All P < 0.01)
ICC (All

P < 0.001) CV

Nasal peripapillary area Nasal 1 243.63 ± 64.83 239.64 ± 69.19 0.675 0.685 0.812 12.50
Nasal 2 234.02 ± 64.23 220.59 ± 73.09 0.122 0.766 0.863 12.61
Nasal 3 200.09 ± 56.80 190.44 ± 65.50 0.290 0.665 0.794 15.62

Macular area Nasal 4 167.69 ± 62.30 171.86 ± 61.48 0.681 0.577 0.732 19.87
Nasal 5 227.17 ± 76.36 222.67 ± 68.25 0.533 0.850 0.916 10.82
Nasal 6 276.34 ± 81.37 261.59 ± 70.48 0.159 0.909 0.947 7.79
Subfovea 299.92 ± 70.87 295.94 ± 68.32 0.569 0.842 0.914 7.59
Temporal 1 297.13 ± 66.54 294.91 ± 68.08 0.647 0.919 0.958 5.37
Temporal 2 292.97 ± 62.61 288.69 ± 73.54 0.505 0.873 0.926 7.19
Temporal 3 309.44 ± 63.69 304.03 ± 59.59 0.549 0.667 0.799 10.23

Peripheral area Temporal 4 273.44 ± 73.58 294.00 ± 91.92 0.120 0.635 0.765 15.72
Temporal 5 249.06 ± 79.56 254.84 ± 62.80 0.646 0.530 0.680 16.17

* P value for CT measurements in the right and left eyes using the paired t-test.
SD, standard deviation; r, Pearson’s correlation coefficient; ICC, interclass correlation coefficient; CV, coefficient of variation.

and 2700 μm from the subfovea to the nasal and tempo-
ral areas (nasal point 6 and temporal point 1, nasal point 5
and temporal point 2, and nasal point 6 and temporal point
3, respectively; macular area), and 2 points at a distance of
2700 μm, and 5400 μm from the temporal point 3 (tempo-
ral points 4 and 5, respectively; peripheral area; Fig. 1). The
interval between one point and another point was defined
as the distance between two points on the hyper-reflective
line (corresponding to the RPE-Bruch’s membrane complex),
not the choroidoscleral junction. After drawing a line in the
tangential direction from the hyper-reflective line of each
point, the choroidal thickness was measured from the outer
portion of the hyper-reflective line to the inner surface of
the sclera, using a caliper and built-in review software.

All scans were measured by two investigators (authors
K.M.K. and Y.K.W.). Measurement reproducibility was eval-
uated using the coefficient of variation (CV) and intraclass
correlation coefficient (ICC); the mean value of two measure-
ments was used for analysis.

Statistical Analyses

IBM SPSS Statistics for Windows (version 23.0; IBM Corp.,
Armonk, NY, USA) was used to analyze all data. The paired
t-test was used to compare BCVA, SE, IOP, AL, and CTs
between the right and left eyes. Bland-Altman plots were
made to determine the reproducibility of CT measurement
by two different investigators, and to compare CT measure-
ments between the right and left eyes. Pearson’s correlation
coefficient (r), ICC, and CV values were obtained to deter-
mine the symmetry of CTs. The absolute values of difference
were used to compare differences in bilateral CT measure-
ments at the corresponding regions. One-way analysis of
variance (ANOVA) and Bonferroni correction were used to
compare interocular differences among the nasal peripapil-
lary, macular, and peripheral areas. Linear regression anal-
ysis was used to analyze relationships between interocu-
lar differences of CT and clinical factors in nasal peripap-
illary, macular, and peripheral areas. All values with interoc-
ular differences (e.g. SE, IOP, AL, and CT) were analyzed by
subtracting left-eye values from right-eye values. A value of
P < 0.05 was considered statistically significant.

RESULTS

Demographics

This study included 32 participants (19 men and 13 women)
with an average age of 27.75 ± 2.32 years. BCVA, SE, IOP,
and AL did not significantly differ between the right and left
eyes (all P > 0.05; Table 1).

Symmetry of Choroidal Thickness by Different
Points

CT measurements by two different investigators (authors
K.M.K. and Y.K.W.) all showed excellent reproducibil-
ity (all ICCs were >0.9 and all CVs were <10%;
Table 2, Fig. 2). Table 3 summarizes the mean values of bilat-
eral CT measurements and the interocular symmetry of CTs.
Average CT measurements of the right and left eyes in the
nasal peripapillary area (nasal points 1, 2, and 3), macular
area (nasal points 4, 5, and 6, subfovea, temporal points 1,
2, and 3), and peripheral area (temporal points 4 and 5)
showed no statistically significant differences (all P > 0.05).

In general, larger ICCs were associated with larger ICC
values and smaller CV values; the reverse relationship was
also observed. The ICCs of all points in the macular area
(except nasal 4 and temporal 3; r = 0.577 and 0.667, respec-
tively) were higher than those in the nasal peripapillary
area. In addition, the interocular correlation coefficients of
all points in the nasal peripapillary area were higher than
those in the peripheral area (Table 3, Fig. 3).

Differences in CT Measurements by Points and
Area

Table 4 shows the average absolute values of the CT
differences between both eyes measured at each of the
12 points. Similar to the results of symmetry, the mean values
of CT differences at all points in the macular area (except
nasal point 4 and temporal point 3) were smaller than those
in the nasal peripapillary area. Furthermore, the mean values
of CT differences were smaller at all points in the nasal peri-
papillary area than at all points in the peripheral area (Fig. 4).
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FIGURE 3. Bland-Altman plots show the agreement between interocular CT measurements in the nasal peripapillary (A), macular (B), and
peripheral (C) areas. The solid lines show the bias (mean of interocular CT difference), upper and lower limits of agreement. The dotted
lines represent the 95% confidence interval of the bias, upper and lower limits of agreement. The values of mean bias, upper and lower
limits of agreement are shown at the right end of solid lines, respectively. Interocular CT differences in the nasal peripapillary area A tended
to be larger than those in the macular area B, and smaller than those in the peripheral area C. CT, choroidal thickness.

TABLE 4. Differences in Choroidal Thickness Measurements (Using Absolute Value) Between Right and Left Eyes at Each of 12 Points

Differences in Choroidal Thicknesses, μm

Region Mean ± SD 95% CI

Nasal peripapillary area Nasal 1 41.02 ± 33.51 30.41–52.66
Nasal 2 39.05 ± 29.80 29.39–48.37
Nasal 3 41.94 ± 29.17 32.60–52.62

Macular area Nasal 4 43.27 ± 36.45 31.03–55.90
Nasal 5 32.65 ± 23.47 24.61–40.86
Nasal 6 28.53 ± 23.26 21.05–36.30
Subfovea 31.17 ± 23.43 23.25–38.86
Temporal 1 22.09 ± 15.49 17.31–27.50
Temporal 2 27.28 ± 23.22 20.47–35.00
Temporal 3 43.22 ± 25.39 34.99–52.11

Peripheral area Temporal 4 57.44 ± 48.07 42.81–74.29
Temporal 5 56.63 ± 43.98 40.80–69.48

SD, standard deviation; CI, confidence interval.

In the analysis stratified according to area, the mean
values of the absolute differences in CT increased
gradually in the macular, nasal peripapillary, and periph-
eral areas (32.60 ± 25.80 μm, 40.67 ± 30.58 μm, and 56.03
± 45.73 μm, respectively; all P < 0.001, 1-way ANOVA).
Bonferroni correction showed that the interocular absolute
CT differences were smallest in the macular area and largest
in the peripheral area (all P < 0.01; Table 5).

Clinical Factors Affecting Differences in
Interocular CT According to Area

Simple linear regression analysis was performed to analyze
the relationships of relative interocular differences (right
eyes - left eyes) of CTs in the three different areas (nasal
peripapillary, macular, and peripheral areas) with other clin-
ical factors (e.g. age, sex, SE, IOP, and AL; Table 6). BCVA
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FIGURE 4. Box plot of absolute interocular differences in CTs according to region. The upper whisker is 75th percentile plus 1.5 times
interquartile range, and the lower whisker is 25th percentile minus 1.5 times interquartile range. The outliers are determined to be outside
the upper and lower whiskers. CT differences are generally greater in the nasal peripapillary and peripheral areas than in the macular areas.
CT, choroidal thickness; Circles, outliers.

TABLE 5. Comparison of Interocular Differences in Nasal Peripapillary, Macular, and Peripheral Areas

Region Statistical Significance

Nasal Peripapillary Area Macular Area Peripheral Area P Value* P Value†

Differences in CT (μm) Mean ± SD 40.67 ± 30.58 32.60 ± 25.80 56.03 ± 45.73 <0.001 all <0.01
95% CI 34.47–46.86 29.20–36.00 44.61–67.45

* P value by one-way analysis of variance among three groups (nasal peripapillary area, macular area, peripheral area).
† P value by Bonferroni correction.
CT, choroidal thickness; SD, standard deviation; CI, confidence interval.

was excluded from the analysis because the BCVA logarithm
of the minimum angle of resolution was ≤ 0 in all patients
included in this study. In terms of macular area, interocular
CT differences showed only a significant negative correlation
with interocular AL differences (β ± SD = −24.653 ± 8.973
μm/mm, P = 0.010), which indirectly indicated that CT and
AL were inversely proportional. SE tended to show a weak
positive correlation difference, but this was not statistically
significant (β ± SD = 8.382 ± 4.402 μm/mm, P = 0.067). In
the nasal peripapillary and peripheral areas, the difference
in CT was not significantly related to any clinical factors (all
P > 0.10).

DISCUSSION

In this study, bilateral CTs were measured in the macular,
nasal peripapillary, and peripheral areas using wide-field
SS-OCT; the thicknesses, symmetries, and differences were
analyzed at several points. The degree of symmetry was
generally high in the macular areas and low in the nasal
peripapillary and peripheral areas. Based on the results of
symmetry, interocular differences of CTs were inferred to be
small in the macular areas and greater in the nasal peripap-
illary and peripheral areas.

Several studies showed that foveal and parafoveal CTs
were thicker in right eyes than in left eyes.29,30,33,34 Ruiz-
Medrano et al.34 explained that this phenomenon occurred

as a result of blood flow variation due to anatomic differ-
ences in the right and left carotid arteries. Conversely, a few
reports found the CT of the macula was thicker in left eyes
than in right eyes.13,31 The discrepancies among these stud-
ies are presumably related to various factors that can influ-
ence CT, such as inaccurate measurement, patient demo-
graphics (e.g. sex, age, AL, and SE), diurnal variation, and
IOP.

Despite the various differences in CTs reported in each
paper, most studies13,29–32 indicated that interocular CTs
measured in the foveal and parafoveal areas showed over-
all high correlation coefficients or ICC values (r > 0.8, ICC
>0.9). In our study, CTs showed relatively high agreement (r
> 0.8, ICC >0.9) at the subfoveal, nasal 5, nasal 6, temporal
1, and temporal 2 points, corresponding to the center and
inner ring (3-mm diameter centered on the fovea) of the
Early Treatment Diabetic Retinopathy Study (ETDRS) map.
However, CTs showed relatively low agreement at the nasal
4 and temporal 3 points (r = 0.577 and 0.667, respectively),
corresponding to the outer ring of the ETDRS map, which
differed from the findings in previous reports. In the study
by Chen et al.,30 the correlation coefficient of CT in the
temporal area 3 mm from the fovea was 0.490, which was
lower than the correlation coefficient of the temporal 3 point
(at 2700 μm from the subfovea) in our study. In addition,
other reports36,37 have mentioned the possibility of peripap-
illary CT variability, which could result from the presence of
watershed zones primarily near the optic disc.38 Therefore,
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TABLE 6. Simple Regression Analysis Comparing Relationships of Clinical Factors With Mean Values of Interocular Differences in CTs,
Stratified According to Area

Simple Regression Analysis, β ± SD

Area Nasal Peripapillary Area P Value Macular Area P Value Peripheral Area P Value

Age 1.913 ± 3.713 0.611 −0.424 ± 2.206 0.849 0.633 ± 4.798 0.896
Sex (M = 0, F = 1)* 9.509 ± 16.123 0.560 −1.880± 8.389 0.824 −28.601 ± 18.598 0.135
Interocular difference

Intraocular pressure −3.729 ± 5.865 0.530 3.923 ± 2.927 0.197 3.180 ± 7.010 0.653
Spherical equivalent −0.128 ± 9.002 0.989 8.382 ± 4.402 0.067 −5.825 ± 10.670 0.589
Axial length 15.001 ± 19.194 0.441 −24.653 ± 8.973 0.010 20.333 ± 22.795 0.380

All values with interocular differences such as spherical equivalent, intraocular pressure, axial length, and CT were analyzed by subtracting
left-eye values from right-eye values.

* Dummy variables for performing regression analysis (19 M and 13 F included in the analysis).
CT, choroidal thickness; SD, standard deviation.

the nasal 4 point showed a very low correlation coefficient
compared to the nasal 5 point, which could be attributed
to a large variability in CTs due to the watershed zone. The
low correlation coefficient of the nasal point 3, compared to
nasal point 1 and nasal point 2 within the nasal peripapillary
area, may have a similar cause.

To measure the CTs of the nasal peripapillary and periph-
eral areas, wide-field imaging is required, rather than the
modality commonly used in OCT. Several studies have
measured peripheral choroidal CTs using wide-field imag-
ing.35–37,39,40 However, it is difficult to compare CTs with
other studies of nasal peripapillary and peripheral areas
because CTs were measured at different locations, based
on methodological differences. Furthermore, most previ-
ous studies included analyses of interindividual variation or
topographically intraindividual variation, rather than inte-
rocular comparison.36,37,40 To the best of our knowledge,
this is the first study to investigate the interocular symmetry
and differences of CTs in the nasal peripapillary and periph-
eral areas. In this study, the correlation coefficients of CT in
the nasal peripapillary and peripheral areas were lower than
the correlation coefficient of the macular area (except nasal
point 4 and temporal point 3), which objectively demon-
strated that the symmetry of the nasal peripapillary and
peripheral areas is generally lower than the symmetry of
the macular area.

Choroid plays an important role in oxygen supply, and
most of the supplied oxygen is consumed by the photore-
ceptor.41 Typically, cone cells have the highest density in
macular area, and rod cells are mainly in nasal peripapillary
and peripheral areas.42 Assuming that choroidal thickness is
associated with oxygen consumption, it can be considered
that the interocular symmetry of oxygen consumption in the
macular area is greater than that of the nasal peripapillary
and peripheral areas. Here, we thought that the distribution
of cone cells in the macular area may have a greater inte-
rocular symmetry than that of rod cells in the nasal peri-
papillary and peripheral areas. To date, there have been
several studies on the interindividual (person to person)
variability of cone and rod cell distribution,42,43 but there
were no studies on intra-individual (interocular) variability.
Further study on this will be very interesting. In addition,
in our previous study,35 CT measurements were compared
between pachychoroid and normochoroid eyes, using wide-
field SS-OCT. Those findings showed that even in normo-
choroid eyes, pachyvessels were sometimes present in the
nasal peripapillary and peripheral areas, which influenced
CTs. We presume that this may explain the greater interoc-

ular variations (i.e. asymmetries) of the nasal peripapillary
and peripheral areas, compared to the macular area.

CT can be affected by various causes, such as age,16 sex,17

SE,18 AL,19,20 IOP,21 diurnal variation,44 and mean arterial
pressure.12 In this study, we also analyzed the relationships
of interocular differences of CT with other clinical factors. In
the macular area, the interocular CT and AL differences had a
significant negative correlation, indicating that the choroid
in the macular area becomes thinner as the AL increases,
and thicker as the AL decreases. However, in the nasal peri-
papillary and peripheral areas, there were no significant
differences between interocular CTs and ALs. Hoseini-Yazdi
et al.37 analyzed CTs of the macular and extramacular regions
in myopic and emmetropic eyes using wide-field EDI-OCT
imaging. They reported that CT and AL showed significant
negative correlations in macular regions, but no significant
relationships in extramacular areas. This finding suggests
that AL may have a more important effect on CT in the macu-
lar area than in the peripheral area, which is consistent with
the results of our study.

Because SE is generally considered to be highly relevant
to AL, SE was expected to have a tendency similar to that
of AL described above; however, the interocular CT and SE
differences tended to show strong trends (P = 0.067) in our
study. In general, SE is reported to be influenced by factors
such as corneal curvature45 or anterior chamber depth,46 as
well as AL. This may be an important reason for the slightly
different results of AL.

Age, sex, and IOP also showed no relationships with inte-
rocular CT differences. This is the first study to report rela-
tionships of age, sex, and IOP with nasal peripapillary and
peripheral CTs. However, only young adults were included
in our study, and the age range was narrow (25–35 years;
mean age = 27.8 years), which limits the generalizabil-
ity of the findings. Age is known to be related to CT and
further research is needed in this regard, including detailed
subgroup analysis.

There were some other limitations in this study. First,
CTs were measured manually, which may have led to inac-
curate measurements. However, ICC and CV values by the
two investigators showed good reproducibility, which might
have minimized this problem. Analysis of CT values from
automatic measurement software might be useful. Second,
the differences in retinal image magnification caused by
differences in AL were not considered. AL can affect the
transverse scale of the retinal image.47 Therefore, if the AL of
both eyes is different, there is a possibility that each point in
the right and left eyes may not be at the same location, and
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this may result in measurement error. Further studies using
correctly scaled OCT images are needed for this point. Third,
because the measured values at each location are related to
each other, and both eyes are not independent, the paired
t-test and absolute difference between the two eyes were
used for analysis. Nevertheless, the nonindependency of the
measured values may have affected the statistical power.
Fourth, vertical SS-OCT scans, including superior and infe-
rior areas, were not included in this study. Finally, we did not
analyze other factors, such as mean arterial pressure and
diurnal variation, which may affect CT. However, bilateral
SS-OCT scans were acquired within 5 minutes. Therefore,
we thought that the influence of CTs by mean arterial pres-
sure and diurnal variation could be minimized. Despite these
limitations, our study is the first to compare the symmetries
and thicknesses of the choroid in the macular, nasal peripap-
illary, and peripheral areas. In addition, wide-field SS-OCT
enabled the images to be captured over a wide range of 16
mm, simultaneously without time lag, thus minimizing errors
caused by time differences. Moreover, better image quality
and precise CT measurements were obtained in this study,
compared to other studies using SD-OCT or EDI-OCT. This
study clearly demonstrated that interocular CT variation may
be present in the nasal peripapillary and peripheral areas.

In conclusion, interocular CTs generally showed signifi-
cant symmetries, although there were differences in degree
depending on the area. In addition, analysis of the asso-
ciation between interocular CT differences and other clin-
ical factors revealed that only interocular CT and AL differ-
ences in the macular area showed meaningful results. This
suggests that the interocular CT difference in the nasal
peripapillary and peripheral areas is due to anatomic vari-
ation alone, rather than other clinical factors. Physicians
should be aware of the possibility of interocular CT differ-
ences depending on the area; when a patient exhibits a
CT difference beyond the normal limit, it is important to
perform detailed examinations to identify any factors or
other ophthalmic diseases that might affect CT.
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