
Research Article
Fundus Autofluorescence and Optical Coherence Tomography
Characteristics in Different Stages of Central
Serous Chorioretinopathy

MaryHo,1 StephanieH.W.Kwok,1 AndrewC. Y.Mak,1 FrankH. P. Lai ,2 Danny S. C. Ng,3

Li Jia Chen,1,3 Lawrence P. Iu,1 Alvin L. Young,1 and Marten Brelen 1,3

1Department of Ophthalmology & Visual Sciences, �e Chinese University of Hong Kong, Prince of Wales Hospital,
Shatin, Hong Kong
3Department of Ophthalmology and Visual Sciences, Hong Kong Eye Hospital, �e Chinese University of Hong Kong,
Kowloon, Hong Kong
2Department of Ophthalmology, Caritas Medical Centre, Sham Shui Po, Hong Kong

Correspondence should be addressed to Marten Brelen; marten.brelen@cuhk.edu.hk

Received 21 December 2020; Accepted 11 May 2021; Published 31 May 2021

Academic Editor: Alessandro Meduri

Copyright © 2021 Mary Ho et al. %is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To describe the morphological changes on fundus autofluorescence (FAF) and spectral-domain optical coherence
tomography (SD-OCT) imaging at different chronicity of central serous chorioretinopathy (CSC). Methods. %is cross-sectional
study included patients with CSC of different chronicity. Changes in FAF scans and morphological changes on SD-OCT were
evaluated and compared at different stages of CSC. Results. Sixty-nine patients were enrolled in the study, with a mean age of
52.1± 11.8 years. A distinct hypoautofluorescence (AF) pattern was observed at the leakage point in acute CSC (100%).%e leakage
site was indistinguishable in 48% of the patients with late-chronic CSC. %e majority of acute CSC patients showed hyper-AF in
the area of serous retinal detachment (SRD), which persisted in the early-chronic stage of CSC. In late-chronic CSC, many cases of
hypo-AF (22.2%) and mixed-pattern AF (14.8%) were observed. SD-OCTrevealed evolving features of retinal pigment epithelium
(RPE) abnormalities in a time-dependent manner: from peaked PEDs in acute CSC to low-lying PEDs in early-chronic CSC and,
eventually, flat, irregular PEDs in late-chronic CSC.%e average thickness of the photoreceptor layer (inner and outer segment; IS/
OS) was 79 μm in the acute group and 55.2 μm in the chronic group. %e photoreceptor layer (IS/OS) height was positively
associated with visual acuity (p � 0.002). Conclusion. Different stages of CSC present different patterns on FAF and SD-OCT
imaging. Chronicity of CSC can be estimated using specific features in these images. Photoreceptor layer (IS/OS) height acts as a
good and objective predictor of visual outcomes in CSC patients.

1. Introduction

Central serous chorioretinopathy (CSC) is a common
condition predominantly affecting young adults. It is
characterized by the collection of subretinal fluid due to
choroidal vascular hyperpermeability and retinal pigment
epithelium (RPE) layer defects [1]. In around 20% of the
cases, the condition is recurrent or chronic in nature [2].

CSC is usually classified into acute and chronic
according to the duration of symptoms [3–6]. Determining
the chronicity of CSC is important in deciding the treatment

plans and prognosticating visual acuity outcomes. Acute
CSC usually has a self-limiting course, whereas chronic CSC
with persistent serous retinal detachment has a poor
prognosis. At present, there is no consensus on when
treatment should be initiated in CSC patients. %e first stage
of management is observation for CSC resolution for a
period of 3–6 months. %e term “chronic CSC” generally
refers to persistent CSC lasting more than 3–6 months in
duration, which usually warrants clinical treatment because
of the risk of irreversible visual loss. However, Singh et al. [7]
reported the discordance among retinal specias in describing
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CSC subtypes and pointed out the need for a CSC classi-
fication system. FAF and OCT features may provide im-
portant information, supplementary to the subjective report
of disease duration, which can be used to determine the
chronicity of disease and provide prognostic information on
the visual recovery potential.

Spectral-domain optical coherence tomography (SD-
OCT) imaging can show changes in the outer retinal layers
including RPE layer abnormalities, subretinal precipitates,
and changes in the photoreceptor layers in chronic CSC
[8–12]. Different morphologies of the pigment epithelial
detachment (PED) at different stages of CSC were described
by Song et al. [12]. Flat irregular PEDs in CSC were found to
be associated with chronic stages of disease and a high rate of
CNV detected by OCT angiography [13]. In addition,
changes in the photoreceptor layer were shown to correlate
with visual acuity recovery potential [14–17]. At the same
time, the abnormalities of the RPE in chronic CSC can be
detected by fundus autofluorescence (FAF) imaging. FAF is
a noninvasive technique that determines the intensity and
distribution of lipofuscin, which indirectly reflects the RPE
cell function [18, 19]. Excessive accumulation of lipofuscin
occurs in various retinal diseases and is believed to precede
photoreceptor degeneration [20]. FAF reveals different
degrees of hyper-AF in acute and early-chronic CSC cases
due to the accumulated outer layer of photoreceptors not
being phagocytized by macrophages [19]. In contrast,
chronic cases may show different degrees of hypo-AF due to
the loss of RPE cells [21, 22]. In addition, the area of hypo-
AF has been reported to be related to visual prognosis of
CSC patients [18, 22]. %us, by combining both the features
of OCT and FAF imaging, retinal specialists can predict the
chronicity of disease and determine the necessary treatment
options. %is study aimed to describe the evolving OCTand
FAF features from acute to chronic forms and summarize
their characteristics at different stages of CSC.

2. Methods

2.1. Subjects and Methods. %is cross-sectional study was
approved by the ethics committee of the Hong Kong
Hospital Authority New Territories East Cluster Ethics
Committee governing research at the Prince of Wales
Hospital, Chinese University of Hong Kong (Reference
number: CRE-2015.730). All research-related investigations
and procedures in this study strictly followed the guidelines
of the local ethics committee. Consecutive cases of CSC at
the retina clinic of our department between June 2015 to
April 2017 were included. Informed consent was obtained
from all patients enrolled in the study. Each patient had a
documented history of CSC with symptoms of different
durations and no prior treatment. %e inclusion criteria
were clinical diagnosis of CSC, characteristic fluorescein
angiography (FA) leakage, choroidal vascular hyper-
permeability on indocyanine green angiography (ICGA),
and neurosensory retinal detachment with or without the
presence of pigment epithelium detachment. %e exclusion
criteria were high myopia, glaucoma, significant media
opacities, previous photodynamic therapy, coexisting retinal

disease, poor-quality OCT images, and suspicion of age-
related macular degeneration or polypoidal choroidal vas-
culopathy on FA or ICGA. Two independent retina spe-
cialists, M. B. and M. H., reviewed all FA and ICGA of
included patients to rule out any case with features sug-
gesting PCV or secondary CNV.

All recruited subjects underwent a complete ophthalmic
examination including best corrected visual acuity (BCVA),
dilated fundus examination, objective refraction, and axial
length measurement. FAF and ICGA were performed using
the Heidelberg Retina Angiograph 2 (Heidelberg Engi-
neering, Germany) and Topcon machine (TRC-50IA Image
Net, TOPCON, Tokyo, Japan), respectively.

2.2. Classification of Patients according to Chronicity of
Central Serous Chorioretinopathy. CSC patients recruited in
our study were classified according to the chronicity of
disease: acute CSC (<3 months), early-chronic CSC (3–6
months), and late-chronic CSC (>6 months). Symptoms of
CSC included subjective deterioration of vision, meta-
morphopsia, dyschromatopsia, or micropsia. Patients with
recurrent disease, either by subjective symptoms or by
documented medical records, were excluded from the study.

2.3. Fundus Autofluorescence. Autofluorescence images
were acquired by retinal angiography using HRA2 (Hei-
delberg Engineering). Both 30-degree and 55-degree field
images of the macula were obtained with an image reso-
lution of 768× 768 pixels. Short-wavelength FAF images
were acquired by using 488 nm wavelength for excitation,
and emitted light above 500 nm was detected through a
barrier filter. For each image, 30 images were averaged using
the inbuilt software. Hyper-AF and hypo-AF were defined as
brighter and darker FAF than the intensity of the back-
ground FAF, respectively [23, 24]. %e AF pattern of CSC
and the intensity of AF at the site of CSC leakage were
determined by two independent investigators (A.M. and
S.K.). %e location of leakage site and whether it was dis-
tinguishable on FAF was also assessed by the two inde-
pendent investigators. %e interreviewer consistency in
grading the site of leakage and FAF pattern was assessed by
interclass correlation.

2.4. Spectral-Domain Optical Coherence Tomography (SD-
OCT) Images and Description of the Subretinal Pathologies.
Two sets of SD-OCT images, including a volume scan and a
dense raster scan of the macula, were performed. For SD-
OCT images, a custom 20× 20-degree volume-acquisition
protocol of 49 sections was adopted. Dense-line scans were
also performed at areas of PED. Scans with the most
prominent PEDs were adopted for analysis. We classified the
RPE abnormalities into four groups, taking into account
reported features of different CSC stages in the literature
[18–20, 25]: class 1 included peaked PED or semicircular
PED; class 2 included low-lying PEDs; class 3 included flat
irregular PEDs; and class 4 included RPE irregularities
without evidence of RPE elevation. Particular features of the
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outer retina were also documented including the height of
inner and outer segment (IS/OS) of photoreceptors, any sign
of photoreceptor elongation or thinning, RPE layer ab-
normalities, and presence of subretinal hyperreflective
precipitates. Morphology of the photoreceptor (IS/OS) was
compared with the adjacent attached retina and adopted a
similar approach to that in Piccolino et al.’s report [26].
%ickening of photoreceptor referred to increase in gran-
ulated appearance along the upper border of the subretinal
fluid, while thinning referred to loss of tissue in the pho-
toreceptor IS/OS layer.

%e photoreceptor layers were described as elongated,
normal, or thinned. %e length of the photoreceptor inner
segment/outer segment (IS/OS) was objectively measured
under the fovea, with the boundaries defined as the external
limiting membrane (ELM) and the retinal pigment epi-
thelium layer, respectively; in case of the presence of sub-
retinal fluids (SRF), the boundary was defined as the length
between the ELM and upper layer of SRF. Choroidal
thickness was measured subfoveally by two investigators
(E.M. and F.L.) using the inbuilt caliper function of the
Heidelberg Eye Explorer software. Choroidal thickness was
defined as the distance between the RPE/Bruch’s membrane
complex and the sclera in images obtained under enhanced
depth imaging mode. Mean values acquired by the two
investigators were adopted for analysis.

2.5. Statistical Analysis. For continuous variables, the mean,
standard deviation, median, range, and percentage were
calculated. Analysis was performed using SPSS version 22
(SPSS Inc, Chicago, Illinois, USA). Analysis of variance
(ANOVA) and Fisher’s exact tests were used to compare age,
visual acuity in LogMAR, and the imaging features among
the three groups. Pearson’s correlation analysis was per-
formed to assess any correlation between the imaging
characteristics and the clinical outcomes. Interclass corre-
lation κ was adopted to assess the intergrader differences in
determining the FAF pattern and leakage site. A p value <
0.05 was considered statistically significant.

3. Results

3.1. Demographic Data, Visual Acuity, and Ocular Features.
%e demographic data and clinical details of the 69 recruited
subjects are summarized in Table 1. In all, 51 men (73.9%) and
18 women (26.1%) were enrolled in this study.%emean age of
the enrolled patients was 52.0±11.9 years (range, 21 to 82
years). %e mean duration of symptoms of CSC at the time of
recruitment was 4.16±1.8 months. %e average axial length
(AL) of the affected eyes was 23.43mm±0.77, and the average
AL of the unaffected fellow eyes was 23.53mm±1.2. %ere was
no statistical difference in the mean AL of the affected eyes and
the fellow eyes. Refractive errors of the recruited subjects
showed a tendency towards hyperopia. %e average spherical
equivalence (SE) of the CSC affected eyes was +0.28D±1.32,
whereas the SE of the fellow eyes was +0.49D±1.64.

%e mean visual acuities of the acute CSC and early-
chronic CSC group were 0.057± 0.27 logMAR and

0.111± 0.26 logMAR, respectively. While there was not
much difference in mean visual acuity between the acute and
early-chronic stages of CSC, it was significantly worse in the
late-chronic CSC than in the acute stage (0.38± 0.39 log-
MAR, p � 0.034). Correlation analysis showed a weak
positive correlation between visual acuity in logMAR and
duration of symptoms (p � 0.015, Pearson’s r� 0.377).

3.2. FAF Pattern at the Area of Fluid Collection. In patients
with acute CSC (n� 8), FAF showed increased AF signal in
the area of serous retinal detachment (SRD) in all eyes
(100%). Of the 34 eyes with early-chronic CSC, 28 eyes
showed hyper-AF (82%), and 6 eyes (17.6%) showed a mixed
pattern. In the group of 27 eyes with late-chronic CSC, a
substantial proportion of cases showed hypo-AF (22.2%)
(Table 2).

3.3. FAF Pattern at Leakage Site. In the acute CSC group
(n� 8), FAF imaging showed a well-defined area of hypo-AF
at the vascular leakage site. %e leakage sites on FAF were
compared to those on standard FA and ICG scans. In the
acute CSC group, a small PED in combination with a dis-
crete hypo-AF correlated well with the leakage site (Fig-
ure 1). In the early-chronic CSC group (n� 34), such distinct
hypo-AF was less prominent than that in the acute group; 21
eyes (62%) in this group showed indistinct hypo-AF, and 13
eyes (38%) showed indistinguishable changes at the area of
leakage. In the late-chronic CSC group of 27 cases, the
leakage site was indiscrete and difficult to be identified on AF
imaging. In 14 eyes (52%), where the leakage site could be
identified, the area of hypo-FAF at the leakage site was large
and not well defined.%e remaining 48% of the cases showed
indistinguishable patterns at the leakage site. Two inde-
pendent raters were invited to evaluate the accuracy of using
FAF combined with OCT images for identifying the site of
leak. %e consistency of different observers’ assessment was
assessed using intraclass correlation. %e interobserver
variability was κ� 0.714 (95% confidence interval,
0.573–0.823). Discrepancies between observers occurred at
the late-chronic group, where the leakage site became less
distinct or completely indistinguishable.

3.4. RPE Changes in Different Stages of CSC.
Abnormalities of the RPE were observed in all cases. RPE
abnormalities in general matched well with the leakage site
in FAF or late staining site on ICG angiography. PEDs were
classified into different morphology subtypes: type 1
(semicircular peaked PED), type 2 (low-lying PEDs), type 3
(flat irregular PEDs), and type 4 (RPE irregularity without
definite PED).

Peaked and semicircular peaked PEDs in the early stages
of CSC correlated well with distinct hypo-FAF on the FAF
scan, as well as the area of leakage on FA. Flat-irregular PEDs
and raised RPE irregularities correlated well with the late
staining on FA and wide area of late staining on ICG an-
giography in chronic stages of CSC. Peaked and semicircular
peaked PEDs were commonly observed in acute CSC
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(33.3%); low-lying PEDs dominated early-chronic CSC
(55.5%); flat irregular PEDs or raised RPE irregularities were
most commonly observed in patients with late-chronic CSC
(74.9%).%e difference in PED patterns observed among the
groups is shown in Table 2 (p � 0.025, Fisher’s exact test).
%e sequential change in the morphology of the PEDs is
summarized in the schematic diagrams (Figures 2(a) and
2(b)).

3.5. Abnormalities of the Outer Retinas and the Relationship
with VA. %e average height of the photoreceptor layers (IS/
OS) was 79±13.3μm in the acute group, 72.8±29.5μm in the
early-chronic group, and 55.2±19.9μm in the late-chronic
group. %ere was a negative correlation between the

photoreceptor (IS/OS) layer thickness and visual acuity in
LogMAR (R� −0.464, p � 0.002; Table 3). At the same time, a
positive correlation between the photoreceptor thickness
(IS/OS) and chronicity was observed (R� 0.377, p � 0.001;
Table 3). %e reduced thickness of the photoreceptor layer (IS/
OS) may serve as one of the important factors indicating visual
decline. Other features noted in chronic CSC included pho-
toreceptor outer segment thinning and subretinal precipitates.
%ese features are summarized in Table 2. In particular, thin-
ning of the photoreceptor layer outer segment became
prominent after 3 months of CSC onset (p � 0.002; Table 2). In
addition, hyperreflective materials with subretinal precipitates
and fibrinous exudates were more commonly seen in eyes with
chronic stages of CSC (p � 0.001; Table 2).

Table 2: Comparisons of the FAF and OCT findings between early-acute, subacute, and early-chronic CSC patients.

Acute CSC (n� 8) Early-chronic CSC (n� 34) Late-chronic CSC (n� 27) p value

Age (years) 40± 14.6 52.6± 8.6 54.2± 10.9 0.028∗ b

0.05∗ c3

Visual acuity (LogMAR) 0.057± 0.27 0.111± 0.26 0.38± 0.39 0.034∗ b

0.033∗ c3

Choroidal layer thickness (μm) 364± 138.9 319± 47.7 337± 54.6 0.548 b

FAF findings at leakage site
Discrete hypo-FAF spot 8 (100%) 21 (61.8%) 14 (51.9%) 0.044∗ a
Indistinct pattern at leakage site 0 13 (38.2%) 13 (48.1%)
Background FAF findings
Hyper-FAF 8 (100%) 28 (82.4%) 17 (63%)

0.020∗ aHypo-FAF 0 0 6 (22.2%)
Mixed-pattern AF 0 6 (17.7%) 4 14.8%)
OCT findings-RPE abnormalities
Type 1: semicircular peaked PED 4 (50%) 11 (32.4%) 2 (7.4%)

0.025∗ aType 2: low-lying PEDs 4 (50%) 8 (23.5%) 5 (18.5%)
Type 3: flat irregular PEDs 11 (32.3%) 9 (33.3%)
Type 4: RPE irregularity without definite PED 4 (11.8%) 11 (40.7%)

Height of PEDs (μm) 133.3± 57.4 70.0± 5.62 72.1± 17.5 0.329 c1

0.028∗ c2

Width of PEDs (μm) 367.5± 139.2 499.3.0± 182.6 1297.9± 728.8 0.004∗ b

Abnormalities of outer retina
Length of the photoreceptor (IS/OS) layer (μm) 79.0± 13.3 72.8± 29.5 55.2± 19.9 0.017∗b

Presence of elongation or thinning of OS photoreceptor
Elongation 1 2 1

0.002∗ aNormal thickness 5 6 6
%inning 0 1 14
Presence of subretinal precipitates 1 1 11 0.001∗ a

Presence of fibrinous exudates 6 9 22 0.001∗ d

aFisher’s exact test. bANOVA test (analysis of variance test). c1t-test comparing acute and early-chronic groups. c2t-test comparing early-chronic and late-
chronic groups. c3t-test comparing acute and late-chronic groups. dChi-Square test. ∗, p value less than 0.005, with statistically significant result observed.

Table 1: Baseline demographic characteristics.

Mean age (years, ± SD, range) 52± 11.9 (21–82)
Gender 51 :18 (M : F)
Baseline best-corrected visual acuity (LogMAR± SD) 0.213± 0.303
Duration of symptom onset before presentation (months, ± SD) 4.16± 1.8
Average size of CSC on presentation (disc diameter, ± SD) 1.6± 0.84
Average mean foveal thickness CMT (μm, ± SD) 389± 107
Refractive error (spherical equivalence± SD) +0.28± 1.32
Axial length (mm± SD) 23.52± 1.2
CSC: central serous chorioretinopathy; CMT: central macular thickness; SD: standard deviation.
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4. Discussion

FAF imaging provides information on lipofuscin distribu-
tion in the RPE which may occur in diseases of the outer
retina and the macula [27]. %e current study aimed to
describe the evolving pattern of both FAF and OCTscans in
CSC patients at different stages of the disease. In situations
when the duration of symptoms is not available or a recall
bias is suspected, these objective parameters may provide
clues on the disease duration and guide treatment plans.

In the literature, much focus has been placed on eval-
uating FAF changes in relation to CSC’s chronicity and
visual outcome [22]. Zola et al. [28] reported that the pattern
of granular hypo-AF is commonly observed in chronic CSC.
FAF changes were also shown to be related to worse VA
outcome, [18, 29, 30] as FAF indirectly reveals the functional
status of the photoreceptors and RPE cells.

%e FAF image reflects the health of RPE cells and,
indirectly, the functional capacity of the macula. In eyes with
CSC, hyperfluorescent areas are commonly seen in acute

CSC, corresponding to areas of accumulated unphagocy-
tosed photoreceptor outer segments and accumulation of
lipofuscin [18, 19, 31]. %is may occur because of increased
shedding of photoreceptor outer segments or due to reduced
function of the RPE cells. At this stage, early resorption of
SRF and resolution of CSC would restore visual function.
However, prominent hypo-AF may reflect areas of atrophic
RPE, suggesting much guarded visual prognosis. Our
findings are similar to those reported in the literature
[18, 25, 31–33]. %e majority of the cases in our series
showed hyper-AF in the acute stage and hypo-AF or mixed-
pattern AF pattern in the chronic stage. Our results, in
combination with the evidence in the current literature,
showed that FAF pattern evolves over time [22]. From acute
to early-chronic and late-chronic CSC stages, the FAF
pattern changes from hyper-AF to mixed-pattern AF to
eventually hypo-AF. As hypo-AF signifies the decline in the
functional capacity of the macula, a change in the FAF
pattern, from hyper-AF to mixed-pattern AF, may be a good
time point to consider laser treatments irrespective of the

(a)

(b) (c)

Figure 1: (a) SD-OCT line scan with evidence of PED at the site of leak. (b) 50-degree fundus autofluorescence scan shows a discrete
hypofluorescence signal at a background of increased fluorescence at acute stage. (c) %e FAF imaging of the same patient with late-chronic
CSC at 6 months after symptoms onset. Given the cross-sectional study design, only the first FAF imaging and the presenting OCT scans
were included for the statistical analysis.%e FAF scan shows a less discrete hypofluorescence signal at the site of leak and a presence of water
track sign.
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CSC duration. In addition, our study reported the OCT
structural changes at different stages of CSC. In concordance
with the results of Lee et al. [21], such information could
provide hints on the functional status of the macula, the
prognosis, and disease status and hence guide treatment
planning.

In general, there is no consensus on when treatment should
be initiated in patients with CSC. Some authors have defined
chronic CSC as persistent fluid for more than 6 months, [6]
whereas therapeutic clinical trials have used 3 months as their
cut-off point [3–5, 34]. In general, the two forms of CSC behave
very differently, and clinicians often rely on the history to

determine when interventions need to be implemented.
However, there is no definite cut-off time point to consider the
initiation of treatment. After 6months of observation, certain
proportion of patients develop signs of permanent visual loss
such as RPE degeneration. Clinicians could consider early in-
tervention if signs of irreversible structural changes are noted on
the FAF and SD-OCT imaging, including speckled hypo-AF
and thinning of the photoreceptor layer (IS/OS).

%e FAF pattern at the leakage site of CSC has been re-
ported previously [35]. In acute CSC, focal areas of hypo-AF
correspond to the site of focal RPE leakage [31]. Similar ap-
pearances of well-defined hypo-AF at the leakage site were
reported by Lacono et al. [36]. In some cases, such hypo-AFmay
be due to focal defect of the RPE found within the PED and
correspond precisely to the leakage point on FA [8, 31]. Not all
eyes with CSC show hypo-AF at the leakage point [25]. We
observed that such a distinct pattern of hypo-AF is obvious in
early stages of CSC only. When CSC gradually evolves to the
early-chronic stage, such hypo-AF changes tend to become less
prominent than before. %is observation was supported in our

Acute CSC Early-chronic CSC Late-chronic CSC

FAF pattern

FAF at leakage 
site

PED

Photoreceptor 
layer

(a)

Acute CSC Early-chronic CSC Late-chronic CSC

FAF pattern Hyperfluorescence Hyperfluorescence Evolves into different 
intensity of fluorescein; 
a mixed pattern of FAF 

FAF at leakage 
site

Small, well-defined
hypofluoresence spot

Less distinct 
hypofluoresence spot

Site of leak being indistinct

PED Peaked PED
Evolves into semicircular 

PED, or multiple PED 
“bumps”; 

reduced height of PED

Evolves into board-based 
PED elevation plagues or 

RPE irregularities

Photoreceptor 
layer

Elongation or maintained
at normal thickness

Elongation or 
maintained at normal 

thickness

Thinning occurs with 
frequent occurrence of 
subretinal precipitates

(b)

Figure 2: Schematic diagrams showing summary of the characteristics of (a) FAF and (b) OCT imaging changes in different stages of CSC.
White arrows indicate the leakage site on the FAF images.

Table 3: Correlation analysis of photoreceptor (IS/OS) length, with
the duration of symptoms and the visual acuity.

Coefficient R p value
Duration of symptoms −0.492 0.001∗
Visual acuity in LogMAR −0.464 0.002∗
VA versus duration of symptoms 0.377 0.015∗

∗, p value less than 0.005, with statistically significant result observed.
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study with a high degree of interobserver agreement. We
propose that, at acute CSCs, FAF, combined with OCT scans,
instead of ICGA, can be employed as the guide for photody-
namic laser or micropulse laser therapy. However, ICGA is
valuable in certain circumstances as ICGA can reveal the
choroidal vascular hyperpermeability (CVH) area, which serves
as a good guidance for PDTto cover the CVH area. Also, ICGA
remains the gold standard investigation when the diagnosis of
CSC is uncertain, especially in suspected case of polypoidal
choroidal vasculopathy or choroidal neovascularization.

%e authors observed an evolving pattern of structural
changes on SD-OCT evaluation in different stages of CSC.
%ese evolving patterns of structural changes are presented
in Figures 2(a) and 2(b). In eyes with acute CSC, a peaked or
semicircular peaked PED is often observed at the area of
leakage on FA and ICGA. %ese RPE elevations evolve into
flat, irregular ones or mildly raised RPE plaques when the
disease enters early-chronic and late-chronic stages.

%is sequential RPE change could provide insight into
the underlying disease mechanism of CSC. %e primary
pathological mechanism of acute CSC is thought to start
with choroidal vascular disruption. %ereafter, the RPE
decompensates allowing exudation from the choroidal
vasculature into the subretinal space [37–39]. Different
abnormalities in the RPE layer have been reported on OCT
evaluation of CSC cases [9, 10, 40–42]. In particular, RPE
abnormalities such as PED at the leakage point or within the
areas of choroidal vascular hyperpermeability have been
reported [8, 9]. %ese RPE abnormalities represent the area
of RPE weakness, and the resultant RPE leak may give rise to
SRD. Early in CSC development, the hypertensive choroidal
perfusion pressure exerted by the pachychoroid entity leads
to focal areas of RPE weakness and leakage. %is effect also
gives rise to the peaked PEDs and relatively large SRD in
acute CSC [12]. Over time, the focal perfusion pressure
appears to even out, resulting in flattened PEDs. In chronic
cases, these PEDs regress to form RPE plagues or irregular
RPE undulations. At the same time, with reduced abnormal
choroidal pressure, the SRD generally reduces in height
compared to acute stage (Figures 2(a) and 2(b)).

SD-OCT provides additional information on the mi-
crostructural morphology of the outer retina within the
SRD. Several microstructural changes have been previously
reported. Ojima et al., in their study, showed a persistent
external limiting membrane and a disrupted IS/OS junction
in the detached retina [30]. Increased thickness of the
photoreceptor outer segment was reported in acute CSC [8].
In contrast, punctate or granular areas in the photoreceptor
outer segment were reported in cases of chronic or recurrent
CSC [26, 30]. Yu et al. [43] reported the OCT images of the
outer border of the photoreceptor in CSC showing the
presence of smooth, granulated, and scattered dots,
reflecting different symptom durations. Similarly, Han et al.
reported outer segment elongation and subretinal deposits
overtime. In our study, similar microstructural changes were
observed. %e thickness of the photoreceptor layer (IS/OS)
remained normal during the acute and early-chronic stages
of CSC, but the thickness was significantly reduced in the
late-chronic stage. We observed a strong negative

correlation between the thickness of the photoreceptor layer
(IS/OS) and duration of symptoms. In addition, a large
number of subretinal precipitates were seen in late-chronic
CSC. %ese precipitates could be attributed to the accu-
mulation of shed or phagocytosed outer segments.

Our study has some drawbacks due to the subjective
nature of FAF analysis; in addition, the duration of symp-
toms reported was dependent on the subjective recall of the
patients. Also, the duration of the symptoms reported may
not be accurate if the CSC lesion is extrafoveal. %e FAF
images were subjectively analyzed and an image processing
algorithm was not used to determine the degree of hyper-AF
or hypo-AF. It is difficult to standardize the automated
averaging of images using the inbuilt FAF software. Pref-
erably, a calibrated scale for the intensity of hyper-AF or
hypo-AF at the lesion site compared to the background
intensity should be used for a meaningful analysis. Secondly,
the quality of FAF images is dependent on ocular media
opacities and patient cooperation. Nevertheless, only high-
quality images were used in this study. %e measurement of
the photoreceptor layer (IS/OS) was also limited. In cases of
retinal layer detachment, the length of the photoreceptor
layer (IS/OS) was defined as distance between the ELM and
the upper layer of the SRF.When the ELMwas disrupted, the
measurement accuracy of the outer segment was affected.
Because of the cross-sectional design, our result did not
provide longitudinal data or serial scans of the same patient.
Additional studies are therefore needed to investigate the
fluorescence and morphological changes in FAF and SD-
OCT imaging over time.

In conclusion, SD-OCT showed an evolving morpho-
logic pattern at different stages of CSC. FAF imaging pattern
in CSC eyes differed according to the time course of the
disease, determined by the RPE function and outer retinal
changes. Multimodal imaging including FAF and SD-OCT
may provide supplementary information on the chronicity
of CSC, which could help clinicians formulate management
plans and prognosticate treatment outcomes.

Data Availability

%e data used to support the findings of this study are
available from the corresponding author upon request. %e
authors shall check with the local ethics governing com-
mittee (Hong Kong Hospital Authority New Territories East
Cluster ethics committee) before releasing the data.

Conflicts of Interest

%e authors have no conflicts of interest.

Authors’ Contributions

Mary Ho, Stephanie H. W. Kwok, and Andrew C. Y. Mak
wrote the main manuscript text. Frank H. P. Lai, Danny S. C.
Ng, Li Jia Chen, and Lawrence P. Iu contributed to data
acquisition and conceptualization of the manuscript. Alvin
L. Young and Marten Brelen guided the research direction
and reviewed the manuscript.

Journal of Ophthalmology 7



Acknowledgments

%e authors would like to thank Mr. Patrick Chow, an
optometrist working at NTEC DOVS, who helped in ac-
quisition of most FAF images included in the current study.

References

[1] J. D. Gass, “Pathogenesis of disciform detachment of the
neuroepithelium,” American Journal of Ophthalmology,
vol. 63, no. 3, pp. Suppl–139, 1967.

[2] C. M. Gilbert, S. L. Owens, P. D. Smith, and S. L. Fine, “Long-
term follow-up of central serous chorioretinopathy,” British
Journal of Ophthalmology, vol. 68, no. 11, pp. 815–820, 1984.

[3] W.-M. Chan, T. Y. Y. Lai, R. Y. K. Lai, E. W. H. Tang,
D. T. L. Liu, and D. S. C. Lam, “Safety enhanced photody-
namic therapy for chronic central serous chorioretinopathy,”
Retina, vol. 28, no. 1, pp. 85–93, 2008.

[4] M. Reibaldi, N. Cardascia, A. Longo et al., “Standard-fluence
versus low-fluence photodynamic therapy in chronic central
serous chorioretinopathy: a nonrandomized clinical trial,”
American Journal of Ophthalmology, vol. 149, no. 2,
pp. 307–315, 2010.

[5] J. Y. Shin, S. J. Woo, H. G. Yu, and K. H. Park, “Comparison of
efficacy and safety between half-fluence and full-fluence
photodynamic therapy for chronic central serous chorior-
etinopathy,” Retina, vol. 31, no. 1, pp. 119–126, 2011.

[6] L. A. Yannuzzi, “Central serous chorioretinopathy: a personal
perspective,” American Journal of Ophthalmology, vol. 149,
no. 3, pp. 361–363, 2010.

[7] S. R. Singh, A. Matet, E. H. C. van Dijk et al., “Discrepancy in
current central serous chorioretinopathy classification,”
British Journal of Ophthalmology, vol. 103, no. 6, pp. 737–742,
2019.

[8] H. Fujimoto, F. Gomi, T. Wakabayashi, M. Sawa,
M. Tsujikawa, and Y. Tano, “Morphologic changes in acute
central serous chorioretinopathy evaluated by fourier-domain
optical coherence tomography,” Ophthalmology, vol. 115,
no. 9, pp. 1494–1500, 2008.

[9] Y. Hirami, A. Tsujikawa, M. Sasahara et al., “Alterations of
retinal pigment epithelium in central serous chorioretinop-
athy,” Clinical & Experimental Ophthalmology, vol. 35, no. 3,
pp. 225–230, 2007.

[10] J. A. Montero and J. M. Ruiz-Moreno, “Optical coherence
tomography characterisation of idiopathic central serous
chorioretinopathy,” British Journal of Ophthalmology, vol. 89,
no. 5, pp. 562–564, 2005.

[11] P. Gupta, V. Gupta, M. R. Dogra, R. Singh, and A. Gupta,
“Morphological changes in the retinal pigment epithelium on
spectral-domain OCT in the unaffected eyes with idiopathic
central serous chorioretinopathy,” International Ophthal-
mology, vol. 30, no. 2, pp. 175–181, 2010.

[12] I. S. Song, Y. U. Shin, and B. R. Lee, “Time-periodic char-
acteristics in the morphology of idiopathic central serous
chorioretinopathy evaluated by volume scan using spectral-
domain optical coherence tomography,” American Journal of
Ophthalmology, vol. 154, no. 2, pp. 366–375, 2012.

[13] H. Hwang, J. Y. Kim, K. T. Kim, J. B. Chae, and D. Y. Kim,
“Flat irregular pigment epithelium detachment in central
serous chorioretinopathy,” Retina, vol. 40, no. 9,
pp. 1724–1733, 2020.

[14] C. M. Eandi, J. E. Chung, F. Cardillo-Piccolino, and
R. F. Spaide, “Optical coherence tomography in unilateral

resolved central serous chorioretinopathy,” Retina, vol. 25,
no. 4, pp. 417–421, 2005.

[15] H. Matsumoto, T. Sato, and S. Kishi, “Outer nuclear layer
thickness at the fovea determines visual outcomes in resolved
central serous chorioretinopathy,” American Journal of
Ophthalmology, vol. 148, no. 1, pp. 105–110, 2009.

[16] Y. Ojima, A. Tsujikawa, M. Hangai et al., “Retinal sensitivity
measured with the micro perimeter 1 after resolution of
central serous chorioretinopathy,” American Journal of
Ophthalmology, vol. 146, no. 1, pp. 77–84, 2008.

[17] F. Senturk, M. Karacorlu, H. Ozdemir, S. A. Karacorlu, and
O. Uysal, “Microperimetric changes after photodynamic
therapy for central serous chorioretinopathy,” American
Journal of Ophthalmology, vol. 151, no. 2, pp. 303–309, 2011.

[18] Y. Imamura, T. Fujiwara, and R. F. Spaide, “Fundus auto-
fluorescence and visual acuity in central serous chorioretin-
opathy,” Ophthalmology, vol. 118, no. 4, pp. 700–705, 2011.

[19] R. Spaide and J. Klancnikjr Jr., “Fundus autofluorescence and
central serous chorioretinopathy,” Ophthalmology, vol. 112,
no. 5, pp. 825–833, 2005.

[20] C. K. Dorey, G. Wu, D. Ebenstein, A. Garsd, and J. J. Weiter,
“Cell loss in the aging retina. Relationship to lipofuscin ac-
cumulation and macular degeneration,” Investigative Oph-
thalmology & Visual Science, vol. 30, no. 8, pp. 1691–1699,
1989.

[21] W. J. Lee, J.-H. Lee, and B. R. Lee, “Fundus autofluorescence
imaging patterns in central serous chorioretinopathy
according to chronicity,” Eye, vol. 30, no. 10, pp. 1336–1342,
2016.

[22] J. Han, N. S. Cho, K. Kim et al., “Fundus autofluorescence
patterns in central serous chorioretinopathy,” Retina, vol. 40,
no. 7, pp. 1387–1394, 2019.

[23] C. M. Eandi, F. C. Piccolino, C. Alovisi, F. Tridico,
D. Giacomello, and F. M. Grignolo, “Correlation between
fundus autofluorescence and central visual function in
chronic central serous chorioretinopathy,” American Journal
of Ophthalmology, vol. 159, no. 4, pp. 652–658, 2015.

[24] E. Midena, S. Vujosevic, E. Convento, A. Manfre,
F. Cavarzeran, and E. Pilotto, “Microperimetry and fundus
autofluorescence in patients with early age-related macular
degeneration,” British Journal of Ophthalmology, vol. 91,
no. 11, pp. 1499–1503, 2007.

[25] C. M. Eandi, M. Ober, R. Iranmanesh, E. Peiretti, and
L. A. Yannuzzi, “Acute central serous chorioretinopathy and
fundus autofluorescence,” Retina, vol. 25, no. 8, pp. 989–993,
2005.

[26] F. C. Piccolino, R. R. de la Longrais, G. Ravera et al., “%e
foveal photoreceptor layer and visual acuity loss in central
serous chorioretinopathy,” American Journal of Ophthal-
mology, vol. 139, no. 1, pp. 87–99, 2005.

[27] S. Schmitz-Valckenberg, F. G. Holz, A. C. Bird, and
R. F. Spaide, “Fundus autofluorescence imaging,” Retina,
vol. 28, no. 3, pp. 385–409, 2008.

[28] F. C. Piccolino, C. M. Eandi, L. Ventre, R. C. Rigault de la
Longrais, and F. M. Grignolo, “Photodynamic therapy for
chronic central serous chorioretinopathy,” Retina, vol. 23,
no. 6, pp. 752–763, 2003.

[29] M. Zola, I. Chatziralli, D. Menon, R. Schwartz, P. Hykin, and
S. Sivaprasad, “Evolution of fundus autofluorescence patterns
over time in patients with chronic central serous chorior-
etinopathy,” Acta Ophthalmologica, vol. 96, no. 7,
pp. e835–e839, 2018.

8 Journal of Ophthalmology



[30] C. Dysli, L. Berger, S. Wolf, and M. S. Zinkernagel, “Fundus
autofluorescence lifetimes and central serous chorioretinop-
athy,” Retina, vol. 37, no. 11, pp. 2151–2161, 2017.

[31] Y. Ojima, M. Hangai, M. Sasahara et al., “%ree-dimensional
imaging of the foveal photoreceptor layer in central serous
chorioretinopathy using high-speed optical coherence to-
mography,” Ophthalmology, vol. 114, no. 12, pp. 2197–2207,
2007.

[32] A. von Rückmann, F. W. Fitzke, J. Fan, A. Halfyard, and
A. C. Bird, “Abnormalities of fundus autofluorescence in
central serous retinopathy,” American Journal of Ophthal-
mology, vol. 133, no. 6, pp. 780–786, 2002.

[33] P. N. Brito, N. L. Gomes, M. P. Vieira et al., “Possible role for
fundus autofluorescence as a predictive factor for visual acuity
recovery after epiretinal membrane surgery,” Retina, vol. 34,
no. 2, pp. 273–280, 2014.

[34] C. Furino, F. Boscia, N. Cardascia, L. Sborgia, and C. Sborgia,
“Fundus autofluorescence, optical coherence tomography and
visual acuity in adult-onset foveomacular dystrophy,” Oph-
thalmologica, vol. 222, no. 4, pp. 240–244, 2008.

[35] C. Framme, A. Walter, B. Gabler, J. Roider, H. G. Sachs, and
V.-P. Gabel, “Fundus autofluorescence in acute and chronic-
recurrent central serous chorioretinopathy,” Acta Oph-
thalmologica Scandinavica, vol. 83, no. 2, pp. 161–167, 2005.

[36] P. Iacono, P. M. Battaglia, A. Papayannis, C. La Spina,
M. Varano, and F. Bandello, “Acute central serous chorior-
etinopathy: a correlation study between fundus auto-
fluorescence and spectral-domain OCT,” Graefe’s Archive for
Clinical and Experimental Ophthalmology, vol. 253, no. 11,
pp. 1889–1897, 2015.

[37] A. Scheider, J. E. Nasemann, and O.-E. Lund, “Fluorescein
and indocyanine green angiographies of central serous cho-
roidopathy by scanning laser ophthalmoscopy,” American
Journal of Ophthalmology, vol. 115, no. 1, pp. 50–56, 1993.

[38] C. Prünte and J. Flammer, “Choroidal capillary and venous
congestion in central serous chorioretinopathy,” American
Journal of Ophthalmology, vol. 121, no. 1, pp. 26–34, 1996.

[39] T. Iida, S. Kishi, N. Hagimura, and K. Shimizu, “Persistent and
bilateral choroidal vascular abnormalities in central serous
chorioretinopathy,” Retina, vol. 19, no. 6, pp. 508–512, 1999.

[40] B. Kamppeter and J. B. Jonas, “Central serous chorioretin-
opathy imaged by optical coherence tomography,” Archives of
Ophthalmology, vol. 121, no. 5, pp. 742-743, 2003.

[41] N. Hussain, A. Baskar, L. M. Ram, and T. Das, “Optical
coherence tomographic pattern of fluorescein angiographic
leakage site in acute central serous chorioretinopathy,”
Clinical and Experimental Ophthalmology, vol. 34, no. 2,
pp. 137–140, 2006.

[42] M. E. J. van Velthoven, F. D. Verbraak, P. M. Garcia,
R. O. Schlingemann, R. B. Rosen, and M. D. de Smet,
“Evaluation of central serous retinopathy with en face optical
coherence tomography,” British Journal of Ophthalmology,
vol. 89, no. 11, pp. 1483–1488, 2005.

[43] J. Yu, C. Jiang, and G. Xu, “Correlations between changes in
photoreceptor layer and other clinical characteristics in
central serous chorioretinopathy,” Retina, vol. 39, no. 6,
pp. 1110–1116, 2019.

Journal of Ophthalmology 9


