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Abstract

Background: Mineralocorticoid receptor antagonists (MRAs) are widely used for chronic central serous chorioretin-
opathy (cCSCR), but their effectiveness remains unclear. This research was conducted to evaluate the efficacy of this
drugs for cCSCR.

Methods: This is a review of randomized clinical trials (RCT) comparing MRAs to placebo in adults with cCSCR, using
the effects of MRAs on best-corrected visual acuity (BCVA) and adverse events as primary outcomes and the effects
of MRAs on anatomical parameters as secondary outcomes: central subfield thickness (CST), subretinal fluid height
(SFH) and central choroidal thickness (CCT). Our all-language online search included Medline (via PubMed), Central,
Embase, Lilacs, Ibecs, and RCT registers platforms, as late as May 2021. We used the Cochrane risk-of-bias tool (version
2) to assess the methodological quality of each study and synthesized the results in meta-analyses using a random-
effects model.

Results: The search identified 302 records, five of which were eligible, totaling 225 cCSCR patients (aged 45-62 years;
M/F ratio 3.1:1) treated for 1 to 12 months with spironolactone (50 mg/day) or eplerenone (50 mg/day) vs. placebo.
Moderate-certainty evidence suggests MRAs result in little to no improvement in BCVA compared to placebo (SMD
0.22;95% Cl — 0.04 to 0.48; studies=5; comparisons = 6; participants =218; 1°=0%). Very low-certainty evidence sug-
gests that, when compared to placebo, MRAs have a very uncertain impact on adverse effects (no meta-analysis was
performed), and CST (MD 18.1; 95% Cl — 113.04 to 76.84; participants = 145; studies = 2; I =68%). MRAs also result

in little to no difference in SFH (SMD — 0.35; 95% CI — 0.95 to 0.26; studies =5; comparisons = 6; participants = 221;
I2=76%; moderate certainty) and CCT (MD — 21.23; 95% Cl — 64.69 to 22.24; participants = 206; studies =4; compari-
sons = 5; 12 =85%; low certainty).

Conclusion: MRAs have little to no effect on BCVA. Evidence for adverse events and CST is very uncertain. MRAs also
have little to no effect on SFH and CCT. These findings should be considered when prescribing MRAs for cCSCR.

This research was previous registration in the PROSPERO platform (CRD42020182601).
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Background

Central serous chorioretinopathy (CSCR) manifests as
serous detachment of the neurosensory retina, occasion-
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pachychoroid spectrum, a group of diseases character-
ized by bulging of the large choroidal vessels and thin-
ning of the choriocapillaris and Sattler’s layer [1].

CSCR is the fourth-most common non-surgical retinal
disorder, after age-related macular degeneration, diabetic
retinopathy and retinal vessel occlusion [2].The incidence
of CSCR is 10/100,00 in men and 1.7/100,00 in women,
[3] primarily affecting men 2060 years of age [4].

CSCR is considered chronic (cCSCR) when subretinal
fluid (SRF) persists for over 3—6 months [5].The period
required for chronicity has not been established, but
most authors adopt a 3-month cut-off to distinguish
between acute and chronic cases [6—8]. Around 13% of
cCSCR patients are legally blind ten years after disease
onset. In this patient population, cystoid macular degen-
eration, choroidal neovascularization and outer retinal
atrophy are associated with increased visual loss [9].

The proposed treatment for cCSCR targets the retinal
pigment epithelium (RPE), the choroidal vessels, or both,
in order to enhance the ability of the RPE to remove fluid,
reduce choroidal leakage or reduce fluid flow through the
external blood-retinal barrier [10, 11].

Treatments like photodynamic therapy (PDT) and laser
photocoagulation are invasive and may have adverse
effects such as macular scarring, choroidal neovasculari-
zation and RPE atrophy [6-8, 28].

Despite the good level of safety and reasonable level
of efficacy observed with the use of subthreshold micro-
pulse laser treatment (SMPLT) for cCSCR in a number of
reports [12—17], the rate of SRF resolution was lower in
the PLACE trial [18] (the only randomized, prospective
multicenter study of this type of treatment for cCSCR).
Functional results are believed to be better when SMPLT
is initiated early (before chronification) [19]. On the
other hand, half-fluence PDT has been shown to be more
efficient than SMPLT at SRF resolution and functional
recovery following treatment for cCSCR [18] and is cur-
rently the first treatment option, notwithstanding the
prohibitive cost and limited availability.

Considering the involvement of high levels of endog-
enous or exogenous glucocorticoids in the genesis of
CSCR and the activation of mineralocorticoid receptors
by glucocorticoids, some authors believe this pathway is
implicated in the development of CSCR [20, 21]. There is
evidence of the presence of mineralocorticoid receptors
in choroidal vessels, which, when activated, induce dilata-
tion and increase vascular permeability, resulting in SRF
accumulation. Thus, mineralocorticoid receptor antago-
nists (MRAs), such as spironolactone and eplerenone,
became an alternative treatment for cCSCR [22-29]

Parallel [27, 28] or cross-over [29] controlled clinical
trials have yielded conflicting results regarding the effect
of MRAs on cCSCR. The effect on functional parameters,
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such as best-corrected visual acuity (BCVA), ranges from
moderate [21, 29] to absent [27]. A similar pattern is
observed for anatomical parameters, with some studies
showing improvements [23, 28, 29] and others showing
no effect [27, 30].

The systematic reviews of randomized clinical trials
(RCT) on the use of MRAs in cCSCR published so far
have had serious limitations. A Cochrane review looking
into the effects of several interventions for cCSCR [31]
was published before the first RCTs on oral MRA therapy
became available. Other relevant systematic reviews [32—
34] pooled acute and chronic cases or pooled RCTs with
other types of studies.

In the present review, we attempt to resolve the incon-
sistencies in the literature by employing the strictest
possible methodological criteria in an evaluation of the
efficacy and safety of MRAs in the treatment of cCSCR.

Methods

This systematic review with meta-analyses was con-
ducted in compliance with Prisma 2020 recommen-
dations [35] and was prospectively registered on
PROSPERO platform (CRD42020182601).

Inclusion criteria

Types of studies

We selected RCTs with parallel or cross-over design (ana-
lyzing the first stage only) which evaluated the adminis-
tration of MRAs to cCSCR patients. The sample excluded
non-randomized trials, trials pooling acute and chronic
forms of CSCR, cohort studies, case—control studies, and
case reports.

Types of participants/study population

To be eligible, participants had to be adult (>18 years)
and diagnosed with cCSCR on optical coherence tomog-
raphy (OCT), fluorescein angiography, indocyanine
green angiography, or a combination of these. Studies
including patients with other macular conditions (e.g.,
choroidal neovascularization, macular degeneration and
myopic maculopathy) were not eligible.

Types of interventions

RCTs evaluating the effects of MRAs (spironolactone
and eplerenone) on cCSCR were eligible provided at least
one control group (placebo or non-intervention) was
included.

Types of outcome parameters

The primary outcome parameters were improvement
in BCVA (assessed with a ETDRS chart or similar) and
adverse events (including treatment-related vision loss,
retinal atrophy and choroidal neovascularization). The
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secondary outcome parameters were central subfield
thickness (CST), subretinal fluid height (SFH) and cen-
tral choroidal thickness (CCT), estimated on Spectral
Domain OCT. In each study we selected the data from
the longest treatment period available.

Search strategy

The search universe included the databases Medline via
PubMed (1996 to May 2021), Central (Issue 5, 2021),
Embase (1974 to May 2021), Lilacs and Ibecs via VHL
Regional Portal (1982 to May 2021) and three RCT
platforms (https://clinicaltrials.gov, https://isrctn.com,
https://ictrptest.azurewebsites.net), with no restrictions
on publication language, date or status. Table 1 presents
the search strategy. The search was complemented by
screening the references of the selected studies and rel-
evant systematic reviews.

Study selection

The software Rayyan [36] allowed the team of review-
ers to remove duplicates of the selected publications and
manage the sample with transparency. The evaluation of
eligibility was performed independently by two review-
ers (VTC and NCJ). First, the studies were considered
for inclusion based on their titles and abstracts. Selected
publications were then submitted to full—text analysis.
In case of disagreement, a third reviewer (CQ) was con-
sulted and a consensus was reached. When necessary, the
original authors were contacted for clarification.

Data extraction
Two reviewers (VTC and NC]J) independently retrieved
the data and results of each publication, consulting a
third reviewer (CQ) in the case of divergence. When fur-
ther data were deemed necessary, the original authors
were contacted.

The extracted data covered methodology (design, units
of randomization and analysis), study population (coun-
try, number of subjects, age, sex, inclusion/exclusion
criteria), interventions (number of subjects randomized
for each group, drug name, dosage, frequency and route,
and duration of treatment), and outcome parameters (see
section above). Table 2 shows the main aspects of each
study.

Assessment of risk of bias and certainty of evidence
Two reviewers (VTC and NCJ) independently assessed
the risk of bias (using the Cochrane risk-of-bias tool ver-
sion 2-RoB2) and the certainty of evidence in the selected
studies, following the above procedure in the case of
divergence.

The RoB2 covers the following dimensions: bias arising
from the randomization process, bias due to deviations
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from the intended interventions, bias due to missing out-
come data, bias in the measurement of the outcome, and
bias in the selection of reported results. The study was
focused on the ‘assignment to intervention’ (or ‘inten-
tion-to-treat’) effect at baseline. Within each domain,
responses to signaling questions were either ‘yes, ‘prob-
ably yes, ‘no; ‘probably no’ or ‘no information’ The final
risk-of-bias judgment of the algorithm was ‘low risk of
bias, ‘some concerns’ or ‘high risk of bias’ The overall risk
of bias of each result corresponded to that of the least
favorable assessment in all domains.

We evaluated the certainty of evidence for each out-
come with the software GRADEpro GDT. Certainty
was downgraded by one level for serious limitations
and by two levels for very serious limitations, based on
predefined criteria (study limitations, inconsistency,
indirectness, imprecision of estimates, and presence of
publication bias). The final result fell into one of the fol-
lowing categories: high certainty, moderate certainty, low
certainty, and very low certainty.

Measures of treatment effect and data synthesis

To conduct meta-analyses we employed the software
Review Manager (RevMan 5.4, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2021),
combining the effects in random effects models with the
inverse-variance method or, when necessary, the generic
inverse-variance method. We expressed the effects as
mean difference (MD) and their respective 95% confi-
dence intervals (95% CI) or standardized mean difference
(SMD) and their respective intervals, grouping the stud-
ies according to the criteria of eligibility of each outcome.
A minimal clinically important difference (MCID) was an
improvement in BCVA of at least 5 letters on the ETDRS
chart (or equivalent) or a 10% reduction in CST, SFH and
CCT. We assessed the heterogeneity using Cochran's
Q and I? tests and visual inspection of the forest plots.
When the heterogeneity was important, accompanied
by a statistical significance (P <0.10), we investigated the
possible reason through subgroup analysis according to
treatment duration (< 3 months vs > 3 months).

Sensitivity analysis and assessment of reporting bias

The sensitivity analysis used to assess the robustness of
the data excluded studies with high risk of bias (or some
concerns), unpublished studies and studies influenced by
funding.

Finally, we planned to evaluate the influence of publi-
cation bias on the results using funnel plots and Egger’s
test, provided each meta-analysis included at least 10
studies.
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Table 1 Search strategy

Databases Strategies

1. Search strategy CENTRAL #1. MeSH descriptor: [Central Serous
Chorioretinopathy] explode all trees
#2. (Central Serous Chorioretinopathies) OR
(Chorioretinopathies, Central Serous) OR (Chorioretinopathy, Central Serous) OR
(Serous Chorioretinopathies, Central) OR (Serous Chorioretinopathy,
Central) OR (Central Serous Retinopathy) OR (Central Serous
Retinopathies) OR (Retinopathies, Central Serous) OR (Retinopathy, Central Serous)
OR (Serous
Retinopathies, Central) OR (Serous
Retinopathy, Central)
#3.#1 OR #2
#4. MeSH descriptor: [Mineralocorticoid
Receptor Antagonists] explode all trees
#5. (Antagonists, Mineralocorticoid Receptor) OR (Receptor Antagonists,
Mineralocorticoid) OR
(Mineralocorticoid Antagonists) OR (Antagonists, Mineralocorticoid) OR (Aldosterone
Receptor Antagonists) OR (Antagonists, Aldosterone Receptor)
OR (Receptor Antagonists, Aldosterone) OR (Aldosterone Antagonists) OR (Antago-
nists,
Aldosterone)
#6. MeSH descriptor: [Spironolactone] explode all trees
#7. (Spirolactone) OR (Veroshpiron) OR (Verospirone) OR (Spiractin) OR (Spirobeta) OR
(Spirogamma) OR (Spirolang) OR (Spirono-Isis) OR (Spirono Isis) OR (Spironone) OR
(Spirospare) OR (Aldactone) OR (Verospiron) OR (Aldactone A) OR (Aquareduct) OR
(Duraspiron) OR (Espironolactona Alter) OR
(Espironolactona Mundogen) OR
(Flumach) OR (Frumikal) OR
(Jenaspiron) OR (Novo-Spiroton) OR
(Novo Spiroton) OR (NovoSpiroton) OR
(Practon) OR (SC-9420) OR (SC 9420)
OR (5C9420) OR (Spiro L.UT) OR
(Spiro Von Ct) OR (Ct, Spiro Von) OR
(Von Ct, Spiro)
#8. MeSH descriptor: [Eplerenone]
explode all trees
#9. (Eplerenon) OR (Inspra) OR ("9,11-
Epoxy-7-(methoxycarbonyl)-3-oxo-17-
pregn-4-ene-21,17-carbolactone")
#10. #4 OR #5 OR #6 OR #7 OR #8
OR #9
#11.#3 AND #10
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Databases

Strategies

2. Search strategy MEDLINE
(PubMed)

#1."Central Serous
Chorioretinopathy"[Mesh] OR (Central
Serous Chorioretinopathies) OR
(Chorioretinopathies, Central Serous)
OR (Chorioretinopathy, Central Serous)
OR (Serous Chorioretinopathies,
Central) OR (Serous Chorioretinopathy,
Central) OR (Central Serous
Retinopathy) OR (Central Serous
Retinopathies) OR (Retinopathies,
Central Serous) OR (Retinopathy,
Central Serous) OR (Serous
Retinopathies, Central) OR (Serous
Retinopathy, Central)

#2. "Mineralocorticoid Receptor
Antagonists'[Mesh] OR (Antagonists,
Mineralocorticoid Receptor) OR
(Receptor Antagonists,
Mineralocorticoid) OR
(Mineralocorticoid Antagonists) OR
(Antagonists, Mineralocorticoid) OR
(Aldosterone Receptor Antagonists) OR
(Antagonists, Aldosterone Receptor)
OR (Receptor Antagonists,
Aldosterone) OR (Aldosterone
Antagonists) OR (Antagonists,
Aldosterone) OR
"Spironolactone"[Mesh] OR
Spirolactone) OR (Veroshpiron) OR(Verospirone) OR (Spiractin) OR
Spirobeta) OR (Spirogamma) OR
Spirolang) OR (Spirono-Isis) OR
Spirono Isis) OR (Spironone) OR
Spirospare) OR (Aldactone) OR
Verospiron) OR (Aldactone A) OR
Aquareduct) OR (Duraspiron) OR
Espironolactona Alter) OR
Espironolactona Mundogen) OR
Flumach) OR (Frumikal) OR
Jenaspiron) OR (Novo-Spiroton) OR
Novo Spiroton) OR (NovoSpiroton) OR
(Practon) OR (SC-9420) OR (SC 9420)
OR (5C9420) OR (Spiro L.UT) OR

(Spiro Von Ct) OR (Ct, Spiro Von) OR
(Von Ct, Spiro) OR "Eplerenone"[Mesh]
OR (Eplerenon) OR (Inspra) OR (9,11-
Epoxy-7-(methoxycarbonyl)-3-oxo-17-
pregn-4-ene-21,17-carbolactone)
#3.#1 AND #2

(
(
(
(
(
(
(
(
(
(
(
(
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Table 1 (continued)

Databases Strategies

3. Search strategy Embase (Elsevier) #1 ‘central serous retinopathy'/exp OR
‘central angiospastic retinitis' OR
‘central retinitis'OR ‘central serous
chorioretinopathy’ OR ‘central serous
retinitis' OR ‘chorioretinitis centralis
serosa’ OR 'retinitis centralis’ OR
'retinitis centralis angiospastica’ OR
retinitis centralis serosa’ OR 'retinitis,
central angiospastic’ OR 'retinitis,
central serous'OR retinopathy, central
serous' OR 'serous retinopathy, central’
#2 'mineralocorticoid antagonist’/exp
OR antimineralocorticoid OR
‘mineralocorticoid receptor antagonists’
OR 'spironolactone’/exp OR '17 hydroxy
7 mercapto 3 oxo 17alpha pregn 4 ene
21 carboxylic acid gamma lactone 7
acetate’OR '3 (3 oxo 7alpha acetylthio
17beta hydroxy 4 androsten 17alpha yl)
propionic acid gamma lactone’ OR
'7alpha acetylthio 3 oxo 4 androsten 17
spiro 2 tetrahydrofuran 5 one’OR
abbolactone OR acelat OR adultmin
OR alaton OR alatone OR aldace OR
aldactone OR ‘aldactone 50'OR
‘aldactone a'OR "aldactone diurapid’
OR aldopur OR aldospirone OR almatol
OR aquareduct OR berlactone OR 'betaaldopur’' OR carospir OR ‘crl 635'OR
crl635 OR diram OR duraspiron OR
‘dyta urese’ OR dytaurese OR flumach
OR hypazon OR idrolattone OR
merabis OR novospiroton OR osiren
OR osyrol OR ‘osyrol 50 100'OR
pirolacton OR pondactone OR practon
OR prilactone OR resacton OR 'sas
1060"0OR sas1060 OR 'sc 9420'OR
59420 OR spiractin OR spiridon OR
spirix OR ‘spiro ct'OR spiroctan OR
‘spiroctan m’'OR spirohexal OR
spirolacton OR spirolactone OR
spirolang OR spiron OR spirone OR
spironex OR spirono-isis OR spironol
OR spironolacton OR spironolakton OR
spironone OR 'spirothiobarbiturate
03,620"OR spirotone OR ‘supra puren’
OR suprapuren OR uractone OR
verospiron OR verospirone OR xenalon
OR "xenalon lactabs’ OR youlactone
OR ‘eplerenone’/exp OR 9, 11alpha
epoxy 4, 5 dihydro 3, 5 dioxospiro
[androst 4 ene 17, 2 (3 h) furan] 7alpha
carboxylic acid methyl ester' OR 9,
11alpha epoxymexrenone’OR "9alpha,
11alpha epoxy 17beta hydroxy 3 oxo
17alpha pregn 4 ene 7alpha, 21
dicarboxylic acid gamma lactone 7
methyl ester’OR "9alpha, 11alpha
epoxymexrenone’OR ‘cgp 30 083'OR
‘cgp 30,083'OR cgp30083 OR elecor
OR epoxymexrenone OR inspra OR
‘mexrenone, 9, 11alpha epoxy’OR 'sc
66,110'0OR sc66110
#3 [embase]/lim NOT ([embase]/lim
AND [medline]/lim)

#1 AND #2 AND #3
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Databases

Strategies

4. Search strategy Lilacs e Ibecs
(Portal Regional BVS)

5. Search strategy Clinicaltrials.gov

#1. MH:"Coriorretinopatia Serosa
Central" OR (Coriorretinopatia Serosa
Central) OR (Coriorretinopatia Serosa
Central) OR (Central Serous
Chorioretinopathy) OR (Central Serous
Chorioretinopathies) OR (Central
Serous Retinopathies) OR (Central
Serous Retinopathy) OR
(Chorioretinopathies, Central Serous)
OR (Chorioretinopathy, Central Serous)
OR (Retinopathies, Central Serous) OR
(Retinopathy, Central Serous) OR
(Serous Chorioretinopathies, Central)
OR (Serous Chorioretinopathy, Central)
OR (Serous Retinopathies, Central) OR
(Serous Retinopathy, Central) OR
MH:C11.768.175$

#2. MH:"Antagonistas de Receptores
de Mineralocorticoides" OR
(Mineralocorticoid Receptor
Antagonists) OR (Antagonistas de
Receptores de Mineralocorticoides) OR
Antagonistas da Aldosterona) OR
Aldosterone Antagonists) OR
Aldosterone Receptor Antagonists) OR
Antagonists, Aldosterone) OR
(Antagonists, Aldosterone Receptor)
OR (Antagonists, Mineralocorticoid) OR
(Antagonists, Mineralocorticoid
Receptor) OR (Mineralocorticoid
Antagonists) OR (Receptor
Antagonists, Aldosterone) OR
(Receptor Antagonists,
Mineralocorticoid) OR
MH:D06.347.7005 OR
MH:D27.505.696.399.450.6005 OR
MH:D27.505.696.560.500.726.2495 OR
MH:Espironolactona OR
Espironolactona OR Spironolactone OR
(Espirolactona) OR Aldactone OR
(Aldactone A) OR Aquareduct OR (Ct,
Spiro Von) OR Duraspiron OR
(Espironolactona Alter) OR
(Espironolactona Mundogen) OR
Flumach OR Frumikal OR Jenaspiron
OR (Novo Spiroton) OR Novo-Spiroton
OR NovoSpiroton OR Practon OR (SC
9420) OR SC-9420 OR SC9420 OR
Spiractin OR (Spiro L.UT.) OR (Spiro
Von Ct) OR Spirobeta OR Spirogamma
OR Spirolactone OR Spirolang OR
(Spirono Isis) OR Spirono-Isis OR
Spironone OR Spirospare OR
Veroshpiron OR Verospiron OR
Verospirone OR (Von Ct, Spiro) OR
MH:D02.540.6795 OR
MH:D04.210.500.745.745.855% OR
MH:Eplerenona OR Eplerenona OR
Eplerenone OR (9,11-Epoxi-7-(Metoxicarbonil)-3-Oxo-17-Pregn-4-
eno-21,17-Carbolactona) OR Inspra OR
(9,11-Epoxy-7-(methoxycarbonyl)-3-
oxo-17-pregn-4-ene-21,17-carbolactone) OR Eplerenon OR
MH:D02.540.3835 OR
MH:D04.210.500.745.745.329%

#1 AND #2

Central Serous Chorioretinopathy AND
Mineralocorticoid Receptor Antagonists
OR Spironolactone OR Eplerenone
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Databases

Strategies

6. Search strategy WHO ICTRP

7. Search strategy ISRCTN

"Central Serous Chorioretinopathy" OR
"Central Serous Retinopathy" AND
"Mineralocorticoid Receptor
Antagonists" OR "Mineralocorticoid
Antagonist" OR "Spironolactone" OR
"Eplerenone”

(Central Serous Chorioretinopathy) OR
(Central Serous Retinopathy) AND
(Mineralocorticoid Receptor
Antagonists) OR (Mineralocorticoid
Antagonist) OR (Spironolactone) OR
(Eplerenone)

Availability of data and materials
The dataset supporting the conclusions of this article is
included within the article and its Additional file 1: Data
Extraction and Additional file 2.

Results

The search yielded 233 records from the databases Med-
line (n=124), Central (n=20), Embase (n=87) and
Lilacs/Ibecs (via VHL Regional Portal) (n=2), in addition
to 69 records from specialized platforms. The elimina-
tion of duplicates left 269 records for title and abstract
analysis, of which 261 were excluded, leaving 8 full arti-
cles for eligibility assessment. We subsequently excluded
two studies because they included abstracts presented
at events related to two studies already included and
one study which was ongoing at the time of writing. The
screening process left a final sample of 5 RCTs (all of
which contained at least one meta-analysis) for qualita-
tive and quantitative synthesis. Figure 1 shows the steps
in the triage and inclusion of studies.

Studies included in the analysis

Table 2 shows the characteristics of the 5 studies
included in the final sample: three two-armed, parallel-
design RCTs, [27, 28, 30] one two-armed cross-over
RCT, [23] and one three-armed RCT [29]. One study was
multicenter; [30] the remainder single-center [23, 27—
29]. Treatment lasted 1 month, [23, 29] 2 months, [28]
5 months, [27] or 12 months [30]. Prepublished protocols
were available for 4 studies.

Taken together, the 5 studies had 225 randomized
participants, 221 of whom were analyzed regard-
ing at least one of the outcome parameters. All stud-
ies included participants with cCSCR (‘chronic’ being
defined as the presence of subretinal fluid for over
3 months). The mean age was 47-51 years for the
groups treated with MRAs and 45-62 years for the con-
trol groups. The male/female ratio was 3.1:1.

Two studies [23, 29] compared spironolactone to pla-
cebo in pill form: 25 mg/day in the first week, 50 mg/
day from the second week on (total: 1 month). Four
studies [27-30] compared eplerenone to placebo in pill
form: 25 mg/day in the first week, 50 mg/day from the
second week on (total: 1-12 months). One study [29]
(three-armed RCT) evaluated both drugs.

Risk of bias in the included studies
Three studies [23, 29, 30] completed the intended inter-
ventions with no deviations in any of the outcome
parameters. Four studies performed adequate analy-
ses based on intention to treat approach (or intention
to treat with adjustments for missing data). One study
[28] did not use an intention-to-treat approach and
presented incomplete outcome data.

All studies presented the outcomes adequately, with
the examiners blinded at all times (=low risk of bias).

Only one study [30] had an adequate plan of analysis
for all outcomes (low risk of bias). No plan of analysis
existed for most of the outcomes in the protocols of the
other studies (=some concerns, or high risk of bias).

Only one study [30] had a low risk of bias overall for
all outcomes. In one study, [27] the overall assessment
was ‘some concerns’ for all outcomes, while another
[28] displayed a high risk of bias for all outcomes in
the overall risk assessment. One study [23] presented
'some concerns’ for most outcomes, while another [29]
presented high risk of bias for the outcomes 'macular
thickness’ and ’subfoveal choroidal thickness’ Figure 2
summarizes the risk of bias in each domain.

Publication bias

Since the number of RCTs included in the analysis was
smaller than 10, we were unable to evaluate the influ-
ence of publication bias on the results (using funnel
plots and Egger’s test), as originally intended.
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Fig. 2 Risk of bias: authors'judgements of each type of bias, expressed in percentages.
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Results of meta-analyses

BCVA

The five included studies [23, 27-30] totaled 218 par-
ticipants for this outcome. MRAs probably have little to
no positive effect on BCVA (evaluated with the ETDRS
chart or the Snellen chart and expressed in letter count-
ing or logarithmic minimum angle of resolution) when
compared to placebo. The effect ranged from ‘clinically
unimportant improvement’ to ‘clinically unimportant
worsening’ (SMD =0.22; 95% CI — 0.04 to 0.48; stud-
ies = 5; comparisons = 6; > =0%) (Fig. 3).

On a scale from 0 to 100 letters (ETDRS chart; more
letters =better BCVA), acuity improved by 0.99 letters
in patients treated with MRAs (95% CI 0.18 fewer to
2.16 more letters; 1% absolute improvement [95% CI
0.2% worse to 2.2% better]; 1.27% relative improve-
ment (95% CI 0.23% worse to 2.77% better; MCID =5
letters). Applying the GRADE criteria, there is evi-
dence of moderate certainty that MRAs have little
(clinically unimportant) to no positive effect on BCVA
when compared to placebo (evidence downgraded due
to imprecision) (Table 3).

Adverse events

The five included studies [23, 27-30] totaled 225 partici-
pants for this outcome. When compared to placebo, the
evidence for a positive effect of MRAs on adverse events
is very uncertain. Applying the GRADE criteria, the evi-
dence for this outcome is of very low certainty (evidence
downgraded one level due to risk of bias and two levels
due to imprecision) (Table 3).

Page 12 of 19

Since the selected studies did not consistently report
adverse events, no meta-analysis was performed for this
outcome.

Central subfield thickness (CST)

The three studies [27, 28, 30] evaluating CST totaled
143 participants. The evidence of MRA-induced reduc-
tion in CST on OCT (smaller =better) when compared
to placebo is very uncertain, ranging from clinically
important improvement to clinically important worsen-
ing (MD -18.1 [95% CI — 113.04 to 76.84]; studies=3;
[>=68%; absolute percentage difference not applica-
ble [data not expressed on a scale]; relative percentage
improvement=4.9% [95% CI 20.8 worse to 30.6 better];
MCID =10%) (Fig. 4). Applying the GRADE criteria, the
evidence for CST reduction was of very low certainty,
compared to placebo (evidence downgraded one level
due to risk of bias and two levels due to imprecision)
(Table 3).

We also analyzed a subgroup of participants treated
with MRA for less than 3 months (short-term effect).
When compared to controls, the MRA group displayed
a 117.5 ym reduction in CST (95% CI 224.45 smaller to
10.55 smaller; participants = 15; studies = 1; I?=not appli-
cable; absolute percentage difference not applicable; rela-
tive percentage improvement =34.1% [95% CI 3.1% better
to 65.1% better]; MCID=10%). Applying the GRADE
criteria, the evidence for MRA-induced CST reduction
in up to 3 months of treatment is very uncertain when
compared to placebo (evidence downgraded one level due
to risk of bias and two levels due to imprecision). In the

Test for overall effect: Z=1.69 (P = 0.09)

Test for subgroup differences: Chi*=0.03, df=1 (P=0.87), F=0%
Risk of bias legend

(A) Bias due to randomisation process

(B) Bias due to deviations from intended interventions

(C) Bias due to missing outcome data

(D) Bias due to measurement of the outcome

(E) Bias due to selection of the reported result

(F) Overall bias

Fig. 3 Forest plot of comparison: MRAs vs placebo. Outcome: BCVA.

Mineralocorticoids Placebo Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup  Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFTF
1.1.1 Short-term effect (< 3 months)
Bousquet 2015 05235 05294 8 7OB1% 0.52 [-0.51, 1.56] —
Pichi 2016a 0 0.3162 20 20 171% 0.00 [-0.62, 0.62] —
Pichi 2016k 0.3917 0.3196 20 20 16.8% 0.39[-0.23,1.02] T
Rahirmy 2018 0.2539 0.5504 10 5 57% 0.25[-0.82,1.33] B
Subtotal (95% CI) 58 52 457% 0.25[-0.13, 0.62] »
Heterageneity: Tau®=0.00; Chi*=1.09, df= 3 (P=0.78), F=0%
Testfor overall effect: Z=1.27 (P = 0.21)
1.1.2 Long-term effect (= 3 months)
Lotery 2020 02252 01805 57 54 47.2% 0.23[-0.15, 0.60] (L1111
Schwarz 2017 0.0358 0.4936 13 6 7.0% 0.04 [-0.93,1.00] AE @2002 7
Subtotal {95% CI) 70 60 54.3% 0.20 [-0.15, 0.55]
Heterogeneity: Tau?= 0.00; Chi*= 0,13, df= 1 (P = 0.72); F= 0%
Testfor averall effect: Z=1.13 (P = 0.26)
Total (95% CI) 128 112 100.0% 0.22 [-0.04, 0.48] T.
Heterogeneity: Tau®= 0.00; Chi*=1.25, df= 5 (P = 0.94); F= 0% .4 '2 5 ﬁ ji

Favours [Placebo] Favours [Mineralocorticoids]
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Total (95% CI) 80 65
Heterogeneity: Tau®= 4670.24; Chi*= 6.24, df = 2 (P = 0.04); F= 68%
Testfor overall effect 2= 037 (P=0.71)

Test for subgroup differences: Chi*=6.24, df=1 (P=0.01), F=84.0%
Risk of bias legend

(A) Bias due to randomisation process

(B) Bias due to deviations from intended interventions

(C) Bias due to missing outcome data

(D) Bias due to measurement of the outcome

(E) Bias due to selection of the reported result

(F) Overall bias

100.0%

Fig. 4 Forest plot of comparison: MRAs vs placebo. Outcome: CST.

18.10 [-113.04, 76.84]

Mineralocorticoids Placebo Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFTF
1.1.1 Short-term effect (< 3 months)
Rahimy 2018 -117.5 545655 10 § 30.7% -117.50[224.45,-10.55] — 200720
Subtotal (95% CI) 10 5 30.7% -117.50 [-224.45, -10.55] e
Heterageneity: Not applicable
Testfor overall effect 2= 215 (P = 0.03)
1.1.2 Long-term effect (= 3 months)
Lotery 2020 2435 16.434 57 54 475% 24.35 [-7.86, 56.56] (1111 1]
Schwartz 2017 29.25 77.9662 13 6 21.8% 29.25[123.56, 182.06] —% CL T T Bl
Subtotal (95% CI) 70 60 69.3% 24.56 [-6.96, 56.08]
Heterogeneity: Tau®*= 0.00; Chi*= 0.00, df=1 (P =0.95); F=0%
Test for overall effect Z=1.53(P=0.13)

\ \ \ \
-500 250 0 250 500
Favours [Mineralocorticoids]
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subgroup of participants treated for more than 3 months
(long-term effects), CST increased by 24.56 pm (95% CI
— 6.96 smaller to 56.08 bigger; participants=130; stud-
ies=2; I*=0%; absolute percentage difference not appli-
cable; relative percentage worsening=7.4% [95% CI
16.9% worse to 2.1% better]; MCID =10%). Applying the
GRADE criteria, the evidence that over 3 months of treat-
ment with MRA results in little to no reduction in CST
when compared to placebo is uncertain (evidence down-
graded two levels due to imprecision).

With the exclusion of one study, [28] the sensitivity
analysis modified the estimated effect of MRAs from a
slight reduction to a slight increase in CST, when com-
pared to placebo (MD 24.56 [95% CI — 6.96 to 76.84];
participants = 130; studies = 2; I* = 0%).

Subretinal fluid height (SFH)

Five studies [23, 27-30] totaling 221 participants evalu-
ated this outcome. One study compared spironolac-
tone to placebo, three studies compared eplerenone to
placebo, and one study tested both drugs in relation
to placebo. When compared to placebo, MRAs prob-
ably have little to no effect on SFH reduction on OCT
(smaller =better), ranging from clinically unimportant
improvement to clinically unimportant worsening (SMD
-0.35 [95% CI — 0.95 to 0.26]; studies=5; compari-
sons =6; I*=76%) (Fig. 5).

On OCT (smaller=better), the SFH of participants
treated with MRA decreased by 2.17 pm (95% CI — 5.89
less to 1.61 more; absolute percentage difference not
applicable [data not expressed on a scale]; relative per-
centage improvement=1.82% [95% CI 1.35% worse to

4.95% better]; MCID =10%). Applying the GRADE cri-
teria, the evidence that MRAs have little to no effect on
SFH is moderately certain, when compared to placebo
(evidence downgraded one level due to imprecision)
(Table 3).

We also analyzed a subgroup of participants treated
with MRA for less than 3 months (short-term effect).
When compared to controls, the MRA group displayed a
57.72 um reduction in SFH (95% CI 92.35 smaller to 23.1
smaller; participants =90; studies=3; comparisons=4;
12=0%; absolute percentage difference not applica-
ble; relative percentage improvement=42.5% [95% CI
17% better to 68% better]; MCID =10%). Applying the
GRADE criteria, we found moderately certain evidence
that treatment with MRAs for up to three months prob-
ably reduces SFH, when compared to placebo (evidence
downgraded one level due to imprecision). The subgroup
of participants treated for over 3 months (long-term
effect) displayed a 2.9 um increase in SFH (95% CI 0.74
greater to 5.1 greater; participants=133; studies=2;
12=0%; absolute percentage difference not applicable;
relative percentage worsening=0.02% [95% CI 0.01%
worse to 0.04% worse]; MCID=10%). Applying the
GRADE criteria, the evidence that treatment with MRA
for over 3 months produces little to no increase in SFH,
when compared to placebo, is moderately certain (evi-
dence downgraded one level due to imprecision).

With the exclusion of one study, [28] the sensitivity
analysis confirmed that MRAs probably cause little to
no change in SFH, in relation to placebo (MD — 1.2 [95%
CI — 4.8 to 2.5]; participants =228; studies =4; compari-
sons = 3; [2="74%).
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Fig. 5 Forest plot of comparison: MRAs vs placebo. Outcome: SFH.
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Central choroidal thickness (CCT)

Four studies [23, 27, 29, 30] totaling 206 participants
evaluated this outcome. One study compared spirono-
lactone to placebo, two studies compared eplerenone
to placebo, and one study evaluated both drugs in rela-
tion to placebo. When compared to placebo, MRAs
may have little to no effect on CCT reduction on OCT
(smaller =better), ranging from clinically important
improvement to clinically unimportant worsening (MD
— 21.23 [95% CI — 64.69 to 22.24; studies =4; com-
parisons =5; I>=85%; absolute percentage difference
not applicable [data not expressed on a scale]; rela-
tive percentage of improvement=4.6% [95% CI 4.8%
worse to 14% better]; MCID =10%) (Fig. 6). Applying
the GRADE criteria, the evidence that MRAs result in
little to no difference in CCT is of low certainty, when
compared to placebo (evidence downgraded one level
due to risk of bias and one level due to imprecision)
(Table 3).

We also analyzed a subgroup of participants treated
with MRA for less than 3 months (short-term effect).
When compared to controls, the MRA group displayed
a 46.48 pum reduction in CCT (95% CI 65.59 smaller to
27.38 smaller; participants =75; studies=2; compari-
sons=3; [2=0%; absolute percentage difference not
applicable; relative percentage of improvement=10%
[95% CI 5.9% better to 14% better]; MCID =10%).
Applying the GRADE criteria, the evidence that up
to 3 months of treatment with MRAs reduces CCT
slightly in comparison to placebo was moderately cer-
tain (evidence downgraded one level due to impreci-
sion). The subgroup of participants treated for over

three months (long-term effect) displayed a 37.69 pum
increase in CCT (95% CI 12.01 greater to 63.37 greater;
participants = 133; studies=2; I2=0%; absolute per-
centage difference not applicable; relative percentage of
worsening =8.2% [95% CI 2.6% worse to 13.8% worse];
MCID =10%). Applying the GRADE criteria, the evi-
dence that over 3 months of treatment with MRAs
results in increased CCT when compared to placebo is
moderately certain (evidence downgraded one level due
to imprecision).

With the exclusion of one study, [28] the sensitivity
analysis modified the estimated effect of MRAs, from lit-
tle or no reduction in CT to little or no increase in CCT,
when compared to placebo (MD 1.94 [95% CI — 65.54 to
69.41]; participants = 148; studies =3; 12=87%).

Discussion

To our knowledge, this is the first systematic review with
meta-analyses focusing exclusively on RCTs evaluating
clinical response to MRA in the treatment of cCSCR.

The included studies show that eplerenone and
spironolactone affect BCVA in cCSCR patients rang-
ing from clinically unimportant worsening to clinically
unimportant improvement (moderate certainty; down-
grading due to imprecision). The effect of MRAs on CST
is very uncertain (downgrading due to risk of bias, incon-
sistency and imprecision). Likewise, MRAs result in little
to no change in SFH (moderate certainty; downgrading
due to imprecision) or CCT (low certainty; downgrading
due to risk of bias and imprecision).

All the RCTs included in this review investigated
the effect of MRAs vs placebo in treatments lasting
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Fig. 6 Forest plot of comparison: MRAs vs placebo. Outcome: CCT.
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1-12 months, using dosages of 25—50 mg/day. In clinical
practice the minimum duration of treatment with these
drugs has not been established, but the fact that most
physicians prescribe them for three or more months at a
dosage of 25—-50 mg/day suggests the reviewed RCTs are
representative of actual clinical practice. The male/female
proportion in the five RCTs (3.1:1) was lower than in
most other studies, [3, 4] but the age range (47-51 years)
was compatible with the literature [3, 4].

Although the reviewed RCTs were considered to have
low risk of bias in most domains, the meta-analyses for
CST, SFH and CCT displayed high levels of heterogene-
ity, possibly due to the wide variation in treatment dura-
tion (1-12 months). In fact, anatomical outcomes were
generally better in studies with shorter periods of treat-
ment (1-2 months) [23, 28, 29].

A Cochrane systematic review with meta-analyses [31]
published in 2010 investigated the efficacy of available
treatments for cCSCR but did not include comparisons
between MRAs and placebo, as in the present study. The
earliest studies making such comparisons [22-24] were
published after 2010.

Much controversy exists in the literature regarding the
use of MRAs as an alternative treatment for cCSCR [22—
30, 32].

The most recent systematic reviews with meta-anal-
yses [32—34] pooled acute and chronic cases of CSCR.
However, the inclusion of acute cases may confound the
analysis of the efficacy of MRAs due to the high likeli-
hood of anatomical and functional recovery of patients
with the acute form, even without interventions [37-39].
We therefore only reviewed RCTs focused on the chronic

form. Another systematic review with meta-analysis
[34] from 2018 was conducted before the publication of
the Vici Trial [30], which currently has the lowest risk
of methodological bias of any RCT on the subject, thus
with a possible potential impact on the statistical analy-
sis. Finally, a Chinese systematic review with meta-anal-
ysis [33] included both RCTs and observational studies,
without segregating them in the results. This fact may
have contributed to the appearance of a positive effect of
MRASs on anatomical parameters (SFH and CCT).

Improvement in BCVA in CSCR patients requires the
recovery of the macular architecture and photorecep-
tor function, once the SRF has been absorbed [9]. Some
recent studies have shown the existence of functional
damage in the first months after SRF accumulation, with
potential negative impacts on the patients quality of
life, [40] raising the issue of the benefit of early onset of
therapy [4, 41, 42] for patients with CSCR. The absence
of clinically important improvement in BCVA in the cur-
rent review may be explained by the fact that chronic
CSCR patients treated with MRAs experience little to no
reduction in SFH.

In this review we conducted a comprehensive search
in major databases and RCT platforms, identifying both
published and unpublished studies, thereby minimizing
the risk of publication bias. On the other hand, the small
number of RCTs included in the quantitative synthesis
(n=5) made it impossible to statistically verify the pres-
ence of publication bias.

One of the challenges encountered in this review was
the high level of heterogeneity in three of the meta-anal-
yses. We did not evaluate heterogeneity by analyzing
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preplanned subgroups (age, sex, type of personality,
corticoid use, gastric infection with Helicobacter pylori,
smoking, sleep and circadian rhythm disorders, exog-
enous use of testosterone, occupational activity) due to
the absence of specific results, but when the participants
were segregated according to time of treatment, the
inconsistency was explained.

Reliance on only 5 RCTs with a small number of par-
ticipants and without sample size calculation (with one
exception) [30] may have influenced the estimates of our
meta-analyses. Moreover, the non-standardized cross-
over design of two of the studies [23, 29] (one of which
was three-armed) may have biased the summary estimate
due to carry-over effects.

Conclusions

In view of the multifactorial nature of CSCR [43] and the
prohibitive cost of state-of-the-art therapies like PDT,
[6-8, 37] treating patients with the chronic form can be
challenging. Over the last few years, MRAs have emerged
as a safe and accessible alternative, although the efficacy
of these drugs remains uncertain [22, 24-30, 32].

This review found that MRAs (spironolactone and
eplerenone) have little to no effect on functional and
anatomical outcomes in cCSCR patients. The evidence
presented is relevant to current management of the con-
dition, but further studies on larger samples and longer
treatment periods (>3 months) are needed to obtain a
better estimate of the effect of interventions.
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