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ABSTRACT

Introduction: To describe the influence of
subretinal fluid (SRF) in analysis of the flow
signal from the choriocapillaris (CC) via optical
coherence tomography angiography (OCTA) in
patients with acute central serous chori-
oretinopathy (CSC).

Methods: Observational, longitudinal, cross-
sectional case—control study. Twenty-three eyes
of 22 patients with acute CSC were compared
with 20 eyes of 20 healthy controls. OCTA
images (AngioPlex®, Zeiss) were recorded at
baseline and follow-up examination and auto-
matically quantified using an image-processing
algorithm. Abnormal CC decorrelation signals
(increased and decreased flow, IF and DF) were
quantified using a custom image-processing
algorithm. To analyze the spatial correlation
between SRF and OCTA, CC signal heat-map
images containing macular thickness informa-
tion were used.
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Results: Choriocapillaris flow alterations were
significantly more pronounced at baseline than
at follow-up examination in patients with acute
CSC and resolving SRF (IF: p <0.002; DF:
p < 0.003). The extent of SRF correlated signifi-
cantly with the abnormal CC decorrelation
signals when comparing baseline with follow-
up examinations (IF: rtho = 0.56, p < 0.005; DF:
rho =0.64, p <0.001). In particular, the
reduced OCTA flow signal in the area occupied
by SRF at baseline disappeared at follow-up
examination (p < 0.02). In comparison with
controls, CSC patients with complete resorption
of SRF continued to show a reduced OCTA flow
signal in the CC (p < 0.008).

Conclusions: The temporospatial association
between SRF and reduced OCTA signal from the
CC demonstrates that fluid might be a signifi-
cant confounder for OCTA analysis in patients
with CSC. CSC patients with complete absorp-
tion of the SRF at follow-up, however, show
persistently reduced CC flow signals.
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Abbreviations

ART Difference in average retinal
thickness between baseline and
follow-up examination
Age-related macular degener-
ation

AMD
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BCVA Best-correlated visual acuity

BL Baseline

CC Choriocapillaris

CSC Central serous chorioretino-
pathy

DF Decreased flow signal

FU Follow-up

IF Increased flow signal

ICGA Indocyanine green angiography

OCTA Optical coherence tomography
angiography

RPE Retinal pigment epithelium

SD-OCT Spectral domain optical
coherence tomography

Spearman’s R Spearman’s rank correlation
coefficient

SRF Subretinal fluid

w/o Without

Why carry out this study?

There is a lack of follow-up data in the
literature regarding the choriocapillaris
analyses via OCTA in acute central serous
chorioretinopathy.

It was this study’s aim to describe the
influence of subretinal fluid in analysing
the flow signal from the choriocapillaris
via OCTA, and to describe the flow
alteration after subretinal fluid absorption
in acute central serous chorioretinopathy.

What was learned from the study?

The extent, respectively decrease of
subretinal fluid correlates with the
abnormal choriocapillaris decorrelation
signal.

Subretinal fluid is a distinct confounder
when analysing the choriocapillaris via
OCTA.

Central serous chorioretinopathy
patients exhibiting complete absorption
of subretinal fluid at follow-up show
persistent choriocapillary changes.

INTRODUCTION

Central serous chorioretinopathy (CSC) is a
common vision-threatening maculopathy with
an incidence of 1:10,000 [1]. It is characterized
by localized subretinal fluid (SRF) which self-
resolves in most of cases within 6 months [2].
The pathogenesis of CSC is still poorly under-
stood. Recent studies suggest that choriocapil-
laris (CC) endothelial cell dysfunction is the
primary cause of the disease, leading to sec-
ondary retinal pigment epithelium (RPE) dys-
function [3, 4]. While conventional imaging
techniques such as fluorescein and indocyanine
green angiography can only partially depict the
CC, optical coherence tomography angiogra-
phy (OCTA) enables the assessment and quan-
tification of CC blood flow [5]. OCTA is a
noninvasive technology that uses laser light
reflectance of the surface of moving red blood
cells to depict blood flow in the retinal and
choroidal microvasculature [6, 7]. This tech-
nology has enhanced our understanding of
microvascular alterations in various macular
diseases including diabetic retinopathy, retinal
vein occlusion, and age-related macular degen-
eration [5]. However, OCTA is a light source-
dependent device with considerable limitations.
Shadowing artifacts caused by media opacities
[8, 9] or superficial blood vessels blocking the
detection of deeper vessels in the retina can
compromise the analysis [10]. Similarly, pro-
jection artifacts caused by traversing light
reflected by deeper layers (e.g., RPE) can mimic
a vascular pattern in those retinal layers and
thus confound the analysis [11].

Since its introduction, several groups have
used OCTA to investigate the CC in patients
with CSC [12-19]. However, none of these
studies provides follow-up data in acute CSC
assessing the OCTA signal at the level of the CC
when SRF is absorbed. Therefore, the aim of this
study was to describe the influence of SRF in the
analysis of the flow signal from the CC via
OCTA, and to describe the flow alteration after
SRF absorption in acute CSC.
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METHODS

Study Design and Population

This longitudinal, cross-sectional, single-center
observational case-control study was conducted
in 22 consecutive patients with acute CSC (23
eyes). Only patients with classic acute CSC
defined by a dome-shaped accumulation of
central SRF, no pronounced RPE changes or RPE
detachments, and symptoms lasting less than
4 months were included in the study [20]. Data
from the baseline examinations of 17 patients
were previously published by Cakir et al. [12].
Twenty age-matched and healthy participants
with best-corrected visual acuity (BCVA) of
20/20 or better and no chorioretinal pathology
served as controls. All patients consulted our
clinic between 2016 and 2018. Follow-up
examinations were performed individually
according to the disease course. No study par-
ticipant had any concomitant ocular disease
with CSC, or prior ophthalmologic surgery or
laser treatment. In particular, there was no evi-
dence of acquired or hereditary macular disease.
Patient characteristics including gender, date of
birth, pre-existing conditions, initial diagnosis,
previous treatment, and duration of symptoms
were recorded. This study was performed in
accordance with the ethical standards of the
ethics committee of the University of Freiburg
(application no. 561/16) and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. Written
informed consent was obtained from all
patients and controls for the publication of this
study and any accompanying images.

Ophthalmological Examination

All patients underwent a thorough ophthal-
mological examination including measurement
of BCVA, assessment of intraocular pressure,
biomicroscopy of the anterior segment, and
ophthalmoscopy after dilation with tropi-
camide 1% eye drops. Additionally, all patients

underwent spectral-domain (SD)-OCT and fun-
dus autofluorescence imaging (Spectralis HRA;
Heidelberg Engineering, Heidelberg, Germany).
OCTA examinations were performed using the
commercially available Zeiss Cirrus 5000
AngioPlex®. It wuses full-spectrum spectral
domain (SD-OCT) with a light-source wave-
length of 840 nm, an A-scan rate of 68,000
A-scans per second, and an A-scan depth of
2.0nm in tissue (1024 pixels). The built-in
software was used to eliminate artifacts created
from superficial vascular layers. Each patient
underwent a 6 x 6 mm? volume scan. For
OCTA visualization of the CC layer, a 30 um
slab between 29 and 59 um below the inner RPE
was manually selected for each patient.

Abnormal CC decorrelation signals were
quantified using an image-processing algorithm
programmed in R (http://www.r-project.org) as
described previously [12, 13]. Briefly, images
were processed via a Gaussian blur and mor-
phological hdome-operator, and the average
grayscale value was determined. The threshold
for the color-coding was calculated for each
OCTA image using the averaged grayscale value
of all pixels (brightness of pixel) plus (increased
flow, red pixels) or minus (decreased flow, green
pixels) a constant and predefined threshold
value. Before quantifying the pixel counts,
shadowing artifacts of the inner retinal vessels
were manually removed from each image. The
pixel counts were used for statistical analyses.
The average retinal thickness of the 6 x 6 mm?*
volume scan was measured via the heat-map
image containing macular thickness informa-
tion obtained from the Zeiss Cirrus 5000
AngioPlex®.

To explore a possible longitudinal correla-
tion between SRF alterations and the CC flow
signal over time, the difference in average reti-
nal thickness (ART) between baseline (BL) and
follow-up (FU) examination was correlated with
the difference in increased and decreased OCTA
flow signal.

To analyze the potential vascular change in
the CC in the area previously occupied by SRF
and with no SRF at the time of follow-up
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examination, the color-coded CC images were
aligned with the corresponding heat-map ima-
ges. The area revealing macular thickness
exceeding 450 um was defined as the region of
interest and automatically outlined by the
software. Red and green pixel counts within and
outside the area were recorded and used for
comparison with the control group. For statis-
tical analyses, the percentage of the area with
decreased versus increased flow signal was used.

Statistical Methods

Statistical analysis was performed using Graph-
Pad Prism 6 (GraphPad Software, Inc., La Jolla,
CA, USA). The Mann-Whitney test was used to
compare paired samples, and the Wilcoxon test
was performed to compare unpaired samples.
Bonferroni correction due to multiple compar-
isons was included. Spearman’s rank correlation
coefficient (Spearman’s R) was used to deter-
mine the relationship between SRF and OCTA
flow signal. Data were considered significant at
p <0.0S.

RESULTS

Patient Characteristics

A total of 23 eyes from 22 patients with acute
CSC (male/female 19/3) and 20 eyes from 20
controls (male/female 10/10) were included in
this study. The average age of the CSC popula-
tion was 51.2 years (range 37-80), compared
with 49.9 years (range 22-79) in the control
group (p = 0.93). The time from the first symp-
tom to the first examination in our hospital
ranged from O to 86days (average
20.2 £ 29.6 days). After the initial diagnosis, 10
patients had been treated with eplerenone,
whereas 12 patients had not been treated with
any systemic or topical medication. Follow-up
examination was performed 134 + 112 days
after baseline examination. In 13 eyes (12
patients), SRF was completely absorbed at the
follow-up examination. Five of these patients
had been treated with eplerenone, while seven
remained untreated.

Longitudinal Correlation Between
Subretinal Fluid Alterations and the Signal
of Flow of the CC Over Time

In the 19 eyes in which average retinal thickness
was decreased at follow-up (BL: 334.5 +
29.3 pm, FU: 298.9 + 20.8 um, p < 0.0001), we
observed a significant reduction in CC alter-
ations at follow-up compared with baseline
examination (Fig. 1a, b). The area of increased
CC flow signal was 3.5% (+ 1.4%) at baseline
and 2.04% (x 1.1%) at follow-up examination
(p < 0.002). Similarly, the area of reduced flow
signal decreased from 2.5% (£ 1.4%) at baseline
to 1.10% (£ 0.6%) at follow-up examination
(p < 0.003). However, in the four eyes in which
retinal thickness increased over time (retinal
thickness at BL: 308.6 + 11.7um, FU:
338.2 £ 26.8 um, p = 0.08), we found no obvi-
ous difference in the area of CC flow changes at
follow-up relative to the baseline examination.
The areas of both increased CC flow signal
(2.5% + 1.7%) and decreased CC flow signal
(2.3% =+ 2.2%) were similar between the base-
line and follow-up examinations (3.8% + 2.4%
and 3.5% =+ 3.3, p=0.56 and p = 0.25). Inter-
estingly, the area of diminished OCTA signal
shifted below the center at follow-up examina-
tion, which was associated with a downward
shift of the SRF (Fig. 1c, d).

To explore the correlation between SRF and
the OCTA flow signal of the CC, we correlated
the difference in average retinal thickness on
the 6 x 6 mm? volume scan between baseline
and follow-up examination with the difference
in detected OCTA flow signal from the CC.
Using the Spearman rank correlation coefficient
test, we found that the extent of SRF correlated
significantly with the CC flow alterations (de-
creased flow: rho = 0.64, p < 0.001, increased
flow: rho = 0.56, p < 0.005, Fig. 1e, f).

Change in the OCTA Signal
from the Choriocapillaris After Complete
Absorption of SRF

To analyze the OCTA signals in the CC follow-
ing SRF absorption, 13 eyes presenting complete
absorption of SRF at follow-up were evaluated.
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Fig. 1 A decrease in subretinal fluid is associated with a
reduction in OCTA choriocapillaris alteration. Represen-
tative retinal thickness heat maps (top row) and OCTA
images of the choriocapillaris (CC) without and with flow
pseudo-coloration (middle rows) and OCTA segmentation
(bottom row) in patients with acute central serous
chorioretinopathy (CSC) demonstrating decreasing (a,
b) or increasing (c, d) subretinal fluid (SRF) at follow-up
(FU) examination compared with baseline. Decreased flow
signal from the CC is illustrated with green pixels,

A of increased OCTA signal

increased flow signal with red pixels. a, b The SRF
spontaneously absorbed at FU examination, which is
associated with a reduction in decreased CC OCTA flow
signal. ¢, d SRF at FU examination is markedly increased,
which is associated with a decrease in CC OCTA flow
signal. e, f Retinal thickness differences between baseline
and follow-up (ART in pum) correlate with increasing or
decreasing flow signal (presented in % of total area). Each
dot represents one eye. tho = Spearman’s R
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Fig. 2 Patients with central serous chorioretinopathy
exhibiting complete absorption of subretinal fluid at
follow-up show persistent choriocapillaris changes. Repre-
sentative images of a patient with active central serous
chorioretinopathy (CSC) at baseline (a-a’"’’) and com-
plete absorption of subretinal fluid (SRF) at follow-up
examination (FU, b-b"""") compared with healthy control
(c=c""""). Representative fundus autofluorescence (FAF,
first column), retinal thickness heat maps (second column),
OCTA images of the choriocapillaris (CC) without and
with flow pseudo-coloration (middle columns), and a
merged image (last column) are shown. Decreased flow

signal from the CC is illustrated with green pixels,
increased flow signal with red pixels. Asterisks surround
the area of SRF at baseline examination defined as

> 450 um macular thickness (a’). N = 13 patients. d,
e Quantitative analysis of OCTA flow changes in the
entire 6 X 6 mm image (d) and the area with SRF at
baseline (e). Each dot represents one eye. Wilcoxon test
including Bonferroni correction due to multiple compar-
isons was performed to compare unpaired samples ®p <
0.05, “p < 0.01. Mann-Whitney test including Bon-
ferroni correction due to multiple comparisons was used to
compare paired samples *p < 0.05, **p < 0.01
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Table 1 Change in the OCTA flow signal from the
choriocapillaris in patients with acute central serous
chorioretinopathy (CSC) after complete absorption of
subretinal fluid (SRF)

Increased flow Decreased

signal flow signal
Healthy controls 1.62 £ 0.71 0.81 £ 0.39
CSC baseline
% of total area 3.14 £+ 1.44 221 £ 146
% of the area with 1.65 £ 1.73 11.80 £ 12.20
SRF
% of the area w/o 5.48 + 3.07 1.88 £ 1.26
SRF
CSC follow-up w/o SRF
% of total area 1.66 + 0.85 0.83 £+ 0.41
% of the former area 1.43 4 1.42 3.04 + 1.77
with SRF
% of the former area 2.73 £ 1.55 091 £ 0.55

w/o SRF

Looking at the entire 6 x 6 mm? OCTA image,
the OCTA signal alterations were greater at the
baseline examination compared with the fol-
low-up examination (increased flow: p < 0.028,
decreased flow: p < 0.009) and with healthy
controls (increased flow: p < 0.039, decreased
flow: p < 0.039; Fig. 2d, Table 1). No statistically
significant difference was found in the decor-
relation signals between CSC patients without
SRF and healthy controls when the entire image
was analyzed. However, when looking at the
area where the SRF was initially located, the
decreased OCTA flow signal persisted and was
significantly more pronounced than in healthy
controls despite the absence of SRF (p < 0.008;
Fig. 2e, Table 1). These data point toward local-
ized CC changes that are spatially correlated
with the area of SRF in acute CSC and persist in
inactive CSC, independent of SRF. The detailed
statistical results for the analysis of changes in
the OCTA flow signal from the CC in patients
with acute CSC after complete SRF absorption
are listed in Table 2.

DISCUSSION

Optical coherence tomography angiography
(OCTA) is a promising noninvasive technique
for imaging the microvasculature of the retina
and choroid. However, artifacts occurring in
OCTA, such as shadowing artifacts caused by
intra- or subretinal fluid (SRF), may lead to
misdiagnosis and unnecessary treatment
[9, 11, 21]. In this longitudinal OCTA study, we
demonstrate a strong temporospatial associa-
tion between SRF and reduced OCTA signals
from the choriocapillaris (CC) in patients with
acute CSC, indicating that SRF might be a sig-
nificant confounder for the OCTA analysis of
the CC.

Several studies have shown that the OCTA
signal of the CC is reduced in patients with
CSC, interpreted as reduced blood flow of the
CC [14, 16-18]. Although some authors have
suspected that SRF contributes to the reduced
OCTA flow signal in the CC in the sense of a
shadow artifact [12, 22], this could not be
demonstrated due to lack of follow-up data. Our
longitudinal study shows that CSC patients
with complete absorption of SRF at follow-up
demonstrate a significant reduction in OCTA
flow alterations in the CC, indicating that SRF
prevents the detection of OCTA signals from the
CC. In line with this finding, patients with
persistent and vertically displaced SRF at the
follow-up examination exhibited a reduced
OCTA signal from the CC in the affected area.
These findings support the prevailing hypothe-
sis that SRF is a disruptive factor in the analy-
sisof CC wvia OCTA and that the
quantitativeanalysis of CC flow changes in the
presence of retinal fluid must be considered
with caution [5, 12]. This applies not only to
CSC, but also to other retinal vascular diseases
associated with subretinal or intraretinal fluid,
such as neovascular age-related macular degen-
eration (AMD). For example, in geographic
atrophy in AMD, it has been assumed and his-
tologically demonstrated that RPE atrophy is
associated with CC atrophy [23, 24]. CC OCTA
studies, correspondingly, have shown decreased
CC flow in areas of RPE atrophy [25, 26]. Simi-
larly, CC OCTA studies in patients with
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intermediate and subclinical exudative AMD
have postulated the existence of CC signal voids
[27, 28]. Considering our results, especially in
the description and quantification of CC signal
voids in patients with neovascular AMD, intra-
or subretinal fluid above this area must be
excluded with confidence [29]. Further studies
investigating this hypothesis are needed and
must exclude any intraretinal or subretinal flu-
ids which, as shown in this study, can signifi-
cantly affect OCT CC and potentially even
mimic CC signal voids.

By following up patients with acute CSC
until the absorption of SRF, our study bypasses
the above-mentioned shadowing effect of SRF
on the OCTA flow signal, and a more reliable
conclusion about possible vascular changes in
the CC can be drawn. Interestingly, we found
that the reduced OCTA signal in the CC per-
sisted after SRF absorption, indicating a reduced
blood flow in the CC in CSC patients that is
spatially associated with the area of SRF. This
hypothesis is in line with previous OCTA CC
studies describing areas of low flow signal in
CSC patients [12, 15-17] which may indicate a
thinned CC pushed upward by pachyvessels or
low blood flow at the CC level [14, 22]. Studies
applying indocyanine green angiography
(ICGA) support this assumption [4, 30, 31] and
show delayed choroidal filling on ICGA at the
site of the hot spot in 82% of CSC patients [32]
and a 45% reduction in choroidal blood flow in
CSC eyes compared with unaffected fellow eyes
[33]. A comparison of OCTA and ICGA
demonstrated that areas with coarse low-reflec-
tive OCTA signal corresponded with the area of
hypo-fluorescence on early-phase ICGA [22].
These studies support the findings of our study
and indicate that CSC is associated with
reduced choroidal blood blow.

We acknowledge that this study has some
limitations, including its retrospective design
and small number of patients. Although age-
matched controls were used, we did not match
patients regarding refraction or length of bul-
bus, nor did we collect blood pressure or anti-
hypertensive medication data, both of which
might be confounders in our study. Although
shadowing artifacts by SRF were excluded, arti-
facts are potentially caused by RPE and

photoreceptor outer segment irregularities as
well as RPE detachment [34, 35]. Since pro-
nounced RPE changes after one episode of acute
CSC are mild and are not located exclusively in
the area previously occupied by SRF, a shad-
owing artifact on the OCTA flow signal from the
CC of these RPE changes seems unlikely, but
cannot be entirely excluded. 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. Therefore, local, large deviations in the
flow signal influence the average signal, which
may have caused some over- and underestima-
tion of flow changes. Prospective longitudinal
studies with optimized image acquisition tech-
niques less prone to artifacts are therefore nec-
essary to further validate our findings.

CONCLUSIONS

In summary, this longitudinal OCTA study
reports follow-up data from patients with acute
CSC during their initial episode of CSC until
SRF was completely removed. Although we
demonstrate that SRF is a distinct confounder
when analyzing the CC via OCTA, we also
reveal that the OCTA flow signal from the CC
within the area previously occupied by SRF
continues to be reduced after SRF has com-
pletely resolved compared with that in healthy
controls, indicating reduced blood flow in
patients with acute CSC.
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