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Measurement of Choroidal Thickness in Normal Eyes Using
3D OCT-1000 Spectral Domain Optical Coherence Tomography

Joong Won Shin, Yong Un Shin, Hee Yoon Cho, Byung Ro Lee
Department of Ophthalmology, Hanyang University College of Medicine, Seoul, Korea

Purpose: To study choroidal thickness and its topographic profile in normal eyes using 3D OCT-1000 spectral
domain optical coherence tomography and the correlation with age and refractive error.

Methods: Fifty-seven eyes (45 individuals) with no visual complaints or ocular disease underwent horizontal
and vertical line scanning using 3D OCT-1000. The definition of choroidal thickness was the vertical distance
between the posterior edge of the hyper-reflective retinal pigment epithelium and the choroid/sclera junction.
Choroidal thickness was measured in the subfoveal area at 500 pm intervals from the fovea to 2,500 pm in
the nasal, temporal, superior, and inferior regions. The spherical equivalent refractive error was measured by
autorefractometry. Statistical analysis was used to confirm the correlations of choroidal thickness with age
and refraction error.

Results: The mean age of the 45 participants (57 eyes) was 45.28 years. Detailed visualization of the choroid
for measuring its thickness was possible in 63.3% of eyes. The mean subfoveal choroidal thickness was
found to be 270.8 pm (standard deviation [SD], +51 pm), in horizontal scanning and 275.0 ym (SD, +49 pym) in
vertical scanning. The temporal choroidal thickness was greater than any 500 pm interval in corresponding
locations, and there was no significant difference between the superior and inferior choroid as far as 2,000
pm from the fovea. Age and refractive error were associated with subfoveal choroidal thickness in terms of

regression (p < 0.05).

Conclusions: Choroidal thickness in normal Korean eyes can be measured using 3D OCT-1000 with high reso-
lution line scanning. The topographical profile of choroidal thickness varies depending on its location. Age and
refractive error are essential factors for interpretation of choroidal thickness.
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The choroid is the connective tissue-containing vascular
layer between the retina and the sclera that provides oxy-
gen and nourishment to the outer retina. It is associated
with the pathophysiology of many diseases affecting the
retina, such as age-related macular degeneration, polyp-
oidal choroidal vasculopathy, central serous chorioreti-
nopathy, and high myopia-related chorioretinal atrophies
[1]. Because choroidal change has a major role in the
development and progression of these diseases, choroidal
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thickness, which reflects choroidal change, provides useful
information to clinicians.

Adequate measurement of choroidal thickness using
spectral domain optical coherence tomography (SD-OCT)
is possible by introduction of an enhanced depth imaging
technique and by averaging several B-scan signals from
the same position [2,3]. Using a long-wavelength light
source is another approach to visualize the posterior cho-
roid and sclera [1,4]. Recent studies in a healthy population
report a range of choroidal thickness from 270 to 350 pum.
A negative correlation between choroidal thickness and
age was previously reported [1-3,5]. Choroidal thinning is
prominent in highly myopic eyes, and refractive error af-
fects choroidal thickness [6].

Previous studies of normal choroidal thickness profiles
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utilized Heidelberg Spectralis OCT (Heidelberg Engineer-
ing, Heidelberg, Germany), Cirrus HD-OCT (Carl Zeiss
Meditec Inc., Dublin, CA, USA), or high-penctration OCT
with long-wavelength (prototype). Moreover, normal cho-
roidal thickness was usually reported in Western popula-
tions [2-5]. 3D OCT-1000 (Topcon, Tokyo, Japan) is another
commercially available SD-OCT that supports ‘choroid
mode’ optimized for choroidal and scleral imaging. How-
ever, the choroidal visualization ability of 3D OCT-1000
has not been reported. We therefore investigated the cho-
roidal thickness profile based on location using 3D OCT-
1000 in healthy Korean individuals and its correlations
with age and refractive error.

Materials and Methods

Fifty-seven eyes of 45 healthy volunteers with no visual
complaints or history of ocular disease and who visited
the healthcare clinic of Hanyang University Hospital from
March 2010 to August 2010 underwent high resolution 6
mm single line scanning using 3D OCT-1000, and spheri-
cal equivalent refractive error was measured by autore-
fractometer (KW-1500; Kowa, Tokyo, Japan). High myopic
and hyperopic refractive errors greater than -6.0 or +6.0
diopters were excluded from this study. Also, any retinal
or choroidal abnormalities in SD-OCT scans were ex-
cluded. This study adhered to the tenets of the Declaration
of Helsinki, and informed consent was obtained from the
participants before participation in the study.

A 3D OCT-1000 Mark IT (Topcon) with an 840 nm wave-
length light source, 5-um axial image resolution, and a
speed of 27,000 A-scans per second was used for obtaining
detailed choroidal images. The 6 mm single line scan was
captured 50 times in the same position using eye tracking
technology, then the software generated a high resolution
averaged image of the 50 B-scans. These images were cap-
tured using ‘choroid mode,” which provided a fine focus for
the choroidal structure by adjusting the mirror position.
For better visualization of choroidal details, the device was
positioned close to the eye to produce an inverted image.
Using this technique, the zero-delay line with the highest
sensitivity was closer to the choroid, and more accurate
image acquisition was possible in comparison with those
of conventional methods (Fig. 1).

The definition of choroidal thickness was the vertical
distance between the posterior edge of the hyper-reflective
retinal pigment epithelium and the choroid/sclera junction.
Two well-trained observers manually measured the choroi-
dal thickness using a built-in caliper in the OCT software.
Choroidal thickness was measured at the fovea and in 500
pum intervals from the fovea to a distance of 2,500 pm in
the temporal, nasal, superior, and inferior regions. The
average value of choroidal thickness obtained by the two
observers was used for analysis.
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Fig. 1. Choroidal B-scan image without averaging in the conven-
tional method shows an obscure choroid/sclera junction (A). Av-
eraging of 50 B-scan images on choroidal mode improves choroi-
dal visualization, but a partially unclear choroid/sclera junction
image is produced (B). The device was pushed closely to the eye
to obtain an inverted image. Using this technique, the zero-delay
line that had highest sensitivity was closer to the choroid, and
more accurate image acquisition was possible (compare arrows)

©).

The paired ¢-test was used to compare choroidal thick-
ness at each location. The correlations with age and re-
fractive error were calculated by univariate and multiple
regression analyses. A p-value 0.05 or less was considered
statistically significant. All statistics were calculated using
SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA).

Results

Twenty men and 25 women (57 eyes) having a mean age
of 45.28 + 14.8 years (range, 23 to 80 years) participated
in this study. The mean refractive error was -1.34 £ 2.1 D
(range, -6.0 to +3.0 D). Reliable measurements of choroidal
thickness were obtainable in 63.3% of the examined eyes
(57 of 90 eyes). In 33 eyes, an obscured margin between the
choroid and sclera made accurate delineation impossible.
There was strong inter-observer correlation in the manual
measurement of choroidal thickness (r = 0.92, p < 0.001).

Mean subfoveal choroidal thickness was 270.82 + 51.4
pum (range, 161 to 383 um) horizontally and 275.04 + 48.7
pm (range, 161 to 380 pum) vertically. There was no sta-
tistically significant difference between horizontal and
vertical subfoveal choroidal thickness (paired #-test, p =
0.131) (Fig. 2). The mean choroidal thickness at each loca-
tion is shown in Table 1, and subfoveal choroidal thickness
was significantly greater than any other locations (p <



0.05, respectively). The temporal choroid was significantly
thicker than the nasal choroid at all 500 um intervals and
corresponding locations (p < 0.05, respectively), and there
was no difference in thickness between the superior and
inferior choroid, except at the location 2,500 um from the
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Fig. 2. Mean choroidal thickness at each of 22 locations in
healthy Korean individuals. Subfoveal choroidal thickness is
significantly greater than any other locations (paired #-test, p <
0.05, respectively). There is no statistically significant difference
between horizontal and vertical subfoveal choroidal thickness
(paired #-test, p = 0.131). S = superior; I = inferior; N = nasal; T =
temporal.
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Fig. 3. (A) Temporal choroid is thicker at any corresponding lo-
cation than the nasal choroid in horizontal scan (paired #-test, p
< 0.05, respectively). (B) Superior choroid at 2,500 um from the
fovea is thicker than the inferior choroid (paired #-test, p < 0.05),
and there is no difference in the vertical scan. p < 0.05. S = supe-
rior; I = inferior; N = nasal; T = temporal.
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fovea (Fig. 3).

In this study, refractive error was significantly correlated
with subfoveal choroidal thickness upon simple linear re-
gression (p = 0.046, R* = 0.101) (Fig. 4). Age was negatively
correlated with choroidal thickness in previous studies, but
our study showed that age was not a factor independently
related to choroidal thickness (p = 0.688) (Fig. 5). By con-
sidering the influence of refractive error, age was related
to choroidal thickness upon multiple regression analysis
(p = 0.015, R* = 0.202). Regression analysis showed that
choroidal thickness decreased 1.31 pm for each year of age
and increased 13.62 um for each diopter of refractive error
(Table 2).

Table 1. Mean choroidal thickness profile in 500 pm intervals
Mean CT Difference from

Location from

fovea (mm) (um) subfoveal CT P Rl
Horizontal scan
Temporal (2.5) 156.46 114.36 <0.001
Temporal (2.0) 183.81 87.01 <0.001
Temporal (1.5) 209.56 61.26 <0.001
Temporal (1.0) 232.09 38.73 <0.001
Temporal (0.5) 250.33 20.49 <0.001
Fovea 270.82
Nasal (0.5) 256.00 14.82 <0.001
Nasal (1.0) 241.23 29.59 <0.001
Nasal (1.5) 228.25 42.57 <0.001
Nasal (2.0) 213.35 57.47 <0.001
Nasal (2.5) 200.49 70.33 <0.001
Vertical scan

Superior (2.5) 217.42 57.62 <0.001
Superior (2.0) 226.68 48.36 <0.001
Superior (1.5) 238.37 36.67 <0.001
Superior (1.0) 246.68 28.36 <0.001
Superior (0.5) 257.21 17.83 <0.001
Fovea 275.04
Inferior (0.5) 257.58 17.46 <0.001
Inferior (1.0) 245.21 29.83 <0.001
Inferior (1.5) 233.70 41.34 <0.001
Inferior (2.0) 221.95 53.09 <0.001
Inferior (2.5) 206.77 68.27 <0.001

CT = choroidal thickness.

Table 2. Multiple regression analysis for subfoveal choroidal
thickness with regard to age and refractive error

Factor Coefficient p-value Beta
Intercept 341.584 <0.001 -
Age -1.306 0.037 -0.404
Refractive error 13.621 0.004 0.567
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Fig. 4. Relationship between refractive error and subfoveal cho-
roidal thickness. The plot shows a significant positive correlation
in simple linear regression analysis (p = 0.046, y = 7.62x + 274.13,
R*=0.101). D = diopters.
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Fig. 5. Relationship between age and subfoveal choroidal thick-
ness. Age is not related to choroidal thickness in simple linear
regression (p = 0.688, y = -0.188x + 279.35, R* = 0.003). Age is
negatively correlated with choroidal thickness in multiple linear
regression (p = 0.015, y = 341.584 - 1.306x, + 13.621x,, R* = 0.202).

Discussion

Previous choroidal thickness measurement research was
based on Cirrus and Heidelberg OCT devices or prototype
long wavelength HP-OCT. We studied choroid features us-
ing another commercially available spectral-domain OCT
device, a Topcon 3D OCT-1000. The choroid and sclera are
normally difficult to detect with commercially available
OCT instruments using a shorter wavelength of approxi-
mately 840 nm. For better visualization of these structures,
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we applied an image averaging technique using choroid
mode and an inverted image that is closer to the zero delay
line. Detailed choroidal and scleral visualization was pos-
sible in 63.3% of examined eyes. Manjunath et al. [4] re-
ported that reliable choroidal thickness measurement was
possible in 74% of patients. The results of choroidal thick-
ness profile indicated that the choroid was thicker at the
fovea than at nasal, temporal, superior, and inferior loca-
tions. The mean subfoveal thickness was 270.82 pm on the
horizontal scan and 275.04 um on the vertical scan, which
are similar findings to the 272 pm reported by Manjunath
et al. [4], 287 um by Margolis and Spaide [3], and 354 um
by Ikuno et al. [1]. In our study, superior choroidal thick-
ness had no difference with that of the inferior choroid;
however, a previous study showed the inferior choroid to
be thinner than the superior choroid [1]. Differences among
these studies might be due to individual variation in device
characteristics such as wavelength, eye tracking method,
and averaging software or to differences of participant
profiles such as ethnicity, age, and refractive error.

The choroid has a rich vascular layer, the thickness of
which is affected by blood flow, perfusion pressure, and
intraocular pressure [7]. With aging, physiological func-
tions of the choroid decrease, and histological evaluation
shows decrement in the vascular density, overall luminal
area, and diameter of the choriocapillary vessels [8-10].
Choroidal thickness decreases 1.1 um per year according to
a study using cadaver eyes [8], and we found a similar 1.31
um reduction in choroidal thickness for each year of age
using multiple regression analysis. A recent in vivo study
using SD-OCT showed similar results of choroidal thick-
ness reduction (1.4 to 1.56 um per year) [1,3]. Because the
choroid is rich in vascular tissue, in vivo imaging can more
accurately reflect the actual status of the choroid with ag-
ing.

In highly myopic eyes, the choroid is three times thin-
ner than that in normal eyes, and refractive error has a
great impact on choroidal thinning in terms of regression
[1,6]. Ikuno et al. [1] found a 9.3 um increment of choroidal
thickness per diopter of refractive change. We also found
a correlation between choroidal thickness and refractive
error in multiple regression analysis (13.6 um/D). Although
both age and refractive error affected choroidal thickness,
age was not correlated to choroidal thickness in univari-
ate regression analysis (p = 0.688). Refractive error had a
greater explanatory power on choroidal thickness change
than did age (beta, 0.567 vs. -0.404).

Functional and structural changes of the choroid are as-
sociated with many retinal diseases and result in increas-
ing or decreasing choroidal thickness. Recently, in vivo
choroidal thickness measurement was applied to central
serous chorioretinopathy [11,12], age-related macular de-
generation with pigment epithelial detachment [13], age-
related choroidal atrophy [14], highly myopic eyes [6,15],



and idiopathic macular hole [16] as a noninvasive method
to monitor response to therapy or progression of disease
in Western populations. However, there are no comparable
normative data available in the Korean population. It is
worthwhile to understand the normal choroidal thickness
profile for accurate and reliable monitoring of choroid
change.

The limitation of this study is the use of a relatively
short 840 nm wavelength that cannot visualize the choroid
in the presence of thick pigmented retinal pigment epi-
thelium or lens opacity. Despite averaging using choroid
mode, choroidal thickness measurement is not always pos-
sible. Another limitation is that the distributions of age and
refractive error did not exactly reflect those of a normal
population because the participants were a small group of
volunteers. It is also difficult to directly compare the pres-
ent results with those of other studies due to difference
of participant profiles. Therefore, further research will
be needed to investigate various ocular factors or retinal
diseases and their effects on choroidal thickness in a well
distributed large group study.

In our study, choroidal thickness measurement in
healthy Koreans using Topcon 3D OCT-1000 was possible
in most cases. The topographical profile of choroidal thick-
ness varies depending on location. Aging and myopic shift
are critical factors for interpretation of choroidal thickness,
and refractive error has a major impact. Our results have
some similarities and differences compared to previous
studies and show the choroidal thickness measuring ability
of 3D OCT-1000.
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