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Comparison of Manual versus Automated Choroidal Thickness
Measurements Using Swept-Source Optical Coherence
Tomography

Khaled Abdelazeem, Dalia Mohamed EI-Sebaity, Esraa Rifat Mokhtar', Ehab Wasfi, Momen Ahmad Mohammad Aly
Department of Ophthalmology, Faculty of Medicine, Assiut University, 'Alforsan Eye Center, Assiut, Egypt

Purpose: The purpose of this study was to compare the automated and manual choroidal thickness (CT) measures in normal eyes using
swept-source optical coherence tomography (SS-OCT). Patients and Methods: This prospective study included 80 eyes from 40 normal
volunteers. CT was measured manually and automatically in all eyes using Topcon deep-range imaging-1 SS-OCT. Automatically calculated
measures, which are shown as a colored topographic map with nine subfields, defined by the Early Treatment Diabetic Retinopathy
Study (ETDRS) style grid, compared to manual measures at the subfoveal area, at four points 1 mm around the fovea as well as at four points
3 mm around the fovea. Results: The mean subfoveal CT (SFCT) was 271.77 = 78.78 um for the automatically measured ETDRS map and
282.81 £ 83.74 um for the manual SFCT measurements. The difference between manual and automated measurement was the smallest in SFCT
at 11.03 + 35 wm and the greatest in the outer temporal area at 48.36 = 49.83 um. Manually measured CT was significantly higher (P < 0.001)
in all nine areas compared to automated ETDRS map measurements. Conclusions: Manual measurement of CT is significantly higher than
automated measurements. In addition, they cannot replace automated methods.
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INTRODUCTION Optical coherence tomography (OCT) is a noninvasive and
noncontact imaging modality that enables two-dimensional,
cross-sectional, and three-dimensional volumetric imaging
of tissue architecture.l''! It is currently considered one of
the most essential tests in ophthalmic practice. It provides
cross-sectional images with a high resolution of the retina,
the retinal nerve fiber layer, and the optic nerve head.!'” It is
also helpful in imaging the anterior segment (AS) of the eye!'*!
and for diagnosis and monitoring several AS diseases!!*'®
and evaluation of surgical procedures.l'"®! Since 2006,
spectral-domain OCT (SD-OCT) has been commercially
available. Enhanced depth image OCT (EDI-OCT), which

The choroid is a layer of connective tissue densely packed with
blood vessels. As a major vascular layer of the eye, it supplies
oxygen and nutrients to the retina and is vital to ocular health.["]
Choroidal abnormalities such as vascular hyperpermeability,
vascular changes, loss, and thinning play a significant role in the
onset and progression of numerous posterior segment diseases.
Choroid is involved in the pathogenesis of several diseases,
such as age-related macular degeneration (AMD), myopic
chorioretinopathy, central serous chorioretinopathy (CSCR),
and polypoidal choroidal vasculopathy.*

Choroidal thickness (CT) ranges from 170 to 220 um and is
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Doppler laser have been used to study the choroid; however,
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allows quantitative thickness measurements of the choroid,
was developed by Spaide et al.l' to permit choroidal imaging
using SD-OCT devices.???! Another type of OCT instrument,
swept-source OCT (SS-OCT), utilizes a tunable laser (SS)
as a light source with a longer wavelength, allowing deeper
tissue penetration than the SD-OCT. Numerous studies
have confirmed the dependability and reproducibility of
measurement CT using an SS-OCT device and assessed the
normal CT in healthy individuals.?*?! The current study aimed
to compare the CT measurements of normal eyes of healthy
individuals with automated SS-OCT and manual measures.

Patients AND MEeTHODS

This prospective, cross-sectional study was approved by
the Institutional Review Board of the Faculty of Medicine,
Assiut University (approval number 17300719, dated January
23, 2022). All study procedures adhered to the tenets of the
Declaration of Helsinki. All participants provided written
informed consent to participate in the study following a
discussion about the nature of the study and the risks/benefits
of participation.

The study included 80 eyes of 40 normal Egyptian volunteers,
between March 2022 and October 2022, at Alforsan Eye
Centre, Asyut, Egypt. All the participants underwent full
ocular examination, including measurement of uncorrected
distant visual acuity, slit-lamp examination, autorefractometer
KR-8900 (Topcon, Tokyo, Japan), axial length measurement
using ocular biometry (intraocular lens Master; Carl Zeiss
Meditec, Dublin, CA, USA), intraocular pressure measurement
utilizing a Goldmann applanation tonometer, and dilated
funduscopy after the application of 1% tropicamide eye drops.

Exclusion criteria included the presence of media opacity,
chorioretinal or vitreoretinal diseases such as AMD, diabetic
retinopathy, CSCR, epiretinal membrane, and macular
dystrophy, history of intraocular surgery, and patients with
glaucoma. Patients with systemic diseases or conditions that
could affect retinal or CT, such as diabetes mellitus, Vogt—
Koyanagi—Harada disease, or malignant hypertension, as well
as pregnant females, were also excluded.

Swept-source optical coherence tomography system and
scan protocols

A single expert retina specialist used a Topcon deep range
imaging-1 SS-OCT for CT measurements (Topcon, Tokyo,
Japan). Following pupillary dilatation with 1% tropicamide, a
12, 9-mm radial line scan protocol was executed. Each radial
line was automatically scanned 32 times at the same location,
followed by the creation of 12 average B-scan images with
high resolution. Each scan was double-checked to confirm
that it was centered on the fovea. Only scans of high quality
were included.

The perpendicular distance between Bruch’s membrane and
the junction of the choroid and sclera was used to calculate
CT. It was calculated automatically using the mapping

software incorporated into the device and displayed as a
colorful topographic map with nine subfields defined by
the Early Treatment Diabetic Retinopathy Study (ETDRS)
style grid. It consists of three concentric rings centered in
the fovea’s center. The inner ring has a diameter of 1 mm,
the middle ring has a diameter of 3 mm, and the outer ring
has a diameter of 6 mm. The superior, inferior, nasal, and
temporal quadrants were subdivided from the middle and
outer rings. Afterward, an automatic topographic map of
CT was created. The subfoveal CT (SFCT) at the inner
ring, nasal inner macula, superior inner macula, temporal
inner macula, inferior inner macula, nasal outer macula,
superior outer macula, temporal outer macula, and inferior
outer macula are the nine ETDRS subfields [Figure 1]. In
the meantime, a three-dimensional macular technique was
utilized to quantify the central macular thickness to rule out
any retinal abnormalities.

The SFCT was measured manually from the outer border of
the retinal pigment epithelium to the choroid-sclera junction.
Simultaneously, CT was measured manually at eight points
around the foveal center. For each quadrant around the fovea,
CT was manually measured at a distance of 1 mm and 3 mm
from the foveal center on the vertical [Figure 2] and horizontal
line scans. The manual measures at 1 mm were compared
to the corresponding areas of the inner ring for automated
measures, while the manual measures at 3 mm were compared
to the corresponding areas of the outer rings of the automated
measures.

Statistical analysis

Data analysis was performed using the Statistical Package
for the Social Sciences (IBM-SPSS Inc., Chicago, Illinois,
USA) version 26.0 software. The Shapiro—Wilk test was used
to determine the normality of all numerical variables before
evaluation. Data were expressed using mean + standard
deviation. The paired sample 7-test was used to compare the
means of manual and automated measurements. The level of
significance was set at P < 0.05.

ResuLts

This prospective study included a total of 80 eyes from
40 normal Egyptian volunteers; 25 participants were
female (62.5%), and 15 participants were male (37.5%).
The age range was 18—46 years, with a mean of 27.6 + 6.2.
The mean spherical equivalent (SE) of refractive error

Figure 1: Automatically plotted colored topographic map of the nine
subfields defined by the ETDRS map. ETDRS: Early Treatment Diabetic
Retinopathy Study
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SE was — 3.59 + 2.12 D (range: 0—10 D). The population
characteristics are summarized in Table 1.

The deep structures of the posterior pole were visible using an
SS-OCT system with a center wavelength of 1050 nm. Because
of the higher penetration of the light source due to its longer
operating wavelength and higher scan rate (100,000 Hz), no eye
was excluded from the current study due to a low-quality image
due to cataracts or eye movement during the scanning procedure.

Table 1: Characteristics of the studied participants

Variables Mean=SD (range)
Age (years) 27.58+6.73 (18-46)
Gender, n (%)
Male 15 (37.5)
Female 25 (62.5)

Manifest refraction sphere —3.36+2.34 (—10.00-1.00)
—0.92+0.85 (—3.75-0.00)
92.62464.06 (2-180)
—3.8242.33 (~=10.00-0.50)

240.63+20.29 (193-282)

Cylinder
Cylinder axis
Spherical equivalent of refractive error

Central retinal thickness (um)

SD: Standard deviation

e »
Figure 2: Manual measurement of the CT on the vertical meridian. (a)
SFCT, (b) CT at 1 mm inferior to the fovea, (c) CT at 1 mm superior to the
fovea, (d) CT at 3 mm inferior to the fovea, and (e) CT at 3 mm superior to
the fovea. CT: Choroidal thickness, SFCT: Subfoveal choroidal thickness

The mean CT in the different subfields is listed in Table 2. The
mean SFCT was 271.77 £ 78.78 (106-466) um for the ETDRS
map measurements and 282.81 + 83.74 (103—492) um for the
manual SFCT measurements. A significant difference was
found in CT between the two measurements, P < 0.001. The
difference between the manual and automated measurements
was the smallest in SFCT at 11.03 + 35 um and the greatest
in the outer temporal area at 48.36 + 49.83 um. As shown in
Table 2 and Figure 3, manually measured CT in nine areas
was significantly higher (P < 0.001) than automated ETDRS
map measurements.

The choroid is thicker in both manual and automated
measures at the outer superior part, 326.06 + 82.56 um and
281.56 £ 65.37 um, respectively. In contrast, the thinner part
of the choroid was outer nasal in both manual and automated
measures, 218.35 + 79.25 um and 200.94 + 67.98 um,
respectively.

Discussion

The choroid plays a crucial role in the pathophysiology
of several retinal disorders. In several studies, choroidal
abnormalities such as vascular hyperpermeability, vascular
loss, and thinning have been found to be crucial in the onset
and progression of retinal disorders.?” Recent SD-OCT
advancements now provide two methods for determining
CT: high-penetration OCT using a long-wavelength light
source of 1060 nm?*3% and the EDI technique developed
previously (SPECTRALIS OCT; Heidelberg Engineering).B!
The SS-OCT uses a longer wavelength source (1050 nm),
which facilitates accurate visualization of the corneoscleral
interface.*”

Multiple studies have characterized normal CT in healthy
individuals. Tkuno et al.**! demonstrated an approximate
SFCT of 354 um in 43 Japanese volunteers with a mean
age of 39.4 years using a 1060-um-based light source. The
superior, temporal, inferior, and nasal choroid values were
364,337,345, and 227 um, respectively, at 3 mm to the fovea.
These findings demonstrated a thicker choroid superiorly and
thinner nasally, which is consistent with our results. Margolis
and SpaideP” used an EDI approach to investigate SFCT in
30 normal participants (mean age: 50.4 years) and found that
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Figure 3: Manual versus automated CT measurements. CT: Choroidal
thickness
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Table 2: Manual and automated measurements

Variables Mean=SD (range) P*
Manual Automated Difference (manual-automated)

Inner nasal 262.75+88.52 (106-502) 248.69+80.65 (89-460) 14.06+44.97 (~78.00-211.00) <0.001
Outer nasal 218.35+79.25 (66-464) 200.94+67.98 (88-375) 17.41440.45 (=78.00-201.00) <0.001
Inner temporal 303.96+78.69 (148-491) 279.19+74.86 (137-472) 24.77+44.91 (=59.00-178.00) <0.001
Outer temporal 323.63+77.96 (168-472) 275.26£66.90 (138-435) 48.36+49.83 (~85.00-163.00) <0.001
Inner superior 307.81+73.38 (172-517) 279.16+71.95 (125-468) 28.65+47.66 (~135.00-148.00) <0.001
Outer superior 326.06+82.56 (123-585) 281.56£65.37 (153-477) 44.50+61.97 (~87.00-230.00) <0.001
Inner inferior 286.24+81.70 (116-466) 270.20+80.31 (103-436) 16.03£34.21 (-125.00-155.00) <0.001
Outer inferior 299.34+87.83 (108-465) 263.35+71.90 (101-430) 35.98+36.95 (—127.00-120.00) <0.001
Subfovea 282.81+83.74 (103-492) 271.77+78.78 (106-466) 11.03+35.42 (—77.00-124.00) <0.001

*Paired sample #-test compares the mean between manual and automated measurement. SD: Standard deviation

the choroid was the thickest beneath the fovea (287 um) and
then rapidly dropped nasally, averaging only 145 um at 3 mm
nasal to the fovea.

In research by Spaide et al.,/'” the mean SFCT in 17
participants (mean age 33.4 years) utilizing an EDI system
was 318 wm in the right eyes and 335 pum in the left eyes.
In 210 healthy patients with a mean age of 49.73 years, CT
was 261.93 um subfoveal, 224.21 um, 3 mm temporally,
and 142.92 um, 3 mm nasally. These results are relatively
comparable to those published by Margolis and Spaide®”
using an EDI system.

Although automated software for the measurement of macular
or CT is a fast, accurate, and reliable method, it may result in
incorrect measurements in nonhealthy eyes.*3* Therefore,
the manual measurement could be better in some cases.?s! Lee
et al.*® reported comparable results of repeatability of manual
and automated CT measurements.

In the current study, we found a significant difference between
manual and automated measures of CT in all ETDRS areas.
The difference was less in the SFCT, 11.03 £+ 35 wm. The
thickness was higher when measured manually. This result
may be because automated software measures thickness in an
area; whereas our method measures thickness at a single point
within this area. Comparing CT in healthy eyes and eyes with
diseases causing choroidal thinning and thickening requires
further research.
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