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Advances in spectral domain optical coherence tomog-
raphy (SD-OCT) and enhanced depth-imaging techniques 
have allowed for measurement of the deep layers of the 
retina and choroid [1]. Recently, some studies have been 
published regarding the configuration of choroidal thick-
ness on the macula and the peripapillary area of normal 
controls, as well as those of patients with various macular 
and optic disc diseases [1-6]. However, the method used to 
measure choroidal thickness has varied among studies and 
could be dependent on the observers and the location of 
the scans used to measure choroidal thickness. 

In previous optical coherence tomography (OCT) stud-

ies, line scanning was used to investigate choroidal thick-
ness around the optic disc [4,5]. In these studies, choroidal 
thickness was determined between two boundaries set by 
the observers. Although they found excellent inter-observ-
er agreement for the measurements, variations between 
observers were still present. Choroidal thickness was de-
termined at a specific point on the line scans of the optic 
disc, rather than the entire line scan. More time and effort 
may be needed to manually measure the thickness of the 
entire area of the line scan. They topographically related 
choroidal thickness with those of the overlying retina or 
retinal nerve fiber layer (RNFL). While a relationship be-
tween choroidal thickness and overlying RNFL thickness 
was found, the comparison was not based on the normative 
database of peripapillary RNFL thickness. 

In contrast to measurements taken from line scans of the 
optic disc, measurement of peripapillary RNFL thickness 
by OCT circle scan has been widely used for the diagnosis 
and monitoring of optic disc disorders, such as glaucoma 
and anterior ischemic optic neuropathy [7-10]. The circle 
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Purpose: To evaluate a simplified method to measure peripapillary choroidal thickness using commercially 
available, three-dimensional optical coherence tomography (3D-OCT). 

Methods: 3D-OCT images of normal eyes were consecutively obtained from the 3D-OCT database of 
Korea University Medical Center On the peripapillary images for retinal nerve fiber layer (RNFL) analysis, 
choroidal thickness was measured by adjusting the segmentation line for the retinal pigment epithelium to the 
chorioscleral junction using the modification tool built into the 3D-OCT image viewer program. Variations of 
choroidal thickness at 12 sectors of the peripapillary area were evaluated.

Results: We were able to measure the peripapillary choroidal thickness in 40 eyes of our 40 participants, who 
had a mean age of 41.2 years (range, 15 to 84 years). Choroidal thickness measurements had strong inter-
observer correlation at each sector (r = 0.901 to 0.991, p < 0.001). The mean choroidal thickness was 191 ± 
62 μm. Choroidal thickness was greatest at the temporal quadrant (mean ± SD, 210 ± 78 μm), followed by the 
superior (202 ± 66 μm), nasal (187 ± 64 μm), and inferior quadrants (152 ± 59 μm). 

Conclusions: The measurement of choroidal thickness on peripapillary circle scan images for RNFL analysis 
using the 3D-OCT viewing program was highly reliable and efficient.
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scan mode of current SD-OCT systems provides automatic 
retinal and RNFL thickness information at 12 sectors 
around the optic disc. The OCT viewer program provides 
a normative database for peripapillary RNFL thickness. 
Measurement of choroidal thickness by circle scan for 
RNFL thickness could be useful to investigate the relation-
ship between choroidal thickness and the overlying RNFL 
thickness. 

In the current SD-OCT scanning protocol for peripap-
illary circle scans, each image is scanned several times 
and averaged to improve the signal-to-noise ratio. In the 
averaged circle scan image, the choroid could be better 
delineated than in those images obtained without averag-
ing. In the current study, we evaluated the method used to 
measure choroidal thickness on peripapillary images for 
RNFL analysis using an OCT viewer program.

 

Materials and Methods
The institutional review board at Korea University ap-

proved our study protocol. This study followed the tenets 
of the Declaration of Helsinki. Study cases were consecu-
tively collected from a database of three-dimensional OCT 
(3D-OCT; 3D-OCT 1000 Mark II, software ver. 4.21, Top-
con, Tokyo, Japan) images obtained at Korea University 
Medical Center in 2010. We excluded eyes with refractive 
errors greater than -/+ 3.0 diopters (D) spherical equivalent, 
as well as any retinal, choroidal, or optic nerve head (ONH) 
pathology or patients with a history of intraocular surgery. 
We also excluded eyes whose peripapillar atropy involved 
the OCT scanning ring or whose peripapillary RNFL 
thickness was outside 95% of the 3D-OCT age-matched 
normative database. The 3D-OCT used in the current 
study was an SD-OCT device with a wavelength of 840 
nm, a horizontal resolution of ≤20 μm, and an axial reso-
lution of up to 5 μm. Its imaging speed was 27,000 axial 
scans per second. This device, which includes a camera for 
color fundus photography, is programmed to automatically 
capture a color image of the fundus just after obtaining 
the OCT images. We selected 3D-OCT circle scan images 
used to capture RNFL images in a 3.4-mm zone around 
the optic disc. Each circle scan consisted of 1024 A-scans. 
Each image was scanned four times, and these scans were 
averaged to improve the signal-to-noise ratio. We excluded 
images with a Q-factor of less than 45, as suggested by the 
manufacturer, for image quality assurance.

Choroidal thickness measurements

The circle scan mode of 3D-OCT automatically provides 
two parameters of tissue thickness at 12 sectors around 
an optic disc: RNFL thickness and retinal thickness. The 
thickness at each sector represents the mean thickness 
of the layer(s) within each sector. Retinal thickness was 

determined between the segmentation lines for the in-
ternal limiting membrane (ILM) and the retinal pigment 
epithelium (RPE). Next, the segmentation line, which is 
set automatically for the RPE, was modified to the cho-
rioscleral junction by two independent observers (JO and 
CMY) using the modification tool built into the 3D-OCT 
image viewer program. In this manner, the chorioretinal 
thickness between the ILM and chorioscleral junction was 
obtained (Fig. 1). The chorioscleral junction was defined 
as a hyperreflective line between the large vessel layer of 
the choroid and the sclera. In cases where there was no 
clear chorioscleral junction boundary, observers used the 
signal-and-noise modulation tool built into the viewer sys-
tem. Even with signal modulation, the posterior choroid 
was marked as a smooth line joining the outer limits of 
the large choroidal vascular space in the poor images. The 
choroidal thickness was defined as the thickness between 
the segmentation lines for RPE and for the chorioscleral 
junction, and was calculated by subtracting the retinal 
thickness from the chorioretinal thickness. 

Statistical methods

Intraclass correlation coefficients were calculated to 
evaluate inter-observer reliability for the measurement of 
chorioretinal thickness, and they were considered to be 
strong if the correlation coefficient was greater than 0.9. 
A paired t-test was used to analyze differences between 
means in chorioretinal thickness by sector. Multiple linear 
regression analysis was performed to obtain covariate-
adjusted partial correlation coeff icients among three 
thickness parameters. We also conducted multivariate re-
gression analyses for choroidal thickness, age, gender, and 
refractive error; p-values less than 0.05 were considered 
statistically significant. All statistical analyses were per-
formed using the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, 
USA).

Results
Forty images from 40 eyes of 40 participants (32 males, 

8 females) were included in our analysis. The mean age 
of the participants was 41.2 years (SD, ± 20.6 years). The 
mean refractive error was -0.4 D (SD, ± 1.1 D). Reliable 
measurements were obtained in all eyes in our dataset. 
Choroidal thickness measurements had strong inter-
observer correlation at all 12 sectors (r = 0.907 to 0.982, 
p < 0.001). The mean difference in the choroidal thickness 
measurements between the two observers at each sector 
showed no statistical significance (Table 1).

The mean average choroidal thickness was 191 ± 62 μm. 
Choroidal thickness was greatest at the temporal area (mean 
± SD, 210 ± 78 μm), followed by the superior (202 ± 66 μm), 
nasal (187 ± 64 μm), and inferior areas (152 ± 59 μm) 
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(Table 2). In Fig. 2, each centered value was obtained by 
subtraction of the overall mean within 12 sectors from the 
choroidal, retinal, and RNRL thickness measured at each 
sector. Centered values of choroidal thickness were greater 
than zero in some sectors (1 to 6, 12) but less than zero in 
the other sectors. The minimum value was noted in the 
inferior region (6), and the maximum value was located in 
the temporal region (9). In contrast, the values of retinal 
and RNFL thickness centered around the optic disc were 
greater in the superior and inferior regions. 

We evaluated partial correlation coefficients between the 
means of each thickness from multiple linear regression 
analysis, adjusting for the effects of age, sex, and refractive 
error. The partial correlation coefficient between choroidal 
and retinal thickness was 0.36 (p = 0.047). The same value 
was 0.77 (p < 0.001) between RNFL thickness and retinal 

thickness. However, this coefficient was not significant be-
tween choroidal and RNFL thickness. 

Multivariate regression analyses that included age, gen-
der and refractive error showed that choroidal thickness 
values were correlated with age (p < 0.001) and decreased 
an average of 1.97 μm for each year of age (choroidal 
thickness [μm] = 272 - 1.97 × age; confidence interval for 
annual decrease, -2.724 to -1.214). Retinal thickness was 
correlated with age (p < 0.001) and refractive error (p = 
0.033), decreasing 0.70 μm for each year of age (retinal 
thickness [μm] = 290 - 0.70 × age + 4.6 × refractive error; 
confidence interval for annual decrease, -0.921 to -0.486).

Fig. 1. Measurement of choroidal thickness on peripapillary circle scan images of three-dimensional optical coherence tomography 
(3DOCT) used to capture retinal nerve fiber layer images using the Topcon 3D-OCT viewer program. The segmentation line, which was
automatically set for retinal pigment epithelium (RPE, A), was modified to the chorioscleral junction (B). The choroidal thickness was 
calculated by subtracting the retinal thickness (top right) from the chorioretinal thickness (bottom right). The peripapillary choroidal 
thickness was the greatest in the temporal quadrant (9), followed by the superior (12) and nasal ones (3). It was thinnest at the inferior 
quadrant (6). LM = limiting membrane; IS/OS = inner segement / outer segment; RPE = retinal pigemnt epithelium; BM = basement 
membrane
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Discussion
In addition to studies of macular choroidal thickness, 

studies of the measurement of peripapillary choroidal 
thickness are increasing. Recently, Ehrlich et al. [11] used 
SD-OCT to examine peripapillary choroidal thickness in 

31 patients with primary open-angle glaucoma and in 39 
glaucoma suspects. They found excellent inter-observer 
agreement for choroidal thickness measurement and no 
correlation between RNFL and choroidal thickness. Maul 
et al. [4] also assessed peripapillary choroidal thickness us-
ing SD-OCT in 38 patients with glaucoma and in 36 glau-
coma suspects. They found that age, axial length, central 
corneal thickness, and diastolic perfusion pressures were 
correlated with choroidal thickness. Ho et al. [5] measured 
peripapillary choroidal thickness using two raster scans (a 
horizontal and a vertical scan) centered at the optic nerve. 
However, the measurements required additional scans not 
typically used in clinics. Even though advances in OCT 
technology have reduced acquisition time, additional 
time and effort are still needed to obtain the additional 
scans needed to measure choroidal thickness, which is 
not always easy in busy clinics. We measured choroidal 
thickness using the same peripapillary scans obtained to 
determine RNFL thickness, and we provided an analysis 
of sectorial configuration of the peripapillary choroid in 
healthy eyes. Choroidal thickness was calculated between 
two boundaries, which were determined by observers in 
previous studies. However, in this study, we used the auto-
matically determined segmentation line. The method used 
in the current study may reduce the time and effort needed 
to obtain measurements of choroidal thickness.

Enhanced depth imaging of SD-OCT enables clear de-
tection of the choroid-retina and choroid-scleral interfaces 
and in vivo measurements of choroidal thickness [1]. Sev-
eral studies have used enhanced SD-OCT depth imaging 
to demonstrate that choroidal thickness at the macula was 
correlated significantly with age [1,2,12]. However, we 
were able to measure peripapillary choroidal thickness us-

Fig. 2. Profile plot of the centered choroidal, retinal, and retinal 
nerve fiber layer (RNFL) thicknesses. Choroidal thickness around 
the optic disc had the minimum value in the inferior region, 
while the retina and RNFL were thicker in the superior and infe-
rior regions. 

Table 1. Inter-observer reliability and mean difference of peripapillary choroidal thickness measurements between two observers

Clock hour
ICC analysis Paired t-test

ICC 95% CI p-value Mean SD p-value
9 0.982  0.97-0.99  <0.001 -3.1 14.3 0.181
10 0.970  0.94-0.98  <0.001 3.6 17.0 0.184
11 0.967  0.94-0.98  <0.001 3.4 18.0 0.236
12 0.968  0.94-0.98  <0.001 1.8 16.9 0.504
1 0.922  0.86-0.96  <0.001 6.6 23.8 0.088
2 0.963  0.93-0.98  <0.001 4.7 16.7 0.086
3 0.943  0.90-0.97  <0.001 3.1 20.9 0.359
4 0.907  0.83-0.95  <0.001 5.2 29.0 0.265
5 0.957  0.92-0.98  <0.001 2.2 17.1 0.432
6 0.959  0.92-0.98  <0.001 4.6 16.7 0.094
7 0.972  0.95-0.98  <0.001 0.3 15.7 0.912
8 0.981  0.96-0.99  <0.001 4.3 14.6 0.072
The clock hours were aligned based on right-eye orientation. Nine o’clock corresponded to the temporal region, 12 o’clock to the superior, 
3 o’clock to the nasal, and 6 o’clock to the inferior.
p-values less than 0.05 were considered statistically significant.
ICC = intraclass correlation; CI = confidence interval; SD = standard deviation.
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ing 3D-OCT without the addition of enhanced depth imag-
ing. A recent study reported that choroidal thickness could 
be measured without enhanced depth imaging, although 
reliable measurements of choroidal thickness were obtain-
able in only 74% of the examined eyes [3]. This study only 
used the pixel averaging technique to improve the signal-
to-noise ratio, thereby obtaining signals from deep layers. 
Using this technique, we were able to collect reliable mea-
surements of choroidal thickness around the optic disc in 
all examined eyes. The greater yield of reliable choroidal 
thickness measurements in our study may be attributed 
to the fact that the choroid is thinner around the optic disc 
than in the macula. Using the signal-and-noise modulation 
tool built into the viewer system may have also contributed 
to the higher number of reliable measurements. In this 
study, measurements of choroidal thickness were highly 
reproducible. We obtained choroidal thickness as a mean 
thickness value using all A-scans on the circle scan with 
12 sectors instead of using an A-scan on a line scan cen-
tered at the optic nerve. The measurements taken using all 
A-scans in each sector may have contributed to our high 
reproducibility rates. 

In this study, the peripapillary choroidal thickness was 
greatest at the temporal quadrant, followed by the superior, 
nasal, and inferior areas. Moreover, peripapillary choroidal 
thickness showed an abrupt decrease only in the inferior 
region (“single-dip” configuration). The results of the cur-
rent study are consistent with previous studies [13]. This 
pattern of choroidal thickness in the peripapillary area has 
been suggested to reflect the peripapillary choroidal circu-
lation and developmental characteristics of the peripapil-
lary area. 

In the current study, choroidal thickness was correlated 
with the overlying retinal thickness around the optic disc. 
This finding was inconsistent with previous findings in 
which choroidal thickness was not correlated with retinal 
thickness on the macula [11]. Such a discrepancy may be 
due to differences in the locations at which measurements 
were taken. The present study also found that the peripap-
illary RNFL, retinal and choroidal thicknesses showed a 
negative correlation with age. This finding is in agreement 
with those of previous SD-OCT studies on macular cho-
roidal thickness [5]. For example, Ikuno et al. [12] showed 
that age, refractive error, and axial length were correlated 
with macular choroidal thickness [11]. Our study showed 
a relatively weaker correlation with refractive error. This 
difference may be attributable to the narrower range of 
refractive errors in our study, which excluded eyes exceed-
ing -/+ 3 D. 

The present study had some limitations. The small sam-
ple size and the hospital-based design of this study may 
have introduced a selection bias. In this retrospective study, 
only the thickness of the choroid and adjacent structures 
was measured and compared; systemic hemodynamic 
parameters and local blood flow were not checked. Future 
studies should include vascular parameter measurements 
to validate our results. Other researchers may also criticize 
our technique of measuring peripapillary choroidal thick-
ness. Because the total RPE thickness was included in the 
choroidal thickness when this value was calculated using 
our method, it is difficult to compare our choroidal thick-
ness measurements with those obtained in other studies. 
However, we propose that our method may be less prone to 
observer error because only the chorioscleral junction was 

Table 2. Peripapillary retinal thickness, RNFL thickness, and choroidal thickness measurements at clock-hour sectors 

Clock
hour

Retinal thickness (μm) RNFL thickness (μm) Choroidal thickness (μm)
Raw data     Centered data p-value

Raw data    Centered data p-value
Raw data  Centered data p-value

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
1 283 29 23 18 <0.001 119 19 13 16 <0.001 200 63   9 24 0.023 
2 262 20   2 10   0.272 101 16  -5 11 <0.001 205 64 13 25 0.001 
3 242 14    -17 10 <0.001 75 12     -31 10 <0.001 187 64 -4 32 0.449 
4 247 16    -12   9 <0.001 77 14    -29 11 <0.001 192 64  0 23 0.908 
5 273 23 13 12 <0.001 111 17   5 15   0.045 167 58    -24 23  <0.001
6 306 27 47 14 <0.001 142 19 36 17 <0.001 152 59    -39 24  <0.001
7 316 29 57 16 <0.001 137 20 31 15 <0.001 167 68    -24 21  <0.001
8 274 20 14 10 <0.001 84 17    -22 15 <0.001 198 78  7 29 0.145 
9 268 20       9 13 <0.001 70 11    -36   8 <0.001 210 78     19 28  <0.001
10 286 21 27 11 <0.001 95 18     -11 12 <0.001 209 71     18 20  <0.001
11 321 23 61 14 <0.001 138 20 31 16 <0.001 206 71     15 22  <0.001
12 298 34 38 21 <0.001 125 23      19 18 <0.001 202 66 11 31 0.027 
The clock hours were aligned based on right-eye orientation, as described in Table 1.
p-values less than 0.05 were considered statistically significant for testing of within-subjects contrasts between three types of thicknesses 
(linear) and sectors (fourth-order).
RNFL = retinal nerve fiber layer; SD = standard deviation.
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chosen manually, and the other border was determined au-
tomatically by the built-in software. In previously reported 
studies of macular choroid thickness, both the outer edges 
of the hyper-reflective RPE and the chorioscleral junction 
had to be determined manually using a caliper tool by an 
observer, which could introduce a higher margin of error. 
Moreover, the RPE layer is not expected to show signifi-
cant differences in thickness around the optic disc because 
it is very thin. Our method also showed excellent inter-
observer reproducibility.

In conclusion, we were able to measure choroidal thick-
ness on 3D-OCT circle scan images used to capture RNFL 
images using a 3D-OCT viewing program. The measure-
ments were highly reliable and efficient.
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