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ABSTRACT

Introduction:  To compare the long-term effi-
cacy of navigated subthreshold micropulse laser 
(NSML) and continuous oral eplerenone (EPL) 
in chronic central serous chorioretinopathy 
(cCSC).

Methods:  This retrospective observational 
study included 44 eyes with cCSC (EPL: n = 26; 
NSML: n = 18). Best-corrected visual acuity 
(BCVA), central macular thickness (CMT), sub-
retinal fluid (SRF) height, and subfoveal cho-
roidal thickness (SFCT) were evaluated over 
12 months.
Results:  Both groups showed significant 
improvements in BCVA and CMT (p < 0.05). 
Complete SRF resolution was achieved in both 
groups by 12 months, with NSML showing faster 
resolution (2.77 ± 1.43 vs. 6.34 ± 2.17 months, 
p < 0.001). The EPL group demonstrated sig-
nificant SFCT reduction at 6 and 12 months 
(p = 0.001), while the NSML group showed no 
significant SFCT changes (p > 0.05).
Conclusions:  Both NSML and EPL improved 
retinal morphology and visual function in 
patients with cCSC. NSML achieved faster SRF 
resolution, while EPL resulted in more signifi-
cant choroidal thickness reduction. These find-
ings suggest distinct mechanisms of action: 
NSML primarily affects the retinal pigment epi-
thelium, while EPL modulates choroidal vascula-
ture. Treatment choice may depend on individ-
ual patient characteristics and treatment goals.
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Key Summary Points 

Why carry out this study?

Chronic central serous chorioretinopathy 
(cCSC) management remains challenging, 
with ongoing debates about optimal treat-
ment strategies.

A direct comparison between navigated 
subthreshold micropulse laser (NSML) and 
continuous oral eplerenone (EPL) was lacking 
in the literature, hindering evidence-based 
decision-making for clinicians.

What was learned from the study?

Both NSML and EPL demonstrated effective-
ness in improving retinal morphology and 
visual function in patients with cCSC over a 
12-month period.

NSML achieved faster subretinal fluid resolu-
tion (2.77 ± 1.43 versus 6.34 ± 2.17 months, 
p < 0.001), potentially offering quicker visual 
recovery.

EPL showed a more pronounced and sus-
tained effect on reducing subfoveal choroidal 
thickness, suggesting its potential for long-
term disease management.

The distinct advantages of each treatment 
suggest that therapy choice may need to be 
tailored to individual patient characteristics 
and treatment goals in cCSC management.

INTRODUCTION

Central serous chorioretinopathy (CSC) is a sig-
nificant macular disease characterized by the 
detachment of the neurosensory retina, often 
accompanied by pigment epithelium detach-
ment (PED) [1, 2]. Although the exact patho-
physiology of CSC remains poorly understood, 
it is widely believed to be associated with hyper-
permeability of the choroidal vessels and a com-
promised external blood–retina barrier [3, 4]. 
Acute CSC typically resolves within 2–3 months, 
but 30–50% of patients experience recurrence 

within a year, and 5–10% develop chronic CSC 
(cCSC), defined by persistent subretinal fluid 
(SRF) exceeding 4–6 months [5, 6].

A recent proposal by Chhablani et  al. [7] 
has introduced a revised classification system 
for CSC, which divides it into two subcatego-
ries: simple and complex. This categorization is 
based primarily on the presence of serous reti-
nal detachment and alterations in the retinal 
pigment epithelium (RPE) [7]. The new classi-
fication aims to provide a more detailed under-
standing of the different presentations and char-
acteristics of CSC cases.

Verteporfin photodynamic therapy (PDT) 
remains the primary treatment for CSC, despite 
potential adverse effects such as RPE atrophy, 
choroidal ischemia, and the development of 
macular neovascularization (MNV) [8–12]. Alter-
native approaches include mineralocorticoid 
receptor (MR) inhibitors like eplerenone (EPL) 
[13–16]. However, in recent years, the effective-
ness of MR inhibitors has become a subject of 
controversy, particularly regarding their short-
term use [17–19].

Subthreshold micropulse laser (SML) has been 
proposed as a potentially effective approach for 
the treatment of cCSC [20]. This technique tar-
gets the RPE using short-duration, subthreshold 
laser spots. The stimulation induces the pro-
duction of heat shock proteins, which protect 
cells from stress by inhibiting inflammatory and 
apoptotic pathways [21, 22]. By normalizing the 
RPE function, SML treatment has been shown 
to facilitate the reabsorption of SRF [23]. Recent 
advancements in non-contact navigated sys-
tems have further enhanced SML’s efficacy and 
safety. These systems incorporate eye tracking 
technology, compensating for eye movements 
and ensuring precise, consistent laser delivery. 
The navigated SML (NSML) improves treatment 
targeting through real-time image alignment, 
potentially leading to better outcomes.

Notably, while both EPL and SML have shown 
promise in treating cCSC, a direct comparison 
between these two approaches is lacking in 
the current literature. This gap in knowledge 
is significant, as it hinders clinicians’ ability 
to make evidence-based decisions when select-
ing between these treatment options. A recent 
comparative study by Mehta et al. [24] further 
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explored the efficacy of different treatment 
modalities in cCSC, providing additional con-
text for our current investigation.

This retrospective observational study aims 
to compare anatomical and functional changes 
in cCSC-affected eyes treated with multiple ses-
sions of navigated 577-nm yellow SML versus 
continuous oral EPL over a 12-month follow-up 
period. By directly comparing these treatments, 
we seek to provide valuable insights that can 
inform clinical decision-making and potentially 
improve patient outcomes in the management 
of cCSC.

METHODS

Study Participants

This retrospective observational compara-
tive study was conducted across two centers, 
involving 44 eyes from 44 consecutive patients 
with unilateral exudative cCSC. Patients were 
enrolled consecutively at each center based on 
the treatment modality available: the EPL group, 
consisting of 26 eyes treated with continuous 
oral EPL, was enrolled at the University of Bari 
“Aldo Moro,” while the SML group, comprising 
18 eyes treated with NSML using the Navilas® 
577s system, was enrolled at the University of 
“G. d’Annunzio” in Chieti-Pescara. The divi-
sion of treatments between centers was based on 
the specific expertise and equipment available 
at each institution, with the University of Bari 
specializing in pharmacological management 
and the University of Chieti-Pescara having 
advanced laser treatment capabilities. This ret-
rospective study was conducted between January 
2021 and May 2023 in accordance with the ethi-
cal standards of the institutional and national 
research committee and with the 1964 Helsinki 
Declaration and its later amendments. In Italy, 
retrospective studies using anonymized data do 
not require specific patient consent or ethical 
committee approval. However, this study was 
reviewed and approved by the internal review 
boards of the University of Bari “Aldo Moro” 

and the University of “G. d’Annunzio” Chieti-
Pescara. Despite the retrospective nature of the 
study, informed consent was obtained from all 
participants for the use of their clinical data for 
research purposes.

For this study, unilateral exudative cCSC was 
defined as the presence of SRF for over 6 months. 
Treatment success was defined as complete SRF 
resolution.

Inclusion criteria for the study were as fol-
lows: patients aged 18 years or older, with a dis-
ease duration of 6 months or more, the presence 
of foveal SRF confirmed by spectral-domain opti-
cal coherence tomography (SD-OCT), and no 
prior treatment for cCSC. This study focused on 
patients receiving their first treatment for cCSC.

Patients were excluded from the study if 
they had undergone previous ophthalmologi-
cal surgery, laser therapy, or PDT. Additionally, 
those with a history of anti-vascular endothe-
lial growth factor (VEGF) treatment, presence of 
MNV assessed with OCT angiography (OCTA) 
and indocyanine green angiography (ICGA), sys-
temic contraindications to MR inhibitor admin-
istration, systemic steroid use, other retinal dis-
orders, or pregnancy were not included in the 
study.

Examinations

Each patient underwent a complete ophthalmo-
logical evaluation, including measurement of 
best-corrected visual acuity (BCVA) and intraocu-
lar pressure (IOP), and a dilated fundus examina-
tion with fundus autofluorescence (FAF), fundus 
fluorescein angiography (FFA), ICGA, structural 
OCT, and OCTA. SD-OCT examinations were 
performed using Spectralis® HRA+OCT (Heidel-
berg Engineering; Heidelberg, Germany). OCTA 
was consistently used to screen all participants 
for the presence of MNV [25].

Data analysis was conducted at three time 
points: baseline, 6-month follow-up, and 
12-month follow-up. FFA, ICGA, and OCTA were 
performed at baseline. The hyperpermeability of 
the choroidal vessels was examined in the late 
phase of ICGA as multifocal areas of hyperfluo-
rescence with blurred margins [26].
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OCT Imaging Analysis

SD-OCT images of the macular area were 
obtained with 49 horizontal raster dense linear 
B-scans centered on the fovea. The enhanced 
depth imaging (EDI) mode was applied in all 
patients [27].

Central macular thickness (CMT). CMT 
measurements were automatically averaged 
within the 1-mm-diameter central fovea subfield 
of the ETDRS (Early Treatment Diabetic Retin-
opathy Study) thickness map [28].

Subretinal fluid height (SRF). SRF was eval-
uated using the inbuilt manual caliper as the 
vertical distance between the external limiting 
membrane and RPE at the foveal center [29].

Subfoveal choroidal thickness (SFCT). SFCT 
was measured with the caliper function of struc-
tural OCT. The SFCT was measured from Bruch’s 
membrane to the chorio–scleral interface per-
pendicularly in the center of the fovea [30].

Outcome Measures

The main outcome measures were (i) BCVA (log-
MAR scale), (ii) central macular thickness, (iii) 
SRF height, and (iv) SFCT. These measurements 
were obtained at baseline and at each follow-up 
visit to evaluate the changes and trends in these 
parameters over time.

Eplerenone Treatment

In accordance with our previous publication 
[31], all patients in this study received a daily 
dosage of 50 mg of EPL. The administration of 
EPL began after obtaining approval from the 
patients’ general practitioners. Throughout the 
study period, we closely monitored the potas-
sium levels of the participants. All patients were 
able to maintain EPL therapy, as the observed 
adverse events were not deemed significant.

577‑nm Micropulse Laser Treatment

A Navilas® Laser System 577s Prime, a 577-nm 
yellow laser system (OD-OS GmbH, Teltow, 

Germany), was used. Prior to laser photoco-
agulation, mid-phase FFA and mid-phase ICGA 
images of the posterior pole were captured. 
The selected images showing the focal leakage 
were imported and automatically superimposed 
on the actual image captured. The micropulse 
parameters were set for all patients, with a spot 
size of 100 μm and a duration of 100 ms with 
5% duty cycle. The power was individualized in 
every patient after energy titration before treat-
ment in a normal area of the retina outside the 
vascular arcade. The titration was performed in 
microsecond mode with a 5% duty cycle start-
ing from 700 mW power with single spots with 
50 mW increasing power until the appearance 
of a barely visible burn on the retina; this was 
used as the threshold limit. The final laser treat-
ment power was set at 30% of titrated energy. A 
multiple dense spot pattern was set and deliv-
ered to the leakage areas on the mid-phase FFA 
or mid-phase ICGA images, which were aligned 
with the live image by means of an eye tracking 
system.

If SRF persisted during the 90-day follow-up 
visit, patients were recommended for a second 
SML treatment, utilizing the same parameters of 
individualized power adjusted through energy 
titration for each patient, and the power was set 
at 30% of titrated energy. Additionally, no treat-
ment was administered in the foveal region.

Statistical Analysis

Statistical analyses were performed using SPSS 
version 20.0 software (IBM Corp., Armonk, 
NY, USA). Quantitative variables were reported 
as mean ± standard deviation (SD). Given the 
relatively small sample size, particularly in the 
NSML group (n = 18), we adopted a conserva-
tive approach using nonparametric tests as our 
primary analysis method. Given the retrospec-
tive nature of our study, we conducted a post 
hoc power analysis to assess the adequacy of 
our sample size. Using G*Power software (ver-
sion 3.1.9.7), we determined that our sample 
size of 44 (EPL: n = 26; NSML: n = 18) provided 
81% power to detect a large effect size (Cohen’s 
d = 0.8) difference between groups at a signifi-
cance level of 0.05. The Shapiro–Wilk test was 
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used to assess the normality of data distribution. 
However, due to the limited sample size and to 
ensure robustness of our analyses, we opted 
for nonparametric tests regardless of the Shap-
iro–Wilk results. For within-group comparisons 
over time (baseline, 6 months, and 12 months), 
we used the Friedman test. When the Fried-
man test showed significant differences, post 
hoc analyses were conducted using Wilcoxon 
signed-rank tests with Bonferroni correction for 
multiple comparisons. For between-group com-
parisons at each time point, we employed the 
Mann–Whitney U test. To analyze changes over 
time between groups, we calculated the delta 
changes (differences between time points) for 
each outcome measure (BCVA, CMT, SRF, and 
SFCT). These delta changes were then compared 
between the EPL and NSML groups using the 
Mann–Whitney U test. A p value < 0.05 was con-
sidered statistically significant.

RESULTS

Characteristics of Patients Included in the 
Analysis

A total of 44 eyes from 44 patients with cCSC 
were evaluated, with 26 patients (59.1%) in 
the EPL-treated group and 18 (40.9%) in the 
NSML-treated group. The groups included 38 
men (86.4%) and six women (13.6%). Twenty-
six patients were treated with oral EPL (59.1%) 
and 18 (40.9%) were treated with NSML. The 
mean (±SD) age was 46.23 ± 10.57  years in 
the EPL group and 51.11 ± 9.08 in the NSML 
group (p = 0.632). None of them received ster-
oid therapy. The average duration of symp-
toms with fundus and OCT evidence of SRF 
persistence was 6.61 ± 0.76 months in patients 
treated with EPL (range from 5.5 to 8 months) 
and 6.55 ± 0.72  months in patients treated 
with NSML (range from 5.5 to 8.5 months). All 
patients presented choroidal hyperpermeability. 
The mean number of NSML treatment sessions 
was 1.55 ± 0.51 (range 1–2), which included both 
initial treatment and repeat treatment due to 
recurrence. Characteristics of subjects included 
in the analysis are shown in Table 1.

Treatment Response

BCVA. The mean BCVA was 0.23 ± 0.20 logMAR 
in patients treated with EPL and 0.22 ± 0.14 in 
patients treated with NSML at baseline. Com-
pared with baseline, BCVA was significantly 
improved at follow-up examinations in both 
the EPL group (6 months: 0.06 ± 0.09 logMAR, 
p < 0.001; 12  months: 0.05 ± 0.08 logMAR, 
p < 0.001) and the NSML group (6  months: 
0.07 ± 0.08 logMAR, p = 0.002; 12  months: 
0.04 ± 0.07 logMAR, p < 0.001) (Table 2). No 
differences in BCVA were observed between 
the two groups at different follow-up visits 
(p > 0.05) (Table 3).

Central macular thickness. Comparing the 
measurements with the baseline, we observed 
a significant reduction in CMT at the 6-month 
and 12-month follow-up assessments. At base-
line, the mean CMT was 390 ± 155 μm in the 
EPL group and 359 ± 101 μm in the SML group. 
Following the initiation of therapy, both the 
EPL group and the NSML group exhibited a 
decrease in CMT. In the EPL group, the CMT 
measurements at 6 months were 182 ± 50 μm 
(p < 0.001) and at 12 months were 164 ± 56 μm 
(p < 0.001). In the NSML group, the CMT 
measurements at 6 months were 221 ± 38 μm 
(p = 0.001) and at 12 months were 194 ± 18 μm 
(p = 0.004). (Table 2). Moreover, no differences 
in CMT were observed between the two groups 
at different follow-up visits (p > 0.05) (Table 3).

Subretinal fluid. Both the EPL group and the 
NSML group demonstrated complete reabsorp-
tion of SRF at the 12-month follow-up. In the 
EPL group, there was a significant SRF decrease 
from 208 ± 155 μm at baseline to 25 ± 44 μm at 
6 months (p < 0.001), and complete reabsorp-
tion was observed at 12 months (p < 0.001). In 
the NSML group, there was also a significant 
decrease in SRF from a baseline measurement 
of 144 ± 108  μm to complete resolution at 
6 months (p = 0.002). This resolution was main-
tained at the 12-month follow-up (p = 0.002). 
No differences were found between the two 
groups (Table 3).

These findings suggest that both treatment 
modalities, EPL and NSML, were effective in 
promoting the reabsorption of SRF, with the 
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NSML group achieving complete resolution 
of SRF earlier at 6 months and maintaining 
it at the 12-month time point (Table 2). Ten 
patients (55.5%) presenting SRF at the 90-day 
control visit underwent a second NSML treat-
ment. The mean time for SRF resolution after 
treatment initiation was 6.34 ± 2.17 months in 
the EPL group and 2.77 ± 1.43 months in the 
NSML group, the latter showing a significantly 
shorter time for SRF resolution (p < 0.001).

Subfoveal choroidal thickness. In the EPL 
group, there was a significant decrease in SFCT 
from 502 ± 134 µm at baseline to 440 ± 115 μm 
at 6 months (p = 0.001). This reduction further 
continued, reaching 406 ± 106 μm at 12 months 
(p = 0.001). In contrast, no significant reduc-
tion in SFCT was observed in the NSML group 
at the 6-month (p = 0.020) or 1-year follow-up 
(p = 0.041) (Table 2). Furthermore, the calculated 
changes in SFCT (Δ baseline–6 months and Δ 
baseline–12 months) between the two groups 
exhibited statistically significant differences 
(Table 3). This indicates that EPL treatment may 
have a more pronounced effect on choroidal 
thickness than NSML. These findings are sup-
ported by the data presented in Table 3 and 
Fig. 1.

Safety Analysis

During the study, only mild adverse events were 
reported in the EPL group, including dizziness 
and dry mouth, which are known side effects of 
EPL administration. These adverse events were 
considered to be tolerable and did not result in 
any significant complications or adverse effects 
on potassium levels or creatinine clearance. 
Therefore, all the patients continued EPL treat-
ment because severe adverse events were not 
reported.

DISCUSSION

In this retrospective observational study, we 
compared the long-term efficacy of NSML and 
EPL in patients with cCSC over a 12-month fol-
low-up period. Our study design, involving two 
specialized centers, reflects the real-world clini-
cal scenario where different institutions may 
focus on specific treatment modalities. While 
this approach allowed us to leverage specialized 
expertise and equipment, we acknowledge the 

Table 1   The clinical and medical characteristics of patients included in the analysis

Baseline clinical characteristics of patients
cCSC chronic central serous chorioretinopathy, CH choroidal hyperpermeability, EPL eplerenone, NSML navigated sub-
threshold microsecond pulse laser, PED pigment epithelium detachment, RPE retinal pigment epithelium, SFCT subfoveal 
choroidal thickness, SRF subretinal fluid

Variables EPL (n = 26) NSML (n = 18) p value

Age (years) 46.23 ± 10.57 51.11 ± 9.08 0.632

Female gender (n, %) 4 (15%) 2 (11%) 0.455

cCSC duration (months) 6.61 ± 0.76 6.55 ± 0.72 0.411

Hypertension, n (%) 4 (15%) 3 (17%) 0.455

Focal RPE atrophy, n (%) 3 (12%) 2 (11%) 0.482

PED, n (%) 7 (27%) 4 (22%) 0.365

Intraretinal fluid at baseline, n (%) 2 (7%) 2 (11%) 0.353

Foveal SRF, n (%) 26 (100%) 18 (100%) 1.000

SFCT at baseline 502.1 ± 134 426.7 ± 71 0.017
Steroid use, n (%) 0 (0) 0 (0) 1.000
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potential for bias, which we sought to mitigate 
through consecutive patient enrollment and 
uniform inclusion/exclusion criteria across both 
groups.

Both EPL and NSML treatments demonstrated 
effectiveness in improving retinal morphology 
and visual function, as evidenced by significant 
reductions in CMT, complete reabsorption of 
SRF, and improvements in BCVA. Interestingly, 
our results revealed distinct advantages for each 
treatment modality. The NSML group showed 

a more rapid resolution of SRF, with a higher 
percentage of patients achieving complete fluid 
resolution at the 6-month mark. This suggests 
that NSML may have a faster onset of action in 
addressing SRF accumulation. In contrast, EPL 
treatment exhibited a more pronounced and 
sustained effect on reducing SFCT. The changes 
in SFCT observed in the NSML group were com-
paratively transient, indicating that EPL may be 
more effective in modulating choroidal thick-
ness over the long term. This finding highlights 

Table 2   Functional and anatomical (OCT) outcomes in EPL and NSML groups: data and comparisons

Data are presented as mean ± SD. P values represent significance of comparison to baseline data of visual and anatomical 
parameters at each time point. aComparison with baseline; bcomparison with 6 months
BCVA best-corrected visual acuity, CMT central macular thickness, EPL eplerenone group, NSML navigated subthreshold 
microsecond pulse laser, OCT optical coherence tomography, SFCT subfoveal choroidal thickness, SRF subretinal fluid

Baseline 6 months 12 months

BCVA (logMAR) EPL 0.23 ± 0.20 0.06 ± 0.09
p < 0.001a

0.05 ± 0.08
p < 0.001a

p = 0.161b

NSML 0.22 ± 0.14 0.07 ± 0.08
p = 0.002a

0.04 ± 0.07
p < 0.001a

p = 0.128b

CMT (μm) EPL 390 ± 155 182 ± 50
p < 0.001a

164 ± 56
p < 0.001a

p = 0.221b

NSML 359 ± 101 221 ± 38
p = 0.001a

194 ± 18
p = 0.004a

p = 0.073b

SRF (μm) EPL 208 ± 155 25 ± 44
p < 0.001a

0.0 ± 0.0
p < 0.001a

p = 0.043b

NSML 144 ± 108 0.0 ± 0.0
p = 0.002a

0.0 ± 0.0
p = 0.002a

p > 0.05b

SFCT (μm) EPL 502 ± 134 440 ± 115
p = 0.001a

406 ± 106
p = 0.001a

p = 0.038b

NSML 426 ± 71 416 ± 69
p = 0.020a

411 ± 46
p = 0.041a

p = 0.286b
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EPL’s potential in addressing the choroidal com-
ponent of cCSC pathophysiology.

To date, either half-dose or half-fluence PDT 
is considered the gold standard treatment for 
patients with cCSC [2]. OCTA studies indicate 
that following the use of PDT, there is a nota-
ble reperfusion of the choriocapillaris evident as 
early as 1 month post-treatment [10,11]. Never-
theless, PDT is associated with potential adverse 

effects, such as choroidal and choriocapillaris 
ischemia, RPE atrophy, and choroidal neovas-
cularization (CNV) development [12, 32–34]. 
These complications have raised concerns about 
the long-term safety of PDT. In light of these 
concerns, alternative treatment options such as 
NSML and MR inhibitors have emerged as viable 
alternatives for cCSC management.

Table 3   Comparison of EPL group versus NSML group

Data are presented as mean ± SD
Friedman nonparametric test was performed to obtain p values
BCVA best-corrected visual acuity, CMT central macular thickness, EPL eplerenone group, NSML navigated subthreshold 
microsecond pulse laser, SFCT subfoveal choroidal thickness, SRF subretinal fluid

EPL group
(n = 26)

NSML group
(n = 18)

P value

Δ BCVA (logMAR) Δ baseline–6 months
50.7 ± 52.9

Δ baseline–6 months
53.8 ± 71.7

0.869

Δ baseline–12 months
54.8 ± 56.1

Δ baseline–12 months
80.9 ± 80.3

0.210

Δ 6 months–12 months
2.3 ± 5.7

Δ 6 months–12 months
11.2 ± 11.4

0.111

Δ CMT Δ baseline–6 months
−49.5 ± 18.6

Δ baseline–6 months
−33.3 ± 21.2

0.067

Δ baseline–12 months
−55.1 ± 18.3

Δ baseline–12 months
−41.1 ± 18.5

0.085

Δ 6 months–12 months
−9.2 ± 17.6

Δ 6 months–12 months
10.7 ± 11.1

0.751

Δ SRF Δ baseline–6 months
−85.7 ± 23.4

Δ baseline–6 months
−100 ± 0.0

0.082

Δ baseline–12 months
−100 ± 0.0

Δ baseline–12 months
−100 ± 0.0

–

Δ 6 months–12 months
−100 ± 0.0

Δ 6 months–12 months
0.0 ± 0.0

–

Δ SFCT Δ baseline–6 months
−12.2 ± −13.5

Δ baseline–6 months
2.4 ± 5.4

0.083

Δ baseline–12 months
−19.1 ± −20.3

Δ baseline–12 months
−2.7 ± 6.6

 < 0.001

Δ 6 months–12 months
−7.8 ± −7.9

Δ 6 months–12 months
−0.2 ± 7.2

0.034



3183Ophthalmol Ther (2024) 13:3175–3188	

As stated above, the efficacy of NSML is sup-
posed to be related to the RPE absorption of 
laser energy of visible wavelengths, with a con-
sequent recovery of RPE cell functionality [35]. 
Overall, the main advantage is the SRF resolu-
tion without significant retinal or choroidal 
lesions or other side effects [36]. Several authors 
have previously reported the effectiveness of 
NSML in the treatment of cCSC. The study by 
Scholz et al. in 2015 evaluated the efficacy of 
SML in patients with cCSC who were resistant to 
PDT. The study had a mean follow-up period of 
5.0 ± 3.7 months and included a variable number 
of SML treatments ranging from one to three 
sessions. The results of the study showed that 
24% of the patients achieved complete resolu-
tion of SRF, indicating a successful outcome. 
Additionally, 75% of the patients experienced 
at least partial resolution of fluid, demonstrat-
ing a positive response to the SML treatment 

[37]. In a recent study conducted by Sun et al. 
[38], similar percentages of resolution were 
observed. The study reported a rate of resolu-
tion after one application of NSML of 63.63% 
in patients with cCSC who had SRF involv-
ing the macula center within a 6-month time 
frame. The study further indicated that SRF was 
completely resolved in approximately 50% of 
patients by week 3 and 65% of patients by week 
12. Indeed, Luttrull et al. [39] conducted a study 
in which they observed a remarkable 100% reso-
lution rate among 11 patients who underwent 
SML treatment, regardless of the duration of the 
disease prior to the treatment. The noteworthy 
aspect is that this complete resolution of fluid 
was achieved with just a single session of SML. 
However, our study differs, as we achieved sim-
ilar results using multiple sessions of SML. In 
support of this approach, Kim and colleagues 
reported that multiple-session NSML treatment 

Fig. 1   The changes in subfoveal choroidal thickness 
(SFCT) in both groups. In the case of patients with 
chronic central serous chorioretinopathy (cCSC) treated 
with navigated subthreshold microsecond pulse laser 
(NSML), no significant reduction in SFCT was observed 

at the 6-month or 1-year follow-up (A). On the other 
hand, patients with cCSC treated with continuous EPL 
(50  mg/daily) showed a significant decrease in SFCT at 
6  months, and this reduction continued even further at 
12 months (B)
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could be advantageous for the long-term man-
agement of cCSC [20]. Based on the parameters 
provided, including a spot diameter of 100 μm, 
20-ms duration, 15% duty cycle, and low power 
ranging from 200 to 400 mW, the authors sug-
gested that delivering short-duration treatment 
over multiple sessions using these SML settings 
can be a viable approach for achieving effective 
and safe treatment of chronic and recurrent CSC 
over the long term.

Similarly, multiple authors have reported 
positive outcomes with EPL for the treatment 
of cCSC. Bousquet and coworkers reported 
a significant reduction in SRF levels and an 
improvement in visual acuity after the oral 
administration of EPL for 1 to 3 months [40]. 
In a separate study, Gergely et al. followed a 
group of 28 patients with bilateral cCSC for 
6  months, administering 50  mg/day of EPL 
orally for 3 months. They observed a decrease 
in macular and choroidal thickness in all eyes at 
3 months, along with an improvement in BCVA 
[41]. While our results demonstrate a sustained 
effect of EPL on choroidal thickness, it is impor-
tant to note the potential for a rebound effect 
upon drug discontinuation [42]. However, these 
studies often had limitations in terms of sam-
ple size and duration of follow-up. In contrast, 
our approach involved treating all patients with 
long-term EPL intake (50 mg/day), similar to our 
previous research [31].

When comparing the two treatment modali-
ties, we found that both achieved the same rate 
of SRF resolution, but with different timing. 
Specifically, patients treated with multiple ses-
sions of NSML experienced faster resolution of 
SRF than the group treated with EPL. However, 
there was no statistically significant difference 
in visual acuity between the two groups. Fur-
thermore, it appears that NSML therapy demon-
strates greater effectiveness in targeting the RPE, 
promoting fluid reabsorption. Conversely, EPL 
demonstrates efficacy in reducing the dilation 
of choroidal vessels over the long term, thereby 
contributing to a reduction in their overall 
thickness.

The differential effects observed between EPL 
and NSML can be attributed to their distinct 
mechanisms of action. EPL, as an MR antago-
nist, likely exerts its effects primarily on the 

choroidal vasculature. By inhibiting the action 
of aldosterone on MRs in the choroidal vessels, 
EPL may reduce choroidal hyperpermeability 
and vasodilation, leading to a more pronounced 
and sustained reduction in choroidal thickness 
[43]. This mechanism explains the significant 
decrease in SFCT observed in the EPL group. In 
contrast, NSML’s primary target is the RPE. The 
subthreshold laser energy absorbed by the RPE 
stimulates the production of heat shock proteins 
and other factors that enhance RPE function, 
including its fluid pumping capacity [36, 38]. 
This direct action on the RPE likely accounts 
for the faster resolution of SRF observed in 
the NSML group. However, as NSML does not 
directly address the choroidal component of 
cCSC, its effects on choroidal thickness are less 
pronounced and more transient than those of 
EPL.

These findings have important clinical impli-
cations for the management of cCSC. NSML 
might be the preferred initial treatment in cases 
where rapid visual recovery is crucial, such as 
in patients with significant work or lifestyle 
impairment due to acute vision loss. The faster 
SRF resolution with NSML could lead to quicker 
visual improvement and patient satisfaction. 
On the other hand, EPL might be more suitable 
for patients with a prominent choroidal compo-
nent or recurrent disease, or in cases where long-
term disease control is the primary goal. The 
sustained effect of EPL on choroidal thickness 
suggests it might be more effective in prevent-
ing disease recurrence. Importantly, our results 
also suggest the potential benefit of a combina-
tion or sequential approach using both NSML 
and EPL. Given that NSML demonstrates a rapid 
effect on SRF resolution while EPL shows a more 
sustained impact on choroidal thickness, a com-
bined treatment strategy could offer synergistic 
benefits. For instance, NSML could be used as an 
initial treatment to achieve rapid fluid resolu-
tion and visual improvement, followed by EPL 
to maintain the treatment effect and potentially 
prevent recurrence by addressing the underlying 
choroidal pathology. This approach might be 
particularly beneficial in patients with chronic 
or recurrent cCSC, where both immediate symp-
tom relief and long-term disease control are 
important.
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Our study has several limitations that should 
be considered when interpreting the results. 
Firstly, the retrospective nature of the study 
introduces potential for selection bias. Moreo-
ver, the allocation of treatments between cent-
ers, while reflecting real-world practice, may 
have introduced bias due to potential differ-
ences in patient populations or care protocols. 
Although we attempted to mitigate this through 
strict inclusion criteria and consecutive enroll-
ment, center-specific factors could have influ-
enced our outcomes, highlighting the need for 
future randomized multicenter trials. Further-
more, our relatively small sample size, particu-
larly in the NSML group, limited our ability to 
perform meaningful subgroup or matched-pair 
analyses to account for potential confounding 
factors. The imbalance in group sizes (26 in the 
EPL group vs. 18 in the NSML group) could have 
affected the statistical power of our analyses. 
While our 12-month follow-up provides valu-
able information on treatment efficacy, longer-
term studies are needed to fully assess safety 
profiles and recurrence rates for both NSML 
and EPL. Larger, randomized controlled trials, 
with a longer follow-up period, are necessary to 
confirm our preliminary results, and would be 
beneficial to evaluate the durability of treatment 
effects, particularly for EPL’s impact on choroi-
dal thickness. Lastly, our study focused on spe-
cific outcome measures including BCVA, CMT, 
SRF, and SFCT. While these are important indi-
cators of treatment efficacy, future studies could 
benefit from including additional functional 
measures, quality of life assessments, and more 
detailed analysis of choroidal and RPE changes 
using advanced imaging techniques. Despite 
these limitations, however, our study provides 
valuable insights into the comparative efficacy 
of NSML and EPL in the treatment of cCSC.

CONCLUSION

In conclusion, our study provides valuable 
insights into the comparative efficacy of NSML 
and EPL in the treatment of cCSC. Both treat-
ments demonstrated effectiveness in improv-
ing retinal morphology and visual function, 

but with distinct advantages. NSML showed a 
more rapid resolution of SRF, potentially offer-
ing quicker visual recovery, while EPL demon-
strated a more pronounced and sustained effect 
on choroidal thickness, suggesting its potential 
for long-term disease management. These find-
ings highlight the complex nature of cCSC and 
suggest that treatment strategies may need to 
be tailored to individual patient characteristics 
and treatment goals. Further research, particu-
larly randomized prospective trials, is necessary 
to validate the effectiveness of these therapies in 
the management of cCSC.

Authorship. All named authors meet the Inter-
national Committee of Medical Journal Editors 
(ICMJE) criteria for authorship for this article, 
take responsibility for the integrity of the work 
as a whole, and have given their approval for 
this version to be published.

Author Contributions.  Conceptualization: 
Pasquale Viggiano, Giacomo Boscia, Francesco 
Boscia, Lisa Toto. Methodology: Pasquale Vig-
giano, Giacomo Boscia, Enrico Borrelli, Lisa 
Toto and Alberto Quarta. Formal analysis and 
investigation: Pasquale Viggiano, Giacomo Bos-
cia, Enrico Borrelli, Federica Evangelista, Maria 
Oliva Grassi, Ermete Giancipoli, Rodolfo Mas-
tropasqua, Raffaella Aloia. Writing—original 
draft preparation: Pasquale Viggiano, Giacomo 
Boscia. Writing—review and editing: All authors. 
Supervision: Giovanni Alessio, Francesco Boscia, 
Lisa Toto.

Funding.  No funding or sponsorship was 
received for this study or publication of this 
article.

Data Availability.  The datasets generated 
during and/or analyzed during the current study 
are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of Interest.  Pasquale Viggiano, 
Giacomo Boscia, Enrico Borrelli, Federica Evan-
gelista, Maria Oliva Grassi, Ermete Giancipoli, 



3186	 Ophthalmol Ther (2024) 13:3175–3188

Rodolfo Mastropasqua, Alberto Quarta, Raffaella 
Aloia, Giovanni Alessio, Lisa Toto, and Franc-
esco Boscia declare that they have no conflict 
of interest.

Ethical Approval.  This retrospective study 
was conducted in accordance with the ethi-
cal standards of the institutional and national 
research committee and with the 1964 Hel-
sinki Declaration and its later amendments 
between January 2021 and May 2023. In Italy, 
retrospective studies using anonymized data do 
not require specific patient consent or ethical 
committee approval. However, this study was 
reviewed and approved by the internal review 
boards of the University of Bari “Aldo Moro” 
and the University of “G. d’Annunzio” Chieti-
Pescara. Despite the retrospective nature of the 
study, informed consent was obtained from all 
participants for the use of their clinical data for 
research purposes.

Open Access.   This article is licensed under a 
Creative Commons Attribution-NonCommercial 
4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the 
original author(s) and the source, provide a link 
to the Creative Commons licence, and indicate 
if changes were made. The images or other third 
party material in this article are included in the 
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material. 
If material is not included in the article’s Crea-
tive Commons licence and your intended use is 
not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To 
view a copy of this licence, visit http://​creat​iveco​
mmons.​org/​licen​ses/​by-​nc/4.​0/.

REFERENCES

	1.	 Kitzmann AS, Pulido JS, Diehl NN, Hodge DO, 
Burke JP. The incidence of central serous chori-
oretinopathy in Olmsted County, Minnesota, 
1980–2002. Ophthalmology. 2008;115:169–73.

	2.	 Van RTJ, Van DEHC, Yzer S, Ohno-matsui K, 
Keunen JEE, Schlingemann RO, et al. Progress in 
retinal and eye research central serous chorioretin-
opathy: towards an evidence-based treatment 
guideline. Prog Retin Eye Res. 2019;73: 100770.

	3.	 Liew G, Quin G, Gillies M, Fraser-Bell S. Central 
serous chorioretinopathy: a review of epidemiol-
ogy and pathophysiology. Clin Exp Ophthalmol. 
2013;41:201–14.

	4.	 Dansingani KK, Balaratnasingam C, Naysan J, Fre-
und KB. En face imaging of pachychoroid spec-
trum disorders with swept-source optical coher-
ence tomography. Retina. 2016;36:499–516.

	5.	 Loo RH, Scott IU, Flynn HW, Gass JDM, Mur-
ray TG, Lewis M, et al. Factors associated with 
reduced visual acuity during long-term follow-up 
of patients with idiopathic central serous chori-
oretinopathy. Retina. 2002;22:19–24.

	6.	 Fok ACT, Chan PPM, Lam DSC, Lai TYY. Risk fac-
tors for recurrence of serous macular detachment 
in untreated patients with central serous chori-
oretinopathy. Ophthalmic Res. 2011;46:160–3.

	7.	 Chhablani J, Cohen FB, Aymard P, Beydoun T, 
Bousquet E, Daruich-Matet A, et al. Multimodal 
imaging-based central serous chorioretinopathy 
classification. Ophthalmol Retina. 2020;4:1043–6.

	8.	 Canakis C, Livir-Rallatos C, Panayiotis Z, Livir-
Rallatos G, Persidis E, Conway MD, et al. Ocular 
photodynamic therapy for serous macular detach-
ment in the diffuse retinal pigment epitheliopathy 
variant of idiopathic central serous chorioretin-
opathy. Am J Ophthalmol. 2003;136:750–2.

	9.	 Koh AHC. Photodynamic therapy for focal RPE 
leaks. Ophthalmology. 2006;113:2110.e1-2110.e3.

	10.	 Demirel S, Özcan G, Yanık Ö, Batıoğlu F, Özmert E. 
Vascular and structural alterations of the choroid 
evaluated by optical coherence tomography angi-
ography and optical coherence tomography after 
half-fluence photodynamic therapy in chronic 
central serous chorioretinopathy. Graefe’s Arch 
Clin Exp Ophthalmol. 2019;257:905–12.

	11.	 Karasu B, Akbas YB, Aykut A, Celebi ARC. Com-
parison of retinochoroidal vascular and structural 
changes after half-dose photodynamic therapy 
versus half-fluence photodynamic therapy based 
on optical coherence tomography angiography in 
eyes with chronic central serous chorioretinopa-
thy. Ophthalmologica. 2022;245:323–34.

	12.	 Fujita K, Imamura Y, Shinoda K, Matsumoto 
CS, Mizutani Y, Mizota A, et al. Quantification 
of metamorphopsia in chronic central serous 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


3187Ophthalmol Ther (2024) 13:3175–3188	

chorioretinopathy after half-dose verteporfin pho-
todynamic therapy. Retina. 2014;34:964–70.

	13.	 Toto L, Ruggeri ML, Evangelista F, Viggiano P, 
D’Aloisio R, De Nicola C, et al. Choroidal modifi-
cations assessed by means of choroidal vascularity 
index after oral eplerenone treatment in chronic 
central serous chorioretinopathy. Eye (Lond). 
2022;2:8.

	14.	 Iacono P, Toto L, Costanzo E, Varano M, Parra-
vano MC. Pharmacotherapy of central serous cho-
rioretinopathy: a review of the current treatments. 
Curr Pharm Des. 2018;24:4864–73.

	15.	 Viggiano P, Boscia G, Borrelli E, Toto L, Grassi MO, 
Evangelista F, et al. Choriocapillaris reperfusion 
in resolved chronic central serous chorioretinopa-
thy treated with eplerenone: long-term effects on 
the fellow eye. Ophthalmol Ther [Internet]. 2023 
[cited 2024 Jul 21];12:3199–210. Available from: 
https://​pubmed.​ncbi.​nlm.​nih.​gov/​37747​638/

	16.	 Borselli M, Rossi C, Chisari D, Carnovale Scalzo 
G, Lucisano A, Randazzo G, et al. Current and 
emerging treatment options for central serous 
chorioretinopathy. Expert Rev Ophthalmol. 
2024;19:247–60.

	17.	 Sacconi R, Borrelli E, Querques G. Eplerenone for 
chronic central serous chorioretinopathy. Lancet. 
England; 2020. p. 1556.

	18.	 Lotery A, Sivaprasad S, O’Connell A, Harris RA, 
Culliford L, Ellis L, et al. Eplerenone for chronic 
central serous chorioretinopathy in patients with 
active, previously untreated disease for more than 
4 months (VICI): a randomised, double-blind, pla-
cebo-controlled trial. Lancet. 2020;395:294–303.

	19.	 Lotery A, Sivaprasad S, O’Connell A, Harris RA, 
Culliford L, Cree A, et al. Eplerenone versus pla-
cebo for chronic central serous chorioretinopathy: 
the VICI RCT. Effic Mech Eval. 2021;8:1–82.

	20.	 Kim YJ, Kim SY, Ha S, Moon D, Seong S, Kwon OW, 
et al. Short-duration multiple-session subthreshold 
micropulse yellow laser (577 nm) for chronic cen-
tral serous chorioretinopathy: results at 3 years. 
Eye (Lond). 2019;33:819–25.

	21.	 Inagaki K, Shuo T, Katakura K, Ebihara N, 
Murakami A, Ohkoshi K. Sublethal photothermal 
stimulation with a micropulse laser induces heat 
shock protein expression in ARPE-19 cells. J Oph-
thalmol. 2015;2015: 729792.

	22.	 Luttrull JK, Dorin G. Subthreshold diode micro-
pulse laser photocoagulation (SDM) as invisible 
retinal phototherapy for diabetic macular edema: 
a review. Curr Diabetes Rev. 2012;8:274–84.

	23.	 Toto L, D’Aloisio R, De Nicola C, Evangelista F, 
Ruggeri ML, Cerino L, et al. Short-term compari-
son between navigated subthreshold microsecond 
pulse laser and oral eplerenone for chronic central 
serous chorioretinopathy. Sci Rep. 2022;12:4727.

	24.	 Vignesh TP, Maitray A, Sen S, Chakrabarti A, 
Kannan NB, Ramasamy K. Subthreshold micro-
pulse yellow laser and eplerenone drug therapy 
in chronic central serous chorio-retinopathy 
patients: a comparative study. Semin Ophthalmol. 
2020;35:237–45.

	25.	 Viggiano P, Miere A, Borrelli E, Boscia G, Grassi 
MO, Souied EH, et al. The impact of diabetic retin-
opathy on the choriocapillaris in neovascular 
AMD. Invest Ophthalmol Vis Sci [Internet]. 2023 
[cited 2024 May 27];64. Available from: https://​
pubmed.​ncbi.​nlm.​nih.​gov/​37988​106/

	26.	 Guyer DR, Yannuzzi LA, Slakter JS, Sorenson JA, 
Ho A, Orlock D. Digital indocyanine green vide-
oangiography of central serous chorioretinopathy. 
Arch Ophthalmol. 1994;112:1057–62.

	27.	 Viggiano P, Grassi MO, Boscia G, Pignataro M, 
Petruzzella G, Borrelli E, et al. Short-term morpho-
functional changes in previously treated neovas-
cular AMD eyes switched to brolucizumab. J Clin 
Med. 2022;11:8.

	28.	 Viggiano P, Vujosevic S, Palumbo F, Grassi 
MO, Boscia G, Borrelli E, et  al. Optical coher-
ence tomography biomarkers indicating visual 
enhancement in diabetic macular edema resolved 
through anti-VEGF therapy: OCT biomarkers in 
resolved DME. Photodiagnosis Photodyn Ther 
[Internet]. 2024 [cited 2024 May 27];46. Available 
from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​38460​
657/

	29.	 Borrelli E, Costanzo E, Parravano M, Viggiano P, 
Varano M, Giorno P, et al. Impact of bleaching 
on photoreceptors in different intermediate AMD 
phenotypes. Transl Vis Sci Technol. 2019;8:5–5.

	30.	 Viggiano P, Bisceglia G, Bacherini D, Chhablani 
J, Grassi MO, Boscia G, et al. Long-term visual 
outcomes and optical coherence tomography 
biomarkers in eyes with macular edema second-
ary to retinal vein occlusion following anti-vas-
cular endothelial growth factor therapy. Retina. 
2024;44:1572–9.

	31.	 Boscia G, Viggiano P, Marzulli F, Grassi MO, Puzo 
P, Dore S, et al. Continuous eplerenone treatment 
in chronic central serous chorioretinopathy: long-
term results from a pilot study. Clin Ophthalmol. 
2023;17:2003–12.

	32.	 Koytak A, Erol K, Coskun E, Asik N, Öztürk H, 
Özertürk Y. Fluorescein angiography-guided 

https://pubmed.ncbi.nlm.nih.gov/37747638/
https://pubmed.ncbi.nlm.nih.gov/37988106/
https://pubmed.ncbi.nlm.nih.gov/37988106/
https://pubmed.ncbi.nlm.nih.gov/38460657/
https://pubmed.ncbi.nlm.nih.gov/38460657/


3188	 Ophthalmol Ther (2024) 13:3175–3188

photodynamic therapy with half-dose verteporfin 
for chronic central serous chorioretinopathy. Ret-
ina. 2010;30:1698–703.

	33.	 Xu Y, Su Y, Li L, Qi H, Zheng H, Chen C. Effect 
of photodynamic therapy on optical coherence 
tomography angiography in eyes with chronic 
central serous chorioretinopathy. Ophthalmolog-
ica. 2017;237:167–72.

	34.	 Iovino C, Au A, Chhablani J, Parameswarappa DC, 
Rasheed MA, Cennamo G, et al. Choroidal ana-
tomic alterations after photodynamic therapy for 
chronic central serous chorioretinopathy: a multi-
center study. Am J Ophthalmol. 2020;217:104–13.

	35.	 Wood EH, Karth PA, Sanislo SR, Moshfeghi DM, 
Palanker DV. Nondamaging retinal laser therapy 
for treatment of central serous chorioretinopathy: 
what is the evidence? Retina. 2017;37:1021–33.

	36.	 Li X, Long H, Hu Q. Efficacy of subthreshold 
micropulse laser for chronic central serous cho-
rioretinopathy: a meta-analysis. Photodiagnosis 
Photodyn Ther. 2022;39: 102931.

	37.	 Scholz P, Ersoy L, Boon CJF, Fauser S. Subthreshold 
micropulse laser (577 nm) treatment in chronic 
central serous chorioretinopathy. Ophthalmolog-
ica. 2015;234:189–94.

	38.	 Sun Z, Huang Y, Nie C, Wang Z, Pei J, Lin B, et al. 
Efficacy and safety of subthreshold micropulse 

laser compared with threshold conventional laser 
in central serous chorioretinopathy. Eye (Lond). 
2020;34:1592–9.

	39.	 Luttrull JK. Low-intensity/high-density subthresh-
old diode micropulse laser for central serous cho-
rioretinopathy. Retina. 2016;36:1658–63.

	40.	 Bousquet E, Beydoun T, Zhao M, Hassan L, Offret 
O, Behar-Cohen F. Mineralocorticoid receptor 
antagonism in the treatment of chronic central 
serous chorioretinopathy: a pilot study. Retina. 
2013;33:2096–102.

	41.	 Gergely R, Kovács I, Schneider M, Resch M, Papp 
A, Récsán Z, et  al. Mineralocorticoid receptor 
antagonist treatment in bilateral chronic central 
serous chorioretinopathy: a comparative study of 
exudative and nonexudative fellow eyes. Retina. 
2017;37:1084–91.

	42.	 Rajesh B, Agrawal H, Peguda HK, Chhablani J. Pre-
dictors of outcome during eplerenone therapy in 
chronic central serous chorioretinopathy: a pro-
spective, open-label pilot clinical study. Ophthal-
mic Surg Lasers Imaging Retina. 2018;49:479–86.

	43.	 Dupont JJ, Hill MA, Bender SB, Jaisser F, Jaffe IZ. 
Aldosterone and vascular mineralocorticoid recep-
tors: regulators of ion channels beyond the kidney. 
Hypertension. 2014;63:632.


	Micropulse Laser versus Eplerenone for Chronic Central Serous Chorioretinopathy: A 12-Month Comparison
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study Participants
	Examinations
	OCT Imaging Analysis
	Outcome Measures
	Eplerenone Treatment
	577-nm Micropulse Laser Treatment
	Statistical Analysis

	Results
	Characteristics of Patients Included in the Analysis
	Treatment Response
	Safety Analysis

	Discussion
	Conclusion
	References




