Eye (2019) 33:1443-1451

Wor
4E) The ROYAL COLLEGE o
https://doi.org/10.1038/541433-019-0404-4 OPHTHALMOLOGISTS

q

Check for
updates

ARTICLE

Foveal and parafoveal choroidal thickness pattern measuring
by swept source optical coherence tomography

Pear Pongsachareonnont'? - Thanapong Somkijrungroj'? - Buravej Assavapongpaiboon'? -
Theerada Chitamara'? - Maytavee Chuntarapas'? - Disorn Suwajanakorn'~

Received: 5 June 2018 / Revised: 3 February 2019 / Accepted: 24 February 2019 / Published online: 8 April 2019
© The Royal College of Ophthalmologists 2019

Abstract

Objective To evaluate the choroidal thickness (CT) in foveal and parafoveal regions in Thai adults using swept-source
optical coherence tomography (SS-OCT).

Methods We enrolled healthy volunteers >18 years of age from King Chulalongkorn Memorial Hospital, Thailand, during
September 2015 to March 2016. Optical coherence tomography (OCT) of the macula was performed, and subfoveal CT was
measured manually using a line scan. Average thicknesses of retinal and choroidal layers in regions of the Early Treatment
Diabetic Retinopathy Study grid were measured automatically. A multivariate analysis was conducted to determine cor-
relations between CTs in the foveal and parafoveal regions and retinal layers.

Results Altogether, 144 eyes from 144 subjects (29 men, 115 women; mean age 41 years) were studied. The mean foveal
CT was 282.4 + 13.8 um. It was thicker in the temporal fovea than in the nasal fovea (p <0.001) and thicker in men than in
women. Multivariate analysis showed that age and sex were significantly negatively correlated with the thickness of the
retina, ganglion cell layer, outer retinal layer, and choroid but not of the nerve fiber layer. Regression analysis revealed that
the CT decreased approximately 1.5 um per year.

Conclusions Age and sex significantly influence choroidal thickness. Macular CT in a healthy eye thins with age. CT
decreases with age faster at distances away from the foveal center than at the center. Subfoveal CT was greater than the
mean CT. Parafoveal CT should be evaluated to identify specific retinal-choroidal disease.

Introduction

Choroidal thickness (CT) plays an important role in the
pathogeneses and predictions of pachychoroid entities,
central serous chorioretinopathy [1, 2], polypoidal choroidal
vasculopathy [3], age-related macular degeneration (AMD)
[4, 5], posterior uveitis [6], Vogt—Koyanagi—Harada
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disease, multiple evanescent white dot syndrome, and
multifocal choroiditis. CT is also associated with other
pathological eye conditions, such as high myopia [7, 8] and
glaucoma [9, 10]. In addition, physiological conditions—
age [11, 12], sex [12], diurnal variation [13], choroidal
blood flow [14], axial length [15], and myopia [16]—affect
CT in normal populations. Assessment of CT provides
diagnostic power for differentiating between healthy and
pathological eyes, including neovascularized AMD, central
serous chorioretinopathy, polypoidal choroidal vasculo-
pathy [3], posterior uveitis [6], and high myopia. Some
systemic disorders have also been shown to be related to
choroidal changes, including diabetes, hypertension,
hyperlipidemia, ankylosing spondylitis, Behget’s disease,
sarcoidosis, Sturge—Weber syndrome, and Alzheimer’s
disease [17]. Many physiological conditions, including
diurnal variation [13], age, and sex, also affect CT [18].
The development of indocyanine green angiography and
ultrasonography allowed the first visualization of choroidal
structures. This traditional imaging of the choroid, however,
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was insufficient for quantitative assessments because of its
limited resolution. With the development of optical coher-
ence tomography (OCT), the retinal layers were more
clearly demonstrated with nearly histology-level details.
Currently, spectral domain (SD) imaging is widely used and
offers significant advantages over the earlier time-domain
imaging [19]. Imaging of the deeper layer (i.e., choroid),
however, was still poorly detailed by SD-OCT. Enhanced
depth imaging (EDI) was developed to focus more on the
choroidal layer by reducing scattering effects and depth-
dependent reduction in sensitivity [20]. With EDI OCT,
however, the image quality of the retinal layers was traded
off to obtain details of the choroid.

Swept-source (SS) OCT has now been developed, with
a tunable laser operating using a longer-wavelength light
source (~1050 nm) and a high-speed photodetector instead
of a spectrometer. SS-OCT provides better scan speed
and deeper images than SD-OCT [21]. With an operating
wavelength of 1pm and less variable sensitivity with
increasing depth (sensitivity roll-off), SS-OCT provides less
susceptibility to scattering in cataract cases and better
penetration through retinal pigmented epithelium to visua-
lize deeper layers, such as those of the choroid [22]. This
ability enables SS-OCT to penetrate deep tissues and pro-
vide a picture of both the retina and choroid simultaneously.
Hence, SS-OCT is considered the instrument of choice for
studying the choroidal layer.

CT varies among ethnic groups [11, 12, 23-25] which
results in different reference values for normal eyes among
populations. Moreover, a previous study showed poor
agreement about retinal thickness (RT) measurements by
different OCT machines in healthy eyes [26]. Despite the
good correlation, RTs measured by various devices showed
significant differences [27]. The aims of the current study
were to measure the CT of normal eyes as a reference for an
adult Thai population using SS-OCT and to evaluate the
association of foveal and parafoveal anatomy and that of the
choroid.

Materials and methods

This cross-sectional study was conducted at King Chula-
longkorn Memorial Hospital, Bangkok, Thailand. The
Faculty of Medicine, Chulalongkorn University institutional
review board approved the study (IRB No. 260/58). Healthy
volunteers were prospectively recruited in the hospital from
September 2015 to March 2016. The inclusion criteria were:
(1) healthy subjects aged >18 years; (2) best corrected visual
acuity in the study eye >20/30 Snellen; and (3) spherical
equivalent measured by autorefraction less than +3 diopters.
The exclusion criteria were: (1) inability to undergo scan-
ning by the instrument; (2) a past medical history of
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diabetes, hypertension, cancer, and/or endocrine disease by
chart record and patient history; (3) myopia or hyperopia
with a spherical equivalent of >3 diopters; (4) intraocular
pressure >21 mmHg; (5) presence of ocular disease
including retinal disease, choroidal disease, glaucoma, and
uveitis; and (6) previous ocular surgery of the eye. We
considered an eye as a single study unit and only the left
eyes were included in the analysis.

Informed consent was obtained from all subjects prior
to enrollment in the study. The study was registered
with the Thai Clinical Trial Registration before the study
[TCTR20150526001].

We recorded the patients’ demographic data including
age and sex, best corrected visual acuity (BCVA), and the
results of autorefraction measurements and air-puff tono-
metry. As is known from previous publications, age influ-
ences CT. Hence, the study group was divided into five
subgroups according to their age: 18-30, 31-40, 41-50, 51—
60, and >61 years.

Visual acuity was measure using a modified numerical
Early Treatment Diabetic Retinopathy Study (ETDRS)
chart 4 m distant from the patient. SS-OCT imaging was
performed using the DRI OCT Triton™ apparatus (software
version 1.21; Topcon Medical Systems, Tokyo, Japan). This
instrument had a center wavelength of 1050 nm with a
scanning rate of 100,000 A-scans/s, yielding resolutions of
8 um (axial) and 20 pm (transverse) in tissue [28].

Imaging protocol

OCT images of two scan types, horizontal line and three-
dimensional volumetric scans, were obtained by a trained
single operator. One image from each scan type was taken
from each patient. Any image with poor quality was
rejected and another image was retaken until a good quality
one is achieved. Only good-quality images were included
for analysis.

e A horizontal, high-definition, 12-mm line scan was
obtained that included the fovea and optic nerve head
area for visualizing the choroid-sclera interface and
analyzing CT measurements.

e A three-dimensional, wide, macular volumetric scan
(9%x12mm) for the average CT of each segment
according to the ETDRS grid and automatically
calculated by the OCT software. The ETDRS grid was
composed of three circles with diameters of 1, 3, and 6
mm, respectively, all with the same center, as shown in
Fig. 1. The foveal area was taken to be that area
surrounded by the innermost circle (0.79 mmz), and its
average thickness was calculated. The two outer circles
were divided into four quadrants—superior, temporal,
inferior, nasal—which then were divided into an inner
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region (1.57 mm?) and outer region (5.30 mm?). The
average full RTs and the CTs for each region were
automatically measured: nerve fiber layer (NFL), gang-
lion cell complex (GCC) (which included the NFL and
ganglion cells), and inner plexiform layer.

Parameter measurements

Each parameter was evaluated according to its location
on the ETDRS grid extracted from OCT machine (Fig. 1).
The subfoveal choroidal thickness (SFCT) was manually
measured according to a vertical line perpendicular to
the outer border of the hyperreflective retinal pigmented
epithelium to the inner border of the choroid—sclera
interface, defined as the inner hyperreflective band of sclera
underneath the fovea. To determine the parafoveal chor-
oidal thickness, three further measurements were per-
formed every 1000 um temporally from the center of the
fovea (T1, T2, T3) and three more nasal measurements
(N1, N2, N3). All the measurement was performed by
two well-trained physicians (BA and DS) who were
masked. The outer retinal layer (ORL) was measured from
the inner nuclear layer to the inner border of the retinal
epithelium.

1mm

3mm

6 mm
Fig. 1 Nine areas on the ETDRS grid of the left eye

Data analysis and statistics

Sample size estimation was calculated from the mean of
choroidal thickness using the formula of n = 7% anotld®
with a =0.05, 6 =84 microns and d =2. The estimate
sample size was 81 eyes. Baseline characteristics of sub-
jects were analyzed using descriptive statistics. The cate-
gorical data are shown in percent, whereas continuous
data are presented as means + standard deviation (SD).
The means of each retinal and choroidal layer were
calculated for all nine regions of the ETDRS grid. The
difference between the mean CTs in two subgroups
was analyzed using an independent #-test. Analysis
of variance was used to compare more than two
subgroups. Analysis of covariance was applied to compare
differences in RTs and CTs between the two sexes, with
age as the covariate. Pearson’s correlation coefficients
were used to evaluate bivariate correlations. The relations
between macular RT and CT and sex, age, and spherical
equivalence were investigated by linear and stepwise
multiple regression analyses. Inter-observer reproduci-
bility was evaluated between the two evaluators using the
intraclass correlation coefficient for each variable
measured. All statistical analyses were evaluated at a
significance level of 0.05 and a 95% confidence interval.
Statistical analysis was performed with SPSS version 22.0
(IBM, Armonk, NY, USA).

Results
Altogether, 144 eyes from 144 healthy subjects were

included in the study. The demographic data of all subjects
are shown in Table 1.

Table 1 Baseline demographic data for the 144 subjects in this study

Characteristic Value

Female sex 115 (80%)

Age (years) 41 £ 13 years (18-85 years)

Age group (years)

18-30 36 (25%); 63.9% female

31-40 31 (21.4%); 77.4% female
41-50 38 (26.4%); 86.8% female
51-60 31 (21.5%); 86.5% female

>61 8 (5.6%); 100% female
BCVA score 84.2+6.4 (61-99)
SE —-02+1.2D

Data are given as the number (%), mean + SD, and/or the range

BCVA best corrected visual acuity, SE spherical equivalent
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Retinal, NFL, GCC, and choroidal thickness in
healthy subjects

The mean RT for all 144 eyes was 282.4 + 13.8 um (range
241.1-321.2 ym). The mean RT for each layer and the
CTs are shown in Table 2. The distinct topographical var-
iation of the retina in different regions and thickness pat-
terns (Appendix) shows that RT increased in the following
order: central foveal, outer nasal, outer inferior, outer
superior, outer temporal, inner nasal, inner inferior, inner
superior, and inner temporal regions. Among the nine
independent regions, the central foveal region had the
thinnest layer. The inner region had a thicker layer than
the outer region of the retinal layer, the GCC, and the
choroidal layer. The thickness of the NFL, however, shows
an inverse pattern, so the outer region was thicker than the
inner region. The temporal area had a thicker NFL than
the nasal region (mean differences of 26.1 um and 3.0 um
for the outer and inner regions, respectively: p <0.001 and
p <0.001, paired r-test).

The overall mean macular NFL and GCC thicknesses
were 29.7+29pum and 74.8+6.2 uym, respectively, and
correlations with the total RT were 0.489 (p <0.001) and
0.836 (p<0.001), respectively. The correlation between
the NFL and GCC thicknesses was 0.582 (p <0.001). The
temporal area had thicker NFL than the nasal area, with a
mean difference of 23.7 um (p <0.001). The average ORL
thickness was 178 £ 8.7 um, the correlation of which with
the total retinal layer was 0.818 (p <0.001).

The mean total CT from all areas of the ETDRS grid was
257.0+64.3 um (range 86.9— 427.0 um). The correlation
between the CT and RT was 0.135 (p =0.108). There
was no correlation between the CT and the NFL or GCC
(p=0.797 and p=0.727, respectively). The choroid
exhibited a distribution pattern different from that of the

retinal layers, with the central foveal segment of the choroid
not the thinnest sector. The mean foveal CT was 265.5 +
74.2 um. The mean thickness of the CT in the macular
region varied from thinner to thicker as follows: outer
temporal, outer nasal, outer inferior, inner temporal, inner
nasal, central fovea, inner inferior, outer superior, and inner
superior region. The choroidal layer was thickest in the
superior subfield, followed by that in the inferior, nasal,
and temporal subfields. Compared with the nasal area, the
foveal temporal area was thicker, with mean differences
of 23.7um and 1.1 ym for the outer and inner regions,
respectively (p <0.001 and p = 0.747, respectively; paired
t-test).

Effects of sex, age, and spherical equivalence on
normal retina, NFL, GCC, and choroidal thickness

In the subgroup analysis, the mean RT and the thickness
of the NFL, GGC, ORL, and choroid in the men were
289.6£13.4,299+1.6,77.9+5.5, 182.3+9.3, and 280.1
+61.9 um, respectively. In the women, the corresponding
measurements were 280.5+13.3, 29.7+2.7, 74.1+6.1,
177.1 £ 8.3, and 251.1 £60.8 um, respectively. The total
retina, GCC, and ORL were slightly thicker in the men than
in the women. Similarly, the choroid was significantly
thicker in the men than in the women (p = 0.027), although
there was no statistically significant difference in the
thickness of the NFL in the men and women (p = 0.770).
Comparisons of the thickness of the retina, NFL, GCC, and
choroid across the various age groups are shown in Table 3.
Although there was prominent age-related reduction in
choroid thickness, it seems that NFL thickness does not
significantly decrease with age.

The linear regression analysis showed that age and
female sex were significantly negatively correlated with the

Table 2 Thicknesses of the

layers of cach region of the Region Retina Nerve fiber  Ganglion cell complex Outer retina Choroid

ETDRS grid (n = 144) Total 2824+138 29729  T48%62 178.1£87  257.0+643
oSUP 276.2+144  402+4.4 67.3+6.1 168.7 8.3 266.5 +68.2
iSUP 309.5+165 27224 90.9+8.6 191.4+£10.1 269.6 £ 66.9
oTEM 2917155  50.1+6.2 73.5%6.2 168.8+12.6  221.8+68.4
iTEM 3099169  252+22 90.2+8.9 1944+10.3  262.5+74.5
oINF 263.6+£135 427+54 633+52 1582+11.4  251.8+70.2
iINF 307.3+£156  29.0+25 90.9£8.2 187.4+94 265.8+78.5
oNAS 258.0+£13.0 24.0x12 69.0+59 1653104  2455+64.8
iNAS 2972156  223+1.3 85.8+8.0 188.3+124  263.6+70.4
Subfoveal CT =~ 227.9+20.7 54+x27 424+85 180.6+£15.6  265.5+742

Values are the mean + SD in micrometers (um)

ETDRS Early Treatment Diabetic Retinopathy Study, CF central fovea, oSUP outer superior region, iSUP
inner superior region, oTEM outer temporal region, i7EM inner temporal region, oINF outer inferior region,
iINF inner inferior region, oNAS outer nasal region, iNAS inner nasal region, CT choroidal thickness
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Table 3 Thickness of the layers

£ th s of th b Layer 18-30 Years 31-40 Years 41-50 Years 51-60 Years >60 Years Pt

ot the components ot the eye, by (n = 36) (n=31) (n=138) (n=31) (n=38)

age group
RT 289.5+10.5 281.6+14.0 279.4+14.7 282.0+12.4 282.4+13.8 <0.001
NFL 304+1.7 293+24 299+3.9 29.6+3.0 29.7+2.9 0.300
GCC 774+39 735+6.3 74.6+6.2 745+6.8 74.8+6.2 0.020
ORL 182.3 8.1 178.8+9.3 175.6 £8.5 177.9+7.2 169.6 £6.2 <0.001
CT 284.2+73.0 254.3+£56.8 264.7+45.3 2334+61.8 199.5+79.5 0.001

Values are the mean + SD in micrometers (um)

RT retina, NFL nerve fiber layer, GCC ganglion cell complex, ORL outer retinal layer, CT subfoveal

choroidal thickness

*Analysis of variance

thickness of the retina, GCC, ORL, and choroid but not the
NFL (Appendix). The spherical equivalent was significantly
negatively correlated with the thickness of the retina, NFL,
GCC, but not the choroid and ORL. After adjusting for
every factor with the stepwise multiple regression analysis,
age and sex still showed significant correlations with the
retina, ORL, and choroid but not the NFL. Only sex, not
age, showed the significant correlation with the GCC. The
spherical equivalent, however, shows a significant correla-
tion only for the GCC. The mean CT showed a negative
correlation with age (p <0.001), with a regression coeffi-
cient of 2 =0.097. With the regression formula, the mean
CT decreased approximately 1.5 um for each year’s increase
in age.

CT by manual measurement

The intraclass correlation coefficient between 2 observers for
SFCT and parafoveal choroidal thickness was 0.925 (95%
confidence interval 0.919-0.931). The mean SFCT deter-
mined by manual line measurement was 326.0 = 86.2 um.
There was a good correlation between the CT and SFCT
thickness (r=0.736, p<0.001). An obvious age-related
reduction was shown in the CT (Table 3). The mean CT
determined by manual evaluation at N3 (3000 um nasally
from the foveal center) was 199.3 um, N2 (2000 um nasally
from the foveal center) 262.6 um, N1 (1000 um nasally from
the foveal center) 305.4 pm, T1 (1000 um temporally from
the foveal center) 318.7 pm, T2 (2000 um temporally from
the foveal center) 326.0 um, and T3 (3000 um temporally
from the foveal center) 301.7 um. The regression analysis
found that the CT decreased significantly with age at per-
ipheral measuring points (>1000 um from the subfoveal
point), whereas the decrement was minimal (without statis-
tical significance) within the central 1000 pm area. The cor-
relation of age and CT at locations N3, N2, N1, SFCT, T1,
T2, and T3 were —0.224 (p <0.001), —0.140 (p =0.018),
—0.098 (p =0.095), —0.064 (p = 0.278), —0.076 (p = 0.20),
—0.159 (p =0.007), and —0.198 (p =0.001), respectively.

Discussion

The present study provided a normal reference value for
CT measured by the SS-OCT in an adult Thai population.
To our knowledge, it is the first study to determine the
baseline thickness of the choroid of healthy Thai volunteers
using SS-OCT with the ETDRS grid and to assess the
relations among clinical variables including sex, age,
spherical equivalence, and thickness of the retina, NFL, and
GCC. SS-OCT, which projects longer wavelengths (allow-
ing better penetration through pigmented tissues), more
clearly shows the choroidal layer [29]. The choroid—sclera
interface can be clearly demonstrated in 100% of eyes using
SS-OCT compared with 73.6% in the SD-OCT with EDI
[30]. Measurement of the retina, ganglion cell-related layers
(GCCQ), and choroid were automatically provided by SS-
OCT with confirmed reliability of measurement, especially
for the choroid [31, 32].

Many studies have reported measuring the CT of healthy
adult subjects using SS-OCT (Table 4). Although there
were no statistically significant differences or correlations of
the CT among ethnic groups reported in the previous studies
[12, 33], in addition, Asians tended to have thinner CT than
Caucasians. In addition to ethnicity, the factors that affect
CT are age, sex, and the set point for measuring the outer
border of the choroidal layer.

In this study, the mean SFCT was approximately 326
um by SS-OCT, whereas the mean SFCT was 294 um and
279 um by SD-OCT EDI, as reported by Phasukkijwatana
et al. [34] and Jirarattanasopa et al. [35], respectively. The
loss of SFCT predicted by our study was 0.85 um per
year, whereas it was 1.22pum and 2.67 um per year,
respectively. Those two studies used the same ethnic
population but with different OCT modalities and did not
control the refractive error, which allows bias in the mean
SFCT. Zafar et al. [36]. and Copete et al. [37], however,
reported no significant differences in the CT measured
with SS-OCT and SD-OCT [36, 37]. In contrast,
Matsuo et al. [38] showed that CT measurements using
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Raster scan with ETDRS grid (6 x 6 mm)
Raster scan with ETDRS grid (6 x 6 mm)

Automatic segmentation

276.7+112.4
221

NA
NA

NA

479+14.0
43.0+17.0

68
43

146

Wang et al. [52], China
Michalewski et al. [44],

Poland

Line representing the lamina suprachoroidea,

outer hyperreflective line of the choroid

259.0

122

12 mm Line scan

Outer aspect of the lamina fusca

254+199  312.1x£76.2 NA NA

57

140

Ruiz-Medrano et al. [24],

Spain

12 mm Line scan

Outer aspect of the lamina fusca

33.5+£249  305.8+80.6 278.2+63.9 NA

NA

169

Ruiz-Medrano et al. [11],

Spain

12 mm Line scan

Outer aspect of the lamina fusca

NA

59 33.5£249  301.9+80.5 258.7+64.6

276

Ruiz-Medrano et al. [23],

Spain

12 mm Line scan and 12 radial scans with

ETDRS grid (6 x 6 mm)

SCI

300.9+72.3

369+142  319.7+76.5

49

129

Moussa et al. [47], Egypt

12 mm Horizontal, vertical, and radial scan

SCI

44.0+29.0 307.0+79.0 285+75 NA

53

230

AthKar et al. [53], India

Values are the mean + SD in micrometers (um)

SFCT subfoveal choroidal thickness, CT choroidal thickness, ETDRS Early Treatment Diabetic Retinopathy Study, SCI sclera—choroid interface, NA not available

SS-OCT were slightly greater than those obtained using
SD-OCT. This is possible because SS-OCT gives higher-
quality images on which the outer choroidal border could
be identified at the outer aspect of the choroid—sclera
interface, rather than the outer limit of the choroidal
vessels.

In the current study, the patient’s sex was associated
with CT, and the mean CT was thicker in men than in
women, with statistical significance (280.1 vs. 251.1 um).
Population-based studies have also shown that men
have thicker CT than women [18, 37-41]. This difference
may be explained by the higher basal sympathetic tone
in women, which might cause vasoconstriction due
to activation of sympathetic a-adrenoceptors [42, 43].
The relation between patient’s sex and CT is still con-
troversial. Previous publications demonstrated an indepen-
dent association between age, sex, axial length, myopic
refractive error, and the CT [18, 40, 44]. It has also been
reported, however, that older age, female sex, greater axial
length, and high myopic refractive error are associated
with thinner CT.

In the present study, a linear regression analysis
showed a distinct age-related reduction in the mean
CT, with a significant negative correlation between the
two. Age was significantly correlated with the thickness
of the choroid after adjusting for sex and spherical
equivalence. The decrease in CT is correlated with a
histopathologically proved decrease in vascular density
and decreased choriocapillaris diameter [45]. This finding
was consistent with those in other studies [18, 40, 41].
As a result, in elderly individuals, retinal pigment
epithelium and the outer retina including photoreceptors
may receive less oxygen and other metabolites, which
could lead to various age-related retinal diseases. The
degenerative changes might preserve the subfoveal
region as it is an important area for vision. Ramrattan
et al. [45] also reported histological decreases in the
choriocapillaris and choroidal capillary lumen in normal
human macula with AMD. Interestingly, CT is sig-
nificantly negatively correlated with age, while SFCT
is not. It is notable, however, the single-point choroidal
measurements may provide misleading indications of
choroidal changes. Thus, a mean CT or multipoint
evaluation of the choroid is suggested when evaluating
foveal CT.

The choroid was thickest at the foveal center and then
decreased as measurements moved away (>1000 um)
from the center, occurring more prominently on the
nasal side than on the temporal side. A similar profile
pattern was described in previous studies [23, 37].
Hence, the SFCT tended to be thicker than the mean
CT [46-48]. One should be aware of whether the
mean CT or the SFCT is being reported when comparing
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CTs among studies. The mean CT and SFCT have
a tendency to become thinner with increasing age,
although without statistical significance. However, the
stronger correlation was better observed at the point
measured closer to the fovea on both the temporal
and nasal sides. Ruiz-Medrano et al. [23] reported a
high correlation between age and CT measured 1000 pm
distance from the foveal center. This correlation,
however, was found to be stronger the farther away
the CT measurements were temporally from the
foveal center.

We believe that this is the first study in an Asian popula-
tion using SS-OCT to evaluate CT in the macular region.
CT in the parafoveal region is important to determine
the pachychoroid disease spectrum that was reported by
Gallego-Pinazo et al. [49]. The non-subfoveal choroidal
thickness might be important in the pachychoroid syndrome
reported by Phasukkijwatana et al. [50], who showed that
nasal choroid is thicker than temporal choroid.

The main strength of the present study is the measure-
ment of CT shown by both automated segmentation and
manual measurement. Furthermore, there were negative
correlation of subfoveal CT and parafoveal CT with age.
This study gave provided the results of OCT measurement
thickness of whole retina layer, NFL and GCL; which can
use as normal references number of retina layer thickness,
foveal, and parafoveal regions measuring by SS-OCT in
adult Asian population.

There were, however, some limitations of this study.
First, the proportion of men and women was not equivalent,
with approximately 80% of the subjects being women. As
previous population-based studies have also shown that
men have thicker CT than women, the value of mean CT
from the current study may underestimate the real mean CT
thickness. Second, this study primarily focused on an adult
population, and hence the normal reference for CT in a
pediatric Thai population is still unknown. Third, choroidal
thickness value can be varied because of manual measure-
ment by different persons. However, the intraclass correla-
tion showed excellent reliability [S1]. Fourth, other factors
which might be correlated to CT were not included in our
study, such as diurnal variation and body mass index.
Furthermore, undiagnosed diabetic patients can unin-
tentionally be included in the current study as the recruit-
ment process was done by chart review, not including blood
sugar test.

In conclusion, age and sex significantly influence CT.
The macular CT in a healthy eye diminishes with age which
there were higher negative correlation for the CT with the
distant form foveal center. Men are prone to have a thicker
CT than women. In addition, the SFCT was thicker than the
mean CT. Parafoveal CT should be evaluated to identify
specific retinal-choroidal diseases.

Summary
What was known before

e Choroidal thickness in Asians tended to be thinner
compared to Caucasians.
e Choroidal thickness decreases with age.

What this study adds

e Foveal and parafoveal structure of choroid in the Thai
population.

e The thinning of choroidal associated with aging started
from parafoveal area and affected mean choroidal thick-
ness, while subfoveal choroidal thickness has less effect.
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