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ABSTRACT

Introduction: To quantify optical coherence
tomography angiography (OCTA) signal chan-
ges at the level of the choriocapillaris (CC) in
patients with different stages of central serous
chorioretinopathy (CSC) and to explore any
correlation between subretinal fluid (SRF) and
retinal pigment epithelium (RPE) alterations
and the OCTA CC signal.

Methods: One hundred one CSC eyes and 42
healthy control eyes were included in this ret-
rospective study. CSC patients were allocated
into four groups: acute, non-resolving, chronic
atrophic and inactive CSC. CC OCTA images
(AngioPlex®, Zeiss) were automatically quanti-
fied using an image-processing algorithm. Spa-
tial correlation analysis of OCTA signals was
performed by overlapping macular edema
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heatmaps and fundus autofluorescence images
with corresponding OCTA images.

Results: Active CSC subgroups demonstrated
significantly more increased and decreased flow
pixels in the CC compared with controls
(p < 0.0001). No significant OCTA changes were
seen within the active CSC groups or between
the inactive and healthy subgroup. Spatial cor-
relation analysis revealed a decreased OCTA
signal in the SRF area and an increased signal
outside the SRF area in acute CSC. Areas of RPE
atrophy co-localized with areas of increased
choriocapillaris OCTA signal, while areas with
RPE alterations exhibited a normal signal com-
pared with unaffected RPE.

Conclusion: The decreased OCTA signal in the
area of SRF in acute CSC could be evidence of
localized CC hypoperfusion or due to shadow-
ing artifacts. The missing CC OCTA changes in
altered RPE adjacent to atrophy argues against
CC injury. Studies with higher resolution and
optimized image acquisition are warranted to
further validate our findings.

Keywords: Central serous chorioretinopathy;
Choriocapillaris; OCT angiography

INTRODUCTION

Central serous chorioretinopathy (CSC) ranks
after age-dependent macular degeneration, dia-
betic retinopathy, and retinal vein occlusion as
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one of the most common vision-threatening
retinopathies, with an annual incidence of
1:10,000 [1, 2]. CSC is characterized by localized
subretinal fluid (SRF) at the posterior pole that
typically resolves spontaneously within a few
months [3]. In chronic cases, however, SRF can
persist, damaging the photoreceptors and reti-
nal pigment epithelium (RPE) and resulting in
irreversible vision loss. Based on the onset of
symptoms and the retinal and RPE changes that
result, CSC can be subgrouped into several
forms: an acute form with self-resolving SRF, a
non-resolving form with SRF persisting longer
than 4 months, a chronic atrophic form
revealing widespread RPE atrophy with or
without fluid, and an inactive form without SRF
[4].

The pathogenesis of CSC is still poorly
understood; however, most existing investiga-
tions suggest that the primary pathology occurs
within the choroid and RPE-choriocapillaris
(CC) complex. Animal and clinical studies
demonstrate that overstimulation of the min-
eralocorticoid pathway in choroidal vessels
leads to choroidal vasodilatation, RPE disrup-
tion, and fluid leakage under the retina [5, 6].
The typical diagnostic clinical workup of CSC
consists of a basic slit-lamp examination, opti-
cal coherence tomography (SD-OCT), fundus
autofluorescence (FAF), fluorescence angiogra-
phy (FAG) and indocyanine green angiography
(ICG). However, none of these methods provide
a detailed, high-resolution image of the CC to
enable insight into the currently proposed
pathomechanism.

OCT angiography (OCTA) is a new non-in-
vasive imaging technique which wuses the
motion contrast of moving blood components
instead of intravenous dye to create images of
the retinal and choroidal vasculature. Com-
pared with dye-based angiography, OCTA is
unable to detect plasma movements and vas-
cular leakage. The advantages of OCTA include
its non-invasiveness, short examination time,
and capability to generate high-resolution vol-
umetric angiography scans of the retina and
choroid [7-13].

Since its introduction, several studies have
used OCTA to investigate the CC in small
cohorts of patients with CSC and reported

changes in the form of decreased and/or
increased flow [8, 12, 14-17]. None of these
studies, however, have provided quantitative
data or investigated the CC signal in different
disease stages. Furthermore, none have exam-
ined the interdependence between SRF and RPE
changes and the OCTA signal in patients with
CSC. Thus, in this retrospective study, we
sought to quantify OCTA signal changes at the
level of the CC in patients presenting with dif-
ferent stages of CSC and to explore any corre-
lation between SRF and RPE alterations and the
OCTA signal.

METHODS

Subjects

The charts of all CSC patients who underwent
OCT angiography as part of their standard
imaging protocol between December 2015 and
April 2017 during their visit at the Eye Center of
the University of Freiburg were reviewed retro-
spectively. Patients with concomitant macu-
lopathies such as age-related macular
degeneration, diabetic retinopathy, or other
retinopathies were excluded from this study.
Patient characteristics such as gender, date of
birth, pre-existing conditions, initial diagnosis,
previous treatment, duration of symptoms, and
OCT findings such as intraretinal fluid,
intraretinal deposits, and pigment epithelium
deviation were documented. In addition to the
basic ophthalmic examination, a fundus aut-
ofluorescence image (FAF) was taken of all
patients. Secondary choroidal neovasculariza-
tion was excluded in chronic CSC cases with
additional FAG and ICG. Based on Daruich and
colleagues’ classification scheme [4], patients
were classified according to their pigment
epithelium status and the duration of their
symptoms into in one of the four following
groups: (1) acute CSC with SRF lasting <
4 months; (2) non-resolving CSC with SRF per-
sisting > 4 months; (3) chronic atrophic CSC
with extensive pigment epithelium atrophy
with or without SRF, and (4) inactive CSC
without SRF but presenting signs of a previous
CSC episode (Table 1). Age-matched healthy
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Table 1 CSC classification according to Daruich et al. [4]

CSC stage SRF SRF duration of

current episode

RPE status

Acute + < 4 month
Non-resolving + > 4 month
Atrophic + or — NA
Inactive - NA

Normal RPE or RPE alterations without atrophy
Normal RPE or RPE alterations without atrophy
Widespread RPE atrophy with or without gravitational tracks

Signs of previous CSC episode with RPE alterations without
atrophy

control subjects with visual acuity > 0.8 were
included as controls. All procedures performed
in studies involving human participants were in
accordance with the Freiburg University Hospi-
tal institutional review board and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the study.

Imaging and Image Analysis

OCTA images were obtained with a commer-
cially available OCTA system (Zeiss Angio-
PlexTM®). This device has an A-scan rate of
68,000 A-scans per second and uses the Optical
Microangiography (OMAG®) algorithm for
decorrelation signal detection. An advantage
over other current OCTA algorithms is that it
relies on both amplitude and phase in the
OCTA signals to extract the blood flow infor-
mation. A real-time image stabilizer (Fas-
tTracTM) ensures minimization of movement
artifacts. Furthermore, a built-in software was
used to eliminate positive artifacts created from
the superficial vascular layers. Each patient
received a 6 x 6 mm’ volume scan. For OCTA
visualization of the CC layer, a 30-um parallel
slab between 30 and 60 um below the inner RPE
was manually selected for each patient. In cases
of pigment epithelium detachments (PED), the
slab did not follow the PED.

Abnormal CC decorrelation signals were
quantified using a self-designed image process-
ing algorithm programmed in R language
(www.r-project.org) as described previously

[17]. Briefly, images were processed via a Gaus-
sian blur and morphologic hdome operator,
and each image’s average gray-scale value was
measured. Pixels with increased or decreased
gray-scale value were detected and color-coded
in red or green, respectively. The threshold for
the color coding was calculated for each OCTA
image by using the averaged grayscale value of
all pixels (brightness of pixel) plus or minus a
constant and pre-defined threshold value. The
pre-defined threshold value was visually deter-
mined using numerous exemplary OCT-A ima-
ges as previously described [17]. Before
quantifying the pixel counts, shadowing arti-
facts of the inner retinal vessels were manually
removed from each image. The counts of red
and green pixel were used for statistical
analyses.

To analyze the spatial correlation between
SRF and the OCTA CC signal in patients with
acute CSC, the color-coded CC images were
aligned with the corresponding heat map image
containing macular thickness information
obtained from the Zeiss AngioplexTM®. The
area with macular thickness > 450 yum was
defined as the region of interest to ensure spa-
tial correlation analysis only in areas with sig-
nificant SRF. This area was then automatically
outlined by the program. Red and green pixel
counts within and outside the area were recor-
ded and used for statistical analyses. Similarly,
areas revealing RPE changes in patients with
chronic atrophic CSC were determined on FAF
images and aligned with corresponding CC flow
images using the superficial vascular plexus for
both modalities as landmarks. Two areas
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showing RPE changes were manually outlined:
(1) areas with obvious dark-appearing RPE
atrophy; (2) areas with increased FAF signal
surrounding the RPE atrophy. Pixel counts of
the automated color-coded images within and
outside the regions were used for statistical
analysis.

Statistical Methods

Statistical analysis was performed using Graph-
Pad Prism 6 (GraphPad Software, Inc., La Jolla,
CA, USA). Distribution of our data set was ana-
lyzed by applying the D’Agostino-Pearson’s
omnibus and Kolmogorov-Smirnov normality
test. We opted for the Mann-Whitney U test for
comparison between two groups since the data
were not normally distributed. Statistical anal-
ysis for multiple groups was performed using
the non-parametric ANOVA/Bonferroni multi-
ple comparison test. Data were considered sig-
nificant at p < 0.05.

RESULTS

Patient Characteristics

A total of 101 eyes from 78 CSC patients and 42
eyes from 34 controls were included in this
study. Average age of the CSC population was
51 years (range 30-80) compared with 49 years
(range 24-79) in the control group. For sub-
group analyses, CSC patients were allocated
into the aforementioned four groups. Only
patients with indisputable characteristics were
allocated in the subgroups. Patients whose
symptoms were of uncertain duration were
excluded from the subgroup analysis. Thirty-
seven eyes were classified as acute CSC, 37 as
non-resolving CSC, 11 as atrophic CSC, and 16
as inactive CSC. For a detailed characterization
of all patients, see Table 2.

OCTA Analysis of the Choriocapillaris

Patients with CSC demonstrated both areas with
increased and decreased OCTA signal at the level
of the CC. The number of pixels with increased

OCTA signal was significantly higher in patients
with CSC (mean 43,238 + SD 19,568) than in
control subjects (23,348 + 12,226; p < 0.0001).
Similarly, the number of pixels with decreased
OCTA signal was more pronounced in CSC
(30,243 £+ 15,793) than in control patients
(12,970 £+ 7454; p < 0.0001). Subgroup analysis
revealed increased and decreased OCTA signal at
the level of the CC in acute, non-resolving, and
atrophic CSC patients compared with the inac-
tive form of CSC and healthy controls. The
number of pixels with increased OCTA signal
was similar in patients with acute CSC (44,214 +
20,020), non-resolving CSC (46,903 + 21,136),
and chronic atrophic CSC (43,641 + 12,234) and
higher compared with patients with inactive
CSC (30,566 + 11,403) and healthy controls
(23,348 + 12,226, ANOVA p < 0.0001). The
number of pixels with decreased OCTA signal
was comparable in patients with acute CSC
(31,991 £ 18,020), non-resolving CSC (30,564 +
13,758), and chronic atrophic CSC (34,578 +
9352) and significantly higher than in healthy
controls (12,970 + 7454; ANOVA p < 0.0001;
Fig. 1).

Spatial Correlation Between Subretinal
Fluid and Flow Signal in Patients
with Acute CSC

To explore the spatial correlation between SRF
and OCTA signal, we included a total of 15
patients who had classic acute CSC defined by
normal to minor RPE changes, a dome-shaped
accumulation of central subretinal fluid, and
symptoms lasting < 4 months. Patients with
acute CSC demonstrated an inhomogeneous
and weaker OCTA signal in the SRF area and a
stronger OCTA signal outside the SRF area
(Fig. 2a—d). Within the SRF area, the percentage
of pixels with decreased OCTA signal was sig-
nificantly higher than that of pixels with
increased OCTA signal (10.2% £ 5.7 vs.
2.7% £ 1.0; p < 0.001). In the surrounding area
without SRF, we detected the opposite, namely
a significantly higher percentage of pixels with
increased OCTA signal compared with
decreased signal (7% £ 3.7 vs. 1.8% £ 1.0;
p < 0.0001; Fig. 2e). The mean ratio of increased
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Table 2 Patient characteristics
All CSC patients  Acute CSC  Non-resolving  Atrophic CSC  Inactive CSC  Healthy
(n = 101) (n = 37) CSC (n=37) (n=11) (» = 16) controls
(n = 42)
Age (X, range) 51 (30-80) 48 (35-80) 51 (30-70) 60 (57-62) 50 (33-70) 48 (24-79)
Gender (M/F)  83/18 34/3 28/9 10/1 11/5 14/28
VA (%) 071 0.75 071 0.26 0.97 0.99
to decreased OCTA signal was — 0.5 + 0.3 in DISCUSSION

the area with SRF and 0.6 + 0.3 outside the area
of SRF (p < 0.0001). Taken together, these data
indicate that increased OCTA signals dominate
the area without SRF, while decreased OCTA
signals are predominantly found in the area
with SRF in patients with acute CSC (Fig. 2f).

Spatial Correlation Between RPE Atrophy
and Flow Signal in Patients with Atrophic
CSC

To determine the interdependence between RPE
atrophy and the OCTA signal in the CC, we
included a total of six patients with chronic
atrophic CSC defined by widespread RPE and
photoreceptor atrophy without subretinal fluid.
We found that areas of RPE atrophy co-localized
with areas of increased CC OCTA signal, while
areas revealing RPE alterations defined by
higher autofluorescence exhibited a normal
OCTA signal compared with unaffected RPE in
the same eye (Fig. 3a—-d). Within the area of RPE
atrophy, the percentage of pixels sending an
increased OCTA signal was significantly higher
than that of the unaffected RPE area in the
corresponding  eye (11.7% + 4.9%  vs.
2.5 £ 1.4%; p < 0.001). We found no significant
difference in the number of pixels with
decreased OCTA signal among areas of RPE
atrophy, RPE alteration, and unaffected RPE
(Fig. 3e). The mean ratio of increased to
decreased OCTA signals was 0.21 + 0.26 in the
area of RPE atrophy, 0.15 £+ 0.19 in the area of
RPE alteration, and — 0.03 + 0.2 in the area of
normal RPE, which underlines our finding that
RPE atrophy is associated with increased OCTA
signal in the CC in patients with chronic
atrophic CSC (Fig. 3f).

OCT angiography (OCTA) is a promising, non-
invasive imaging technique that enables high-
resolution and quantitative characterization of
the retinal and choroidal vasculature. Recent
studies have demonstrated the value of OCTA
imaging of the CC in patients with CSC, which
are characterized by areas of choroidal hyper-
and hypoperfusion [8, 12, 14, 15, 17]. None of
those small cohort studies, however, quantita-
tively assessed the CC OCTA signal in patients
with CSC or compared OCTA signals in differ-
ent subgroups of patients with CSC. Further-
more, none of those investigations sought to
identify any association between the OCTA CC
signal and subretinal fluid and RPE atrophy,
respectively, which are hallmarks of acute and
chronic atrophic CSC. The aim of this to-date
largest cohort study was therefore to provide a
detailed overview of OCTA signal changes at the
level of the CC in patients presenting with dif-
ferent stages of CSC and to investigate a
potential correlation between SRF and RPE
alterations and the OCTA signal.

Our study demonstrates that normal eyes
exhibit a relatively consistent CC vascular net-
work as described before [18, 19]. Patients with
CSC, however, exhibit areas of increased and
decreased OCTA signals at the level of the CC.
This mixed signal pattern in our population is in
line with previous OCTA choriocapillaris studies
describing areas of reduced and enhanced CC
flow in patients with CSC [8, 12, 14, 15, 17].
Only one study reported a different pattern
characterized by a predominantly increased
OCTA signal in the CC that corresponded with
leakage in fluorescein angiography [16]. This
discrepancy may be attributed to different OCTA
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«Fig. 1 Patients with active central serous chorioretinopa-
thy (CSC) demonstrate both increased and decreased
OCTA signals at the level of the choriocapillaris (CC)
compared with inactive CSC and control patients. Fundus
autofluorescence (FAF, top row), OCTA image of the CC
and flow pseudocoloration (middle rows) and OCTA
segmentation (bottom row) of control patients (a), acute
CCS (b), chronic non-resolving CSC (c), chronic atrophic
CSC (d), and inactive CSC (e). f~i Increased CC OCTA
signals are pseudocolored in red, decreased OCTA signals
in green. Box and whisker plots demonstrating the number
of pixels of decreased (£, g) and increased OCTA signal (h,
i) in all patients and in CSC subgroups. Each dot
represents one eye. Mann-Whitney #test (f h) and
ANOVA/Bonferroni multiple comparison test (g, i).
5 < 0.01, ***p < 0.0001

devices used in the studies or by the presence of
secondary choroidal neovascularization, which
is characterized by an increased OCTA signal [20]
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Fig. 2 Patients with acute CSC demonstrate increased
OCTA signals outside the area of subretinal fluid (SRF)
and decreased OCTA signals in the area with SRF.
Macular edema heatmap (a), corresponding OCTA image
without (b) and with (c) pseudocoloration demonstrating
areas of increased (green) and decreased flow (red), and a
merged image (d) of a representative patient with acute

CSC. Asterisks surround the area of increased SRF defined

area w/o SRF

and was not obviously excluded by Chan and
colleagues [16].

Our subgroup analysis revealed that all active
CSC subgroups with subretinal fluid displayed
significantly higher numbers of increased and
decreased OCTA signals in the CC compared
with age-matched controls. Patients with inac-
tive CSC, in contrast, showed less OCTA alter-
ation, similar to healthy age-matched controls,
suggesting that the CC architecture returns to
normal following active CSC. This finding is
surprising in light of the residual changes in
fundus autofluorescence, fluorescein angiogra-
phy, and SD-OCT imaging [4], and the func-
tional alterations of the CC in patients with
inactive CSC [21]. Given the small number of
patients with inactive CSC in our study, how-
ever, we cannot draw any firm conclusions.
Further multimodal imaging studies with a
greater number of patients are needed to clarify

N
1

N° increasd / decreased pixel (log)
FL o ol

'
N

area with SRF  area w/o SRF

as > 450 pum macular thickness. e Box and whisker blot
demonstrating the relative number of increased (red) and
decreased flow (green) in the area with and without SRF.
f Ratio of increased to decreased pixels (log) in areas with
and without SRF. Each dot represents one eye (z = 15).
ANOVA/Dunn post hoc test (e) and Mann-Whitney
ftest (£). **p < 0.001, ****p < 0.0001
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Fig. 3 RPE atrophy co-localizes with areas of increased
choriocapillaris (CC) OCTA signal in patients with
atrophic CSC, while areas revealing RPE alterations
defined by increased fundus autofluorescence exhibit a
normal OCTA signal. Fundus autofluorescence (FAF)
image (a), FAF OCTA CC merge (b), naive (c), and
pseudocolored OCTA image (d) of a representative
patient with chronic atrophic CSC. Increased CC OCTA
signals are pseudocolored in red, decreased OCTA signals
in green. Blue asterisks surround the area of RPE atrophy,

the state of the CC in patients with inactive
CSC.

The results of this study confirm a mixed
OCTA signal pattern with areas of increased and
decreased OCTA signals in the CC of patients
with CSC, in line with previous reports
[8, 12, 14, 15, 17]. To determine any interde-
pendence between OCTA signals and the sub-
retinal fluid that is a hallmark of CSC, we
determined the spatial correlation between the
OCTA signal and subretinal fluid in patients
with acute CSC. Intriguingly, we found a strong
spatial correlation between areas of reduced
OCTA signals and subretinal fluid, while only a
small percentage of increased-flow pixels were
detected within the area of SRF.

This finding may be explained by either a
reduced blood flow in the CC or a shadowing

atrophy alteration atrophy

white asterisks surround the area with RPE changes. The
yellow-dotted line marks the optic nerve head. e Box and
whisker plots demonstrating the relative number of
increased (red) and decreased flow (green) in the area
with RPE atrophy, RPE alteration, and normal RPE.
f Ratio of increased to decreased pixels (log) in areas with
RPE atrophy, RPE alteration, and normal RPE. Each dot
represents one patient (z = 6). ANOVA/Dunn post hoc
test (d, e). **p < 0.001

artifact. A fact arguing against a purely artificial
cause is the non-homogeneous appearance of
the OCTA signal in the area of high dome-
shaped subretinal fluid (as depicted in
Fig. 2a-d). In particular, under the assumption
that SRF causes shadow artifacts (i.e., decreased
OCTA signal), the detection of increased OCTA
signal in the area of SRF is unexpected. Fur-
thermore, we did not observe a gradient in the
OCTA pattern reflecting the height of the SRF
and the dome shape of the SRF bleb. The
observed areas of increased or decreased OCTA
signals were not spatially associated with the
height of SRF, arguing against a purely artificial
cause and shadowing artifact. It is conceivable
that impaired flow in the CC may hamper fluid
absorption, causing subretinal fluid to accumu-
late during the acute stage of the disease. FAG/
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ICG- and Doppler flowmetry-based studies
demonstrating reduced choroidal blood flow
compared with the unaffected eye in CSC
patients support this hypothesis [22, 23]. How-
ever, even though our and previous data indi-
cate a hypoperfusion of the CC as a primary
disease pathology, we must be cautious in the
interpretation of decreased OCTA signal
[12, 24]. Decreased OCTA could be caused by
shadowing artifacts related to subretinal fluid,
pigment epithelial detachment, elongation, or
irregularities of the photoreceptor outer seg-
ment—all factors that cannot be ruled out with
confidence and need to be addressed in future
studies.

Finally, our study assessed the spatial corre-
lation between the OCTA signal in the CC and
areas of RPE atrophy in patients with chronic
atrophic CSC. We found that patients with
chronic atrophic CSC reveal profound CC
OCTA signal abnormalities in the area of RPE
atrophy, but no significant differences in the
adjacent hyperfluorescent area. In geographic
atrophy of age-related macular degeneration
(AMD), discussions have focused on whether
RPE atrophy leads to CC atrophy or vice versa
[25-27]. CC OCTA studies of geographic atro-
phy patients revealed severely decreased CC
flow in areas of RPE atrophy [18, 28, 29]. In line
with these findings are results of a histologic
study of human samples from McLeod et al.
that demonstrated a 50% loss of CC density in
regions of complete RPE atrophy and postulated
linear CC reduction related to RPE loss in
regions of geographic atrophy [25]. However,
no complete CC atrophy in the area of RPE
atrophy was detected in this study. The assess-
ment of CC atrophy is due to the dynamic range
of detectable blood flow by OCTA limited in our
study [18]. The predominant increased OCT
signal in the area of RPE atrophy in our analysis
is not in line with the histologic data by
McLeod et al. and previous OCTA geographic
atrophy studies. This could be explained by
inward displacement of the high-flow deeper
choroid layer in the CC slab through thinning
and/or atrophy of the CC. Interestingly, we
observed a normal CC OCTA signal in the area
of increased fundus autofluorescence adjacent
to the RPE atrophy, which is characterized by

accumulation of lipofuscin fluorophores and
discussed as a sign of RPE malfunction leading
to RPE atrophy [30, 31]. The missing OCTA
signal changes in this area in our analysis favor
the RPE over the CC as the primary site of
injury. In contrast to our findings, Pellegrini
et al. revealed persisting lobules with reduced
flow at the margin of the RPE atrophy in Star-
gardt patients [29]. The use of the lower reso-
lution 6 x 6 volume scan and mean grayscale
value-dependent quantification algorithm of
each individual image in our study may have
failed to detect subtle changes within this area.

Our study’s limitations include its retro-
spective study design, the relatively small
number of patients in different subgroups, and
the possibility that artifacts were a contributing
cause to choriocapillary flow changes. Shadow-
ing artifacts by SRF, PED, and photoreceptor
outer segment irregularities could have con-
tributed to the predominately decreased flow
signal in acute and non-resolving CSC patients.
Furthermore, the predominant increased flow
signal in chronic atrophic CSC patients could
have been explained by structural changes such
as loss of the optical dense RPE and transloca-
tion of the high-flow deeper choroid layer in the
CC slab. Another limitation of our study is the
use of the averaged pixel intensity of each
image to determine increased and decreased
flow changes within the same image, which
may have caused some over- and underestima-
tion of flow changes in wunaffected areas.
Prospective longitudinal studies with optimized
image acquisition techniques less prone to
artifact are therefore necessary to further vali-
date our findings.

CONCLUSION

In summary, the present study reports on the
largest cohort, OCTA-based CC assessment to
date and is the first to quantify CC flow changes
in different subgroups of CSC. Patients with
active CSC presented significantly increased
and decreased flow pixel intensities in the CC
compared to patients with inactive CSC and
age-matched healthy controls. Surprisingly, no
changes were found within the active CSC
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groups. The decreased flow in the SRF area in
acute CCS patients could be evidence of a
reduced blood flow in the CC in an active state
or due to shadowing artifacts. The lack of CC
changes in RPE areas revealing increased aut-
ofluorescence adjacent to RPE atrophy argues
against primary CC injury. An analysis relying
on higher resolution images specifically
designed to investigate changes in the margin
of the RPE atrophy is warranted to assess this
question more accurately.
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