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Abstract

Objectives We performed a systematic review and meta-analysis to assess the efficacy and safety of the mineralocorticoid
receptor antagonist (MRA) treatment for central serous chorioretinopathy (CSC).

Methods We searched the PubMed, Embase, and the Cochrane Library to identify relevant clinical studies published prior to
March 2020. The primary outcome was change in best-corrected visual acuity (BCVA), and the secondary outcomes
included the subretinal fluid (SRF), subfoveal choroidal thickness (SFCT), and central macular thickness (CMT).

Results Five randomized controlled trials (RCT) and four cohort studies met the inclusion criteria with a total of 352 eyes.
The MRA treatment was not superior to placebo in BCVA at 1 month (WMD = —0.06, 95% CI —0.15-0.02, P=0.15, I =
86%), 3 months (WMD = —0.04, 95% CI —0.14-0.06, P=0.44, P=77%) and 6 months (WMD = —0, 95%
CI —0.05-0.05, P=0.92, =0%). The MRA treatment resulted in significant reduction than the placebo in the SRF
(WMD = —60.64, 95% CI —97.91 to —23.37, P=0.001, I* =49%), SFECT (WMD = —39.15, 95% CI —52.58 to —25.72,
P <0.001, P =0%), and CMT (WMD = —60.75, 95% CI —97.85 to —23.65, P=0.01, > = 53%).

Conclusions Our meta-analysis shows that the MRA treatment can improve anatomical structure in CSC patients, but it is

not effective for achieving BCVA gain. The applicant of the MRA is safe and have no severe effect.

Introduction

Central serous chorioretinopathy (CSC) is one of the most
common vision-threatening retinal disorders, especially for
middle-aged male individuals [1]. It is characterized by the
accumulation of subretinal fluid (SRF) between the neuro-
sensory retina and the retinal pigment epithelium (RPE),
RPE alterations, and choroidal vessels dilation. The patho-
genic mechanism of CSC remains unknown. The risk fac-
tors of CSC include the Type A personality, use of steroid
or psychopharmacologic medications, sleeping disorder,
hypertension, H. pylori infection, autoimmune disease, etc.
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[1]. Some of CSC patients are self-limiting. However,
30-50% of the patients cannot recover without the treat-
ment, which leads to permanent vision loss [2]. Treatments
for CSC include laser photocoagulation, transpupillary
thermotherapy, subthreshold micropulse laser, photo-
dynamic therapy (PDT), anti-vascular endothelial growth
factor drugs, and mineralocorticoid receptor antagonists
(MRA) [3-5].

Animal experiments indicated that the pathway of MR
signal controlled the choroidal vascular bed relaxation,
which supported the MRA as a treatment method for CSC
[6]. Recently, numerous studies were conducted on whether
the MRA therapy (eplerenone or spironolactone) has a
better clinical outcome than the others [7]. Some studies
claimed that the MRA treatment improved best-corrected
visual acuity (BCVA) and reduced the subfoveal choroidal
thickness (SFCT) and the SRF in CSC patients [4].
Recently, the VICI trial has reported that the central macular
thickness (CMT) was found decreasing after the MRA
treatment [8].

The efficiency of the MRA in CSC treatment remains
controversial. In order to provide more accurate evidence
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for clinician about the efficacy and safety of the MRA
treatment for CSC patients, we performed an updated meta-
analysis of placebo-controlled study and a systematic
review to evaluate the efficacy of the MRA for CSC,
including all RCT and cohort studies.

Methods

We performed our systematic review and meta-analysis by
following the recommendations of the PRISMA statement.
The protocol and registration information are available at
http://www.crd.york.ac.uk/PROSPERO/ (registration num-
ber: CRD42020173466).

Search strategy and eligibility criteria

We searched Embase, PubMed, and the Cochrane Library
to identify relevant studies published before March 2020
with a combination of the following MeSH terms: “CSC” or
“central serous retinopathy” in combination with “spir-
onolactone” or “eplerenone,” “MRA.” All related articles
were retrieved without any language restrictions. Studies
were selected based on the following inclusion criteria: (i)
RCT and placebo-controlled cohort clinical trials; (ii)
patients were diagnosed with CSC and were treated by
MRA or placebo; (iii) data on BCVA, SRF, SFCT, or CMT
were provided; (iv) sufficient information to extract or
calculate the weighted mean difference (WMD) + standard
deviation (SD) of the outcome was contained. Exclusion
criteria included: (i) review, case reports, comments, and
animal experiments; (ii) self-controlled studies or involve-
ment of treatments with other methods; (iii) full-text
manuscripts without available raw data.

Data extraction and quality assessment

Two reviewers extracted the data from the published reports
independently. The following information was extracted:
the name of the first author, year of publication, study
design, country, symptom duration, number of participants,
doses and modalities of interventions, follow-up period,
OCT device, and outcomes. The risk bias of RCTs was
assessed by the Cochrane tool, and cohort studies were
assessed by the Newcastle-Ottawa Scale.

Statistical analysis

The data were analyzed with Review Manager 5.30
(Cochrane Collaboration, Oxford, UK). Continuous data
were summarized as WMD and SD from the published
articles, or the Cochrane Handbook was used to acquire
WMD and SD from range, median, and p value. The

primary outcome of this meta-analysis was BCVA and the
secondary outcomes were SRF, CT, and CMT in OCT.
Forest plots were made to visually assess the WMDs and
95% confidence intervals (CI). Heterogeneity was evaluated
by the chi-square test and I statistics. P<0.1 or I*>50%
indicated significant heterogeneity. Subgroup analysis was
performed based on the follow-up period and study design.
We used the random-effect model to collate data because it
was more robust than the fixed-effect model. The sensitivity
analysis was accessed using Review Manager 5.30. Pub-
lication bias of the BCVA was performed by the Begg’s
plot and Egger’s test by Stata software (V.16.0; Stata,
College Station, TX, USA).

Results
Search results and study characteristics

A total of 267 potentially relevant articles were identified.
After removing the duplicates, the titles and abstracts of 201
articles were screened by two blinded reviewers. After that,
69 full-text articles were assessed for eligibility. The rea-
sons for further exclusion included: non-comparative stu-
dies (n =29), no placebo-controlled trial (n = 7), irrelevant
comparison articles (n = 22), protocol (n = 1), and the lack
of data (n=1). Finally, five RCTs and four cohort studies
(352 eyes totally) were identified in our meta-analysis
(Fig. 1). The detailed characteristics of nine selected clinical
studies were shown in Table 1.

Meta-analysis results
BCVA

All 9 selected studies reported the outcome of BCVA at
different follow-up duration. We evaluated the change in
BCVA from baseline to 1 month, 3 months and 6 months
with the random-effect model. Subgroup analysis of study
design was conducted due to severe heterogeneity among
the included studies. The WMD of BCVA change in
1 month between the MRA and the control groups was
—0.06 (95% CI. —0.15-0.02), revealing that BCVA was
improved by the MRA treatment in CSC patients (Fig. 2a).
Nevertheless, the difference between the two groups was
not statistically significant (P =0.15). There was no het-
erogeneity between data sources in the RCT of all trials at
the 1-month follow-up (P =0%). The result also showed
that the MRA could not significantly improve BCVA at
3 months (WMD = —0.04, 95% CI —0.14-0.06, P = 0.44,
F=77%) and at 6 months (WMD=-0, 95%
CI —0.05-0.05, P =0.92, I*=0%), compared to the pla-
cebo group (Fig. 2b, c). Subgroup analysis of study design
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Fig. 1 PRISMA flow diagram
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revealed that the BCVA gain of CSC patients in cohort
studies (WMD = —0.1) was better than that in RCT studies
(WMD = —0.02). Heterogeneity was calculated by the
statistics. There was no or low heterogeneity in the studies
at 6 months, but the heterogeneity at 3 months was high.
Subgroup analysis showed that there was no difference in
BCVA outcome between the chronic CSC and acute CSC at
1-month follow-up (Fig. 3a) and 3 months follow-up
(Fig. 3b).

SRF

Seven studies reported the change of SRF in the MRA
treatment group and the placebo group. The SRF change
in the MRA was more than the placebo group sig-
nificantly (WMD = —60.64, 95% CI —97.91 to —23.37,
P =0.001, 12:49%), but there was substantial hetero-
geneity among the studies for this outcome (Fig. 4a).
The subgroup analysis demonstrated that the SRF dif-
ference between the two groups was statistically sig-
nificant at 1 month follow-up with no heterogeneity
(WMD = —-75.76, 95% CI —112.25 to —39.27, P<
0.00001, I*=0%) and 3 months follow-up with high
heterogeneity (WMD = —52.47, 95% CI —121.91-16.97,
P=0.14, I’ = 65%).
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SFCT

The WMD in SFCT change was —39.15 (95% CI —52.58
to —25.72, P <0.00001, P = 0%), indicating that the SFCT
was thinner with the MRA treatment than with the placebo
(Fig. 4b). There was no heterogeneity among the studies for
this outcome.

CMmMT

The CMT of patients was observed in three clinical trials
during the follow-up. The MRA therapy significantly
decreased the CMT (WMD = —60.75, 95% CI —97.85
to —23.65, P =0.001), and the heterogeneity was I = 53%
with the random-effect model (Fig. 4c). Subgroup analysis
by follow-up duration indicated that CMT was decreased at
1 month follow-up (WMD = —48.65, 95% CI —78.68
to —18.62, P=0.01, 12:0%) and 3 months follow-up
(WMD = —-83.70, 95% CI —204.59.91-37.19, P=0.17,
P> = 86%).

Adverse effects

No severe side effect was detected in all nine studies. Some
mild side effects were observed, including gastrointestinal
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Table 1 Main characteristics of the included studies.

Follow-up period Outcome

Study design Country Symptom duration (m) Sample size Intervention

Studies

BCVA, SRF, SFCT

BCVA, SFCT

1m

Spironolactone (50 mg/d for 30 d)

Chronic (>3 m) 16

France
USA

Bousquet 2015 RCT

1,3m

Eplerenone or spironolactone 50 mg/d

32
60

Not-mention

Cohort
RCT

Kapoor 2016
Pichi 2016

BCVA, SRF

1,4m

Eplerenone or spironolactone (25 mg/d for 1 w then 50 mg/d

for 3 w)

Chronic (>3 m)

USA

BCVA, SRF, CMT
BCVA, SRF

6, 12w

1,

Spironolactone (100 mg/d) or eplerenone (50 mg/ d) for 6 w

29
20
30
27
24

Germany Acute and chronic

Cohort

Riibsam 2017

,6m

Eplerenone (25 mg/d for 1 w and 50 mg/d for 11 w)

Chronic (>4 m)
Acute (<3 m)

Israel
China
Italy

Schwartz 2017 RCT

Sun 2018

BCVA, SRF, SFCT, CMT

1m
1,3 m

3m

1,

Eplerenone (40 mg/d for 2 m)

RCT

BCVA, SRF, SFCT, CMT
BCVA, SRF, SFCT

BCVA, CMT

Eplerenone (25 mg/d for 1 w then 50 mg/d for 11 w)

Acute (<12 w)

Zucchiatti 2018 Cohort

Eplerenone (25 mg/d for 3 m)

Iran Acute

UK

Cohort
RCT

Faghihi 2019
Lotery 2020

,6m

Eplerenone (25 mg/d for 3 m)

114

Chronic (>4 m)

m month, w week, BCVA best-corrected visual acuity, SRF subretinal fluid, SFCT subfoveal choroidal thickness, CMT central macular thickness.

disorders [8—10], infection, hyperkalaemia, abnormal mus-
culoskeletal and connective tissue [8], neurological
symptom (intermittent dizziness) [10], and fatigue sedative
effect [11].

Bias

The methodological quality of five RCT studies was
assessed by the Cochrane risk of bias tool (Fig. 5). Four
observational cohort studies were evaluated by the New-
castle—Ottawa scale (Table 2). Publication bias was asses-
sed by the Egger’s linear regression test and Begg’s funnel
plot, and no publication bias was observed.

Discussion

The number of clinical studies on the efficiency of the MRA
medications for CSC has increased recently. However, the
results were not consistent. In our meta-analysis, compared
with placebo, the MRA was noted to be beneficial on the
anatomical outcomes, including SRF, SFCT, and CMT.
However, there was no statistical difference between the
BCVA improvement of the two groups. To the best of our
knowledge, this is the first systematic review and meta-
analysis of placebo-controlled comparative studies which
evaluates the efficacy and safety of the MRA treatment for
CSC, including RCT and non-RCT studies.

The MRA, including eplerenone and spironolactone, has
been used as the treatment option in multiple prospective
and retrospective studies of CSC recently. No significant
difference in efficacy was found in eplerenone and spir-
onolactone except mild increasing side effects in spir-
onolactone [12]. There was one meta-analysis of RCT on
the MRA treatment, but our visual outcome was contrary to
this previous meta-analysis [13]. The reason for this oppo-
site result might be the data of the latest clinical RCT study
with large sample size and the cohort studies. Another meta-
analysis of the MRA for CSC has recently been published
[14]. However, this previously published meta-analyses did
not exclude patients receiving PDT treatment and used them
as a control group. PDT is a treatment option for CSC,
which might have an impact on the evaluation of the MRA
effectiveness. In addition, they did not include the VICI
trials, which was a landmark clinical trial, and this might
reduce the reliability of these findings. Another shortcoming
is that the main outcomes of this trial were CMT and SRF,
which can only indicate anatomical changes. According to
the treatment objective, BCVA should be more suitable to
serve as the main outcome of the efficacy. Given the
drawbacks of these articles, we conducted a meta-analysis
and systematic review to evaluate the efficacy and safety of
the MRA in CSC.

SPRINGER NATURE
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a MRA placebo Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight [V, Random, 95% Cl Year IV, Random, 95% CI
1.1.1RCT
Bousquet 2015 -0.063 0109 8 -0.05 0.1 7 150% -0.01[}0.12009] 2015 S
Pichi 2016 -015 01749 20 -0.05 01858 20 146% -010[0.21,0.01] 2016 S |
Schwartz 2017 -01 07134 13 0,01 04957 6 21% -0.11 [-0.66, 0.44] 2017
Sun 2018 -0.11 0.1624 18 -006 01218 12 153% -0.05[-0.15,0.05] 2018 B
Lotery 2020 -0.04 01118 57 -0.04 0.1504 57 18.4% 0.00 [-0.05, 0.05] 2020 a—
Subtotal (95% CI) 116 102 65.4% -0.02[-0.06,0.02]
Heterogenelty: Tau*= 0.00; Ch*= 3.06, df= 4 (P = 0.55), *= 0%
Test for overall effect Z= 1.07 (P = 0.29)
1.1.2 cohort study
Kapoor 2016 -01 01181 12 -0.1 0.0932 8 159% 0.00 [-0.09,0.09] 2016 —r—
Zucchiatti 2018 -01 00545 15 009 005 12 187% -019[0.23,-0.15] 2018 =
Subtotal (95% CI) 27 20 34.6% -0.10[-0.29,0.09] SR
Heterogeneity: Tau®= 0.02; Ch”= 13.60, df=1 (P = 0.0002); F= 93%
Test for overall effect Z=1.05 (P = 0.29)
Total (95% Cl) 143 122 100.0% -0.06 [-0.15, 0.02] -
Heterogeneity: Tau®= 0.01; Chi*= 43.93, df= 6 (P < 0.00001); I*= 86% t t t t
05 -025 0 0.25 05
Testfor overall effect Z=1.43 (P=0.15) o
experimental] Fav |
Test for subaroun differences: Chi*= 0.67.df=1 (P = 0.41), I*= 0% Favours [experimental]  Favours [control
MRA placebo Mean Difference Mean Difference
b Study or Subgroup _Mean SD_Total Mean SD _Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.1RCT
Schwartz 2017 -0.22 07 13 -019 02307 6 44% -003[0.45039 2017
Lotery 2020 -0.04 01564 57 -004 01504 57 249% 0.00 [-0.06, 0.06) 2020 =
Subtotal (95% CI) 70 63 29.3% -0.00[-0.06, 0.06] ‘
Heterogeneity: Tau*= 0.00; Chi*= 0.02, df=1 (P=0.89), F= 0%
Test for overall effect: Z=0.02 (P = 0.99)
1.2.2 cohort study
Kapoor 2016 -011 01299 12 -0.16 0.1492 8 186% 0.05[-0.08,0.18] 2016 B
Rubsam 2017 -003 024 20 -006 017 9 16.2% 0.03[0.12,0.18 2017 N
Zucchiatti 2018 -009 00905 15 008 007 12 246% -017[0.23,-0.11] 2018 -
Faghihi 2019 -046 024 16 -038 027 8 113% -008[0.30,0.14] 2019 —
Subtotal (95% CI) 63 37 70.7% -0.05[-0.18,0.09] e
Heterogeneity: Tau*= 0.01, Ch*=13.17,df=3 (P=0.004), F=77%
Test for overall effect Z=0.71 (P=0.48)
Total (95% CI) 133 100 100.0%  -0.04 [-0.14, 0.06] ?
Heterogeneity: Tau*= 0.01; Chi*= 21.30, df= 5 (P = 0.0007); F= 77% } t t t t
Testfor overall effect Z= 0.77 (P = 0.44) e s ’ = o
Test for subaroun differences: Chi*=042. df=1P=052.F=0% Favours[sparimanta Favurs jcoding
MRA placebo Mean Difference Mean Difference
€ _ Study or Subgrou Mean SD Total Mean SD Total Weight IV.Random, 95% Cl IV. Random. 95% CI
Lotery 2020 -0.06 0.1076 57 -0.06 0.1603 57 98.7% 0.00 [-0.05, 0.05) -
Schwartz 2017 -012 0.7088 13 007 0.2563 6 13% -019[-0.63,0.25]
Total (95% Cl) 70 63 100.0% -0.00[-0.05, 0.05]

Heterogeneity: Tau*= 0.00; Chi*=0.72,df=1 (P = 0.40); F= 0%
Test for overall effect Z=0.10 (P =0.92)

Fig. 2 Subgroup analysis of study design for the BCVA outcome.
a Forest plot comparing BCVA (logMAR) between MRA group and
placebo group in CSC at 1 month. b Forest plot comparing BCVA

Our meta-analysis demonstrated that the MRA was
superior in BCVA improvement than the placebo in
1 month, 3 months, and 6 months. Considering the sig-
nificant heterogeneity, the subgroup analysis of study
design and disease type were performed in BCVA outcome.
In subgroup analysis, the BCVA improvement was better in
the cohort group compared with the RCT group, but there
was no statistical difference between them. Subgroup ana-
lyses revealed that BCVA at 1 month and 3 months was
better in the acute CSC group than in the chronic group.
Sensitivity analysis was conducted when we detected high
heterogeneity in BCVA outcomes (I*>50%). The study of
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R -05 0 05
Favours [experimental) Favours [control]

(logMAR) between MRA group and placebo group in CSC at
3 months. b Forest plot comparing BCVA (logMAR) between MRA
group and placebo group in CSC at 6 months.

Zucchiatti had a great impact on the heterogeneity [15]. One
possible reason was that patients with acute CSC was
included. Some researchers found that the improvement in
BCVA was statistically significant in the treatment-naive
group [16-18]. However, the VICI trial presented negative
visual outcomes improvement in a 3-year follow-up of
eplerenone treatment for chronic CSC [19].

The results of our meta-analysis showed a significant
improvement in anatomical outcomes, including the
decrease of SRF, SFCT, and CMT. There were many stu-
dies reported anatomical improvement with eplerenone
and/or spironolactone treatment [18, 20]. The long-term
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a MRA placebo Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% Cl Year IV. Random. 95% CI
1.4.1 Acute
Sun 2018 -0.11 0.1624 18 -0.06 0.1218 12 153% -0.05[-0.15,0.05 2018 B
Zucchiatti 2018 -0.1 0.0545 15 0.09 0.05 12 187% -0.19[-0.23,-0.15] 2018 -

Subtotal (95% CI) 33 24 34.0% -0.13[-0.26,0.01] -

Heterogeneity: Tau*=0.01, Chi*=6.31, df=1 (P=0.01); F=84%
Test for overall effect: Z=1.84 (P = 0.07)

1.4.2 Chronic

Bousquet 2015 -0.063 0.109 8 -0.05 01 7 150% -0.01[-0.12,009] 2015 =
Pichi 2016 -015 01749 20 -0.05 0.1858 20 146% -010[-0.21,0.01] 2016 =
Schwartz 2017 -01 07134 13 0.01 04957 6 21% -0.11[-0.66,0.44) 2017

Lotery 2020 -0.04 01118 57 -0.04 01504 57 183% 0.00 -0.05, 0.05] 2020 3‘
Subtotal (95% CI) 98 90 50.0% -0.02[-0.06,0.03]

Heterogeneity. Tau*= 0.00, Chi*= 2.70, df= 3 (P = 0.44), F= 0%
Testfor overall effect. Z=0.76 (P = 0.44)

1.4.3 Mixed
Kapoor 2016 -01 01118 12 -0 0.0932 8 16.0%  0.00(-0.09, 009 2016 —4—
Subtotal (95% CI) 12 8 16.0%  0.00[-0.09,0.09] ‘

Heterogeneity: Not applicable
Test for overall effect: Z= 0.00 (P =1.00)

Total (95% CI) 143 122 100.0%  -0.06 [-0.15, 0.02] >
Heterogeneity: Tau®= 0.01; Chi*= 44.16, df= 6 (P < 0.00001); F= 86% + t t t
-05 -025 0 025 05
Testfor overall effect Z=1.43{P=0.15) YnARMe X
experimental]
Test for subaroup differences: Chi*=2.64. df=2(P=027).F=243% Favours fmpinmenisl] Favoues fconmol

MRA placebo Mean Difference Mean Difference
b Study or Subgroup __Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl _Year IV, Random, 95% Cl
1.5.1 Acute
Zucchiatti 2018 -0.09 0.0905 15 0.08 0.07 12 246% -017(-0.23,-0.11] 2018 .
Faghihi 2019 -046 024 16 -038  0.27 8 113% -0.08[0.30,0.14] 2019 m———a—e—
Subtotal (95% CI) 31 20 359% -0.16[-0.22,-0.11] >

Heterogeneity: Tau®= 0.00; Chi*= 0.59, df=1 (P = 0.44), *= 0%
Test for overall effect: Z= 5.49 (P < 0.00001)

1.5.2 Chronic

Schwartz 2017 -0.22 07 13 -019 0.2307 6 44% -0.03[-045 039 2017
Lotery 2020 -0.04 01564 57 -0.04 01504 57 249% 0.00 [-0.06, 0.06] 2020 -
Subtotal (95% CI) 70 63 29.3% -0.00[-0.06, 0.06] &>

Heterogeneity: Tau®= 0.00; Chi*= 0.02, df=1 (P = 0.89), *= 0%
Test for overall effect. Z=0.02 (P = 0.99)

1.5.3 Mixed

Kapoor 2016 -0.11 0.1299 12 -016 0.1492 8 186% 0.05[-0.08,0.18] 2016 —~
Rubsam 2017 -003 024 20 -006 017 9 16.2% 0.03[0.12,018] 2017 e
Subtotal (95% CI) 32 17 348%  0.04[-0.06,0.14] -

Heterogeneity: Tau®= 0.00; Chi*=0.04, df=1 (P=0.84), F= 0%
Test for overall effect. Z=0.84 (P = 0.40)

Total (95% CI) 133 100 100.0%  -0.04[-0.14, 0.06] q
Heterogeneity: Tau®= 0.01; Chi*= 21.30, df=5 (P = 0.0007), F=77%
Test for overall effect. Z=0.77 (P = 0.44)

Test for subaroup differences: Chi*= 20.65. df= 2 (P < 0.0001). F=90.3%

05  -025 0 0.25 05
Favours [experimental] Favours [control]

Fig. 3 Subgroup analysis of disease type for the BCVA outcome. (logMAR) between MRA group and placebo group in CSC at three
a Forest plot comparing BCVA (logMAR) between MRA group and months.
placebo group in CSC at one month. b Forest plot comparing BCVA

follow-up revealed that anatomical outcomes were sig-  though the MRA have a great effect on anatomical
nificantly improved in the first year [19]. Nevertheless, = improvement, the pre-existing damage of retina may be
some retrospective studies showed no significant reduction  irreversible [4].
in SRF at any follow-up [21]. The RPE plays an important role in the pathophysiology
Compared with the placebo, the MRA treatment was of CSC, which leads to the accumulation of SRF [4]. The
superior in morphological recovery. However, the result of = decrease of SRF may restore the normal anatomical
BCVA improvement was not consistent with anatomical  photoreceptor—RPE interaction and contribute to decreased
improvement. One potential explanation for this is that  retinal thickness in CSC. Recently, CSC was classified in
morphological recovery may be independent of the RPE  the pachychoroid disease [23]. Therefore, the change of
integrity [22]. The treatment objective for CSC is to pre-  choroid thickness might evaluate the disease conditions.
serve the outer neurosensory retinal layers and absorb SRF  Our meta-analysis indicated the MRA significantly reduced
to avoid irreversible damage to the photoreceptors [4]. Even ~ SRF, SFCT, and CMT as compared with placebo. The
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MRA placebo Mean Difference Mean Difference

a St or Si ol Mean SD Total Mean SD Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
1.6.1 one month
Bousquet 2015 -1015 66.8 g8 -103 46.5 7 159% -91.20[-148.90,-33.50] 2015 -
Pichi 2016 -945 76978 20 24 297.48 20 59% -11850[-253.17,16.17) 2016 i
Schwartz 2017 -44.4 542147 13 -4563 11391 6 9.5% 1.23[-94.56,97.02] 2017 S
Sun 2018 -1849 154.02 18 -1159 136.89 12 8.4% -69.00[-174.17,36.17) 2018 —
Zucchiatti 2018 110 11492 15 -24 73.28 12 13.2% -86.00[-157.42,-14.58] 2018 =
Subtotal (95% CI) 74 57 53.0% -75.76[-112.25,-39.27] >
Heterogeneity: Tau*= 0.00; Chi*= 3.24, df=4 (P=0.52), = 0%
Test for overall effect Z= 4.07 (P < 0.0001)
1.6.3 three months
Schwartz 2017 -7484 537188 13 -100 113.9191 6 95% 2516 [-70.56,120.88] 2017 T
Rubsam 2017 -52.8 566 20 -356 316 9 21.6% -17.20[-49.47,15.07) 2017 ==y
Zucchiatti 2018 A71 12747 15 -37 11863 12 9.9% -134.00[-227.09,-40.91) 2018 —
Faghihi 2019 -2535 146 16 -128 1631 8 6.0% -12550([-259.26,8.26) 2019 =
Subtotal (95% CI) 64 35 47.0% -52.47[-121.91,16.97] -
Heterogeneity: Tau®= 3087.75, Chi*= 8.63, df= 3 (P = 0.03); I*= 65%
Testfor overalleffect Z=1.48 (P=0.14)
Total (95% ClI) 138 92 100.0% -60.64 [-97.91, -23.37] -
Heterogeneity: Tau?= 1404.76; Chi* = 15.76, df = 8 (P = 0.05); IF= 49% t t t t

-200 -100 0 100 200

Test for overall effect Z=3.19 (P = 0.001) g
Testfor subaroun differences: Chi*= 0.34. df=1 (P = 0.56). [*= 0% Favoursiemerioientl. Feoyrsfeonio

b MRA placebo Mean Difference Mean Difference

Study or Subgroup _ Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl _Year

IV. Random, 95% CI

1.7.1 one month
Bousquet 2015 -28.6  19.957 8 139 10593 7 71.4% -4250(-58.40,-26.60] 2015 ——
Sun 2018 -7 834506 15 3 70406 12 54% -10.00[-68.05, 48.05 2018
Subtotal (95% CI) 23 19 76.7% -38.74[-59.12,-18.35] ’
Heterogeneity. Tau®= 56.54, Chi*=1.12,df=1 (P=0.29),F=11%
Test for overall effect: Z= 3.72 (P = 0.0002)
1.7.2 three months
Kapoor 2016 -65.1 908 12 -504 63 8 40% -1470[8212,5272] 2016
Rubsam 2017 -18 822922 15 6 79.7308 12 48% -24.00(-85.39,37.39) 2017
Faghihi 2019 -50.7 643 16 -586 228 8 145% -45.10[-80.35,-9.85] 2019 -
Subtotal (95% CI) 43 28 233% -35.58[-63.42,-7.74] ‘
Heterogeneity: Tau®*= 0.00; Chi*= 0.79, df= 2 (P = 0.68); F= 0%
Test for overall effect. Z= 2.50 (P = 0.01)
Total (95% CI) 66 47 100.0% -39.15[-52.58,-25.72] -
he 2 ) = - - B t t t +
Heterogeneity: Tau®= 0.00; Chi*=1.99, df= 4 (P = 0.74), F= 0% 100 20 0 50 100

Testfor overall effect: Z= 5.71 (P < 0.00001)
Test for subaroun differences: Chi*= 0.03, df=1 (P=0.86). F= 0%

Favours [experimental] Favours [control]

c
MRA placebo Mean Differenc: Mean Difference

Study o baro ed a el 95° IV, Random, 95% CI
1.8.1 one month
Zucchiatti 2018 -96  113.44 13 13 11012 12 126% -83.00 [[170.66, 4.66] 2018
Sun 2018 -180.79 15063 16 -99.7 118.08 12 102% -81.09[-182.45,20.27] 2018 S
Lotery 2020 -32  98.487 57 8 8444 57 31.6% -40.00 [-73.68,-6.32] 2020 —i—
Subtotal (95% Cl) 85 81 54.4%  -48.65[-78.68,-18.62] <>
Heterogeneity: Tau®= 0.00; Chi*=1.24, df= 2 (P = 0.54), F= 0%
Test for overall effect: Z= 318 (P = 0.001)
1.8.2 three months
Zucchiatti 2018 -152 1133 15 0 10834 12 13.4% -152.00[-235.93,-68.07] 2018 =——
Lotery 2020 -65 97.4617 57  -37 77.2438 57 32.2% -28.00 -60.28, 4.28] 2020 —
Subtotal (95% CI) 72 69 456% -83.70[-204.59, 37.19] e
Heterogeneity. Tau®= 6635.38; Chi*= 7.30, df=1 (P = 0.007); F= 86%
Test for overall effect: Z=1.36 (P=0.17)
Total (95% CI) 157 150 100.0%  -60.75[-97.85, -23.65] -
Heterogeneity: Tau®= 840.03; Chi*=8.59, df=4 (P=0.07), F=53%

Test for overall effect: Z= 3.21 (P = 0.001)
Test for subaroun differences: Chi*= 0.30. df=1 (P = 0.58). F= 0%

200 -100 0 100 200
Favours [experimental] Favours [control)

Fig. 4 Subgroup analysis of follow-up period for anatomical out-
comes. a Forest plot comparing the change of SRF (um) between
MRA group and placebo group in CSC. b Forest plot comparing the

potential explanations for this finding were described as
follows. It has been reported that the pathogeny of CSC
might be the inappropriate mineralocorticoid receptor (MR)
activation, which could bind to the glucocorticoids and
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change of SFCT (um) between MRA group and placebo group in
CSC. ¢ Forest plot comparing the change of CMT (um) between MRA
group and placebo group in CSC.

mineralocorticoid [6]. MR is expressed in the retina,
including endothelial cells, pericytes, ganglion cells, Miiller
cells, microglia and RPE, and its activation could induce the
accumulation of fluid in the outer retina through potassium
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

(7]
Ko
o]
5}
s
(@]
Bousquet 2015 | (* + + + + +
Lotery 2020 | () [ (#) [ (%) [ () [ () | ) | O

Pichi2016 |(® | [ 2 |® | 2 | 2?2 | (&

schwarz2017 | @ [ @ | @ (@ | @ [ ® | &

+?‘.+++

Sun 2018

Fig. 5 Evaluation of risk of bias in the included RCT studies. Green
indicates low risk of bias, yellow indicates uncertain risk of bias, and
red indicates high risk of bias.

Table 2 Newcastle—Ottawa scale for the observational studies.

Study Year  Selection Comparability ~ Outcome
(up to 4) (up to 2) (up to 3)
Kapoor, K. G. 2016 3 1 3
Riibsam, A. 2017 4 1 2
Zucchiatti, 1. 2018 4 2 3
Faghihi, H. 2019 3 2 2

channel Kir4.1 and the water channel AQP4 [24]. These
actions appeared to be relevant to CSC treatment. The effect
of aldosterone on choroid was partially mediated by KCa2.3
in choroidal endothelial cells, which induced the thickening
of the choroid and the dilatation of choroidal vessels [25].
This mechanism on retina and choroid could explain that
the MRA had beneficial effects on anatomical
improvement.

The medication effects of the MRA may be affected by
the following factors. Patients with thicker choroid, smaller
SRF, less RPE detachment, and less intraretinal hyperre-
flective foci at OCT were associated better anatomical
outcomes in the eplerenone treatment [17]. However, the

presence of choroidal neovascularization at OCTA and the
absence of hotspot at ICGA were predictive biomarkers of
unfavorable response to the MRA treatment [22]. Patients
with serum potassium level >5.5 mEq/L or a creatinine
clearance <30 mL/min should not be treated by the MRA,
because the MRA could induce hyperkalaemia, which may
cause cardiac arrhythmia [4].

The aim was to update the present evidence by analyzing
all qualified relevant studies with precise meta-analysis.
However, there are several limitations to this meta-analysis.
First, limited number of studies were available, and the
insufficient quality of the data affected the final results.
Second, other subgroup analyses (treatment dosage or
duration) and publication bias could not be performed
because of the limited number of studies, Drug choice,
dosage, and interval of the medications differ in included
articles. Limited data on anatomical outcomes could lead to
differences and corresponding deviations.

In this systematic review and meta-analysis of compara-
tive studies, the BCVA gain was not associated with the
MRA treatment statically. Nevertheless, compared to pla-
cebo, the MRA treatment could contribute to the decrease of
SRF, SFCT and CMT, and resume the anatomic structure of
the retina. The goal for the treatment of CSC is to improve
the visual acuity, preserve the outer neurosensory retinal
layers, and avoid the irreversible damage to the photo-
receptors [4]. Based on result of our meta-analysis, we
recommend ophthalmologists to discontinue the MRA
treatment for CSC and consider other interventions.
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