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ABSTRACT

Introduction: Central serous chorioretinopathy
(CSCR) as a clinical entity is potentially dam-
aging and may significantly affect retinal mor-
phology and function, especially in the chronic
form. Our study aimed to determine the
amount of deficit of best corrected visual acuity
(BCVA) and individual retinal layers, including
ganglion cells, in different types of CSCR and
with reference to its duration.

Methods: The retrospective analysis included
69 eyes of patients with resolved CSCR managed
in Dobry Wzrok Ophthalmological Clinic
between 1 January 2019 and 30 June 2022. The
diagnosis of CSCR was based on the criteria
outlined by the Central Serous Chori-
oretinopathy International Group. The analysis
included data obtained from medical history,
BCVA testing, and spectral domain optical
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coherence tomography (SD-OCT) measure-
ments, with specific thickness values for indi-
vidual retinal layers. The results were compared
among affected eyes, unaffected fellow eyes,
and healthy controls.

Results: BCVA values were significantly lower
in acute (0.08 & 0.12 logMAR) and chronic
(0.26 £+ 0.19 logMAR) cases versus controls (0.0
logMAR). The thickness of all retinal layers
(central subfoveal thickness, CST; inner retina
with ganglion cell complex, GC; outer retina,
ORT; and photoreceptor outer segments, POS)
and macular volume (MV) were significantly
decreased in chronic eyes versus controls
(p < 0.01). Acute eyes had significant thinning
of the outer retina and POS only compared to
control eyes (p < 0.01). The amount of deficit in
CST, ORT, GC, and MV was strongly correlated
with poorer BCVA (p < 0.001), and the deficit of
CST, ORT, and GC was correlated with disease
duration (p < 0.05). The subfoveal choroidal
thickness was significantly greater in affected
and fellow eyes versus controls (p < 0.001).
Conclusion: Damage to the outer retina and
photoreceptors occurs early in the course of
CSCR, with a deficit in ganglion cells noted
adjunctively in chronic forms of the disease.
Further studies are required to precisely deter-
mine correlation between visual loss in CSCR
and deficits in individual retinal layers.
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PLAIN LANGUAGE SUMMARY

Central serous chorioretinopathy (CSCR) is a
common condition typically affecting young
and middle-aged individuals. In its chronic
form, it can lead to changes in retinal mor-
phology and significant visual impairment. This
disorder occurs basically in two forms: acute
and chronic, depending on its duration. The
study aimed to determine the amount of mor-
phological and functional deficit occurring in
the course of acute and chronic CSCR and refer
it to healthy controls. The analysis of 69
resolved cases of CSCR was performed, includ-
ing results of visual acuity testing and spectral
domain coherence tomography (SD-OCT) mea-
surements. Visual acuity was significantly lower
in both acute and chronic groups compared to
healthy control eyes, with greater deficit in the
chronic group. Analysis revealed also a signifi-
cant thinning of the retina in the chronic group
versus control group. Chronic group demon-
strated substantial loss of ganglion cells, which
was not noted in acute form of the disease.
Acute eyes demonstrated only a partial deficit in
the outer retina, with the ganglion cell layer
remaining intact. The amount of deficit of all
retinal layers was strongly correlated with
poorer visual acuity and disease duration.

Keywords: Central serous chorioretinopathy;
Ganglion cell layer; Photoreceptor outer
segments; Outer retinal thickness; Spectral
domain optical coherence tomography

Key Summary Points

Why carry out this study?

Central serous chorioretinopathy is
potentially damaging and may
significantly affect retinal morphology
and function, especially in the chronic
form.

The study aimed to determine the amount
of deficit of best corrected visual acuity
and individual retinal layers, including
ganglion cells, in different types of central
serous chorioretinopathy and with
reference to its duration.

What was learned from the study?

Significant loss of visual acuity and
reduction of the thickness of all retinal
layers is noted in chronic forms of central
serous chorioretinopathy, whereas inner
retinal layers (ganglion cell complex)
remain intact in acute forms of the
disease.

Damage to the outer retina and
photoreceptors occurs early in the course
of central serous chorioretinopathy, with
ganglion cell deficit following in chronic
forms of the disease.

INTRODUCTION

Central serous chorioretinopathy (CSCR) is a
common disorder traditionally divided into
acute and chronic types depending on its
duration with time point of division typically
between 4 and 6 months [1, 2]. Most of the
cases resolve spontaneously within a few
months of disease onset without significant
functional and morphological impairment;
however, as many as 16% of patients develop a
chronic form of the disease that might result in
retinal thinning [3, 4]. Morphological deficit
observed in chronic forms of CSCR can lead to
significant visual impairment [5-7]. The origin
and timing of vision loss in CSCR are still dis-
cussed and not fully understood [8]. Spectral
domain optical coherence tomography (SD-
OCT) testing has made it possible to evaluate
individual retinal layers in the course of differ-
ent retinal disorders, including CSCR [9, 10].
Because this chorioretinopathy typically pre-
sents with subretinal fluid (SRF) and detach-
ment of photoreceptors from the retinal
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pigment epithelium (RPE), most of the available
CSCR studies concentrate on changes to the
photoreceptor outer segments layer (POS) and
outer nuclear layer (ONL) comprised of pho-
toreceptor nuclei [11-20]. Literature evaluating
the impact of CSCR on more inner retinal layers,
including the ganglion cell complex layer (GC),
is scarce [21-23]. In just a few studies on that
subject, SD-OCT is employed as the primary
diagnostics method to evaluate inner retinal
damage. Presented conclusions are not always
unequivocal, and results are sometimes contra-
dictory. Another question related to vision loss
in CSCR is its correlation to the damage to
specific retinal layers projected at the timeline of
the disease course. Again, most of the studies
analyze ONL in that respect, with analysis of
inner retina rarely found in the medical litera-
ture [24-28]. Our study aimed to determine the
amount of deficit of best corrected visual acuity
(BCVA) and individual retinal layers, GC in
particular, in different types of CSCR and with
reference to its duration.

METHODS

The study was conducted according to the
guidelines of the Declaration of Helsinki and
was approved by a local bioethics committee
(Komisja Bioetyczna OIL in Gdansk, approval
no. KB-45/22, dated 06.09.2022).

Study Design

The study aimed to evaluate the damage to
individual retinal layers after resolved CSCR. For
that purpose, the results of spectral domain
optical coherence tomography (SD-OCT) and
visual acuity measurements were retrospectively
analyzed in a group of consecutive patients with
resolved CSCR and compared to healthy control
eyes and the unaffected fellow eyes. Addition-
ally, the resolved CSCR cases were divided into
acute and chronic according to the duration of
the symptoms, with cases lasting > 4 months
considered chronic. The acute and chronic
groups were compared according to age, dura-
tion of symptoms, and retinal morphology to
indicate whether the amount of functional and

morphological damage was related to CSCR
type. Finally, the study sought to find the cor-
relation between the disease duration and the
deficit of BCVA, between the duration of the
disease and intensity of morphological alter-
ations in retinal layers and between BCVA loss
and morphological damage measured by the
deficits in specific retinal layers. Subgroup
analysis according to applied treatment was not
performed because of significant disproportions
in sample sizes.

Patient Population

The retrospective analysis included 69 eyes of
69 patients who were diagnosed, observed, and/
or treated for CSCR in Dobry Wzrok Ophthal-
mological Clinic between 1 January 2019 and
30 June 2022 and presented with or achieved
complete resolution of subretinal fluid during
that period. The treatment modalities used in
the management of these patients were obser-
vation in 6 eyes, subthreshold micropulse laser
in 55, photodynamic therapy (PDT) in 6, and
classic laser photocoagulation in 3 (some of the
eyes had more than one modality applied).
Only the resolved cases were included in the
study, that is, the cases of CSCR without any
subretinal fluid on SD-OCT examination. Cases
complicated by choroidal neovascularization
were excluded from the study (2 cases). Diag-
nosis of CNV was based on results of fluorescein
angiography (leakage of dye within neovascular
membrane) and angio-OCT (vascular network
within the CNV body visible on the scans). All
the patients were interviewed for the duration
and character of symptoms associated with
their disorder. The duration of symptoms
reported by the patients was noted in months.
In cases with recurrences or subacute courses,
when the exact length of the disease was diffi-
cult to assess, the duration of CSCR was con-
sidered the time from the onset of the first
episode of chorioretinopathy.

The study group was compared to healthy
fellow eyes and control group.

The fellow eyes were included in the analysis
only if without resolved form of CSCR or any
other retinal disorder that could affect retinal
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morphology. Active bilateral form of disease
was not observed in our material; however,
resolved form of CSCR was noted in 25 eyes.
Exclusion of previously affected eyes was based
on medical history and ophthalmological
imaging. Finally, 44 eyes were eligible for the
healthy fellow eyes group.

The control group consisted of 70 healthy
eyes of consecutive patients examined at the
clinic for the occupational program. The group
was matched for age with the study group.
Control eyes with any ocular pathology or
amblyopia were excluded from the study.

Methods

All patients underwent the basic ophthalmo-
logical examination, which included BCVA
testing, biomicroscopic assessment of the ante-
rior and posterior segment of the eye, and
intraocular pressure measurements. The diag-
nosis of CSCR was confirmed based on analysis
of the symptoms observed at the fundus of the
eye, fundus autofluorescence (FAF), fluorescein
angiography findings, and SD-OCT assessment
as well as indocyanine green (ICGA) images in
cases suspected of polypoidal choroidal vascu-
lopathy (PCV). The diagnostic criteria outlined
by the Central Serous Chorioretinopathy Inter-
national Group were used to confirm the diag-
nosis of CSCR [29]. The case was considered
resolved if no subretinal fluid or PED was pre-
sent in the posterior pole covered by the SD-
OCT scan of 6 x 6 mm and previous medical
history confirmed the presence of CSCR
according to the described criteria.

SD-OCT measurements were performed with
the use of spectral optical tomograph with
angio-OCT option (REVO NX 2018, software
version 11.07, Optopol Technology, Zawiercie,
Poland). The device scanning speed is 110,000 A
scans per second, axial resolution of — 2.8 um
digital and Sum in the tissue, overall scan
depth from 2.8 to 6 mm in full range mode and
scan range from S to 15 mm at the posterior
pole. Retina analysis provided in the device
include retinal thickness, inner retinal thick-
ness, outer retinal thickness, retinal nerve fiber
layer (RNFL) + ganglion cell layer (GCL) + inner

plexiform layer (IPL) thickness, GCL + IPL
thickness, RNFL thickness, retinal pigment
epithelium (RPE) deformation, myoid zone/el-
lipsoid zone (MZ/EZ) — RPE thickness.

For the purpose of the study, the following
SD-OCT measurements were considered: central
subfoveal thickness (CST), macular volume
(MV), outer retina thickness (ORT), myoid
zone/ellipsoid zone—RPE distance practically
corresponding to the POS, mean ganglion cell
complex thickness (GC mean), minimal gan-
glion cell complex thickness (GC min), and
subfoveal choroidal thickness (SFCT). CST value
refers to the mean retinal thickness within the
central circle of 1 mm diameter. MV refers to
the retinal volume within the central circle of
6 mm in diameter. ORT refers to the retinal
thickness measured at the central foveal point
between the inner nuclear/outer plexiform
(INL/OPL) layer line and the RPE. POS thickness
refers to the retinal thickness measured at the
central foveal point between the myoid zone/
ellipsoid zone line and the RPE/Bruch’s mem-
brane complex. GC refers to the mean thickness
of the complex of the ganglion cell layer and
inner plexiform layer measured at the central
oval ring area (Fig. 1). GC min value refers to
minimal thickness value of that complex
recorded within the measured area. GC min
indicates focal damage to GC layer, which can
be significant, despite normal or moderately
decreased mean values of GC thickness.

Manual corrections to the segmentation
lines were performed in each case if needed. The
SFCT was manually measured at the central

4,8
2,4

Fovea

Fig. 1 The areas of the measurement of the ganglion cell
layer in REVO SD-OCT. The dimension values are
presented in mm. The yellow dot represents the foveal
center
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foveal point with the software provided by the
manufacturer of the SD-OCT equipment.

The fellow eye group and control group were
subject to the same ophthalmological proce-
dures and measurements as the study group.
The baseline characteristics of the groups are
presented in Table 1.

Statistical Analysis

Categorical variables are depicted using integers
and percentages. Numerical traits are described
with their mean, median, standard deviation,
and minimum-maximum values. The normal-
ity of distribution was assessed using the
Anderson-Darling test. The homogeneity of
variances was appraised using the Levene test.
The statistical significance of between-group
differences in the numerical variables was tested
using multifactor ANOVA without replication
(for normally distributed variables) or the
Kruskal-Wallis test (for non-normally dis-
tributed ones). Generalized linear models with
robust standard errors were fitted when carrying
out a multifactor model incorporating non-

Table 1 Baseline characteristics of the study cohort of eyes
with resolved form of CSCR and controls (7 = 140
examined eyes)

Analyzed trait Statistical parameter”

n %
M (Me) SD (min-max)

Study group:

Control 71 50.7
CSCR 69 49.3
Gender

Female 53 37.9

Male 87 62.1

Age (years) 48.1 (47.0) 10.6 (24-73)

For numerical variables: M mean, Me median, SD standard
deviation, min—max minimum to maximum values, CSCR
central serous chorioretinopathy

*For categorical variables: 7: integer number; %: percentage

normally distributed traits. Spearman’s correla-
tion coefficients were computed to expose
relationships between the investigated numeri-
cal variables. The correction for multiple com-
parisons was applied when building and
performing the multivariate models.

A level of p < 0.05 was deemed statistically
significant. The minimal sufficient sample size
was calculated for significance at p < 0.05, sta-
tistical power of at least 80%, and a minimal
amount of parameter difference of 10% (for the
GC layer); this equaled 23 eyes. With 70 eyes
included in the analyzed group, the study
results reached 99.9% of statistical power. All
the statistical procedures and the sample size
were calculated using Statistica™, release 14
(TIBCO Software Inc., Palo Alto, CA, USA).

RESULTS

Patients in both groups had similar ages, close
to 48 years on average. The mean duration of
CSCR was almost 2 years (23.6 + 27.0 months).
Patients with CSCR had a significantly lower
BCVA  compared to healthy controls
(0.22 £ 0.19 logMAR). The thickness of indi-
vidual retinal layers was also significantly lower
in the study group for all SD-OCT measure-
ments. The difference, although significant, was
less prominent for inner retina, especially GC
layer. Results of the descriptive statistics analy-
sis for the study and control groups are pre-
sented in Table 2.

Analysis of the same parameters for the acute
versus chronic groups revealed that the patients
from the acute group were statistically signifi-
cantly younger compared to the chronic group,
with a difference of close to 7 years. The acute
group also showed significantly lesser deficits in
BCVA, CST, ORT, and minimal GC value.

Table 3 presents the differences in measured
parameters between the acute and chronic
CSCR groups.

Analysis of the differences between the
measured parameters among the affected CSCR
group, fellow eyes, and control eyes with the
multifactor model applied revealed statistically
significant differences in all analyzed variables
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Table 2 Descriptive statistics for the selected ophthalmological parameters in the study participants by occurrence of

CSCR (7 = 140 eyes)

Parameter Statistical parameter P-value

CSCR (7 = 69 eyes) Controls (7 = 71 eyes)

M (Me) SD (min-max) M (Me) SD (min-max)
Age (years) 47.8 (47.0) 10.3 (24-67) 48.6 (48.5) 11.3 (30-73) 0.734
Disease duration (months) 23.6 (12.0) 27.0 (1- /=/ /=/ /=/
BCVA (logMAR) 022 (0.18) 0.19 (0.00-0.80) 0.0 (0.0) 0.0 (0-0) /-/
CST (im) 207.8 (216)  32.8 (104-286) 2386 (238)  20.3 (193-289) < 0.001
ORT (m) 1514 (157) 274 (68-203) 190.2 (185) 195 (161-260) < 0.001
POS (jm) 717 (71) 8.0 (60-103) 737 (73) 5 (64-83) < 0.001
GCpean (1m) 83.3 (87) 134 (39-105) 89.2 (90) 5.5 (70-98) 0.013
GCpin (Hm) 424 (46) 15.8 (9-69) 49.8 (51) 9.9 (27-69) 0.013
MV (mm?) 7.69 (7.65) 0.60 (5.71-8.76)  8.06 (8.03) 0.32 (7.00-8.59) < 0.001
SFCT (um) 5237 (510) 1242 (216-790)  337.9 (332) 549 (210-491) < 0.001

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, M} macular volume, SFCT

subfoveal choroidal thickness

The numbers in bold refer to statistical significance with p < 0.05

(Table 4). Pairwise comparisons (Table 35)
showed differences in selected pairs of variables.

CSCR eyes had lower retinal parameters and
BCVA and higher choroidal thickness compared
to the eyes from the control group. Comparison
of the CSCR eyes and fellow eyes proved the
same, except for the GC mean value, which was
not significantly thinner in the CSCR group.
Nevertheless, focal GC thinning (minimal GC
value) was clear in the CSCR eyes vs. fellow eyes
(p =0.019). Fellow eyes had similar retinal
parameters compared to healthy controls, with
the exceptions of BCVA, which was signifi-
cantly better in the controls, and SFCT, which
was significantly thicker in CSCR fellow eyes.
Examples of GC measurements in acute and
chronic cases of CSCR are presented in Figs. 2
and 3.

Comparison of the measured parameters
among CSCR subtypes and controls revealed
significant differences (Tables 6 and 7) in each
variable. Pairwise comparisons (Table 7)
revealed significantly poorer BCVA, thinner all

retinal layers, and thicker choroid in chronic
CSCR eyes versus controls. This comparison of
acute cases proved significant thinning of the
outer retinal layers and photoreceptor layer but
not the CST, MV, or inner retina with GC layer.
The SFCT in acute cases was also significantly
thicker compared to controls. The comparison
of acute versus chronic cases revealed signifi-
cant thinning of the outer retina, with CST, MV,
and GC preserved relatively intact.

Correlations

The correlation of disease duration and visual
loss was significant for all cases of CSCR
(r=0.32, p <0.001) but not for the acute and
chronic subtypes of CSCR (acute: r=0.30,
p = 0.321; chronic: r = 0.27, p = 0.071).

The results of the analysis of the correlations
between the BCVA and disease duration and the
loss of retinal layers are presented in Table 8.
Loss of visual acuity was strongly associated
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Table 3 Descriptive statistics for the selected ophthalmological parameters in the study participants with CSCR by stage of

the disease (7 = 69 eyes)

Parameter Statistical parameter P-value

Acute CSCR (2 = 13 eyes) Chronic CSCR (2 = 56 eyes)

M (Me) SD (min-max) M (Me) SD (min-max)
Age (years) 42.4 (40.0) 9.7 (24-61) 49.1 (47.5) 10.0 (31-67) 0.041
Disease duration (months) 1.9 (1.0 1.1 (1-4) 29.9 (18.0) 27.7 (1-120) < 0.001
BCVA (logMAR) 0.08 (0.00) 0.12 (0.00-0.40) 0.26 (0.18) 0.19 (0.00-0.80) < 0.001
CST (pum) 2272 (229) 15.7 (183-245) 203.3 (208) 34.2 (104-286) 0.004
ORT (um) 168.1 (166) 8.5 (152-184) 147.5 (149) 28.8 (68-203) 0.004
POS (um) 68.5 (70) 3.2 (63-73) 725 (71) 8.6 (60-103) 0.128
GCean (um) 89.7 (90) 7.2 (78-105) 81.8 (85.5) 5.5 (39-100) 0.076
GCpin (um) 50.5 (55) 14.6 (26-69) 40.5 (42) 14.1 (9-69) 0.035
MV (mm?) 7.91 (8.01) 0.46 (7.03-8.63) 7.63 (7.60) 0.62 (5.71-8.76) 0.144
SECT (um) 486.6 (480) 932 (374-670) 532.6 (530)  129.7 (216-790) 0.162

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, MV macular volume, SFCT

subfoveal choroidal thickness.

The numbers in bold refer to statistical significance with p < 0.05

with the CST, ORT, and MV thinning and loss
of ganglion cells but not necessarily with the
photoreceptor outer segment deficit. The visual
deficit was not correlated with choroidal thick-
ness either. Similarly, a longer disease duration
had a strong relationship to the loss of CST,
ORT, and GC but not the outer photoreceptor
segment loss or increased choroidal thickness.

DISCUSSION

Chronic form of CSCR causes alterations in
retinal morphology that result in visual
impairment. In most of the studies this deficit
was attributed to the damage to outer retinal
layers; nevertheless, direct proportional corre-
lation between retinal thinning and functional
deficit was not found [4, 5]. Exploration of that
subject raises the question of whether the sig-
nificant decline of BCVA in long-lasting cases of
CSCR could be attributed to deficits in GC layer
related to outer retinal thinning.

In our study, analysis of the whole CSCR
cohort and its comparison to the control group
confirmed damage to all retinal layers in the
course of this chorioretinopathy. Changes in
retinal morphology were strongly correlated to
the decrease in BCVA. This refers to thinning of
the CST, MV, ORT, and inner retina with GC
that is observed in the course of CSCR. Loss of
CST, ORT, and GC is also related to the duration
of the disease. These data are consistent with
other studies, but to our knowledge, this is the
first such large analysis of GC changes in CSCR.

Most of the studies on retinal morphology
alterations in the course of CSCR have concen-
trated on compromised ONL and POS layers
[11-20, 24-28]. ONL and POS thinning is con-
sequently reported in chronic cases of CSCR and
usually  correlated with BCVA  deficit
[11-18, 20]. Interestingly, Ooto et al. [19]
reported ONL thinning but not POS thinning in
36 eyes with CSC versus healthy controls. Acute
cases are analyzed less often, but usually, some
deficit in the outer retinal layers is reported. In a
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Table 4 Descriptive statistics for the selected ophthalmological parameters in the study, affected eyes versus fellow eyes

versus control group (7 = 209 eyes)

Investigated ~ Statistical parameter P-value*
trait CSCR, affected eye (2 = 69 CSCR, fellow eye (2 = 44 Control (z = 71 eyes)
eyes) eyes)
M (Me) SD (min-max) M (Me) SD (min-max) M (Me) SD (min-max)
BCVA 0.22 0.19 (0.00-0.80) 0.07 (0.00)  0.24 (0.0-1.60) 0.0 (0.0) 00 (0-0) < 0.001
(logMAR) (0.18)
CST (um) 207.8 32.8 (104-286) 2467 18.1 (215-282) 2386 20.3 (193-289) < 0.001
(216) (243.5) (238)
ORT (um) 1514 274 (68-203) 1833 19.0 (117-230) 190.2 195 (161-260) < 0.001
(157) (182) (185)
POS (jm) 717 (71) 80 (60-103) 747 (755) 55 (64-94) 737 (73) 3.5 (64-83) < 0.001
GCrewn (Lm) 833 (87) 134 (39-105) 89.1 (89) 72 (75-105) 892 (90) 5.5 (70-98) 0.026
GCpin (um)  42.4 (46) 158 (9-69) S1.1(52) 105 (27-76) 498 (51) 9.9 (27-69) 0.010
MV (mm®)  7.69 0.60 (5.71-8.76) 8.03 (8.15) 0.40 (7.31-8.90) 8.06 0.32 (7.00-8.59) < 0.001
(7.65) (8.03)
SECT (um) 5237 1242 (216-790) 4454 884 (263-686) 337.9 549 (210-491) < 0.001
(510) (441.5) (332)

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, MV macular volume, SFCT

subfoveal choroidal thickness
*P-values for the multifactor model applied

The numbers in bold refer to statistical significance with p < 0.05

large study of 60 eyes, Hata et al. observed ONL
thinning beginning a month after the onset of
the disease and correlated to BCVA loss and
duration of CSCR [28]. Similar findings and
correlations were presented by Ozdemir et al.,
who reported ONL deficit as early as 3 months
after the onset [25]. On the other hand, Yu et al.
did not observe significant ONL thinning versus
controls in a comparative study of 29 acute
cases, but distinct POS alterations were noted
[18].

The GC layer is rarely observed in oph-
thalmic research on CSCR. The results of Han
et al. [23] are consistent with our findings. The
authors analyzed 34 spontaneously resolved
cases of CSCR of short duration (< 6 months).
They reported significant ONL and CST thin-
ning but an unaffected GC layer. Nam et al.
observed transient GC thinning in the acute

phase of CSCR, but deeper analysis of that
phenomenon showed that this is due to seg-
mentation errors in automated analysis, not real
damage [21]. In an analysis of 35 eyes, Demirok
et al. [22] showed deficits in the GC layer in
both acute and chronic forms of CSCR, with
prominent changes attributed to long-lasting
cases and only sectoral changes in short-lasting
cases. Notably, analysis of retinal layer deficits
based solely on resolved eyes with CSCR has
been performed in only a few studies
[17, 23, 25, 27, 28]. Generally, outer retinal
thinning is reported in this research, correlated
with BCVA deficit. The morphological deficit
reported in our study was reflected in visual
acuity loss. With the final BCVA at 0.26 + 0.19
logMAR, chronic patients lost around four
Snellen lines during the course of the disease
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Table S P-values for pairwise comparisons for CSCR eyes, fellow eyes, and controls

Variable CSCR versus fellow eyes CSCR versus controls Fellow eyes versus controls
BCVA < 0.001 n/a n/a

CST < 0.001 < 0.001 0.219

ORT < 0.001 < 0.001 0.582

POS < 0.001 0.001 0.999

GCrean 0.138 0.036 0.999

GChin 0.019 0.052 0.999

MV 0.013 < 0.001 0.999

SFCT 0.028 < 0.001 < 0.001

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, MV macular volume, SFCT
subfoveal choroidal thickness, 7/ not applicable

The numbers in bold refer to statistical significance with p < 0.05
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Fig. 2 Ganglion cell complex measurement after resolved acute CSCR in right eye lasting for 2 months. No significant
differences existed between GC values in the affected right eye and the unaffected left eye

(30 months on average), whereas in acute cases 0.08 £ 0.12 logMAR. These findings are similar
(2 months on average), the loss was less than to those presented in previous work by the same
two Snellen lines, and the final BCVA equaled authors [5, 30].
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Fig. 3 Ganglion cell complex measurement after resolved chronic CSCR in the right eye lasting for 20 months. Significant

deficit in GC is noted in the right eye, with normal values in the unaffected left eye

The SFCT in CSCR patients is also signifi-
cantly thicker than in control eyes, supporting
the pachychoroid etiopathogenesis of this dis-
ease [31]. Interestingly, choroidal thickness is
also increased in the fellow unaffected eyes.
This finding is consistent with the results of
other studies [32-34]. This morphological fea-
ture possibly puts the fellow eyes of CSCR
patients at risk of developing CSCR. That
assumption is plausible given the data, which
show that CSCR affects both eyes of the same
patient in as many as 30-40% of cases [35, 36].

The evaluation of the results of our study in
the subgroups according to disease duration
(acute and chronic) provides information on
the possible scenario of retinal cellular damage
in CSCR. It seems that early deficit occurs in the
outer retinal layers because it is visible in the
thinning of the whole outer retina and specifi-
cally the layer of photoreceptor segments. On
the other hand, loss of ganglion cells is distinct
in chronic cases. Comparison of the GC of
chronic versus acute cases shows a significant

difference in minimal GC values, which can be
explained by the focal loss of ganglion cells in
long-lasting cases of CSCR.

Relationship between morphological deficits
and BCVA needs further investigation. We
proved a progressive loss of individual retinal
layers and BCVA with disease duration; how-
ever, the deficit of which particular layers
underlies significant visual impairment in CSCR
is yet to be determined. It is plausible that in
long-lasting cases the progression of morpho-
logical deficit toward the inner retina is
responsible for visual deterioration; neverthe-
less, that theory should be confirmed in func-
tional tests, such as electroretinography.

Among electrophysiological testing relevant
to GC assessment, pattern electroretinography
(PERG) could provide valuable information as
its N95 wave refers solely to GC function and
PSO wave to combined photoreceptor (30%)
and GC (70%) function. Unfortunately electro-
physiological testing in CSCR is not performed
routinely, and available research is scarce.
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Table 6 Descriptive statistics for the selected ophthalmological parameters in the study participants by occurrence of CSCR

and stage of the disease (7 = 209 eyes)

Investigated Statistical parameter P-value*
trait Acute CSCR (7 = 13 eyes) Chronic CSCR (z = 56 Control (z = 71 eyes)
eyes)
M (Me) SD (min-max) M (Me) SD (min-max) M (Me) SD (min-max)
BCVA 0.08 0.12 (0.00-0.40) 0.26 0.19 (0.00-0.80) 0.0 (0.0) 0.0 (0-0) < 0.001
(logMAR) (0.00) (0.18)
CST (um) 2272 157 (183-245) 2033 342 (104-286) 238.6 20.3 (193-289) < 0.001
(229) (208) (238)
ORT (um) 168.1 8.5 (152-184) 147.5 28.8 (68-203) 190.2 195 (161-260) < 0.001
(166) (149) (185)
POS (um) 68.5 (70) 32 (63-73) 725 (71) 8.6 (60-103) 73.7 (73) 3.5 (64-83) < 0.001
GCrean (Um) 89.7 (90) 7.2 (78-105) 81.8 5.5 (39-100) 89.2 (90) 5.5 (70-98) 0.008
(85.5)
GCppin (um) 50.5 (55) 14.6 (26-69)  40.5 (42) 14.1 (9-69) 498 (51) 9.9 (27-69) 0.003
MV (mm?) 791 0.46 (7.03-8.63) 7.63 0.62 (5.71-8.76) 8.06 0.32 (7.00-8.59) < 0.001
(8.01) (7.60) (8.03)
SECT (um) 4866 93.2 (374-670) 532.6 129.7 (216-790)  337.9 549 (210-491) < 0.001
(480) (530) (332)

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, MV macular volume, SFCT

subfoveal choroidal thickness
*P-values for the multifactor model applied

The numbers in bold refer to statistical significance with p < 0.05

Nevertheless, it provides results proving GC
involvement in CSCR. Goyal et al. analyzed
results of PERG examination in acute CSCR
cases and reported prominent reduction of P50
persistent after resolution of SRF and lesser N95
reduction [37]. That finding is consistent with
our results and proves mainly photoreceptor
damage in acute CSCR cases and minor GC
involvement. On the other hand, analysis of
acute CSCR cases by Doguizi et al. showed
decreases in both P50 and N95 waves that
improved but still persisted after resolution of
CSCR [38]. That result indicates GC deficit even
in acute CSCR. Unfortunately, our literature
search did not reveal any PERG employing
studies of chronic CSCR.

Results of our study enable drawing a possi-
ble scenario for CSCR-related retinal damage
(Table 9). Patients with the short-lasting form of
the disorder present with just mild BCVA loss,
outer retinal layer deficit, and intact inner
retina. Chronic patients lose outer retinal layers
and additionally ganglion cell layers and show
significant visual impairment.

Detecting GC loss in CSCR might encourage
further research on the subject, especially on
the relationship between the leak type and
location visible on fluorescein angiography and
location of GC deficit. While GC measurements
are performed in sectors, as presented in Fig. 1, a
possible relation to ganglion cell damage and
leak is to be determined. Previous research
related the POS thinning to the location of the
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Table 7 P-values for pairwise comparisons of acute CSCR eyes, chronic CSCR eyes, and controls

Variable Acute CSCR versus chronic CSCR Acute CSCR versus control Chronic CSCR versus control

BCVA < 0.001 n/a n/a
CST 0.004 0.521 < 0.001
ORT 0.004 0.002 < 0.001
POS 0.128 < 0.001 0.009
GCrnean 0.076 0.999 0.009
GCrin 0.035 0.999 0.006
MV 0.144 0.998 < 0.001
SFCT 0.162 < 0.001 < 0.001

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, MV macular volume, SFCT
subfoveal choroidal thickness, 7/ not applicable

The numbers in bold refer to statistical significance with p < 0.05

Table 8 Results of analysis of correlations between BCVA and disease duration and loss of retinal layers

Correlation BCVA Disease duration

Retinal parameter Spearman coefficient (r) P-value Spearman coefficient P-value
CST -0.59 < 0.001 - 0.44 < 0.001
ORT - 0.60 < 0.001 - 040 0.002
POS 0.07 0.550 0.18 0.172
GChhean - 049 < 0.001 -0.33 0.012
GC,i, ~ 043 < 0.001 ~ 047 < 0.001
MV - 055 < 0.001 -0.32 0.10
SECT -0.08 0.502 0.02 0.889

CSCR central serous chorioretinopathy, BCVA best corrected visual acuity, CST central subfoveal thickness, ORT outer
retinal thickness, POS photoreceptor outer segment thickness, GC ganglion cell complex, MV macular volume, SFCT
subfoveal choroidal thickness

The numbers in bold refer to statistical significance with p < 0.05

leakage point on fluorescein angiography statistical analysis. Moreover, this is the largest
[39, 40]; thus, a relationship between inner study so far analyzing alterations of the GC
retina damage and leakage cannot be excluded. layer in the course of CSCR. We believe that

another strength of our study is the uniformity
Strengths and Limitations of the Study of cases: only the resolved ones were included

in the study. Measurements of retinal layers in
the active phase of CSCR are difficult because of
retinal edema and might bear segmentation
errors despite manual corrections. Additionally,

The present study is among the largest, con-
sidering the number of cases, enabling reliable
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Table 9 Retinal layer and BCVA loss in the course of CSCR

CSCR phase/parameter BCVA CST MV Outer retina Photoreceptors GC
Acute (short lasting) Moderate loss Normal or moderate loss Normal Loss Loss Normal
Chronic (long lasting) Loss loss Loss Loss Loss Loss

some studies show an improvement in ONL
thickness after treatment (usually with PDT)
[15, 41]. This phenomenon is not necessarily
related to cellular response but rather to the
elimination of the pressure on retinal layers
elicited by the SRF. Thus, ONL thinning,
reported in many studies in the active phase of
the disease, might not actually reflect a perma-
nent deficit. In our opinion, only the analysis of
resolved cases can provide consistent data on
the changes in retinal morphology and visual
impairment in the course of CSCR. Another
strength of the study is that the control group
was matched according to age with the affected
cohort. Comparative study allows quantifying
the actual damage to retinal layers in the course
of CSCR.

The main limitation of the study is its ret-
rospective design. In some cases, it was impos-
sible to precisely indicate the time point of the
resolution of SRF and the timespan between this
moment and the acquisition of the SD-OCT
scans.

The chronic and acute groups are uneven in
number with the acute group significantly less
numerous, what might produce a certain bias in
statistical comparisons. In real life acute cases
do not occur less frequently than the chronic
ones; however, the chronic ones are usually
diagnosed and treated at ophthalmic clinics,
while acute cases are often not recorded at all.
That results in sample size imbalance between
acute and chronic groups if records of consec-
utive patients are analyzed. Hence, such dis-
proportion is difficult to avoid in research
studies.

Another limitation could be related to treat-
ment that was applied in 91% of studied cases
and theoretically could influence retinal mor-
phology. Nevertheless, the vast majority of
patients were treated with subthreshold

micropulse laser, which, if carefully performed,
according to current knowledge, does not leave
any significant trace on the retina [42, 43]. PDT,
which was performed in six eyes, potentially
affects choroid and outer retinal layers, but not
inner retina, as was proved in one study [44].
Finally, classic laser photocoagulation, applied
in a small number of eyes (3) with extrafoveal
leakage, typically caused only focal damage
outside the foveal center, usually limited to the
RPE and outer retinal layers [45]. Thus, we
believe that treatment-related bias of the results
in the study group, especially for GC layer
thickness, can be considered insignificant.

The study lacks electrophysiological exami-
nations that could provide information on the
function of specific retinal cells. Potential cor-
relation of results of such tests with retinal
morphology could provide solid knowledge on
functional impact of our findings.

CONCLUSIONS

Our study proves that CSCR is damaging in all
its forms, particularly chronic. Persistent chori-
oretinopathy results in significant deficits in all
retinal layers, including ganglion cells. Damage
to the GC layer typically occurs later in the
course of the disease and is strongly correlated
with poor visual acuity.

The relationship between visual loss and
damage to individual retinal layers needs fur-
ther research. The present study, performed on
a relatively large number of resolved cases,
provides grounds for studies that would pre-
cisely evaluate the role of ganglion cell loss in
visual impairment attributed to some cases of
CSCR. It is possible that lesions to GC adjunc-
tive to an earlier occurring outer retinal layer
deficit are responsible for progressive visual loss.
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Nevertheless, this theory needs more research
employing electrophysiological testing of the
retina.

Approaching patients with CSCR often
requires the evaluation of prognosis for the
preservation or improvement of visual acuity. If
results of our study are confirmed in subsequent
research including electrophysiological testing,
it is possible that the evaluation of GC may
provide information on the possible BCVA loss
in the course of CSCR. Finding focal deficits in
GC at the early stage of disease might indicate
poor visual prognosis after resolution of SRF.
Because GC is measured in the area outside the
central 2 mm (Fig. 1), it is usually not signifi-
cantly affected by the pressure from SRF, which
is greatest at the SRF cavity apex, typically
located close to the foveal center. Thus, the
obtained values are more likely to reflect the
actual state of this layer, unlike automated
measurements of ONL. Nevertheless, GC mea-
surement in the active form of the disease, with
SRF present, might require manual corrections
to segmentation lines because segmentation
errors of the SD-OCT are more common in
edematous retina. We believe that it is worth
making efforts to evaluate the GC in every
problematic CSCR patient because this can
provide information on the prognosis and
speed the initiation of more radical treatment
(e.g., PDT). The procedure is likely to become
easier and less time-consuming with machine
learning employed in modern SD-OCT devices.
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