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Abstract

Background/Objectives: To evaluate whether the combination of oral eplerenone and half-
dose full-fluence photodynamic therapy (HD-FF PDT) provides greater efficacy than HD-FF
PDT alone in persistent central serous chorioretinopathy (CSCR). Methods: This mono-
centric, retrospective, observational study included patients with persistent (>6 months)
simple or complex CSCR who had previously undergone either half-dose full-fluence pho-
todynamic therapy (HD-FF PDT) alone or HD-FF PDT combined with oral eplerenone as
part of routine clinical practice between September 2024 and March 2025. Functional and
morphological data collected at baseline and at 1, 3, and 6 months after treatment were
retrospectively reviewed. An artificial intelligence-based algorithm was used to analyze
OCT scans, quantifying subretinal and intraretinal fluid volumes (SRFV, IRFV) and assessing
ellipsoid zone and external limiting membrane integrity, hyperreflective foci, subfoveal
choroidal thickness (SCT), and central macular thickness (CMT). Results: Fifty patients
(53 eyes; mean age 52 years) were included, with no significant baseline differences be-
tween groups. Best-corrected visual acuity improved more significantly in Group B at 1 and
6 months (p = 0.032 and p = 0.009, respectively). At 6 months, subretinal fluid volume (SRFV),
quantified by Al-based OCT analysis, was significantly lower in the combined therapy group
(p = 0.014). An Al-defined complete resolution of subretinal fluid (SRFV < 0.010 mm?) was
achieved more frequently in Group B than in Group A (77% vs. 22%, p = 0.001). Conclusions:
Although HD-FF PDT remains the standard treatment for persistent CSCR, adjunctive ther-
apy with the mineralocorticoid receptor antagonist eplerenone may enhance subretinal fluid
reabsorption and improve mid-term anatomical and functional outcomes.

Keywords: central serous chorioretinopathy; photodynamic therapy; eplerenone; artificial
intelligence; subretinal fluid; optical coherence tomography
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1. Introduction

Central Serous Chorioretinopathy (CSCR) is a prevalent retinal disorder first described
by Albrecht von Graefe in 1866. It is characterized by idiopathic focal serous detachment of
the neural retina and /or retinal pigment epithelium (RPE) at the posterior pole, resulting
from leakage in the choriocapillaris. Symptoms of CSCR typically include impaired and/or
distorted central vision together with altered color perception, and the disease is often
associated with reduced vision-related quality of life [1-4]. CSCR is recognized as the fourth
leading cause of vision-threatening non-surgical retinal diseases, following age-related
macular degeneration (AMD), diabetic retinopathy (DR), and retinal vein occlusion (RVO).
It most frequently affects individuals aged between 39 and 51 years, with an estimated
incidence of approximately 9.9 per 100,000 in men and 1.7 per 100,000 in women [5,6].

CSCR is the first condition described in the pachychoroid disease spectrum, a relatively
recent term introduced to denote a thickened Haller choroidal layer with attenuation of the
Sattler and choriocapillaris layers, sometimes accompanied by RPE abnormalities overlying
the pachyvessels [7].

The pathophysiology of CSCR involves choroidal hyperpermeability and dysfunction
of the RPE. Conventionally, the related risk factors are stress, corticosteroid use, type-A
personality, obstructive sleep apnea, pregnancy, and vigorous physical activity [8-10].

Traditionally, CSCR is classified into acute and chronic [11]. The CSCR International
Group tried to validate a new classification system to better define distinct disease patterns
and prognostic biomarkers. This novel system divides CSCR into “simple” and “complex”
based on the extension of RPE alterations and other outer retinal changes in order to rectify
the discrepancies in previous classification (acute/chronic) [12].

Choosing the best treatment for CSCR can be challenging due to the significant vari-
ability in disease presentation and clinical course, the current lack of consensus regarding a
classification system, and the poorly understood pathophysiology of the disease [13-15].
The goal is to achieve a complete resolution of the SRF, in order to preserve the outer
neurosensory retinal layers and to prevent irreversible damage which even a small amount
of persistent SRF may cause [16].

CSCR treatment’s options are several, such as photodynamic therapy (PDT), conven-
tional focal laser photocoagulation, subthreshold micropulse laser (SML), intravitreal injec-
tions of anti-vascular endothelial growth factor (VEGF) compounds and oral eplerenone
or spironolactone. PDT has been adapted from its oncological origins to address CSCR. It
employs verteporfin, a photosensitizing agent which accumulates in abnormal choroidal
vessels. When exposed to a specific laser light wavelength, verteporfin generates reac-
tive oxygen species, causing targeted damage to the choroidal vasculature. Activated
verteporfin also induces vasoconstriction and promotes choroidal vessel remodeling, facili-
tating SRF absorption and the decrease of choroidal hyperpermeability, while preserving
the overlying retina. PDT involves the use of a laser light set at 689 nm with a fluence
of 50 J/cm? or 25 J/cm?, combined with an injection of verteporfin (Visudyne® Novartis,
Basel, Switzerland), to treat both acute and chronic CSCR [11,17,18].

The use of eplerenone oral therapy is based on the mineralocorticoid pathway hypoth-
esis which suggests that, under normal physiological conditions, glucocorticoids occupy
mineralocorticoid receptors (MR) in ocular tissues at basal levels [19]. However, MR ac-
tivators such as aldosterone and corticosterone can lead to choroidal vessel dilation and
leakage by upregulating the endothelial vasodilatory potassium channel KCa2.3. Dysreg-
ulation of MR by glucocorticoids contributes to choroidal vessel leakage and to serous
retinal fluid accumulation observed in CSCR imaging [20]. Eplerenone, a MR antagonist
initially developed to treat hypertension and heart failure, works by blocking MR also
in the choroid. This action reduces vascular permeability and choroidal inflammation,
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potentially decreasing subretinal fluid accumulation. Clinical studies have demonstrated
that eplerenone can improve subretinal fluid resolution and visual function in patients.
Oral administration of eplerenone is generally well tolerated and has a favorable side effect
profile compared to alternative therapies.

2. Materials and Methods
2.1. Study Design and Dataset

A retrospective analysis was performed on data collected from 53 eyes of 50 indi-
viduals with a confirmed diagnosis of persistent (>6 months) simple or complex central
serous chorioretinopathy (CSCR) treated at the Retina Service of the Azienda Ospedaliero-
Universitaria delle Marche, Ancona, Italy, between September 2024 and March 2025 (An-
cona IEC m. 13-219/2024—approved on 11 June 2024). Patients had originally been
randomized in a 1:1 ratio using a computer-generated random sequence to receive either
ICGA-guided half-dose full-fluence photodynamic therapy (HD-FF PDT) alone (Group A)
or ICGA-guided HD-FF PDT combined with oral eplerenone (Group B). The present study
represents a retrospective comparative analysis of these previously treated patients. In
patients with bilateral involvement, both eyes were assigned to the same treatment group
to avoid inter-treatment contamination. Given the limited number of bilateral cases, no
adjustment for inter-eye correlation was performed. Allocation was concealed by central-
ized assignment based on a computer-generated randomization list. Due to the nature of
the interventions, masking of patients and treating physicians was not feasible. However,
OCT image evaluation and Al-based biomarker analysis were conducted independently
of clinical data. The Al-based analysis was fully automated, and any manual corrections
required were performed by trained observers masked to treatment allocation. HD-FF
PDT was performed using verteporfin (3 mg/ m?) with a full-fluence rate of 50 J/cm?,
administered by a single experienced physician (ML). Verteporfin was infused over 10 min,
followed by laser treatment 15 min after the start of the infusion. A laser light at 689 nm
was applied at 50 ] /cm? with an intensity of 300 mW /cm? for 83 s.

In Group B, oral eplerenone was started at least 2 weeks prior to photodynamic therapy
and was continued throughout the 6-month follow-up period, unless treatment discontinu-
ation was required for safety reasons. Eplerenone was administered at 25 mg/day for the
first 7 days, and increased to 50 mg/day hereafter, provided serum potassium levels and
renal function remained within the predefined safety thresholds. Treatment tolerance and
adherence were monitored through periodic blood tests during follow-up. If potassium
levels exceeded 4.5 mmol/L or if creatinine clearance fell below 60 mL/min, treatment was
discontinued, and those patients were excluded from the study.

Functional data, including best-corrected visual acuity (BCVA), and morphological data,
such as structural OCT, were collected at baseline, and at 1-, 3-, and 6-months following PDT.

All structural OCT scans were obtained using the Spectralis HRA + OCT2 platform
(Heidelberg Engineering, Heidelberg, Germany). For each study eye, a volume scan of
20 x 20° (approximately 6 x 6 mm) consisting of 49 horizontal B-scans (automated real-
time value set to 25 frames per scan) and a high-resolution horizontal B-scan (30° in length,
automated real-time value set to 100 frames) were analyzed by an artificial intelligence
(AI) algorithm.

The inbuilt Spectralis software (HEYEX 2.6.8) was used to evaluate the central macular
thickness (CMT), defined as the distance between the internal limiting membrane (ILM)
and Bruch’s membrane in the central foveal ring (1 mm diameter), according to the Early
Treatment Diabetic Retinopathy Study (ETDRS) grid. The automatic grid placement and
retinal segmentations were verified and manually corrected if necessary. Additionally,
the software was used to measure the subfoveal choroidal thickness (SCT), convention-
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ally assumed as the distance between the RPE and the choroidoscleral border [21]. The
assessments were made manually by trained observers with the machine’s caliper.

To define a ‘complete SRF resolution,” a cut-off of <0.010 mm?® was applied, while a
cut-off >0.010 mm? outlined a ‘partial SRF resolution.” The distinction into complete or
partial SRF resolution was conducted at the 6-month follow-up.

Exclusion criteria included: history or evidence of other chorioretinal diseases, such as
age-related macular degeneration, diabetic retinopathy, epiretinal membranes, or macular
dystrophy; history of intraocular surgery; evidence of glaucoma; poor image quality due
to cataracts or unstable fixation. Subjects with systemic diseases or other conditions that
could affect retinal or choroidal thickness were also excluded.

The study was conducted in accordance with the principles of the Declaration of
Helsinki, and written informed consent was obtained from all patients prior to enrolment.

2.2. Al Algorithm Description and Analysis

As previously described, our Al algorithm was based on adversarial generative net-
works, a deep learning technique [22,23]. The algorithm was trained and validated on a
large dataset of retinal OCT images, including eyes with central serous chorioretinopathy;,
and its performance has been previously reported in the literature. Image quality thresh-
olds were applied prior to analysis, and all Al outputs were generated independently of
clinical data and treatment allocation; when required, minor segmentation corrections were
performed by trained observers masked to group assignment. The Al algorithm allows
the simultaneous evaluation of several OCT biomarkers, as illustrated in Figure 1. For
each study eye, the Al algorithm was employed to analyze both volumetric and horizontal
OCT scans. The collected data from the volumetric scan included the volumes of intrareti-
nal fluid (IRF) and sub retinal fluid (SRF). The percentage of SRF volume (SRFV) within
specific regions was assessed, such as the central 1 mm circle (SRF-1), the ring between
1 and 3 mm (SRF-3), and the region between 3 and 6 mm (SRF-6). Additionally, the Al
algorithm evaluated the percentage of external limiting membrane (ELM) and ellipsoid
zone (EZ) interruption within the central 1 mm of the central scan passing through the
fovea. Moreover, the number of hyper-reflective foci (HRF) within the central 3 mm was
computed in the high-resolution horizontal B-scan.

Figure 1. Summary of the distinct OCT biomarkers assessed using Al algorithm: subretinal fluid (blue);
hyperreflective retinal foci (yellow dots) localized within the central 3 mm (yellow lines); external
limiting membrane (orange) and ellipsoid zone (yellow) localized within the central 1 mm (green lines).
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2.3. Retinal Biomarkers Evaluation

The Al-based evaluation assessed the presence of IRF, SRF, ELM/EZ interruption and
the number of HRF, as mentioned above. All these factors were computed at baseline, and
1-, 3-, 6-months after the PDT. For both volumetric and horizontal scans, we ensured the
accuracy of the automated fovea centering and of the retinal layers segmentation (Figure 2).
In case of segmentation inaccuracies, manual correction was performed by trained graders
masked to treatment allocation.

Figure 2. Automated retinal layer segmentation performed by the Al software. Subretinal fluid is
highlighted in blue, while the remaining colors represent the segmented retinal layers.

2.4. Statistical Analyses

Quantitative variables are presented as means and standard deviations (SD), while
qualitative variables are presented with percentage tables and/or graphs. The Shapiro-Wilk
test was used to assess whether the data followed a normal distribution.

The longitudinal analysis, based on the results of the normality test, used either re-
peated measures ANOVA or the Friedman rank test. Post-hoc analysis was performed using
the Bonferroni test. The comparison between independent groups (PDT =0, PDT + EPL = 1)
was carried out using either the t-test or the Wilcoxon-Mann-Whitney test.

Qualitative variables were evaluated using the chi-square test. Statistical significance
was set at p < 0.05. All calculations were performed using IBM SPSS Software V. 25.0.0.

3. Results
3.1. Baseline Data

Our cohort consisted of 53 eyes of 50 patients, 46 men (87%) and 7 women (13%),
with a mean age of 52 years. Group A included 27 eyes of 25 patients, with a mean age
of 53.7 £ 8.9 years, while Group B included 26 eyes from 25 patients, with a mean age of
51.1 &+ 10.2 years (p = 0.306). Three patients had bilateral CSCR involvement, and both eyes
were therefore assigned to the same treatment group and included in the analysis. Given
the limited number of bilateral cases, no adjustment for inter-eye correlation was deemed
necessary. No patients discontinued eplerenone or were excluded after randomization due
to safety concerns. The study population was mildly hyperopic, with a mean spherical
equivalent of +1.50 diopters, and most eyes (81%) exhibited flat irregular pigment epithelial
detachment (FIPED), defined as a shallow, horizontally oriented and irregular elevation of
the retinal pigment epithelium on structural OCT, as previously described in pachychoroid
spectrum diseases on structural OCT at enrolment [24,25].
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Mean baseline BCVA was 0.32 log-MAR in Group A and 0.25 log-MAR in Group B
(p = 0.098). Mean baseline subretinal fluid volume was 0.325 mm? + 0.385 in Group A and
0.329 mm? 4 0.366 in Group B (p = 0.965). In addition, no statistically significant differences
were observed at baseline for the other analyzed parameters, such as intraretinal fluid volume
(IRFV), HRE and EZ and ELM percentage of interruption within 1 mm from the central
fovea (Table 1). Regarding the mean CMT and SCT at baseline, in Group A the values were
299.7 um £ 73 um and 447.5 pm =+ 53.2 um, respectively. While in Group B, the mean CMT
was 344 pm =+ 87.2 um (p = 0.051) and the mean SCT was 453.9 um =+ 58.4 um (p = 0.68).

Table 1. Baseline demographic and clinical characteristics of the study groups. Baseline values for patients
in Group A (HD-FF PDT) and Group B (HD-FF PDT plus oral eplerenone). Continuous variables are
presented as mean + standard deviation (SD). p values refer to between-group comparisons at baseline.

Group A (PDT) Group B (PDT + Eplerenone)

Mean SD Mean SD p-Value
Age 53.74 +8.2 51.12 +10.1 0.306
BCVA log-MAR 0.32 +0.2 0.25 +0.1 0.098
SRFV mm? 0.32 +0.4 0.32 +04 0.965
IRFV mm? 0.002 +0.003 0.004 +0.006 0.09
SCT pm 447.5 +53.2 453.9 +58.4 0.68
CMT um 297 +73 344 +87.2 0.051
HRF 83.9 £26.6 90.2 +29.7 0.421

Abbreviations: BCVA = best-corrected visual acuity, CMT = central macular thickness, SCT = subfoveal choroidal
thickness, SRFV = subretinal fluid volume, IRFV = intraretinal fluid volume, HRF = hyperreflective foci, PDT = pho-
todynamic therapy, SD = standard deviation.

3.2. Functional Outcomes Data

At the 1-month follow-up, visual function showed an improvement in both groups. In
Group A, mean BCVA moved from 0.32 &+ 0.16 to 0.26 & 0.18 log-MAR, while in Group
B the improvement was greater with a mean BCVA which moved from 0.25 £ 0.14 to
0.16 & 0.14 log-MAR (p = 0.032). This amelioration was maintained in both groups also at
the 3- and 6-months follow-up. At 3 months, the mean BCVA was 0.22 + 0.21 log-MAR
in Group A and 0.13 £ 0.10 log-MAR in Group B, reflecting a mean improvement of
0.038 log-MAR from the previous visit (p = 0.051). No statistically significant difference was
observed between the two groups at 3 months. At 6 months, the mean BCVA was found
to be better in Group B compared to Group A, with a value of 0.1 £ 0.12 log-MAR in the
former and 0.21 &£ 0.18 in the latter (p = 0.009). Additionally, the mean BCVA at 6 months
compared to baseline improved from 0.32 & 0.16 to 0.21 £ 0.18 log-MAR in Group A and
from 0.25 £ 0.14 to 0.1 £ 0.12 log-MAR in Group B (Table 2).

Table 2. Visual acuity outcomes. Mean BCVA at baseline and follow-up visits in Group A (PDT)
and Group B (PDT + eplerenone). Data are reported as mean =+ SD; p values refer to between-
group comparisons.

Group A (PDT) Group B (PDT + Eplerenone)

Log-MAR Mean SD Mean SD p-Value
BCVA 0 0.32 +0.16 0.25 +0.14 0.098
BCVA1 0.26 +0.18 0.16 +0.14 0.032
BCVA 3 0.22 +0.21 0.13 +0.10 0.051
BCVA 6 0.21 +0.18 0.1 +0.12 0.009

Abbreviations: BCVA = best-corrected visual acuity, PDT = photodynamic therapy, SD = standard deviation.
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3.3. Retinal Biomarkers Data

At baseline, the mean SRFV was 0.325 mm?® + 0.385 mm® in Group A and
0.329 + 0.366 mm?3 in Group B (p = 0.965). A reduction was observed in both groups at all
follow-up visits. Specifically, in Group A the mean SRFV decreased from 0.325 mm? to
0.216 mm? at 1-month post-treatment, 0.214 mm? at 3 months, and 0.199 mm? at 6 months.
In Group B the mean SRFV decreased from 0.329 mm? at baseline to 0.158 mm?3 at one-month
post-treatment, 0.081 mm? at 3 months, and 0.021 mm? at 6 months. At the 6-months follow-
up, Group B showed a statistically significant reduction in SRFV compared to Group A
(p = 0.014) (Table 3). Furthermore, considering a SRFV lower than 0.010 mm? as a com-
plete SRF resolution, we observed that 77% of patients in Group B experienced a complete
resolution of SRF, while in Group A this occurred in 22% of patients (p = 0.001) (Figure 3).

Table 3. Subretinal fluid volume. Mean SRFV at baseline and follow-up visits in Group A (PDT)
and Group B (PDT + eplerenone). Data are reported as mean £ SD; p values refer to between-
group comparisons.

Group A (PDT) Group B (PDT + Eplerenone)

mm? Mean SD Mean SD p-Value
SRFV 0 0.325 +0.385 0.329 +0.366 0.965
SRFV 1 0.216 +0.319 0.158 +0.356 0.540
SRFV 3 0.214 +0.348 0.081 +0.14 0.075
SRFV 6 0.199 +0.354 0.021 +0.052 0.014

Abbreviations: PDT = photodynamic therapy, SRFV = subretinal fluid volume, SD = standard deviation.

- Complete SRF resolution

. Partial SRF resolution

A:22% B: 77%

Figure 3. On the left-side Group A, on the right-side Group B. Complete SRF resolution (SRF < 0.010 mm?)
represented in blue, partial SRF resolution (SRF > 0.010 mm?) represented in red.

Among the parameters analyzed, aside from SRFV, no statistically significant differ-
ence was observed at any follow-up visits. The biomarkers considered were: IRFV, HRF,
percentage of ELM and EZ interruption within the central 1 mm from the fovea.

Central Macular Thickness and Sub-Foveal Choroidal Thickness

The mean CMT decreased in both groups, although there was no statistically signif-
icant difference. In Group A, the CMT was 297 £ 73 um at baseline and 236 + 87 um at
6-months, reflecting an average reduction in macular thickness of 61 pm. In Group B, the
baseline CMT was 344 + 87 um and at 6 months the CMT reduced to 221 & 55 um, showing
an average difference of 124 um (p = 0.46) (Table 4). The mean SCT showed no statistically
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significant difference at baseline (Group A 447.5 &+ 53.2 pm, Group B 453.9 uym + 58.5;
p = 0.068). At the 6-months follow-up, the mean SCT decreased in both groups. In Group A
the SCT reached 416.7 pm = 44.5 at 6 months, with a decrease of 30.8 um compared to base-
line, while in Group B the SCT was 422.1 um = 55.6, with an average reduction of 31.8 pm.
No substantial statistically significant difference was found between the two groups at any
follow-up visits (Table 5).

Table 4. Central macular thickness. Mean CMT at baseline and follow-up visits in Group A (PDT)
and Group B (PDT + eplerenone). Data are reported as mean £ SD; p values refer to between-
group comparisons.

Group A (PDT) Group B (PDT + Eplerenone)
pum Mean SD Mean SD p-Value
CMT 0 299.7 +73 344 +87.2 0.038
CMT 1 256.5 +714 270.4 +90.4 0.535
CMT 3 238.9 +78.4 253.3 +81 0.512
CMT 6 235.8 +87.5 220.8 +55.3 0.46

Abbreviations: PDT = photodynamic therapy, CMT = central macular thickness, SD = standard deviation.

Table 5. Subfoveal choroidal thickness. Mean SCT at baseline and follow-up visits in Group A (PDT)
and Group B (PDT + eplerenone). Data are reported as mean =+ SD; p values refer to between-group.

Group A (PDT) Group B (PDT + Eplerenone)
pm Mean SD Mean SD p-Value
SCTO0 447.5 £53.2 453.9 +58.5 0.068
SCT 1 425.96 £56.1 432.1 +57.7 0.698
SCT 3 420.7 +40.9 4224 +49.8 0.891
SCT 6 416.7 +44.5 422.1 +55.6 0.699

Abbreviations: SCT = subfoveal choroidal thickness, PDT = photodynamic therapy, SD = standard deviation.

4. Discussion

In recent years, the debate surrounding the use of MR inhibitors in the treatment of
acute/chronic CSCR has become increasingly heated, bringing this topic to the forefront.
The aim of this study was to assess whether the combination of eplerenone and HD-PDT
provides greater efficacy compared to HD-PDT monotherapy in treating persistent CSCR.

PDT is widely regarded as the “gold standard” treatment for chronic CSCR and several
randomized controlled trials (RCTs) have provided evidences supporting it [26]. HD-PDT
has been shown to be as effective as, or even superior to, full-dose, half-fluence, and half-time
PDT regimens in treating CSCR [27]. Furthermore, a reduced verteporfin dose seems to
have a better safety profile and similar efficacy compared to a full-dose approach. In parallel
with PDT, other therapeutic approaches have been explored in the attempt to optimize
anatomical outcomes in CSCR. In recent years, alternative treatment strategies for CSCR,
including subthreshold micropulse laser (SML), have been proposed and compared with
both photodynamic therapy and mineralocorticoid receptor antagonists. Comparative
studies have shown that while SML may achieve anatomical improvement in selected
cases, ICGA-guided PDT generally provides faster and more consistent subretinal fluid
resolution, particularly in chronic or persistent CSCR. Toto et al. reported superior anatomical
outcomes with PDT compared to SML, especially in terms of SRF resolution and choroidal
remodeling [28]. Similarly, Ruggeri et al. highlighted that MR antagonist therapy and
SML may play a role in selected patients, but PDT remains the most effective approach
for achieving sustained anatomical control in chronic disease [29]. These findings further
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support the rationale for exploring combined therapeutic strategies, as investigated in the
present study. Nevertheless, not all cases respond with complete resolution after PDT. Hence
the need to find an adjuvant therapy with a good safety profile such as oral eplerenone.
Unfortunately, the two main RCTs focusing on oral eplerenone treatment for CSCR (VICI
and SPECTRA trials) did not provide strong evidence regarding the therapeutic prospects of
this drug [30,31]. On the other hand, many small, non-randomized, retrospective studies
have shown potentially favorable outcomes following oral eplerenone treatment for CSCR,
particularly in terms of subretinal fluid reduction and visual acuity improvement [32-34].

What makes our study unique is the comparison between PDT as monotherapy and
its combination with oral eplerenone, whereas other studies focused on eplerenone as
monotherapy. For this reason, in our discussion we can only relate our findings and refer
to other studies in a manner that is not entirely exhaustive. This topic is scarcely explored
in literature to date, which has sparked significant interest for us.

In our study, it emerged that both groups showed a substantial improvement in all the
parameters examined. This is significant in terms of the efficacy of the largely proposed
treatment, reaffirming that PDT is an effective treatment for CSCR [19].

Considering BCVA, it improved by approximately one line of Log-MAR in both
groups just one month after treatment. Furthermore, the visual acuity showed a greater
improvement in the combined therapy group, with a statistically significant difference from
baseline at both 1-month (p = 0.032) and 6-months (p = 0.009) follow-up. Our results are
consistent with the findings of Rahimy et al., who conducted a prospective, randomized,
double-blind, placebo-controlled study in which patients had a confirmed diagnosis of
CSCR for at least 3 months [35]. In their research, BCVA improved from 0.394 to 0.330 Log-
MAR (p = 0.04) after 9 weeks of eplerenone therapy, while the placebo group BCVA slightly
decreased from 0.313 to 0.342 Log-MAR during the same period (p = 0.21). Also Rajesh
et al. found in a prospective non-randomized study a mean BCVA improvement from
0.27 to 0.19 Log-MAR in patient with chronic CSCR treated with oral eplerenone [36].
Other authors have demonstrated as well that intervening on the cascade of the pathway
regulated by MRs can have beneficial effects in improving the course of the disease and,
consequently, visual acuity, as shown by Herold et al. in their interventional uncontrolled
open-label prospective clinical trial in patient affected by non-resolving CSCR. In their
study, 47 eyes of 21 patients were treated with 25 mg of spironolactone twice daily for
3 months and the mean BCVA improved from 0.25 to 0.17 Log-MAR [37].

Considering the structural parameters, particularly the SRFV, our results reveal that
patients treated with combined therapy experienced a greater and more lasting resorption of
subretinal fluid compared to the group that received PDT alone. After one month, the mean
SRFV in the combined therapy group nearly halved, decreasing from an average value
of 0.329 mm? to 0.158 mm?, and ultimately reaching a mean volume of 0.021 mm?® with a
standard deviation of only +0.052 mm? after 6 months. This data suggests that patients who
underwent continuous eplerenone therapy, even after PDT, may be less prone to recurrences
and may maintain a dry retina for a longer duration. In our sample, at the 6 months follow-
up, the amount of SRF was significantly lower in Group B compared to Group A. However,
the SRFV decreased substantially in both groups, suggesting that PDT plays a major role in
the resolution of exudative phenomena. Nevertheless, Bousquet et al. showed a significant
decreased (p < 0.01) in SRF and a significant improvement (p < 0.001) in BCVA in patient
with persistent CSCR (>4 months) treated with oral eplerenone versus placebo [32]. Another
parameter considered by Bousquet et al. was the CMT, which decreased significantly
from 352 + 139 um at baseline to 246 4+ 113 um and 189 + 99 um at 1 and 3 months
under eplerenone treatment (p < 0.05 and p < 0.01, respectively) [32]. In our cohort, both
groups experienced a significant reduction in CMT. In Group A, the baseline CMT was
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297 um £ 73 pm, and at the 6-month follow-up, it reached 236 pm =+ 87 pm, reflecting
an average reduction of 61 um. In Group B, the baseline CMT was 344 pm =+ 87 um, and
at 6 months, it reduced to 221 um £ 55 pm, showing an average difference of 124 um.
Although this data does not reach statistical significance, it is undoubtedly clear that in the
group of patients who received combined therapy there was a twofold greater reduction in
CMT. However, at 6 months, the average CMT in Group B is lower than in Group A, and
this is certainly an important data to consider.

Regarding SCT, there was no statistically significant difference between the two groups
at any of the follow-up visits. Nevertheless, we observed a gradual, progressive, and bal-
anced thinning of the choroidal thickness of about 30 pum in both groups. We know
that choroidal thickness may temporarily increase following HD-PDT, and this transient
choroidal thickening can be accompanied by a temporary increase in SRF [38]. These
treatment-related changes generally last about 1-3 weeks after PDT, with a gradual im-
provement in both anatomical and functional outcomes. Our outcomes align with those
described by Maruko et al., who reported that HD-PDT for CSCR led to a thinner SCT
already at 1 month and this trend was maintained at 3, 6, and 12 months after treatment [38].

Among the other retinal biomarkers analyzed, no statistically significant differences
were observed at any of the follow-up visits conducted at 1-, 3-, and 6-months.

The last point we would like to address concerns the definition of complete resolution
of SRE. As previously mentioned, we used an Al algorithm to measure SRF, and in some
cases we encountered a situation where the SRF no longer appeared clinically significant,
nor could it be objectively detected through the observation of the structural OCT scans.
Despite this, the software still recognized some fluid under the retina. Therefore, in
agreement, our study group proposed to define the complete resolution of SRF as a SRFV
inferior to 0.010 mm?. In this way, at the 6-months follow-up, a complete SRF resolution
was gained in the 22% of patients in Group A and in the 77% of patients in Group B.
Similarly, in a prospective interventional case-control study conducted on 58 patients with
acute CSCR, Vankatesh et al. reported a complete SRF resolution in 62% patient treated
with oral eplerenone at 3 months and, in the observation group, complete SRF resolution
was noted in just 31% at the same time (p < 0.001) [33]. In a retrospective study of 110 eyes
of 83 patients with cCSC, Petkovsek et al. found that one year after eplerenone treatment
33% of eyes had complete SRF resolution [39]. In the PLACE trial, Van Dijk et al. reported
a SRF resolution of 51% at 6-8 weeks and of 67% at 7-8 months following ICGA-guided
HD-PDT in cCSCR [40].

5. Conclusions

While PDT remains the gold standard treatment for persistent CSCR, we hypothesize
that combined therapy may have a synergistic effect on SRF resorption. This could represent
a therapeutic strategy targeting two distinct pathways: the choroidal vessel remodeling
through PDT and the downregulation of the overactivated MR pathway in choroidal
vessels via eplerenone. Clinically, this could translate into an accelerated SRF resorption
rate reducing the risk of potential recurrences.

Although there is no evidence in literature supported by RCTs regarding the effective-
ness of eplerenone in the treatment of CSCR, in our cohort the addition of a MR antagonist
proved to be effective both functionally and structurally, improving the BCVA of our pa-
tients and influencing the amount of SRFV. Furthermore, it is essential to focus on additional
therapeutic strategies to address the treatment of CSCR. RCTs are required to evaluate the
effectiveness and the optimal administration methods of MR inhibitors in the treatment
of CSCR.
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Abbreviations

The following abbreviations are used in this manuscript:

Al Artificial Intelligence

AMD Age-Related Macular Degeneration

BCVA Best-Corrected Visual Acuity

CMT Central Macular Thickness

CSCR Central Serous Chorioretinopathy

cCSCR Chronic Central Serous Chorioretinopathy
DR Diabetic Retinopathy

ELM External Limiting Membrane

ETDRS Early Treatment Diabetic Retinopathy Study
EZ Ellipsoid Zone

FIPED Flat Irregular Pigment Epithelial Detachment

HD-FF PDT  Half-Dose Full-Fluence Photodynamic Therapy
HD-PDT Half-Dose Photodynamic Therapy

HRF Hyperreflective Foci

ICGA Indocyanine Green Angiography
1IEC Institutional Ethics Committee

ILM Internal Limiting Membrane

IRF Intraretinal Fluid

IRFV Intraretinal Fluid Volume

logMAR Logarithm of the Minimum Angle of Resolution
MR Mineralocorticoid Receptor

OCT Optical Coherence Tomography
PDT Photodynamic Therapy

RCT Randomized Controlled Trial

RPE Retinal Pigment Epithelium

RVO Retinal Vein Occlusion

SD Standard Deviation

SCT Subfoveal Choroidal Thickness
SML Subthreshold Micropulse Laser

SRF Subretinal Fluid

SRFV Subretinal Fluid Volume

VEGF Vascular Endothelial Growth Factor
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