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Abstract

Purpose Choroidal thickness (CT)
measurements are typically obtained from
manual segmentation of optical coherence
tomography (OCT) B-scans. This method is
time-consuming. We aimed to describe a
novel and faster technique to obtain CT
measurements.
Patients and methods In a prospective
cohort study of 200 healthy eyes, Spectral-
Domain OCT with enhanced depth imaging
were performed with the Spectralis OCT
using standardised imaging protocols. The
OCT scans were independently graded by
reading centre-certified graders. The standard
method of manual adjustment of
segmentation boundaries was performed. The
new method consisted of adjusting the lower
segmentation line to the choroid-scleral
boundary to generate the combined choroid-
retina thickness, and subtracting the original
retinal thickness (RT) from it to measure CT.
Mean CT in the respective Early Treatment
Diabetic Retinopathy Study (ETDRS)
subfields was measured via the two methods,
and were compared with intraclass correlation
coefficients (ICC) and Bland–Altman plots.
Results The mean central subfield CT was
324.4 μm using the original method, compared
with 328.8 μm using the new method, with a
mean difference of 4.5 μm (range: − 14.0 to
+4.0 μm; Po0.001), and ICC for agreement of
0.9996 (Po0.001). Similar comparability was
achieved for mean CT across other ETDRS
subfields, with mean differences ranging
from 2.4 to 3.7 μm, and ICCs ranging from
0.9993 to 0.9995 (all Po0.001).
Conclusions Mean CT can be measured by
subtracting the original RT from the
combined choroid-retina thickness. Only one

segmentation line needs to be adjusted,
instead of two, reducing time required for
segmentation. This method is faster and
reliable.
Eye (2018) 32, 433–438; doi:10.1038/eye.2017.210;
published online 20 October 2017

Introduction

The choroid plays important roles in the normal
physiology of the eye, including the provision of
metabolic support to the retinal pigment
epithelium (RPE).1 It is also known to play
important roles in the pathophysiology of
various retinal diseases, including central serous
chorioretinopathy,2–3 age-related macular
degeneration,4–5 polypoidal choroidal
vasculopathy,5 diabetic retinopathy,6 and
pathological myopia.7–8

Optical coherence tomography (OCT) using
enhanced depth imaging (EDI) has been used in
many studies to measure choroidal thickness in
normal populations and in eyes with ocular
diseases.2–26 It has been postulated that
variations in choroidal thickness may indicate
the presence of retinal diseases, and may be used
to monitor its prognosis and treatment
progress.9–12

In some commonly used Spectral-Domain
OCT devices, such as the Spectralis OCT
(Heidelberg Engineering, Heidelberg, Germany),
automated segmentation of the choroidal
boundaries are currently unavailable on the in-
built software. As a result, choroidal thickness
measurements from these scans need to be
obtained after manually segmenting the choroid,
that is, to manually label the choroidal
boundaries using the in-built OCT
software.9–12,24–27 The lower segmentation line,
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which originally delineates the lower border of the RPE-
Bruch’s membrane complex, has to be moved down to the
choroid-scleral boundary. The upper segmentation line
that is originally positioned at the internal limiting
membrane is then moved down to the lower border of the
RPE-Bruch’s membrane complex. This process is repeated
for every OCT B-scan, and is time-consuming and
tedious. Its application is argued to be limited for large
volume scans and large population studies, though it is
reported to have good reproducibility. In most studies,
however, the manual quantification of choroidal thickness
is performed at the fovea or at specific points in the
superior, inferior, temporal, and nasal regions around the
fovea (ie, point thickness measurements).13–23 This is
subjected to inaccuracies due to focal thickening or
thinning of the choroid, and irregularities of the choroid-
scleral boundary.
Although automated and semi-automated

segmentation of the choroid is now possible, many
techniques have not entered commercial use and are
subjected to various limitations.28–36 There are also
reports that mean choroidal thickness measurements
between automated segmentations and manual
segmentations on OCT devices may differ considerably.12

Therefore, the manual adjustment of segmentation lines
to measure mean choroidal thickness remains relevant
and necessary in many quantitative studies of the
choroid.
In this study, we aimed to describe a novel and faster

method of obtaining choroidal thickness measurements
on OCT and to compare this with standard manual
grading of the choroidal boundaries.

Methods

This is a prospective cohort study which was performed
at the National Healthcare Group Eye Institute, Tan Tock
Seng Hospital, Singapore. Two hundred eyes from 100
healthy participants were imaged with Spectral-Domain
OCT (SD-OCT). All participants were examined by a
trained ophthalmologist (CST) to exclude ocular
pathology. Participants with ocular disease or previous
ocular surgery were excluded. Myopia was not an
exclusion criterion in this study. This study was approved
by the Institutional Review Board of the National
Healthcare Group, and conformed to the tenets of the
Declaration of Helsinki. All participants gave written and
informed consent prior to enrolment into the study.

Ocular imaging protocol

SD-OCT with EDI was performed under standardised
mesopic lighting conditions. The Spectralis OCT
(Heidelberg Engineering) was used with a standardised

imaging protocol. A 31-line horizontal raster scan
(30o × 25o, 9.2 mm×7.6 mm) that was fovea-centred was
performed. Each OCT B-scan had 25–35 frames averaged
to improve the image quality. All OCT scans were
reviewed by a fellowship-trained retinal specialist (CST)
to ensure that the choroid-scleral boundary on every OCT
B scan could be visualised and that the scans were of
sufficient clarity.
Axial length was measured using the IOL Master (Carl

Zeiss Meditec, Dublin, CA, USA). Refractive error and
keratometry were measured using the Canon RK-F1 full
autorefractor-keratometer (Canon Inc., Tokyo, Japan).

Obtaining choroidal thickness

Manual adjustment of the segmentation lines on each
OCT B-scan were independently carried out by trained
and experienced reading centre-certified graders using
proprietary OCT viewing software (Heidelberg Eye
Explorer version 1.7.1.0). In cases where large
discrepancies in measurement between graders occurred,
the gradings were adjudicated by the senior investigator.
In the original method, which has previously been

described,9–10,12 the two segmentation lines that originally
delineate the upper and lower boundaries of the retina
(Figure 1a) were adjusted to the choroid (Figures 1b
and c). The lower segmentation line that originally
corresponded to the lower border of the RPE-Bruch’s
membrane complex was moved down to the choroid-
scleral boundary (Figure 1b). The upper segmentation line
that originally corresponded to the internal limiting
membrane was subsequently moved down to the lower
border of the RPE-Bruch’s membrane complex
(Figure 1c). It was ensured that the scan was centred on
the fovea. The software subsequently calculated the mean
choroidal thickness in each Early Treatment Diabetic
Retinopathy Study (ETDRS) subfield.
In the new method used in this study, only the lower

segmentation line was moved down to the choroid-scleral
junction (Figure 1b). The upper segmentation line was left
unadjusted at the internal limiting membrane. This
generated a map with the combined choroid-retina
thickness values. The mean choroidal thickness
measurements were then obtained by subtracting the
original mean RT from the combined choroid-retina
thickness in each ETDRS subfield. The RT measurements
were obtained from the original (unadjusted) OCT scans
(Figure 1a).
In regions where the boundary was indistinct or

uncertain, reference was made to the adjacent areas of the
choroid–scleral boundary and to the superior and inferior
OCT B-scans to determine the variation of the choroid
topography horizontally and vertically.
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Statistical analysis

Statistical analysis was performed using SPSS version 19.0
(SPSS Inc., Chicago, IL, USA). The Shapiro–Wilk test was
used to assess normality of results. Differences in the

mean choroidal thickness measurements from the two
methods were analysed using paired t-tests. Intraclass
correlation coefficients (ICC) and Bland–Altman plots
were used to assess the inter-method agreement. ICC was
used to establish the inter-grader agreement for manual
grading of choroidal thicknesses on the Spectralis.

Results

The mean age of the participants was 22.5 years (range: 21
to 33, SD± 1.8), with 59.0% male and 41.0% female. The
mean spherical equivalent was − 4.02 D (range: 0.50 to
− 10.88 D, SD± 2.8). The mean axial length was 25.44 mm
(range: 22.04 to 29.10 mm, SD± 1.4).

Comparison of choroidal thickness in the central ETDRS
subfield

The mean central subfield choroidal thickness was
324.4 μm using the original method, compared with
328.8 μm using the new method (Table 1), with a mean
difference of 4.5 μm (Po0.001). The differences between
both measurements (choroidal thickness obtained via
original method compared with that obtained via new
method) ranged from − 14.0 μm to +4.0 μm. The ICC for
inter-method agreement was 0.9996 (Po0.001). The
difference in mean choroidal thickness measurements
between the two methods is illustrated in the Bland–
Altman plot in Figure 2.

Comparison of choroidal thicknesses in other ETDRS
subfields

Similar observations were observed for the other ETDRS
subfields, as illustrated in Table 1. The mean differences
in choroidal thickness between the two methods in the
other ETDRS subfields ranged from 2.4 to 3.7 μm (all
Po0.001). The corresponding ICCs for inter-method
agreement ranged from 0.9993 to 0.9995 (all Po0.001).

Figure 1 Position of the automated segmentation lines. The
letter ‘m’ indicates that the position of the segmentation line has
been manually adjusted. (a) At the internal limiting membrane
and the RPE-Bruch’s membrane complex (retinal thickness). (b)
At the internal limiting membrane and the choroid-scleral
boundary (combined choroid-retina thickness). (c) At the RPE-
Bruch’s membrane complex and the choroid-scleral boundary
(choroidal thickness).

Table 1 Comparison of choroidal thickness measurements between original and new methods of grading

ETDRS subfield Mean choroidal thickness (μm) Mean difference in choroidal thickness
(original–new) (μm)

ICC for inter-method
agreement

Original (Mean± SD) New (Mean± SD) Mean±SD (Range) P-value Mean P-value

Central 324.4± 91.0 328.8± 91.2 − 4.5± 2.7 (−14.0 to +4.0) o0.001 0.9996 o0.001
Inner Superior 327.5± 80.8 331.2± 80.7 − 3.7± 2.6 (−10.0 to +12.0) o0.001 0.9995 o0.001
Inner Inferior 321.8± 91.8 325.1± 91.9 − 3.4± 2.8 (−9.0 to +17.0) o0.001 0.9995 o0.001
Inner Nasal 292.7± 85.2 296.4± 85.6 − 3.7± 2.6 (−14.0 to +5.0) o0.001 0.9995 o0.001
Inner Temporal 337.8± 87.6 340.8± 87.7 − 3.0± 2.8 (−11.0 to +15.0) o0.001 0.9995 o0.001
Outer Superior 337.2± 75.2 340.6± 75.4 − 3.4± 2.5 (−13.0 to +12.0) o0.001 0.9994 o0.001
Outer Inferior 316.3± 81.8 320.12± 81.8 − 3.7± 2.5 (−10.0 to +10.0) o0.001 0.9995 o0.001
Outer Nasal 240.9± 71.3 243.3± 71.7 − 2.4± 2.4 (−9.0 to +8.0) o0.001 0.9994 o0.001
Outer Temporal 337.0± 77.2 339.5± 77.1 − 2.5± 2.9 (−9.0 to +14.0) o0.001 0.9993 o0.001
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Other observations

The refractive error and axial length did not influence the
magnitude of differences in mean choroidal thickness
measurements between the two methods.
The manual grading of choroidal thicknesses by the

graders were very consistent and repeatable, with an
inter-grader ICC of 0.989.

Discussion

This study has described a novel and faster method of
measuring mean choroidal thickness on OCT devices
where automated segmentation algorithms are
unavailable. The mean choroidal thickness can be
obtained indirectly by subtracting the original RT from
the combined choroid-retina thickness, which is measured
by adjusting only one segmentation line down to the
choroid-scleral boundary. This is faster than adjusting
two segmentation lines to measure the mean choroidal
thickness directly in the original method.
The differences in the mean choroidal thickness

measurements between the two methods were very small
(2.4 to 4.5 μm), and the ICCs for inter-method agreement
were good (40.999). This difference in the measurement
is likely to be clinically insignificant. A study has reported
that interobserver variability in subfoveal choroidal
thickness measurements may result in differences of up to
32 μm.16 Furthermore, this difference is also much smaller
than the reported diurnal variation of choroidal
thickness.37 Studies have reported significant diurnal
variation in subfoveal choroidal thickness among healthy
adults, and the amplitude (difference between the
maximum and minimum choroidal thickness) ranged
from 3 to 67 μm.37

The small differences in the mean choroidal thickness
and good inter-method agreement are as such, because
the process of determining the outer choroidal boundary
(choroid-scleral boundary) is common to both methods.
The outer choroidal boundary is more difficult to
visualise and delineate, owing to the signal falloff and

decreased penetration at that depth. In contrast, the inner
choroidal boundary (RPE-Bruch’s membrane complex),
which needs to be delineated only in the original method,
is easier to visualise because of the high contrast of this
layer compared with the surrounding structures.
Interestingly, the greatest difference in the mean choroidal
thickness measurement was in the central ETDRS
subfield, though this difference is likely to be negligible.
To the best of our knowledge, there are no other

attempts to simplify the process of manually segmenting
the choroid to obtain the mean choroidal thickness.
Though the time taken to obtain the choroidal thickness
measurements were not formally recorded and compared
between both methods, eliminating half of the number of
segmentation lines to be adjusted in the new method
decreases the time needed to manually segment the
choroid by approximately half.
Ostensibly, another method to simplify the manual

measurements of choroidal thickness would be to move
the upper segmentation line that corresponds to the
internal limiting membrane to the choroid-scleral
interface directly, and to leave the lower segmentation
line at the lower border of the RPE-Bruch’s membrane
complex. However, the in-built Heidelberg Eye Explorer
(HEYEX) software on the Spectralis OCT does not
generate values for choroidal thickness if the
segmentation lines were to be moved this way. At
present, the manual adjustment of segmentation lines to
measure mean choroidal thickness remains relevant and
necessary in many quantitative studies of the choroid.
Many commonly used SD-OCT devices, such as the
Spectralis OCT, do not incorporate automated
segmentation of the choroidal boundaries. Since the
Spectralis OCT is used in many centres, automated
segmentation methods are an important area of study.
Although this is not the primary purpose of the study,

it should be noted that many automated and semi-
automated techniques of choroidal segmentation have not
entered commercial use and are subjected to various
limitations, despite reports of reasonable agreement

Figure 2 Bland–Altman plots of the original vs new method for Central Subfield Choroidal Thickness.
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between automated analysis and manual
segmentation.28–36 Among others, limitations include (a)
sensitivity to noise or missing data, (b) reliance on well-
contrasted choroid-scleral boundaries, (c) additional time
required to acquire volume scans, (d) need for manual
segmentation and training data to construct training
images for the segmentation model, and (e) unknown
performance in retinal and choroidal diseases. In
addition, it has been reported that mean choroidal
thickness measurements between automated
segmentations from swept-source OCT and manual
segmentations on the Spectralis OCT may differ
considerably by between 42.1 and 67.2 μm.12 This
difference was reduced, but not eliminated, by manual
adjustment of segmentation boundaries by trained
graders. These discrepancies are likely related to
differences in segmentation algorithms, and other device-
related factors such as performance, wavelength,
resolution, axial magnification, spacing between OCT-B
scans, or signal averaging.12 The identification and
demarcation of the two boundaries that delineate the
choroid, particularly the detection of the choroid-scleral
boundary, remains challenging due to the contrast and
the non-uniform nature of the vessels. All these suggest
that there is still a role for manual grading of choroidal
thickness until the technology for automated
measurements of choroidal thickness matures.
The strengths of this study include the use of standardised

imaging protocols to obtain the OCT scans, and trained
reading centre-certified graders to define the choroid-scleral
boundaries. The reliability of the manual grading is
demonstrated by the high ICC for inter-grader agreement.
Among other limitations, both methods of grading are

manual. Even the new method is still relatively time-
consuming, and is subjected to grading bias. The
participants are also young and healthy, and eyes with
pathology other than myopia were excluded. This relative
homogeneity in the study population may have
contributed to the small differences in mean choroidal
thickness and good agreement. A potential consideration,
therefore, is that the findings in this paper may not extend
to pathological eyes. Nonetheless, the range of choroidal
thickness measurements in this study is large – 96 to
624 μm. Furthermore, it is likely that similar to healthy
eyes, the time needed to manually measure the choroidal
thicknesses of pathological eyes will be decreased if only
one segmentation line needs to be adjusted on each OCT
B-scan instead of two.
In summary, mean choroidal thickness can be

measured by subtracting the original RT from the
combined choroid-retina thickness. Only one
segmentation line needs to be adjusted on each OCT
B-scan, instead of two, which decreases the manual
segmentation time. This method is faster and reliable.

Summary

What was known before
K Choroidal thickness (CT) measurements are typically

obtained from manual segmentation of optical coherence
tomography (OCT) B-scans.

K This method is time-consuming.

What this study adds
K Mean CT can be measured by subtracting the original RT

from the combined choroid-retina thickness.
K Only one segmentation line needs to be adjusted, instead

of two, reducing time required for segmentation.
K This method is faster and reliable.
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