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ABSTRACT

Introduction: This study aimed to assess quan-
titative factors associated with treatment
response and macular neovascularization
(MNV) onset in central serous chorioretinopa-
thy (CSC) through an artificial intelligence-
based approach.
Methods: The study was designed as an inter-
ventional, prospective case series with a plan-
ned follow-up of 36 months. We included only
eyes demonstrating the first episode of CSC. All
the patients underwent eplerenone or photo-
dynamic therapy (PDT) treatment. Eyes devel-
oping MNV underwent anti-VEGF injections.
We developed an artificial intelligence-based
model to assess predictive quantitative struc-
tural optical coherence tomography (OCT) fac-
tors related to treatment response and onset of

MNV. Main outcome measures were best-cor-
rect visual acuity (BCVA), central macular
thickness (CMT), retinal thickness (RT), retinal
pigment epithelium (RPE) thickness, choroidal
thickness, Sattler’s layer thickness (SLT), Haller’s
layer thickness, retinal and choroidal hyper-
reflective foci (HF), and MNV.
Results: We included 96 naı̈ve CSC eyes (96
patients). Baseline BCVA was 0.18 ± 0.25 log-
MAR, which increased to 0.16 ± 0.27 logMAR
after 3 years (p[0.05). Baseline CMT was
337 ± 126 lm, which improved to 229 ± 40 lm
after 3 years (p\ 0.01). We observed good
response to eplerenone in 40/78 (51%) eyes,
whereas 38/78 (49%) eyes underwent PDT. The
artificial intelligence model showed choroidal
HF and age as determining factors of good
response to eplerenone or PDT. RPE thick-
ness\36 lm, RT\300 lm, and SLT\ 50 lm
increased probability of 50% of having MNV.
Conclusions: CSC response to eplerenone or
PDT is influenced by choroidal HF and patient
age. RPE and SLT represent relevant factors for
onset of MNV.
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Key Summary Points

Central serous chorioretinopathy (CSC) is
a possible cause of visual acuity loss,
nowadays managed by oral eplerenone or
photodynamic therapy.

There is no consensus in the literature
regarding the best treatment strategy;
furthermore, recent studies have raised
many doubts about the efficacy of
eplerenone.

In the present study, we propose
quantitative structural optical coherence
tomography (OCT) biomarkers in central
serous chorioretinopathy, assessed by an
artificial intelligence-based approach,
associated with response to oral
eplerenone or photodynamic therapy.

We have also assessed quantitative
biomarkers associated with an increased
risk of development of macular
neovascularization.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.13656644.

INTRODUCTION

Central serous chorioretinopathy (CSC) is a
posterior segment disease typically character-
ized by neurosensory retinal detachment, lead-
ing to visual acuity loss [1]. The current
management of CSC includes observation, laser
application, diuretics, and photodynamic ther-
apy (PDT) [2, 3]. However, response to treat-
ment is highly heterogeneous, and there is as
yet no consensus regarding the best therapeutic
approach. To date, several papers have reported
positive results for both eplerenone and PDT

treatment strategies [3–10]. A recent study
prompted considerable debate about the suit-
ability of eplerenone oral treatment in the
management of CSC, suggesting no indication
for this therapeutic choice [11]. However, that
trial differed from previous studies supporting
the role of eplerenone by also including CSC
eyes with macular neovascularization (MNV)
[12], together with a lack of a subclassification
of the patients. Indeed, in a recent study, our
group demonstrated the presence of at least two
CSC subtypes, as assessed by quantitative mul-
timodal imaging, associated with different out-
comes and risk of MNV onset [13]. Furthermore,
some limitations have recently been noted,
especially regarding patient selection [14].

The present study investigated the role of
quantitative structural optical coherence
tomography (OCT) parameters for predicting
response to treatment. An artificial intelligence-
based approach was adopted to assess whether
structural OCT findings may suggest a specific
treatment. The same artificial intelligence-based
model was further employed to assess the pres-
ence of quantitative biomarkers associated with
an increased risk of MNV onset.

METHODS

The study was designed as an interventional,
prospective case series with a 36-month follow-
up. Patients presenting with a first, treatment-
naı̈ve episode of CSC were recruited at the
Ophthalmology Unit of San Raffaele Hospital,
Milan, between January 2015 and October
2016. Signed informed consent was obtained
from all patients. The study was conducted in
accordance with the Declaration of Helsinki and
was approved by the Ethical Committee of Vita-
Salute San Raffaele University in Milan.

The diagnosis of CSC was made by means of
structural OCT and fluorescein angiography
(FA)–indocyanine green angiography (ICGA)
imaging (Spectralis HRA?OCT; Heidelberg
Engineering, Heidelberg, Germany) and OCT
angiography (DRI Triton; Topcon, Japan). In
particular, clinical evidence of visual acuity loss
or distortion, confirmed by the presence of ser-
ous subretinal exudation, RPE signal changes on
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structural OCT, and FA/ICGA CSC-related
choroidal alterations, was useful in the diagno-
sis. Exclusion criteria were refractive error
greater than ± 3D, high media opacity, any
other type of retinal or optic nerve diseases,
ocular surgery within the last 6 months, or any
systemic condition potentially affecting the
analyses. The onset of MNV was confirmed by
further FA/ICGA examination, eventually sup-
ported by OCT–angiography (OCTA).

Ophthalmologic examination included
BCVA measurement using standard ETDRS
charts, slit-lamp biomicroscopy of the anterior
and posterior segments, Goldmann applanation
tonometry, FA, ICGA, OCT, and OCTA. All the
patients were periodically monitored, at the
ophthalmologists’ discretion, and guided by the
disease course. For all the quantitative analyses,
we considered the standardized T0, T1, T2, and
T3 examinations, where T1, T2, and T3 repre-
sent the first, second, and third year of follow-
up, respectively.

The structural OCT acquisition protocol
included raster, radial, and dense scans with a
large number of frames (automatic retinal
tracking [ART][25) and enhanced depth
imaging (EDI). Structural OCT scans measured
central macular thickness (CMT) and retinal
thickness (RT) at baseline and over the entire
36-month follow-up, while inverted structural
OCT color images assessed retinal and choroidal
hyperreflective foci (retinal and choroidal HF,
respectively). CMT and RT were automatically
obtained by the device software. Wishing to
offer a clinically applicable evaluation of HF, we
did not calculate the entire number of retinal
and choroidal HF, but instead considered more
than 10 HF within the retina or choroid as
positive for HF. Choroidal thickness (CT),
measured manually, was considered as the
mean obtained from five measurements per-
formed at these points: subfoveal, 750 lm
(right–left), and 1500 lm (right–left). The same
steps were adopted for Haller’s layer thickness
(HLT), while Sattler’s layer thickness (SLT) was
obtained from the difference between CT and
HLT.

All the structural OCT measurements were
performed by two independent researchers at
least twice to test reproducibility and

repeatability (overall 0.89 reproducibility [range
0.85–0.90] and 0.88 repeatability [range
0.86–0.91]).

All CSC patients started first-line treatment
with eplerenone (oral administration
25 mg/day for the first week, increasing to
50 mg/day for up to 4 months if blood serum
potassium levels were 5.0 mmol/L or lower). In
the absence of response after 4 months of
treatment (clinical response defined as a gain of
five or more ETDRS letters; morphological
response defined as fluid reduction greater than
20% on structural OCT), patients were switched
to half-dose PDT. CSC patients developing MNV
were treated with anti-vascular endothelial
growth factor (VEGF) intravitreal injections or
PDT, at the ophthalmologist’s discretion.

The main outcome was the analysis of the
response to treatment leading to subretinal fluid
resolution (SRF), adopting an artificial intelli-
gence-based approach based on structural OCT
findings.

Factors associated with MNV were investi-
gated by means of a logistic model, in which the
presence of MNV (yes or no) was adopted as the
dependent variable. The full model consisted of
the following variables, sampled at admission
(T0): retinal thickness (Tot_Retina), central
macular thickness (CMT), highest subretinal
fluid thickness (exudate), retinal pigment
epithelium (RPE) thickness, choroidal thickness
(Tot_Choroid), Sattler’s layer thickness (SLT),
and Haller’s layer thickness (HLT). Age, gender,
and disease duration were added as covariates.
An automatic procedure was used to determine
the best model among the potential explana-
tory variables. A backward scheme was adopted
for this purpose, and the Akaike information
criterion (AIC) was employed to identify the
optimal model [15].

CSC patients without MNV were studied
with regard to the relationship between their
treatment and the following explanatory vari-
ables measured at T0: Tot_Retina, retinal RPE,
Tot_Choroid, retinal hyperreflective foci
(HF_ret), and choroidal hyperreflective foci
(HF_chor). Sex and gender were included as
covariates. To determine the best model, we
adopted a logistic model and used the same
pipeline as described above.
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We explored ways of choosing the optimal
treatment with the aim of finding a potential
automatic decision-making process. Adopting a
supervised machine learning technique, i.e. a
decision tree [16], we entered the following
potential predictors in the model: CMT,
Tot_Retina, Tot_Choroid, RPE, HF_chor, HF_ret,
SLT, HLT, Exudate, Age, Sex.

We analyzed how the morphological
parameters recovered longitudinally after treat-
ment. For this objective, we employed a repe-
ated-measures analysis of variance (ANOVA),
adding sex and gender as covariates.

The following parameters were used as
dependent variables: Tot_Retina, CMT, RPE,
Tot_Choroid, SLT, HLT, Exudate, BCVA. To
account for assumption violations, we adopted
the Greenhouse–Geisser degrees of freedom
correction.

All analyses were performed with the R sta-
tistical software package, release 3.5.2 [17]. The
significance threshold was set at 0.05, using
false discovery rate (FDR) correction when nec-
essary to handle multiple comparison issues.
Extensive details regarding the statistical
methodology are provided in the Appendix.

RESULTS

Overall Results

We recruited 120 eyes of 120 patients affected
by a first, treatment-naı̈ve episode of CSC.
Twenty-four eyes were excluded for the follow-
ing reasons: media opacities (20), glaucoma (4).
Overall, 96 eyes of 96 treatment-naı̈ve CSC
patients (mean age 53 ± 12 years; 80 male) were
included in the analyses. None of the patients
showed MNV at baseline. Over the entire cohort
of CSC patients, 18 developed MNV over the
36-month follow-up.

In patients not showing MNV (78/96 eyes),
SRF was found to have completely resolved in
55% of cases at T1, 63% of cases at T2, and 75%
of cases at T3. Positive treatment response,
defined as at least 20% SRF reduction, was
identified in 81% at T1, 90% at T2, and 96% at
T3.

Considering the whole CSC group, baseline
BCVA was 0.18 ± 0.25 logMAR, increasing to
0.16 ± 0.27 logMAR after 3 years (p[0.05);
baseline CMT was 337 ± 126 lm, improving to
229 ± 40 lm after 3 years (p\0.01). Out of 96
eyes, 18 (19%) developed MNV; 14/18 (78%)
developed MNV during the follow-up, whereas
4/18 (22%) showed MNV at the baseline
examination.

CSC eyes without MNV responded well to
eplerenone in 40/78 (51%) eyes, whereas 38/78
(49%) eyes needed to be switched to PDT.
Interestingly, of the eyes developing MNV dur-
ing the follow-up (14/96 eyes, 15%), 10/14
(71%) responded well to PDT before MNV
onset, whereas 4/14 (29%) responded well to
eplerenone before MNV onset. In the MNV
group, the mean number of anti-VEGF injec-
tions was 7 ± 4 over the follow-up; in approxi-
mately 60% of cases, MNV patients underwent
additional PDT, with 3 ± 1 treatments.

Prediction of the Best Treatment
for Patients without MNV

Complete data are listed in Table 1. The win-
ning model contained the following significant
explanatory variables: choroidal HF (e.c. = 2.72,
p\0.001), retinal HF (e.c. = -3.11, p\0.001),
and age (e.c. = 0.08, p = 0.012). The significant
age factor reveals a moderate tendency towards
better efficacy of PDT over eplerenone when age
increases.

Subjects with choroidal HF responded better
to PDT (32/47, 68%), while those without
choroidal HF responded better to eplerenone
(25/31, 80%). Subjects with retinal HF respon-
ded better to eplerenone (36/56, 64%), while
those without retinal HF responded better to
PDT (18/22, 81%) (Fig. 2). A more complete
scenario can be seen in Table 2, which records
all combinations of retinal HF and choroidal HF
(Fig. 1). It is striking that the presence of only
one of the two signs determines the decision,
with eplerenone working better with retinal HF
and without choroidal HF, whereas PDT was
preferred in the reverse circumstances. A more
homogeneous distribution can instead be
observed when both signs are present or absent.
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Table 1 Quantitative analyses in CSC treatment subgroups

Eplerenone group PDT group MNV group

Group 1 2 3

Number of patients 40 38 18

BCVA baseline 0.1 ± 0.11 0.21 ± 0.33 0.33 ± 0.18

BCVA 3-year F/U 0.06 ± 0.12 0.1 ± 0.18 0.48 ± 0.41

p value 0.11 0.09 0.16

CMT baseline (lm) 374 ± 139 329 ± 123 271 ± 66

CMT 3-year F/U (lm) 225 ± 39 231 ± 45 235 ± 35

p value \ 0.01 \ 0.01 0.04

RT baseline (lm) 458 ± 120 437 ± 78 387 ± 94

RT 3-year F/U (lm) 340 ± 47 342 ± 46 361 ± 60

p value \ 0.01 \ 0.01 0.33

CT baseline (lm) 416 ± 101 419 ± 91 366 ± 107

CT 3-year F/U (lm) 406 ± 99 395 ± 85 343 ± 125

p value 0.65 0.25 0.56

SLT baseline (lm) 117 ± 39 115 ± 31 49 ± 12

SLT 3-year F/U (lm) 108 ± 32 111 ± 28 45 ± 12

p value 0.26 0.63 0.38

HLT baseline (lm) 298 ± 81 304 ± 72 317 ± 108

HLT 3-year F/U (lm) 297 ± 77 284 ± 64 298 ± 123

p value 0.95 0.20 0.62

p value 1 vs. 2 1 vs. 3 2 vs. 3

BCVA baseline 0.148 0.003 0.208

BCVA 3-year F/U [ 0.05 \ 0.01 \ 0.01

CMT baseline (lm) 0.332 0.01 0.289

CMT 3-year F/U (lm) [ 0.05 [ 0.05 [ 0.05

RT baseline (lm) [ 0.05 0.04 0.261

RT 3-year F/U (lm) [ 0.05 0.420 0.512

CT baseline (lm) [ 0.05 0.237 0.197

CT 3-year F/U (lm) [ 0.05 0.087 0.214

SLT baseline (lm) [ 0.05 \ 0.01 \ 0.01

SLT 3-year F/U (lm) [ 0.05 \ 0.01 \ 0.01

HLT baseline (lm) [ 0.05 [ 0.05 [ 0.05
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The decision-making process forecast by the
decision tree is shown in Fig. 2. The presence or
absence of choroidal HF is central to the choice.
In its absence, the optimal choice in 81% of
cases is eplerenone (25 out of 31 cases). In the
presence of choroidal HF, the age factor was
found to be more relevant, with subjects up to
43 years of age being more successfully treated
with eplerenone (7/9, 78%), while for older
patients PDT was largely the better choice (30/
38, 79%).

Macular Neovascularization

The winning logistic model consisted of the
following significant variables: Tot_Retina (es-
timated coefficient, e.c. = -0.01872,
p = 0.0373), RPE (e.c. = 1.7546, p = 0.020), and
SLT (e.c. = -0.1367, p\0.001). Therefore, a
decrease in retinal thickness results in a slight
increase in the likelihood of encountering

MNV. RPE and SLT thinning were associated
with an increased probability of finding MNV.
The critical value with regard to RPE thickness
was 36 lm; below this value there was an
increased probability of having MNV, while for
SLT, the critical value was 50 lm, and there was
an increased probability of up to 50% of having
MNV. As for retinal thickness, a slight increase
in probability was observed below 300 lm.
(Fig. 3).

DISCUSSION

In the present study we analyzed the morpho-
logical features of a cohort of patients affected
by treatment-naı̈ve CSC, and we identified dif-
ferent subgroups according to their response to
specific treatment, either eplerenone or PDT.

CSC eyes with a greater degree of choroidal
HF showed a better response to PDT, whereas
patients with higher retinal HF responded better

Table 1 continued

p value 1 vs. 2 1 vs. 3 2 vs. 3

HLT 3-year F/U (lm) [ 0.05 [ 0.05 [ 0.05

The eplerenone group is characterized by good response to eplerenone alone. The PDT group is characterized by poor
response to eplerenone, thus requiring the switch to PDT. The MNV group consists of eyes belonging to either the
eplerenone or PDT group that developed neovascular complication during the follow-up. Abbreviations: CSC central serous
chorioretinopathy, PDT photodynamic therapy, MNV macular neovascularization, BCVA best-corrected visual acuity, F/U
follow-up, CMT central macular thickness, RT retinal thickness, CT choroidal thickness, SLT Sattler’s layer thickness, HLT
Haller’s layer thickness

Table 2 Frequency of best treatment according to the presence of retinal HF and choroidal HF

HFC = 0 HFR = 0 HFC = 0 HFR = 1 HFC = 1 HFR = 0 HFC = 1 HFR = 1

Eplerenone 4 21 0 15

PDT 4 2 14 18

Percentage eplerenone

vs. PDT

(50/50) (91.3/ 8.7) (0/100) (46/54)

Percentages are related to intermodal distribution. Abbreviations: HFC hyperreflective foci choroid, HFR hyperreflective
foci retina. The presence of HF is expressed as (1), whereas absence of HF is expressed as (0)
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to eplerenone. We also found an age effect
related to a better response to PDT, which was
observed in patients over 43 years of age. The
interpretation of the findings is speculative:
higher choroidal HF might suggest greater
inflammation of the choroid, which would
therefore require treatment aimed more directly
at the vascular component (e.g. PDT). In con-
trast, higher retinal HF might suggest an
inflammatory reaction involving RPE cells.

MNV is a vision-threatening complication of
CSC [18, 19]. In the present study we adopted
an artificial intelligence-based model to deter-
mine whether certain imaging findings might
be associated with an increased risk of the onset
of MNV. The logistic model detected precise
quantitative values associated with MNV. In
particular, RPE thickness less than 36 lm, SLT
less than 50 lm, and RT less than 300 lm

proved to be closely associated with the onset of
MNV. The pathogenesis of MNV in CSC is still a
matter of debate but includes chronic RPE
decompensation and choroidal ischemia [20].
The finding of a greater rate of MNV onset in
eyes treated by PDT, with respect to eyes man-
aged only by eplerenone, may suggest that in
the balance between vascular and non-vascular
dysfunction leading to the onset of CSC, vas-
cular dysregulation might be prominent in eyes
requiring PDT, thus justifying the higher prob-
ability of developing MNV. Furthermore, con-
sidering the treatment planning in the present
study, including a first eplerenone treatment
and PDT administration only in a second phase,
it is possible that the higher chronicity of sub-
retinal exudation in the PDT group may have
led to higher RPE occurrence with consequent
increased release of pro-angiogenic mediators.

Fig. 1 Hyperreflective foci in CSC. HF may be exclusively
retinal (a) or choroidal (c). Patients may also display both
retinal and choroidal HF, whether with MNV (red arrow)

(g) or without MNV (e). The HF localization remains the
same immediately after the resolution of the exudation,
secondary to the treatment (b, d, f, h, respectively)
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Our findings are in line with previous theo-
ries regarding RPE and choroidal impairment
[1], but our analysis provides specific cutoff
values that are more effective in identifying
CSC patients at risk.

The benefit of diuretic therapy has recently
been questioned [11], but a possible explana-
tion for the previously described ineffectiveness
of eplerenone may lie in the fact that CSC was
not broken down into subcategories with dif-
ferent baseline parameters. From this point of
view, further investigations including a quan-
titative categorization of the patients are war-
ranted to draw definite conclusions.

We are aware that our study has several
limitations. First, the study was designed con-
sidering eplerenone as the first-line treatment,
with no control group, and simply replaced
with PDT for non-responders. We acknowledge
that this choice may have affected the results of
the study, but it was supported by previous
evidence of efficacy of eplerenone oral treat-
ment, and it also represented an attempt to
harmonize the study patients in order to
achieve meaningful data. On this basis, further
quantitative investigations should be con-
ducted that also include CSC patients managed
with a ‘‘wait-and-see’’ strategy. In addition, the
number of patients is relatively small to draw
definitive conclusions, and the suitability of the

Fig. 2 Decision tree for treatment choice. If the number
of choroidal hyperreflective foci (HF) is\ 10, the better
response is shown with eplerenone. In the presence of
choroidal HF[ 10, age represents a determinant factor.
Patients aged[ 43.5 years show better response to pho-
todynamic therapy, whereas patients aged\ 43.5 years
show better response to eplerenone

Fig. 3 Simulation of the probability of developing MNV
in relation to changes in retinal, RPE and Sattler’s layer
thickness. The variable of interest was simulated for each
panel by including 1000 points, while the other two

parameters were left unchanged with regard to the average
value estimated in our sample. The range was adjusted to
optimize visualization
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artificial intelligence model we applied needs to
be confirmed in a larger controlled cohort of
patients.

CONCLUSION

In conclusion, this study provides quantitative
biomarkers suggestive of good response to
eplerenone or PDT. Moreover, we provide
defined cutoffs to identify patients at risk of
MNV onset. Nevertheless, the present investi-
gation should be viewed as a first project that
attempts to identify new biomarkers able to
help establish the best therapeutic option in
common clinical practice. Indeed, our present
findings would benefit from further prospective
studies exploring the real usefulness of struc-
tural OCT biomarkers in the management of
CSC with and without MNV.
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