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Increased Choroidal Vascularity in Central ®
Serous Chorioretinopathy Quantified Using
Swept-Source Optical Coherence Tomography

YOSHIMASA KURODA, SOTARO OOTO, KENJI YAMASHIRO, AKIO OISHI, HIDEO NAKANISHI,
HIROSHI TAMURA, NAOKO UEDA-ARAKAWA, AND NAGAHISA YOSHIMURA

e PURPOSE: To investigate the choroidal vascular
structural changes in eyes with central serous choriore-
tinopathy (CSC) by using swept-source optical coherence
tomography (SS-OCT).

 DESIGN: Prospective cross-sectional study.

e METHODS: We prospectively examined 40 eyes of 34
consecutive patients with CSC. Three-dimensional
choroidal images of the macular area, covering
3 X 3 mm and 6 X 6 mm, were obtained with
SS-OCT. En face images of the microvasculature of
the inner choroid and large choroidal vessel layers
were converted to binary images. Choroidal vascular
areas were analyzed quantitatively using the binary
images.

e RESULTS: The choroidal vascular area was larger in
eyes with CSC (the microvasculature of the inner
choroid: 53.4% = 2.4%, P = .028; 3 X 3-mm large
choroidal vessels: 66.9% =+ 7.1%, P < .001; and
6 X 6-mm large choroidal vessels: 64.8% + 7.3%,
P < .001) than in age-matched normal eyes (52.2%
+ 1.8%, 54.9% = 4.4%, and 53.8% = 4.3%, respec-
tively). The choroidal vascular area at the microvas-
culature of the inner choroid level was larger in
multifocal posterior pigment epitheliopathy (55.8%
+ 2.2%) than in classic CSC (53.1% = 2.1%,
P = .038) and in diffuse retinal pigment epitheliop-
athy (52.9% = 2.6%, P = .042). The subfoveal
choroidal thickness was significantly associated with
the choroidal vascular area at the level of large
choroidal vessels (P < .001).

e CONCLUSIONS: Increased choroidal vascular area was
observed in the whole macula area in eyes with CSC.
This finding suggests that CSC may originate from a
choroidal circulatory disturbance. (Am ] Ophthalmol
2016;169:199-207. © 2016 Elsevier Inc. All rights
reserved.)
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characterized by serous retinal detachment

(SRD) in the macula accompanied with retinal
pigment epithelium (RPE) detachment.'” Fluorescein
angiography (FA) shows a single or multiple points of dye
leakage at the RPE and dye pooling into the subretinal
space.” The subretinal fluid may be derived from the
choroidal exudation.’ In addition, indocyanine green angi-
ography (IA) shows choroidal vascular changes, including
delayed filling, vascular congestion, choroidal hyperperme-
ability, and punctate hyperfluorescent spots.”'* These
angiographic findings strongly suggest that the primary
mechanism underlying CSC may involve a choroidal
vascular abnormality.

Imaging of the choroid with optical coherence tomogra-
phy (OCT) does not allow visualization of the entire
choroidal structure, owing to its low penetration and
high backscattering at the level of the RPE. However, since
Margolis and Spaide introduced enhanced depth imaging
(EDI) OCT,"” many investigators have studied choroidal
thickness in healthy and diseased eyes. In fact, using the
EDI-OCT technique, it has been reported that choroidal
thickness increased in patients with CSC compared with
that in patients with normal eyes.'®'” However, EDI-
OCT s usually coupled to multiple averaging to achieve
high contrast and low speckle noise, resulting in less
detailed raster scan images. For this reason, en face imaging
of the choroid is difficult using EDI-OCT.

Other investigators reported the measurement of
choroidal thickness with the use of OCT at a longer wave-
length.'®”° Swept-source (SS)-OCT at a longer wave-
length, which is characterized by a high-speed scan rate
and a relatively low-sensitivity roll-off vs depth compared
with the spectral-domain OCT, allows us to obtain a
3-dimensional (3D) high-contrast image of the choroid.”!
In addition, several algorithms were recently developed
for SS-OCT, which allows for en face imaging of the
choroid. These developments provide the unique opportu-
nity to profile the 3D anatomy of choroidal layers.””**

The purpose of this study was to objectively assess the
choroidal vascular dilation in eyes with CSC using en
face SS-OCT imaging. We scanned the whole macular
area of healthy subjects and CSC patients by high-
penetrating SS-OCT using a 3D scan protocol, and pro-
duced en face images of the microvasculature of the inner
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choroid and large choroidal vessels. We converted en face
images obtained by SS-OCT into binary images and
assessed the enlarged choroidal vasculature quantitatively.

METHODS

THE ETHICS COMMITTEE AT KYOTO UNIVERSITY GRADUATE
School of Medicine approved this prospective study, which
was conducted in accordance with the tenets of the Decla-
ration of Helsinki. Written informed consent was obtained
from each subject before any study procedures or examina-
tions were performed.

e SUBJECTS: For this prospective cross-sectional study, we
recruited consecutive patients with CSC who visited the
Macular Service at Kyoto University Hospital between
January 2014 and November 2014, as well as age-
matched healthy subjects. Healthy eyes were recruited
from healthy volunteers and unaffected fellow eyes of pa-
tients with unilateral retinal diseases (eg, epiretinal mem-
brane, vitreomacular traction syndrome). All of the
subjects underwent a comprehensive ocular examination,
including autorefractometry, best-corrected visual acuity
measurement with a Landolt C chart, slit-lamp bio-
microscopy, intraocular pressure measurement, fundus
photography (TRC-NWS8F; Topcon Corp, Tokyo, Japan),
axial length measurement using ocular biometry
(IOLMaster; Carl Zeiss Meditec, Jena, Germany), and
SS-OCT imaging (DRI OCT-1; Topcon Corp). All pa-
tients with CSC also underwent simultaneous FA and
IA using the Spectralis HRA4+OCT (Heidelberg Engi-
neering, Heidelberg, Germany). CSC was diagnosed if pa-
tients had SRD within the macular area, which was
confirmed by OCT, and associated with idiopathic leaks
from the RPE during FA/IA, excluding other causes of
SRD. The exclusion criteria included other macular ab-
normalities (eg, retinal vein occlusion, age-related macu-
lar degeneration, pathologic myopia, idiopathic choroidal
neovascularization [CNV], other secondary CNV, intra-
ocular inflammation, history of ocular trauma, poor image
owing to media opacity or poor fixation, or history of vit-
rectomy, anti-vascular endothelial growth factor adminis-
tration, and photodynamic therapy).

e CLASSIFICATION OF CENTRAL SEROUS CHORIORETIN-
OPATHY: Patients with CSC were classified into 3 types:

classic CSC, diffuse retinal pigment epitheliopathy
(DRPE), and multifocal posterior pigment epitheliopathy
(MPPE).”’ Classic CSC was defined as only a few spots of
leakage from the RPE.” DRPE was defined as broad areas
of granular hyperfluorescence during FA associated with
many indistinct areas of leakage.” MPPE was defined as
multiple massive leakages from the choroid.”’

Each type of CSC was divided into active and resolved
eyes. Active eye was indicated when the eye had SRD
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within the macular area. Resolved eye was indicated as
the absence of SRD at the time of SS-OCT measurement,
showing SRD at the first visit or at the visit before the time
of SS-OCT measurement.

e SWEPT-SOURCE OPTICAL COHERENCE TOMOGRAPHY:
Swept-source OCT examinations were performed by
trained examiners after pupil dilation. In each subject,
horizontal and vertical line scans (12 mm) were obtained
through the fovea. Each 3D volumetric scan covered an
area of 3 X 3 mm? and 6 X 6 mm?, centered on the fovea.
Three-dimensional 3 X 3-mm’ volumetric scans
consisted of 512 (horizontal) X 256 (vertical) A-scans
and 3D 6 X 6-mm’ volumetric scans comprised 512
(horizontal) X 128 (vertical).

¢ MEASUREMENT OF CHOROIDAL THICKNESS: Choroidal
thickness was defined as the distance between the line
corresponding to the Bruch membrane beneath the RPE
and the chorioscleral interface. The choroidal thicknesses
at the center of the fovea were manually measured from
vertical and horizontal scans with a built-in caliber tool,
and each length was averaged.

e ENFACEIMAGING: In each B-scan of the 3D data set, the
outer surface of the Bruch membrane line was automatically
determined by the software, and manual corrections were
made as necessary using the built-in segmentation-modi-
fying tool. En face images were automatically reconstructed
from the 3D data set using software developed by Topcon
Corporation. En face images of the choroid were created
by being extracted at varying depths every 2.6 wm from
the Bruch membrane and were flattened at the level of
the Bruch membrane. In the middle row of Figure 1, the
en face images indicated white region for vascular lumens
and black region for the vascular wall and choridal stroma.

e MEASUREMENT OF CHOROIDAL VASCULAR AREA: To
evaluate the area of choroidal vasculature, 2 en face im-
ages were used: 1 at the level of the microvasculature of
the inner choroid (26 pm below the Bruch membrane)
and 1 at the level of large choroidal vessels (the interme-
diate level between the Bruch membrane and the deepest
site of the chorioscleral interface through the fovea). It is
reported that choriocapillaris is located about 5-10 um
below the Bruch membrane, and its diameter is about
15-20 pm.”*? Each en face image was created by
extracting from 3-dimensional raster scans at every
2.6 wm depth. Thus, we decided to measure the choroidal
microvascular area 26 wm below the Bruch membrane.
The area of choroidal vasculature of the adopted images
was measured using Image] public domain software
(Wayne Rasband, National Institutes of Health, Bethesda,
Maryland, USA; available at http://rsb.info.nih.gov/ij/
index.html). In Image], the command path Image >
Adjust > Threshold > Auto was used to distinguish the
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FIGURE 1. Representative images of normal left eye of a 37-year-old man. (Top left) Fundus photograph. (Top right) Horizontal
section by swept-source optical coherence tomography. The subfoveal choroidal thickness was 274 pm. (Middle) En face images
of choroidal vasculature. (Bottom) Binarized images. The white areas indicate the choroidal vascular area. (Middle left) En face im-
ages of 3 X 3 mm at the level of the microvasculature of the inner choroid. (Middle second) En face images of 3 X 3 mm at the level of
the large choroidal vessels. (Middle third) En face images of 6 X 6 mm at the level of the microvasculature of the inner choroid. (Mid-
dle right) En face images of 6 X 6 mm at the level of the large choroidal vessels. (Bottom left) En face binarized images of 3 X 3 mm at
the level of the microvasculature of the inner choroid. (Bottom second) En face binarized images of 3 X 3 mm at the level of the large
choroidal vessels. (Bottom third) En face binarized images of 6 X 6 mm at the level of the microvasculature of the inner choroid.

(Bottom right) En face binarized images of 6 X 6 mm at the level of the large choroidal vessels.

vasculature and the choroidal stroma, and the adopted im-
ages were binarized (Figure 1, Bottom row). Binarization of
an en face image was done by the Otsu method, which is
an automatic threshold selection method from gray-level
histograms.”’ Next, the area of the portion of vascular lu-
mens was calculated in the pixel value by using the com-
mand path Analyze > Measure in Image]. In the present
study, the choroidal vascular area of the adopted images
was defined as the percentage of the portion of vascular
lumen area against whole scan area.

e STATISTICAL ANALYSIS: All values are presented as
mean * standard deviation. The measured visual acuity
was converted to the logarithm of the minimum angle of res-
olution (logMAR) for statistical analyses. x* Tests were used
to compare the distribution of categorical variables. Un-
paired t tests were used to compare with control eyes or be-
tween states of CSC. Paired ¢ test was used to compare
between affected eyes and unaffected fellow eyes in patients
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with unilateral CSC. One-way analysis of variance
(ANOVA) and post hoc Bonferroni test were used to
compare among the 3 subtypes of CSC. Bivariate relation-
ships were examined using Pearson product-moment correla-
tion coefficient test. Statistical significance was set at P < .05.

RESULTS

IN THIS STUDY, 40 EYES OF 34 PATIENTS WITH CSC AND 26

eyes of 26 healthy subjects were included. Twenty-eight pa-
tients had unilateral CSC and 6 patients had bilateral CSC.

e CENTRAL SEROUS CHORIORETINOPATHY EYES AND
UNAFFECTED FELLOW EYES COMPARED WITH CONTROL
EYES: CSC patients and healthy subjects were similar in

age (55.4 + 12.1 vs 56.5 = 20.5, P = .797) and axial length
(23.6 = 1.2 mmvs 24.2 = 1.2 mm, P = .060). There was no
significant difference in sex distribution between the CSC
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TABLE 1. Choroidal Vascular Areas of Central Serous Chorioretinopathy Eyes and the Unaffected Fellow Eyes Compared With Normal
Control Eyes

Control Eyes (n = 26) CSC Eyes (n = 40) Fellow Eyes (n = 28) P Value® P Value®
Age (y) 56.5 = 20.5 55.4 = 12.1 54.07 = 13.0 797 .608
Sex (M/F) 12/14 26/14 18/10 .130 .180
R/L 12/14 22/18 16/12 482 419
Axial length (mm) 242 +1.2 236 +1.2 241 +14 .060 .690
Subfoveal choroidal thickness (um) 238.0 = 81.1 395.9 = 103.3 339.8 = 101.9 <.001 <.001
Vascular area (%)
Microvasculature (3 X 3 mm) 522+ 1.8 53.4 =24 52.9 = 1.9 .028 162
Large choroidal vessels (3 X 3 mm) 549 = 4.4 66.9 = 7.1 62.1 =71 <.001 <.001
Microvasculature (6 X 6 mm) 51.9 =21 54.0 1.7 53.4 +1.7 <.001 .006
Large choroidal vessels (6 X 6 mm) 53.8 £43 64.8 7.3 61.0 £ 7.1 <.001 <.001

CSC = central serous choroiretinopathy.

@P value was compared between the eyes with CSC and normal control eyes.
bp value was compared between the unaffected fellow eyes in patients with unilateral CSC and normal control eyes.

patients and healthy subjects (26 men and 14 women vs 12
men and 14 women, P = .130).

The mean subfoveal choroidal thickness of eyes with
CSC (395.9 + 103.3 wm) was significantly larger compared
with control eyes (238.0 * 81.1 wm). The choroidal
vascular area was significantly higher in eyes with CSC
than in control eyes both at the level of the microvascula-
ture of the inner choroid (3 X 3 mm: 53.4% = 2.4% vs
52.2% * 1.8%, P = .028; 6 X 6 mm: 54.0% * 1.7% vs
51.9% = 2.1%, P < .001) and at the level of the large
choroidal vessels (3 X 3 mm: 66.9% = 7.1% vs 54.9% =
44%, P < .001; 6 X 6 mm: 64.8% = 7.3% vs 53.8% =
4.3%, P < .001) (Table 1, Figures 1 and 2).

Unaffected fellow eyes and control eyes were similar in
age (P = .608) and axial length (P = .690). The mean
subfoveal choroidal thickness was larger in the unaffected
fellow eyes (339.8 = 101.9 pm) compared with the control
eyes (P < .001). The choroidal vascular area was signifi-
cantly higher in unaffected fellow eyes with CSC than in
control eyes at the level of the microvasculature of the in-
ner choroid (6 X 6 mm: 53.4% * 1.7%, P = .006), not at
the level of the microvasculature of the inner choroid (3 X
3 mm: 52.9% = 1.9%, P = .162). The choroidal vascular
area in the unaffected fellow eyes was larger at the level
of the large choroidal vessels (3 X 3 mm: 62.1% * 7.1%,
P < .001; 6 X 6 mm: 61.0% = 7.1%, P < .001) than in
the control eyes (Table 1).

e AFFECTED EYES COMPARED WITH UNAFFECTED
FELLOW EYES: Comparisons of parametric data of affected

eyes and unaffected fellow eyes of the unilateral CSC pa-
tients are shown in Table 2. The mean subfoveal choroidal
thickness in the affected eyes was significantly thicker
than in the unaffected fellow eyes (384.8 * 113.8 wm vs
339.8 = 101.9 pm, P =.005). There was no significant dif-

ference in the choroidal vascular area at the level of the
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microvasculature of the inner choroid. The choroidal
vascular area at the large choroidal vessels level was signif-
icantly larger in the affected eyes than in the unaffected
fellow eyes (3 X 3 mm: 65.5% * 7.1% vs 62.1% =+
7.1%, P = .012; 6 X 6 mm: 63.2% = 7.6% vs 61.0% =
7.1%, P = .030).

o ACTIVEEYES COMPARED WITH RESOLVED EYES: Thil‘ty—
three eyes were active status with SRD involving the mac-
ula and 7 were resolved eyes with absence of SRD. Table 3
shows comparative data between active eyes and resolved
eyes. There was no significant difference in the subfoveal
choroidal thickness and the choroidal vascular area be-
tween active eyes and resolved eyes.

e COMPARISON AMONG SUBTYPES OF CENTRAL SEROUS
CHORIORETINOPATHY: Of total 40 CSC eyes, 21 were

classic CSC, 13 were DRPE, and 6 were MPPE. One-way
ANOVA showed significant differences in the axial length
and the vascular area at the level of the microvasculature of
the inner choroid among the 3 subtypes of CSC (Table 4).
In the MPPE type, the vascular area at the level of the
microvasculature of the inner choroid (55.8% =* 2.2%)
was significantly larger than in the classic type (53.1% =+
2.1%, P = .038) and DRPE (52.9% = 2.6%, P = .042).
One-way ANOVA indicated no significant difference in
the subfoveal choroidal thickness and the vascular area at
the level of large choroidal vessels.

e RELATIONSHIP BETWEEN SUBFOVEAL CHOROIDAL
THICKNESS AND CHOROIDAL VASCULAR AREA: In 40

affected eyes with CSC, there was no statistically signifi-
cant correlation between the subfoveal choroidal thickness
and the choroidal vascular area at the level of the microvas-
culature of the inner choroid (Figure 3, Top). However, the
choroidal vascular area at the level of the large choroidal
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FIGURE 2. Representative images of right eye of a 46-year-old man with active classic central serous chorioretinopathy. (Top left)
Fundus photograph shows serous retinal detachment. (Top second) Fluorescein angiography shows a few spots of leakage from the
retinal pigment epithelium. (Top right) Indocyanine green angiography shows choroidal hyperpermeability. (Middle) En face images
of choroidal vasculature. The white areas indicate the choroidal vascular area. (Middle left) En face image of 3 X 3 mm at the level of
the microvasculature of the inner choroid. (Middle second) En face image of 3 X 3 mm at the level of the large choroidal vessels
shows extreme choroidal dilation. (Middle third) En face images of 6 X 6 mm at the level of the microvasculature of the inner choroid.
(Middle right) En face image of 6 X 6 mm at the level of the large choroidal vessels shows choroidal dilation. (Bottom) The horizontal
image through the fovea by swept-source optical coherence tomography shows serous retinal detachment and increased choroidal
thickness (532 pm).

choroidal vascular disturbance.’” A previous study reported
that the abnormalities of RPE and choroid caused serous
retinal detachment.”’ The present study evaluated
choroidal vasculature of CSC using en face SS-OCT imag-
ing. The results of our study demonstrated that vascular
areas of the choroid were larger in eyes with CSC than in
age-matched normal controls, which was seen in both
diseased eyes and unaffected fellow eyes, both at the level
of the microvasculature of the inner choroid and at the

vessels was positively correlated with the subfoveal
choroidal thickness (Figure 3, Bottom).

DISCUSSION

THE ETIOLOGY OF CSC HAS NOT YET BEEN DETERMINED.
However, previous studies using IA showed choroidal

vascular abnormalities of eyes with CSC, including delayed
filling, vascular congestion, choroidal vascular hyperper-
meability, and punctate hyperfluorescent spots,”

suggesting that the primary pathogenesis of CSC is

VOL. 169

large choroidal vessel level.

IA has been the standard approach for examining
choroidal vasculature. However, evaluation of choroidal
vasculature depends on 2-dimensional assessment with
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TABLE 2. Choroidal Vascular Areas of Affected Eyes
Compared With Unaffected Fellow Eyes in Central Serous
Chorioretinopathy

TABLE 3. Choroidal Vascular Areas of Active Eyes
Compared With Resolved Eyes in Central Serous
Chorioretinopathy

Affected Eyes Fellow Eyes P Value

Active (n =33) Resolved (h=7) P Value

Axial length (mm) 23.8+1.2 24114 .009

Subfoveal choroidal 384.8 + 113.8 339.8 = 101.9 .005
thickness (um)

Vascular area (%)

Microvasculature 52.8 = 2.0 529+1.9 .890
(3 X 3mm)

Large choroidal vessels 65.5 = 7.1 62.1 = 7.1 .012
(3 X 3mm)

Microvasculature 53.7 = 1.6 53.4 +1.7 .398
(6 X 6 mm)

Large choroidal vessels 63.2 * 7.6 61.0 = 7.1 .030
(6 X 6 mm)

overlapping of all choroidal layers. Another limitation is
the difficulty in obtaining objective and quantitative mea-
surements. With the advent of OCT, cross-sectional imag-
ing of the choroid has improved its assessment. Using the
EDI-OCT technique, several researchers reported that
patients with CSC had thick choroid.'®!'” However, most
studies using EDI-OCT measured representative points of
the choroid, such as subfoveal choroidal thickness. In
addition, en face imaging of the choroid is difficult using
EDI-OCT. For all the cited reasons, there has been limited
information for the 3D profile of the choroid in CSC eyes.
Using high-penetrating SS-OCT, we previously reported
that increased choroidal thickness is observed in the whole
macular area of eyes with any of the CSC subtypes.”” In the
current study, using en face SS-OCT imaging, we quantita-
tively evaluated choroidal vasculature structures at the
microvasculature of the inner choroid and large choroidal
vessel levels separately in the macular area.

The choroid is a highly vascular tissue under the sensory
retina. The choroidal vasculature is composed of 3 layers:
the choriocapillaris adjacent to the Bruch membrane, the
Sattler layer with medium-sized vessels, and the Haller
layer with large-sized vessels. The choriocapillaris com-
prises continuous anastomotic vascular networks,’” which
play a key role in nourishing and oxygenating the photo-
receptors. The main cause of subretinal fluid accumulation
in CSC has been thought to be hyperpermeability in the
choriocapillaris, which is demonstrated by the staining
of the inner choroid seen on mid-phase IA.” The
increased permeability in the choriocapillaris is believed
to be attributable to stasis, ischemia, or inflammation,
but this has not been confirmed.” In this study, the
choroidal vascular area at the microvasculature of the in-
ner choroid level was larger in eyes with CSC than in age-
matched normal eyes, suggesting that choroidal capillaries
are dilated in CSC eyes. This finding shows morphologic
vascular change of the microvasculature of the inner

Age (y) 556 +11.2 543 +16.6 .801
Axial length (mm) 23.8+1.1 232 +1.2 .259
Subfoveal choroidal 384.8 = 113.8 438.9 = 101.9 .229

thickness (m)
Vascular area (%)

Microvasculature 53.6 + 2.5 52.6 = 2.0 .293
(8 X 3 mm)

Large choroidal vessels 67.0 = 7.3 66.5 = 6.8 .871
(8 X 3mm)

Microvasculature 54.0 1.7 53.6 = 1.8 .583
(6 X 6 mm)

Large choroidal vessels 64.7 = 7.4 65.7 = 7.1 .748
(6 X 6 mm)

choroid, implying increased hydrostatic pressure at the
choriocapillaris level.

Choroidal thickness in CSC eyes was much greater than
that in normal eyes, which is consistent with previous re-
ports. ' 7?° The current study revealed that choroidal
vascular areas at the large choroidal vessel level were
larger in eyes with CSC than in age-matched normal
eyes. In addition, choroidal vascular area was positively
correlated with the choroidal thickness. Choroidal thick-
ening in CSC eyes has been thought to be attributable to
choroidal vascular hyperpermeability and increased hydro-
static pressure within the choroid.'® Our results suggest
that thickening of the choroid reflects, at least in part,
the morphologic change of choroidal vessels. The exten-
sion of choroidal vasculature may result from increase of
inflow into the choroidal artery or outflow obstruction
through the choroidal vein. The hydrostatic pressure in
the choriocapillaris may be increased as well, which would
lead to fluid leakage into the subretinal space through the
disrupted RPE.

In the unaffected fellow eyes, the vascular area was
greater than in age-matched normal eyes. Moreover, the
unaffected eyes had larger choroidal thickness than healthy
eyes, which is consistent with previous reports.”* These re-
sults indicate that patients with CSC have abnormal
choroidal vasculature in both eyes even if only the unilat-
eral eye has symptom of CSC. Meanwhile, the fellow eyes
in patients with unilateral CSC have been reported to have
RPE changes.”” Recently, pachychoroid pigment epitheli-
opathy (PPE) was proposed as a newly clinical entity,
which is characterized by RPE abnormalities overlying
the areas of choroidal thickening without subretinal fluid.*®
PPE is likely a “forme fruste” of CSC. Later, Pang and
Freund have reported that PPE might lead to choroidal
neovascularization.’’ Thus, ophthalmologists should care-
fully observe unaffected fellow eyes in CSC patients, as
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TABLE 4. Comparison of Choroidal Vascular Areas Among Subtypes of Central Serous Chorioretinopathy

Classic (n = 21) DRPE (n = 13) MPPE (n = 6) P Value
Age (y) 52.2 +12.0 58.2 = 13.4 60.0 = 5.9 224
Axial length (mm) 242 +1.2 229 0.7 23.4 0.9 .005
Subfoveal choroidal thickness (um) 382.4 + 1134 424.8 + 107.2 380.8 + 30.4 412
Vascular area (%)
Microvasculature (3 X 3 mm) 53.1 = 2.1 529 + 2.6 55.8 = 2.2 .029
Large choroidal vessels (3 X 3 mm) 65.6 = 8.3 68.2 £ 6.0 68.3 = 4.6 .521
Microvasculature (6 X 6 mm) 53.7*+1.8 544 1.4 541 +24 494
Large choroidal vessels (6 X 6 mm) 63.2 7.9 66.7 £ 7.1 66.6 = 4.4 .335
DRPE = diffuse retinal pigment epitheliopathy; MPPE = multifocal posterior pigment epitheliopathy.
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FIGURE 3. Relationship between the subfoveal choroidal thickness and the choroidal vascular area. (Top) The vascular area at the
microvasculature of the inner choroid level had no statistically significant correlation with the subfoveal choroidal thickness (left: 3 X
3 mm, P = .558;right: 6 X 6 mm, P = .310). (Bottom) The choroidal vascular areas at the level of large choroidal vessels were directly
proportional to the subfoveal choroidal thickness (left: 3 X 3 mm, r = .795, P < .001; right: 6 X 6 mm, r = .861, P < .001).

they, too, are at risk of developing CSC, PPE, or choroidal
neovascularization.

There was no difference in choroidal vasculature and
choroidal thickness between active and resolved eyes,
suggesting that choroidal vasculature remains increased
in patients with CSC after resolution of SRD. Further,
angiographic choroidal vascular abnormalities persist after
resolution of SRD."” These findings suggest that choroidal
structural change in CSC may exist regardless of leakage
from the RPE. These findings may have a relationship
with the well-known phenomenon that SRD tends to
recur, especially in areas with choroidal hyperpermeability,
in patients with CSC. PDT leads to choroidal thinning'’
and encourages long-term choroidal vascular remodeling,’”

VOL. 169

whereas focal photocoagulation does not change choroidal
thickness.'” Thus, PDT may have a potential to prevent
recurrence of SRD in CSC patients.’”*

We classified CSC into 3 subtypes. Some patients with
CSC have shown recent onset of the disease with only
few specific points of leakage from the RPE; these eyes
are termed “classic CSC.”” Other patients with chronic dis-
ease have broad areas of granular hyperfluorescence during
FA associated with many indistinct areas of leakage; these
are termed “diffuse retinal pigment epitheliopathy
(DRPE).” Multifocal posterior pigment epitheliopathy
(MPPE) is a severe form of CSC manifesting more exten-
sive SRD, and the hyperpermeability of the choriocapillaris
may be the primary pathology in MPPE.”” Our results
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showed that MPPE has the greater vascular area at the level
of the microvasculature of the inner choroid than classic
and DRPE in the central macular area, suggesting that
the hydrostatic pressure of the inner choroid is higher in
MPPE eyes. These findings are consistent with the charac-
teristic that MPPE has more severe SRD and poorer visual
prognosis than other CSC subtypes. It is also possible that
age may be associated with disease severity, though there
were no significant differences in age among the subtypes.
Spaide and associates reported that older patients were
more likely to have DRPE and lower visual acuity.” Old
age and longer symptom duration are related to more severe
RPE damage; thus, the clinical manifestations may vary
with age.

The current study had several limitations. First, the
sample size was relatively small, especially in resolved
CSC eyes and MPPE eyes. Second, the discrimination be-
tween choroidal stroma and vasculature by binarization
may be rough, and the image binarizing method should
be improved to distinguish choroidal stroma and vascula-
ture more clearly. Third, the distance between each B-
scan might be inadequate to analyze the fine vasculature
of the inner choroid, especially for assessment with 3D
6 X 6 mm? volumetric scans. Moreover, a 6 X 6 mm en

0on

face image inevitably contains a projection of the arcade
vessels at the level of the microvasculature of the inner
choroid. Therefore, 3 X 3 mm en face images at the inner
choroid level may be more appropriate for analysis by this
method. Fourth, it took several minutes to analyze the im-
ages in a single case, unless there was an error in the seg-
mentation of the Bruch membrane. If manual corrections
were required, it took more than 15 minutes. However, in
cases with CSC, the segmentation error was likely to
occur only in the location of pigment epithelial detach-
ment. If the segmentation algorithm is improved, this
analysis of choroidal vasculature will be more practical.
The strengths of this study were prospective inclusion of
patients and objective evaluation of the choroidal vascu-
lature by en face SS-OCT images instead of cross-
sectional SD OCT images.

In conclusion, we investigated choroidal vasculature in
CSC. The results demonstrated that choroidal vascular
area was increased in the whole macula area in eyes with
CSC. This finding suggests that the underlying physiopa-
thology of CSC might be circulatory disturbance in
the choroid. This technique will be informative for
observing the changes of the choroidal vessels before and
after treatment.
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