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PURPOSE. Central serous chorioretinopathy (CSC) is a retinal disorder characterized by
serous retinal detachment with or without pigment epithelial detachment in the posterior
pole of the eye. We aimed to elucidate the relationship between scleral thickness and
choroidal structure in CSC eyes.

METHODS. This single-center retrospective study included 111 eyes of 111 CSC patients.
Using swept-source optical coherence tomography, the horizontal cross-sectional images
of the posterior choroid were converted to binary images by semiautomated software.
The luminal and stromal areas of the choroid were measured, and the luminal/stromal
(L/S) ratios of the whole choroid (WC), inner choroid, and outer choroid (OC) at 1500
μm, 3000 μm, and 7500 μm ranges centered on the fovea were calculated. Correlations of
L/S ratio and age, spherical equivalent, axial length, subfoveal choroidal thickness (SCT),
and scleral thickness were determined. Scleral thickness was measured vertically, 6 mm
posterior to the scleral spur in four directions.

RESULTS. SCT and mean scleral thickness were significantly positively correlated with the
L/S ratio in all ranges of WC and OC. Multiple regression analysis found that SCT and
mean scleral thickness were significantly correlated with the L/S ratio, and the strength
of correlation of mean scleral thickness (WC: 0.386, P < 0.001; OC: 0.391, P < 0.001)
was greater than that of SCT (WC: 0.368, P < 0.001; OC: 0.383, P < 0.001) in 7500 μm
range.

CONCLUSIONS. Thick sclera appeared to play a role in an increase in the luminal component
of the posterior choroid in CSC eyes.

Keywords: anterior-segment optical coherence tomography, central serous chori-
oretinopathy, choroidal structure, choroidal thickness, pachychoroid, scleral thickness,
swept-source optical coherence tomography

Central serous chorioretinopathy (CSC), a pachychoroid
spectrum disease, is a retinal disorder characterized by

serous retinal detachment (SRD) with or without pigment
epithelial detachment in the posterior pole of the eye.1,2

CSC commonly occurs in middle-aged men.3–5 Furthermore,
type-A personality,6 psychological stress,7 steroid use,8 preg-
nancy,9 hyperopic refractive error,5,10,11 short axial length
(AL),10,11 and certain genetic factors12–16 are widely regarded
as risk factors for CSC. Since Gass17 proposed choroidal
abnormality as the primary cause of pathogenesis in CSC,
many clinical imaging studies focusing on the choroid have
been conducted. In particular, several studies using indocya-
nine green angiography (ICGA) have found delayed filling of
the choriocapillaris, dilated choroidal vessels, and choroidal
vascular hyperpermeability in CSC.18–22 These ICGA findings
suggest that abnormalities in the structure and function of
the choroid are the main pathogenesis of CSC. However, the
exact pathophysiological mechanism of CSC remains poorly
understood.

The choroid primarily consists of the vascular layer,
containing connective tissues, and lying between the retina

and sclera. The structure of the vascular layer is divided
into three layers: choriocapillaris consisting of capillar-
ies; Sattler’s layer consisting of small vessels; and Haller’s
layer consisting of medium and large vessels.23 The rapid
development of optical coherence tomography (OCT), such
as enhanced depth imaging OCT24 and swept-source (SS)
OCT,25 has made it possible to evaluate choroidal thickness
and choroidal structure.23 Using these techniques, several
studies have proved that subfoveal choroidal thickness (SCT)
is significantly greater in eyes with CSC than in normal
eyes.2,26 Chung et al.27 subsequently reported that Haller’s
layer is significantly thicker in CSC eyes than in normal
control eyes, whereas Sattler’s layer is not significantly differ-
ent. Furthermore, Sonoda et al.28 used ImageJ software to
analyze the choroidal structure by binarizing the choroid
layers, classifying the luminal areas as black and the stromal
areas as white. Using the binarization method, their research
shows that the proportion of the luminal area (i.e., lumi-
nal/stromal [L/S] ratio) of the outer choroidal layer is signif-
icantly higher in CSC eyes compared with normal control
eyes and fellow eyes.28,29 These studies suggest that an
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increase in the luminal area of the outer choroidal layer may
have caused choroidal thickening in CSC eyes.

To date, it remains unclear how morphological factors
affect choroidal structure in CSC eyes. Recently, using an
anterior-segment (AS) OCT, we proposed that sclera may
induce choroidal circulatory disturbances, based on the fact
that CSC eyes had significantly thicker sclera than normal
control eyes.30,31 Unexpectedly, choroidal thickness did not
simply correlate with scleral thickness in CSC eyes in our
pilot study. To elucidate the relationship between scleral
thickness and choroidal structure, we aimed to investigate
the clinical factors related to the L/S ratio in the posterior
choroid in CSC eyes.

METHODS

This study was a retrospective case series performed at the
University of the Ryukyus Hospital. The study was approved
by the ethics committee of the University of the Ryukyus
Hospital (approval number: 1503), and the investigation was
carried according to the principles expressed in the Decla-
ration of Helsinki. Informed consent was obtained from all
patients participating in this study.

We retrospectively reviewed the medical records of 111
eyes of 111 consecutive patients (18 women and 93 men;
mean age, 51.2 years; standard deviation [SD], 12.0 years)
with CSC who initially visited the Macula Service of the
University of the Ryukyus Hospital from October 2018 to
August 2020. In cases of bilateral CSC, the right eye was
selected.

CSC was diagnosed by the presence of SRD or pigment
epithelial detachment involving the macula using SS OCT,
the presence of SRD associated with leakage points at the
level of retinal pigment epithelium (RPE) at the poste-
rior pole on fluorescein angiography, and ICGA confirmed
multifocal choroidal vascular hyperpermeability in the late
phase. Exclusion criteria were the presence of other reti-
nal diseases, including choroidal neovascularization, uveitis,
ocular hypertension, and glaucoma; systemic corticosteroid
therapy; systemic conditions associated with CSC; preg-
nancy; a history of intraocular surgery; a history of treat-
ment for CSC including photocoagulation and photodynamic
therapy; and poor image quality and inability to accurately
analyze choroidal structure or scleral thickness.

At the initial visit, all 111 patients with CSC underwent
comprehensive eye examinations, which included decimal

best-corrected visual acuity testing with Landolt C charts,
slit-lamp biomicroscopy of the anterior segment of the
eye, and funduscopy using an ophthalmoscope. The objec-
tive refraction was measured by an autorefractor (ARK-1a;
NIDEK, Gamagori, Japan), and spherical equivalent (SE)
was calculated by the principal spherical power plus half
of the cylindrical power. AL was measured with an inter-
ferometer (IOL Master 700; Carl Zeiss Meditec, La Jolla,
CA, USA). Color fundus photography was performed by a
fundus camera system (TRC-50DX; Topcon, Tokyo, Japan).
Fluorescein angiography, ICGA, and fundus autofluores-
cence photography were obtained by using a confocal scan-
ning laser ophthalmoscope (Spectralis HRA+OCT; Heidel-
berg Engineering, Heidelberg, Germany). We acquired cross-
sectional images of the macular area using SS OCT (DRI-
OCT Triton; Topcon, Tokyo, Japan). Using the caliper func-
tion of the EnView software (Enview, San Francisco, CA,
USA) installed on the SS OCT, SCT was manually measured
as the vertical distance from the hyper-reflective line
corresponding to Bruch’s membrane to the inner scle-
ral border under the fovea. All patients underwent OCT
angiography (Zeiss Plex Elite 9000; Carl Zeiss Meditec) to
confirm the absence of macular neovascularization. Scle-
ral thickness was measured with AS OCT (Casia 2; Tomey,
Nagoya, Japan) in the same method as our previous reports
(Fig. 1).30–34 Briefly, the patient gazed in four directions
(superior, temporal, inferior, and nasal), and AS OCT scans
were taken along each rectus muscle with a diameter of 16
mm using a raster scan mode consisting of 16 B-scans with
a width of 4 mm. Scleral thickness was measured using a
B-scan image through the middle of each rectus muscle.
The upper scleral line was determined by the low bright-
ness of each rectus muscle, and the lower scleral line was
delineated from the difference in brightness between sclera
and choroid. Scleral thickness was vertically measured 6 mm
posteriorly to the scleral spur in four directions.

Choroidal Binarization Methods

“EyeGround” software was used for choroidal structural
analysis to calculate the L/S ratio of the choroid.35 The
B-scan image of the horizontal cross-section through the
foveal center was obtained using SS OCT and converted to
a TIFF image. The RPE layer was segmented automatically
by the intensity adjustments of the software program. The
border between the choroid and the sclera was manually

FIGURE 1. Scleral thickness measured using AS OCT images obtained by gazing at the opposite direction of the rectus muscles to be captured.
The sclera was identified based on the brightness difference between the rectus muscle, the sclera and the choroid. Scleral thickness was
measured vertically, 6 mm posterior to the scleral spur.
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FIGURE 2. SS OCT images of the choroid converted to binarization images by semiautomated software “EyeGround.” (A) The horizontal
cross-sectional OCT image through the foveal center is converted to a TIFF image. (B) The RPE layer is segmented using the automatic
discrimination of the software (light blue square and line). The vertical purple dashed line indicates the foveal center. (C) The chorioscleral
border is manually segmented (light blue square and line). (D) The choroid is automatically divided into choriocapillaris, Sattler’s layer, and
Haller’s layer. The light blue dashed line indicates the border between the choriocapillaris and the vascular layer. (E) The area of the choroid
is demarcated into 1500 μm, 3000 μm, and 7500 μm ranges centered at the fovea (vertical red lines). (F) The images are binarized by the
Niblack method and the L/S ratio is calculated from the luminal and stromal areas.

determined by the observer. The choroid was divided into
choriocapillaris, Sattler’s layer, and Haller’s layer automat-
ically. The software was programmed so that lines were
drawn vertically to the RPE layer from the point closest to
the RPE in five randomly selected large (>100 μm) lumi-
nal areas, and the mean length of these five lines was the
border between Sattler’s and Haller’s layers. In this study,
the SS OCT images of each case were evaluated for intra-
choroidal structure (i.e., whole choroid [WC], inner choroid
[IC], and outer choroid [OC]). The IC was defined as the
choriocapillaris with Sattler’s layer, and the OC was defined
as Haller’s layer. The SS OCT image of the choroidal area
was binarized by the Niblack method automatically, and the
black area was defined as the luminal area and the white
area as the stromal area. The lowest cutoff value for bina-
rization was defined as the average of the reflectance for the
center of the three selected Haller’s layer lumens regarded as
the darkest by the original SS OCT image. This cutoff value
was used as the reference of the lowest cutoff value for the
brightness and binarization was performed. The L/S ratio of
each case was evaluated for WC, IC, and OC at the ranges
of 1500 μm, 3000 μm, and 7500 μm centered at the fovea on
the horizontal cross-sectional image (Fig. 2).

Outcomes

The L/S ratios of all cases were calculated for WC, IC, and OC
at the ranges of 1500 μm, 3000 μm, and 7500 μm centered at

the fovea. The correlation between age, SE, AL, SCT, and the
mean scleral thickness in four directions and the L/S ratios of
WC, IC, and OC in each range were examined. Subsequently,
if statistically significant correlation was shown, stepwise
multiple regression analysis was used to analyze the rela-
tionship between gender, age, AL, SCT, and mean scleral
thickness and L/S ratios.

Statistical Analysis

Spearman’s rank correlation coefficient was used to calcu-
late the correlation coefficient and P value. The results
were expressed as mean ± SD. The association between
gender, age, AL, SCT, and scleral thickness and the L/S ratio
was assessed using multiple regression analysis, and partial
regression coefficients and standard partial regression coef-
ficients were calculated for significantly relevant factors. P
values < 0.05 were considered to be statistically signifi-
cant. All statistical data were analyzed using Statistical Anal-
ysis System software version 9.4 (SAS; SAS Inc., Cary, NC,
USA).

RESULTS

The clinical information of 111 eyes of 111 patients is
summarized in Table 1. In all 111 eyes, SCT was 400.3 ±
100.6 μm, and scleral thickness was 421.9 ± 59.1 μm, 437.3
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TABLE 1. Clinical Information of the Patients in the Choroidal
Binarization Method

Mean ± SD Range

Number of eyes 111
Age (yrs) 51.2 ± 12.0 28–83
Female, no (%) 18 (16.2%)
Spherical equivalent (diopter) −0.66 ± 1.97 −10.3 to 5.13
Axial length (mm) 23.57 ± 0.95 21.33–26.48
Subfoveal choroidal thickness (μm) 400.3 ± 100.6 152–637
Scleral thickness (μm)
Mean 434.4 ± 47.2 321–559
Superior 421.9 ± 59.1 294–570
Temporal 437.3 ± 53.3 320–580
Inferior 445.5 ± 54.5 271–592
Nasal 433.2 ± 54.8 248–584

± 53.3 μm, 445.5 ± 54.5 μm, and 433.2 ± 54.8 μm in the
superior, temporal, inferior, and nasal directions, respec-
tively. The mean scleral thickness in the four directions was
434.4 ± 47.2 μm. In this cohort, the correlations between
the mean scleral thickness and SCT was not significant (R =
0.126, P = 0.185).

The total choroidal area, luminal area, stromal area, and
the L/S ratio at the 1500 μm, 3000 μm, and 7500 μm ranges
centered at the fovea are shown in Table 2. The age and SE

were not significantly correlated with the L/S ratio of WC,
IC, and OC in all ranges. There was no significant correla-
tion between AL and the L/S ratio in the 1500 μm and 3000
μm ranges. However, longer AL was significantly correlated
with the reduction of the L/S ratio of WC (R = −0.239, P =
0.014) and OC (R = −0.214, P = 0.028) at the 7500 μm range
(Table 3). Greater SCT was significantly correlated with the
increased L/S ratio of WC and OC at the 1500 μm (WC: R
= 0.488, P < 0.001; OC: R = 0.437, P < 0.001), 3000 μm
(WC: R = 0.423, P < 0.001; OC: R = 0.406, P < 0.001), and
7500 μm (WC: R = 0.414, P < 0.001; OC: R = 0.450, P <

0.001) ranges, although there were no significant correla-
tions between SCT and the L/S ratio of IC at all the other
ranges (Table 3, Fig. 3). Similarly, the mean scleral thick-
ness was significantly and positively correlated with the L/S
ratio of WC and OC at 1500 μm (WC: R = 0.558, P < 0.001;
OC: R = 0561, P < 0.001), 3000 μm (WC: R = 0.592, P <

0.001; OC: R = 0.605, P < 0.001), and 7500 μm (WC: R =
0.541, P < 0.001; OC: R = 0.584, P < 0.001) ranges, although
there were no significant correlations between mean scle-
ral thickness and the L/S ratio of IC at all the other ranges
(Table 3, Fig. 4).

Stepwise multiple regression analysis in all cases showed
that only SCT and mean scleral thicknesses were signifi-
cantly and positively correlated with L/S ratio of WC and
OC in all ranges. Standardized partial regression coefficient
showed that SCT was the factor more significantly correlated

TABLE 2. Mean Value in Choroidal Area and Luminal/Stromal Ratio

Total Choroidal Area (μm2) Luminal Area (μm2) Stromal Area (μm2) Luminal/Stromal Ratio

Whole choroid
1500 μm 620,071.8 ± 195,414.7 436,880.4 ± 142,640.4 183,191.5 ± 61,294.9 2.432 ± 0.517
3000 μm 1,226,427.8 ± 379,555.5 865,300.5 ± 274,713.3 361,127.3 ± 122,605.2 2.463 ± 0.603
7500 μm 2,771,491.3 ± 870,883.2 1,938,196.6 ± 626,129.8 833,294.8 ± 272,986.2 2.364 ± 0.478

Inner choroid
1500 μm 198,455.1 ± 72,787.5 132,135.5 ± 48,173.4 66,319.6 ± 28,766.8 2.105 ± 0.607
3000 μm 391,661.6 ± 139,483.9 261,422.1 ± 90,629.2 130,239.5 ± 55,000.0 2.110 ± 0.505
7500 μm 882,662.3 ± 295,150.1 590,309.5 ± 192,558.6 292,352.7 ± 113,983.5 2.105 ± 0.430

Outer choroid
1500 μm 421,616.8 ± 144,602.0 304,744.9 ± 108,958.4 116,871.9 ± 46,559.3 2.749 ± 0.896
3000 μm 834,766.2 ± 282,749.9 603,878.4 ± 210,631.4 230,887.8 ± 94,672.4 2.806 ± 1.080
7500 μm 1,888,829.1 ± 660,641.1 1,347,887.0 ± 485,341.2 540,942.0 ± 211,596.6 2.619 ± 0.939

TABLE 3. Correlation Between Age, Spherical Equivalent, Axial Length, Subfoveal Choroidal Thickness, Mean Scleral Thickness, and
Luminal/Stromal Ratio

Age
Spherical Equivalent

(Diopter) Axial Length (mm)
Subfoveal Choroidal

Thickness (μm)
Mean Scleral

Thickness (μm)

Correlation
Coefficient P Value

Correlation
Coefficient P Value

Correlation
Coefficient P Value

Correlation
Coefficient P Value

Correlation
Coefficient P Value

Whole choroid
1500 μm −0.074 0.442 0.187 0.054 −0.174 0.074 0.488 <0.001 0.558 <0.001
3000 μm −0.101 0.292 0.131 0.179 −0.187 0.056 0.423 <0.001 0.592 <0.001
7500 μm −0.137 0.152 0.092 0.344 −0.239 0.014 0.414 <0.001 0.541 <0.001

Inner choroid
1500 μm −0.129 0.177 −0.053 0.591 0.101 0.305 0.136 0.155 −0.012 0.901
3000 μm −0.084 0.382 0.001 0.990 0.045 0.647 0.115 0.230 −0.048 0.619
7500 μm −0.040 0.678 0.014 0.889 0.188 0.054 0.101 0.293 −0.084 0.381

Outer choroid
1500 μm −0.053 0.579 0.181 0.063 −0.075 0.446 0.437 <0.001 0.561 <0.001
3000 μm −0.089 0.355 0.158 0.103 −0.126 0.200 0.406 <0.001 0.605 <0.001
7500 μm −0.154 0.106 0.135 0.165 −0.214 0.028 0.449 <0.001 0.584 <0.001
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FIGURE 3. Relationship between SCT and L/S ratio by Spearman’s rank correlation coefficient. SCT is significantly and positively correlated
with the L/S ratio of WC and OC in all ranges.

with the increase in the L/S ratio of WC and OC at 1500 μm
(WC: 0.522 vs. 0.437; OC: 0.523 vs. 0.466) and 3000 μm (WC:
0.441 vs. 0.426; OC: 0.453 vs. 0.447) ranges than mean scle-
ral thickness. In contrast, mean scleral thickness was the
factor significantly and more positively correlated with the
increase in L/S ratio of WC and OC at 7500 μm range (WC:
0.386 vs. 0.368; OC: 0.391 vs. 0.383) than SCT (Table 4).

DISCUSSION

This study demonstrated that SCT and mean scleral thick-
ness were significantly and positively correlated with L/S
ratio in all ranges of WC and OC.Multiple regression analysis
found that SCT and mean scleral thickness were significantly
correlated with the L/S ratio, and the strength of correlation
of mean scleral thickness was greater than that of SCT in the
7500 μm range.

It has been reported that choroidal structural analysis
converted to binarization by the Niblack method has shown
high reproducibility.28,35 In this study, by using automated

choroidal structure analysis software, “EyeGround,” with
maximizing the automation mode, we examined the clinical
factors associated with choroidal structure in CSC patients.
As a result, we have revealed that thick choroid and thick
sclera were significantly correlated to an increase in the L/S
ratio of WC and OC in the posterior pole. In contrast, the
L/S ratio of IC had no correlation with clinical factors such
as SCT or scleral thickness. To our knowledge, no previous
studies have reported these results regarding the choroidal
structural analysis of CSC.

In this study, SCT and the L/S ratio were significantly and
positively correlated in the posterior pole of CSC eyes. Addi-
tionally, about half of the CSC eyes had an L/S ratio of 2.4
or higher in WC and OC, which tended to be higher than
that of normal control eyes in previous reports.29,36 These
results suggested that the cause of choroidal thickening in
CSC eyes might be an increase in the luminal component
of the outer choroidal layer. Agrawal et al.37 binarized the
choroid into luminal and stromal areas by spectral-domain
OCT and reported that the luminal areas were significantly
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FIGURE 4. Relationship between mean scleral thickness and L/S ratio by Spearman’s rank correlation coefficient. Mean scleral thickness is
significantly and positively correlated with the L/S ratio of WC and OC in all ranges.

larger than the stromal areas in CSC eyes. In addition, the
increased luminal areas were noted in CSC eyes in compar-
ison with age-matched healthy subjects.37 Similarly, Sonoda
et al.29 reported that the luminal area of the outer choroidal
layer was significantly larger than the stromal area and had
a higher L/S ratio in CSC eyes than in normal eyes. These
results are consistent with ours. Furthermore, Sonoda et
al.36 reported that the L/S ratio decreased significantly with
increasing age and longer AL in normal eyes. In this study,
age and SE did not significantly correlate with the L/S ratio
in CSC eyes, whereas AL was significantly correlated only at
the 7500 μm range, but the correlation coefficient was lower
than their report. These results show that the effects of age,
SE, and AL on the L/S ratio are less in CSC eyes than in
normal eyes, and other factors may define the L/S ratio.

Recently, using AS OCT, we demonstrated that CSC eyes
had significantly thicker sclera than normal control eyes,
suggesting an overlap with the pathogenesis of uveal effu-
sion syndrome,30 and subsequent reports supported our
finding.31,38,39 CSC and uveal effusion syndrome character-

ized by thick sclera share the same clinical features, such
as a thick choroid and SRD.40,41 Choroidal blood flow is
excreted out of the eye by four or more vortex veins. The
thick sclera increases the vascular resistance of the pene-
trating vortex veins and may cause stasis of the choroidal
blood flow. Vortex vein congestion was shown in wide-field
ICGA21 and en face OCT42 as dilatation of the outer choroidal
layer vessels. Further, a study with laser speckle flowgraphy
demonstrated that reduced blood flow velocity in the asym-
metrically dilated vortex veins in pachychoroid spectrum
diseases, suggesting the anatomical vascular congestions.43

Additionally, the thick sclera may reduce the trans-scleral
outflow of choroidal fluid and prevent excessive fluid from
being excreted through the sclera. These choroidal excre-
tion pathways may be disturbed by thick sclera, resulting
in vasodilation of the outer choroidal layer. In the present
study, scleral thickness was positively correlated with the
L/S ratio in WC and OC, suggesting that scleral thickening
contributes to the increase in the choroidal luminal compo-
nents. The thicker sclera may increase the luminal area of the
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TABLE 4. Results of Stepwise Multiple Regression Analysis to The Ratio of Luminal to Stromal Area in The Choroidal Binarization Method

Variables Partial Regression Coefficient Standardized Partial Regression Coefficient P Value

Whole choroid
1500 μm
Subfoveal choroidal thickness (μm) 0.003 0.522 <0.0001
Mean scleral thickness (μm) 0.005 0.437 <0.0001
Constant −2.114
Adjusted R2 0.402

3000 μm
Subfoveal choroidal thickness (μm) 0.003 0.441 <0.0001
Mean scleral thickness (μm) 0.006 0.426 <0.0001
Constant −2.439
Adjusted R2 0.329

7500 μm
Subfoveal choroidal thickness (μm) 0.002 0.368 0.0004
Mean scleral thickness (μm) 0.004 0.386 <0.0001
Constant 0.510
Adjusted R2 0.290

Outer choroid
1500 μm
Subfoveal choroidal thickness (μm) 0.004 0.523 <0.0001
Mean scleral thickness (μm) 0.008 0.466 <0.0001
Constant −5.964
Adjusted R2 0.418

3000 μm
Subfoveal choroidal thickness (μm) 0.004 0.453 <0.0001
Mean scleral thickness (μm) 0.009 0.447 <0.0001
Constant −5.656
Adjusted R2 0.359

7500 μm
Subfoveal choroidal thickness (μm) 0.003 0.383 0.0002
Mean scleral thickness (μm) 0.007 0.391 <0.0001
Constant −1.267
Adjusted R2 0.335

choroid in OC and consequently increase the entire thick-
ness of the choroid. However, this study demonstrated that
the thicker sclera did not simply result in a thicker choroid.
Besides, the maximum limit of choroidal thickness seems
to have individual differences, because the variation of SCT
increases as the L/S ratio increases in the scatter plot of SCT
and the L/S ratio. Therefore the choroidal venous overload
by thick sclera needs to be further investigated.44

In the current study, we demonstrated that scleral thick-
ening, as well as greater SCT, contributed to the increased
L/S ratio by stepwise multiple regression analysis. However,
the correlation coefficient between the mean scleral thick-
ness and the L/S ratio of WC and OC was less than 0.6.
In this respect, the choroidal abnormality in CSC eyes may
be affected by variable factors, not just scleral thickness.
Using laser speckle flowgraphy, Saito et al.45 reported the
increase in choroidal blood flow in the acute CSC and the
increase in vascular resistance at the site of delayed filling on
ICGA. They presumed that the changes in choroidal blood
flow was due to sympathetic hyperactivity.46 CSC has risk
factors such as type-A behavior,6 psychic stress,7 hyperten-
sion,5 and smoking,5 and the involvement of sympathetic
hyperactivity is generally supported. These findings indicate
that pachychoroid status in CSC eyes is due to the combina-
tion of physiological dynamic and anatomical static factors.
It requires further studies to clarify the extent to which
the thick sclera of CSC eyes affects choroidal structure and
circulation.

The advantage of this study is that the structural analy-
sis of the choroid was done semi-automatically, and manual
bias was almost eliminated. Additionally, the software used
in the analysis has already been proven to have excellent
reproducibility and repeatability.35 However, there are also
several limitations. First, the CSC cases in this study mainly
consisted of severe cases referred for treatments, thereby
mild CSC cases were excluded. Clinical factors related to
choroidal structure in normal control eyes and pachychoroid
spectrum disease eyes other than CSC need to be investi-
gated further. Second, the measurements of choroidal and
scleral thicknesses were performed manually since there
was no automated software available. Third, it was impossi-
ble to clearly separate the choroidal luminal areas from the
loculation of fluid34,47 in our binarization method. Although
the loculation of fluid is much smaller than the choroidal
luminal areas, the L/S ratio in this study did not completely
reflect the choroidal luminal and stromal areas. Finally, with
present AS OCT, it was impossible to obtain the deeper scle-
ral image such as the trans-scleral parts of the vortex vein.
The morphological features of the vortex veins at the site
penetrating the sclera remain unknown.

In conclusion, this study analyzed clinical factors related
to the structural changes of the choroid in CSC eyes. The
results showed that SCT and scleral thickness in CSC eyes
were significantly and positively correlated with increased
choroidal luminal components in the WC and OC. The
effects of SCT and scleral thickness on choroidal luminal
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components were independently associated, and effects of
these on choroidal luminal components were comparable.
Our findings may provide further strong evidence for the
close relationship between the choroid and sclera in CSC
pathology. Further studies using ultra-wide-field ICGA or
more extensive choroidal B-scan and en face images are
required to determine how the sclera affects the choroid.
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