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Central serous chorioretinopathy (CSCR) is part of the pachychoroid spectrum disorders, characterized by serous retinal detachments, retinal pigment epithelium alterations and dilation of choroidal vessels. No consensus exists regarding the clinical classification and the physiopathogenic mechanisms of the disease, delaying the comprehension of the most optimal treatment options. An overactivation of the mineralocorticoid receptor (MR) pathway in the choroid/retina has been suggested in CSCR. Since, MR antagonists could target the affected RPE/choroid in CSCR and have shown to act as disease modifier drugs inducing tissue remodeling in other organs (heart, kidney, vessels), we summarize here the pre-clinical and clinical evidence for using oral mineralocorticoid receptor antagonist in the treatment of CSCR.

Introduction

Central Serous Chorioretinopathy (CSCR) remains a subject of debate and research.

No consensus exists regarding the clinical classification of the different forms of the disease [START_REF] Singh | Discrepancy in current central serous chorioretinopathy classification[END_REF], the causative factors, the physiopathogenic mechanisms and the optimal treatment options (Daruich et al., 2015a). The hypothesis has been raised that a potential mechanism, being a plausible explanation for the aggravating rather than curative effect of glucocorticoids, could be the overactivation of the mineralocorticoid pathway in the retina and/ or choroid of patients with CSCR [START_REF] Zhao | Mineralocorticoid receptor is involved in rat and human ocular chorioretinopathy[END_REF]. Indeed, the glucocorticoids can exert either anti-inflammatory and anti-edematous effects or rather pro-inflammatory and proedematous effects depending on whether they activate the gluco or the mineralocorticoid receptor (MR) pathways [START_REF] Behar-Cohen | Towards an Optimized Use of Ocular Corticosteroids: EURETINA Award Lecture 2017[END_REF]. The deleterious effects of MR pathway activation have been well studied in the heart and the vessels [START_REF] Davel | The endothelial mineralocorticoid receptor: mediator of the switch from vascular health to disease[END_REF][START_REF] Sztechman | Aldosterone and mineralocorticoid receptors in regulation of the cardiovascular system and pathological remodelling of the heart and arteries[END_REF] as well as in the kidney [START_REF] Belden | The Role of the Mineralocorticoid Receptor in Inflammation: Focus on Kidney and Vasculature[END_REF]. Based on cellular [START_REF] Zhao | The neuroretina is a novel mineralocorticoid target: aldosterone up-regulates ion and water channels in Müller glial cells[END_REF] and preclinical animal studies [START_REF] Zhao | Mineralocorticoid receptor is involved in rat and human ocular chorioretinopathy[END_REF], the use of oral mineralocorticoid receptor antagonists (MRA), which are old drugs indicated for heart failure after myocardial infarction, has been proposed for the treatment of non-spontaneously resolutive CSCR, showing in a cross-over controlled study a drug effect on the short term resorption of the subretinal fluid (Bousquet et al., 2015a). Since then, several studies have shown that oral MRA can benefit to patients with various forms of CSCR. In this review, we will summarize the preclinical and clinical evidence for using MRA in CSCR and related diseases, expose the limitation of oral MRA for ocular diseases and open new perspective to deepen our understanding on the role of gluco and mineralocorticoid pathways in ocular pathology.

Clinical description of CSCR

CSCR is a chorioretinal disease characterized by serous retinal detachment usually associated with pigment epithelium detachments and an increased choroidal thickness. CSCR belongs to the recently described pachychoroid spectrum disorder characterized by dilated choroidal vessels in the Haller layer, called pachyvessels, associated with a thinning of choriocapillaris and Sattler's layer [START_REF] Cheung | Pachychoroid disease[END_REF].

CSCR is the fourth most common retinal disease among non-surgical retinopathy after age-related macular degeneration, diabetic retinopathy and retinal vein occlusion [START_REF] Wang | Central serous chorioretinopathy[END_REF]. The mean age of onset varies from 39 to 51 years [START_REF] Kitzmann | The incidence of central serous chorioretinopathy in Olmsted County, Minnesota, 1980-2002[END_REF][START_REF] Tsai | Epidemiology of idiopathic central serous chorioretinopathy in Taiwan, 2001-2006: a population-based study[END_REF]. CSCR mainly affects men but the incidence in women increases with age [START_REF] Spaide | Central serous chorioretinopathy in younger and older adults[END_REF]. In a population based study in Olmsted County, Minnesota, the mean annual incidence was 9.9 per 100 000 individuals in men and 1.7 for women [START_REF] Kitzmann | The incidence of central serous chorioretinopathy in Olmsted County, Minnesota, 1980-2002[END_REF]. In another population based study from Taiwan, the annual incidence was of 54.5 per 100 000 individuals in men and 34.2 for women [START_REF] Tsai | Epidemiology of idiopathic central serous chorioretinopathy in Taiwan, 2001-2006: a population-based study[END_REF].

Patients with CSCR usually complain of visual loss, metamorphopsia, relative scotoma, micropsia, loss of contrast and color vision (Daruich et al., 2015a). Optical coherence tomography (OCT) is currently the imaging method of choice for the diagnosis and the follow-up of CSCR. It allows visualization of serous retinal detachments associated with retinal pigment epithelium (RPE) irregularities or detachments (PED). Using OCT modes optimized for choroidal imaging (either enhanced depth-imaging of swept source), focal or diffuse choroidal thickness increased and dilated choroidal vessels with reduced choriocapillarie layer can be better observed [START_REF] Chung | CHOROIDAL THICKNESS IN PATIENTS WITH CENTRAL SEROUS CHORIORETINOPATHY: Assessment of Haller and Sattler Layers[END_REF][START_REF] Imamura | Enhanced depth imaging optical coherence tomography of the choroid in central serous chorioretinopathy[END_REF]. Autofluorescence fundus imaging assessing the extent and severity of RPE damage can be correlated with visual acuity [START_REF] Imamura | Fundus autofluorescence and visual acuity in central serous chorioretinopathy[END_REF]. Fluorescein angiography detects area of focal leaks (Daruich et al., 2015a) and indocyanine angiography allows visualization of engorged choroidal veins during early-phase and hyperfluorescent area suspected to be "choroidal hyperpermeability" during mid-phase [START_REF] Guyer | Digital indocyanine green videoangiography of central serous chorioretinopathy[END_REF]. Theses choroidal features can be present in both eyes even in cases of symptomatic unilateral CSCR , [START_REF] Guyer | Digital indocyanine green videoangiography of central serous chorioretinopathy[END_REF][START_REF] Imamura | Enhanced depth imaging optical coherence tomography of the choroid in central serous chorioretinopathy[END_REF].

There are many different clinical presentations of CSCR and no universally accepted clinical classification [START_REF] Singh | Discrepancy in current central serous chorioretinopathy classification[END_REF]. Most authors distinguish acute and chronic forms (Fig. 1) based on the duration of the subretinal detachment that can be difficult to assess. Other distinguish the extend of RPE alteration, which correlate better with the visual prognosis. Most commonly, the episode is acute, characterized by a localized area of subretinal detachment (SRD) (Fig. 1), associated with one or several dome-shaped serous PEDs. Fluorescein angiography shows one or several focal leaks with an "ink-blot" or "smoke-stack" patterns without widespread RPE alterations or descending tracks (Fig. 1) (Daruich et al., 2015a). Acute CSCR resolves within 4-6 months with a good visual prognosis. In a recent study, Daruich et al evaluated prospectively 31 patients with acute CSCR [START_REF] Daruich | ACUTE CENTRAL SEROUS CHORIORETINOPATHY: Factors Influencing Episode Duration[END_REF]. A complete resolution of the SRD was found in 52% of cases at 3 months and 84% of patients at 6 months [START_REF] Daruich | ACUTE CENTRAL SEROUS CHORIORETINOPATHY: Factors Influencing Episode Duration[END_REF]. The other forms of CSCR called "chronic CSCR" or "diffuse retinal pigment epitheliopathy" (Fig. 1) are characterized by persistent SRD for more than 6 months and, more importantly, by diffuse RPE abnormalities and eventually descending tracks well observed on fundus autofluorescence (Fig. 1).

Fluorescein angiography demonstrates multiple indistinct leaks inside area of window defect resulting RPE damages suggesting a chronic and diffuse RPE transport dysfunction rather than a focal RPE barrier disruption. This traditional classification does not reflect the fluctuant nature of the clinical manifestations of CSCR, that could be better divided on non-resolving, recurrent and inactive (Daruich et al., 2015a).

Singh et al reported discrepancies in the classification of CSCR among 6 retinal experts demonstrating that a well-defined classification is currently lacking [START_REF] Singh | Discrepancy in current central serous chorioretinopathy classification[END_REF]. Internationally standardization of description and terminologies are necessary to perform multicenter randomized controlled studies and a full description of the natural history of the disease.

If acute episodes most frequently resolves spontaneously, within 6 months without permanent visual acuity loss [START_REF] Daruich | ACUTE CENTRAL SEROUS CHORIORETINOPATHY: Factors Influencing Episode Duration[END_REF][START_REF] Nicholson | Central serous chorioretinopathy: update on pathophysiology and treatment[END_REF], persistent decreased quality of vision and contrast sensitivity can persist [START_REF] Goyal | Pattern ERG in central serous retinopathy[END_REF][START_REF] Koskela | Contrast sensitivity after resolution of central serous retinopathy[END_REF], with abnormalities in pattern or multifocal electroretinogram [START_REF] Chappelow | Multifocal electroretinogram abnormalities persist following resolution of central serous chorioretinopathy[END_REF][START_REF] Goyal | Pattern ERG in central serous retinopathy[END_REF]. In addition, a lower retinal sensitivity has been detected by microperimetry in resolved acute CSCR [START_REF] Ozdemir | Assessment of macular function by microperimetry in unilateral resolved central serous chorioretinopathy[END_REF].

Recurrences occur in 20% to 50% of cases [START_REF] Matet | RISK FACTORS FOR RECURRENCES OF CENTRAL SEROUS CHORIORETINOPATHY[END_REF][START_REF] Ozkaya | The time of resolution and the rate of recurrence in acute central serous chorioretinopathy following spontaneous resolution and low-fluence photodynamic therapy: a case-control study[END_REF].

Matet et al investigated risk factors for recurrences 43 patients with acute CSCR followed more than 12 months. In 43% of patients having at least one recurrence, higher subfoveal thickness> 500 µm, non-intense leakage and shift work were found to be independent risk factors for recurrences [START_REF] Matet | RISK FACTORS FOR RECURRENCES OF CENTRAL SEROUS CHORIORETINOPATHY[END_REF]. It has been suggested that diffuse RPE and photoreceptor damage could result from the prolonged or repeated SRD occurring in the acute phases [START_REF] Castro-Correia | Long-term follow-up of central serous retinopathy in 150 patients[END_REF][START_REF] Loo | Factors associated with reduced visual acuity during longterm follow-up of patients with idiopathic central serous chorioretinopathy[END_REF]. But, in a retrospective study of 143 patients, a majority of studied eyes (73%) had signs of chronicity at the first consultation [START_REF] Mohabati | Clinical characteristics and long-term visual outcome of severe phenotypes of chronic central serous chorioretinopathy[END_REF], suggesting that either the majority of patients had acute asymptomatic episodes or that the underlying choroidal abnormalities could induce widespread RPE damages, without acute SRD [START_REF] Mohabati | Clinical characteristics and long-term visual outcome of severe phenotypes of chronic central serous chorioretinopathy[END_REF]. Understanding the exact cause of RPE and photoreceptor alterations is of major importance to target the therapeutic aims on the correct pathogenic mechanism. Indeed, Mrejen et al, who reported the visual outcomes of 217 eyes with chronic CSCR at the 10-year follow up visit, pointed that 13% of patients were legally blind, underlying the potential severity of the disease. In this study, the presence of cystoid macular degeneration, choroidal neovascularization and outer retinal disruption were associated with poorer vision [START_REF] Mrejen | Long-term Visual Outcomes and Causes of Vision Loss in Chronic Central Serous Chorioretinopathy[END_REF]. As both choroidal and retinal damages are prognosis factors, the disease should be considered, in our opinion, a chorioretinopathy (CSCR).

Risk factors

Although the precise etiology remains unknown, several risk factors have been identified. The most consistent is the use of corticosteroid medication even through systemic, local or topic administrations [START_REF] Haimovici | Risk factors for central serous chorioretinopathy: a case-control study[END_REF][START_REF] Nicholson | Central serous chorioretinopathy: update on pathophysiology and treatment[END_REF]. Additional association have been reported, such as stress life event, [START_REF] Bousquet | Shift Work: A Risk Factor for Central Serous Chorioretinopathy[END_REF], Type A and narcissist personalities [START_REF] Yannuzzi | Type-A behavior and central serous chorioretinopathy[END_REF], sleep disturbances [START_REF] Ji | Poor Sleep Quality Is the Risk Factor for Central Serous Chorioretinopathy[END_REF], shift work [START_REF] Bousquet | Shift Work: A Risk Factor for Central Serous Chorioretinopathy[END_REF][START_REF] Setrouk | Circadian disturbance and idiopathic central serous chorioretinopathy[END_REF] hypertension, coronary heart disease and peptic ulcer disease (Daruich et al., 2015a). Genetic risk factors have also been shown to be associated with CSCR.

Reports of familial cases and pachychoroid support a genetic component for the disease [START_REF] Lehmann | PACHYCHOROID: an inherited condition? Retina[END_REF]. Several works showed an association of CSCR with Single Nucleotide Polymorphism (SNP) genes involved in the complement system [START_REF] De Jong | Chronic central serous chorioretinopathy is associated with genetic variants implicated in age-related macular degeneration[END_REF][START_REF] Miki | Common variants in the complement factor H gene confer genetic susceptibility to central serous chorioretinopathy[END_REF], in the mineralocorticoid receptor gene [START_REF] Van Dijk | Association of a Haplotype in the NR3C2 Gene, Encoding the Mineralocorticoid Receptor, With Chronic Central Serous Chorioretinopathy[END_REF], age-related macular degeneration susceptibility 2 (de Jong et al., 2015) (ARMS2), tissue-type plasminogen activator T and plasminogen activator inhibitor 1 [START_REF] Malle | Role of the tissue-type plasminogen activator -7351C > T and plasminogen activator inhibitor 1 4G/5G gene polymorphisms in central serous chorioretinopathy[END_REF], and in the cadherin 5 gene [START_REF] Schubert | Cadherin 5 is regulated by corticosteroids and associated with central serous chorioretinopathy[END_REF] .

Polymorphism in the SLC7A5 gene [START_REF] Miki | Genome-Wide Association Study to Identify a New Susceptibility Locus for Central Serous Chorioretinopathy in the Japanese Population[END_REF] and in CFH variants that do not confer susceptibility to AMD and in the VIPR2 gene [START_REF] Hosoda | CFH and VIPR2 as susceptibility loci in choroidal thickness and pachychoroid disease central serous chorioretinopathy[END_REF] were associated with CSCR in the Japanese population. But, alleles in ARMS2 and CFH that confer risk of AMD may be protective for CSCR, and alleles in CFH that are protective for AMD confer risk for CSCR [START_REF] De Jong | Chronic central serous chorioretinopathy is associated with genetic variants implicated in age-related macular degeneration[END_REF] suggesting that if common pathways are deregulated in both diseases, it might be in a differentiated manner. Altogether, it seems that CSCR is rather a multifactor disease and that genetic susceptibility genes may vary with ethnicities.

MR overactivation in CSCR pathophysiology: preclinical evidence

Although CSCR associates many features of ocular inflammation, such as rupture of the outer retinal barrier and edema, CSCR is aggravated or even triggered by use of glucocorticoids (GCs) [START_REF] Nicholson | Central serous chorioretinopathy and glucocorticoids: an update on evidence for association[END_REF]. Endogenous hypercortisolism has also been associated with CSCR (van Haalen et al., 2018). It seems that, at least in a subgroup of patients, glucocorticoids do not restore the retinal pigment epithelium defect, but instead aggravate it. This paradoxical effect of GCs can be related to the activation of MR by GCs, that act through binding to glucocorticoidt receptor (GR), but also to mineralocorticoid receptor (MR). Indeed, MR has a similar high affinity (1nM) to cortisol and aldosterone, and since cortisol largely prevails in the plasma, MR is occupied by GCs in most organs. Contrarily, in the kidney, the classical mineralocorticoid sensitive organ, the expression of pre-receptoral enzyme 11βhydroxysteroid dehydrogenase type 2 (HDS2), converts cortisol to inactive cortisone, allowing the specific binding of aldosterone to MR. In the kidney, MR activation induces specific gene expression involved in sodium/water retention and regulation of blood pressure(J. Funder, 2017). Although clinical used synthetic or semi-synthetic GCs have been modified to increase GR binding, depending on their dose and formulation, they can still activate MR pathway [START_REF] Behar-Cohen | Towards an Optimized Use of Ocular Corticosteroids: EURETINA Award Lecture 2017[END_REF]. Interestingly, MR pathway has been shown to be activated at very low dose of aldosterone or without any aldosterone or cortisol excess in pathological tissues such as in the heart. In the heart, the kidney and in the vessels, activation of MR pathway is proinflammatory, it induces M1 macrophages polarization, activates the inflammasome and Th17 T cells and, in the brain, MR activation contributes to peripheral inflammation through sympathetic hyperactivity [START_REF] Belden | The Role of the Mineralocorticoid Receptor in Inflammation: Focus on Kidney and Vasculature[END_REF] (Fig. 2)

In the retina, both GR and MR are expressed [START_REF] Golestaneh | The mineralocorticoid receptor in rodent retina: ontogeny and molecular identity[END_REF] (Fig. 3) .

Whilst MR and HSD2 are both expressed in the ganglion cell layer, inner nuclear layer, RPE and choroid in rat, in monkey and in humans, MR but not HSD2 is also expressed in the cone photoreceptors predisposing the macular area to MR effects (Daruich et al., 2015a).

The fact CSCR can be triggered by endogenous or exogenous GCs, that subretinal fluid results from retinal pigment epithelium dysfunction including water drainage imbalance, and that CSCR is associated with hypertension and coronaropathy, prompted us to test whether retinal/ choroidal MR pathway overactivation could contribute to the mechanisms of disease.

Our preclinical studies showed that acute activation of MR by intravitreous injection of aldosterone in rat eyes induced retinal edema through augmentation of the epithelium sodium channel ENAC-α, the inward rectifying potassium channel Kir4.1 and the water channel AQP4, all expressed in retinal glial Müller cells and known to contribute to retinal ion/water homeostasis. Aldosterone enhanced also localization of Kir4.1 and AQP4 toward the outer limiting membrane, leading to the accumulation of fluid in the outer retina. Ex vivo aldosterone stimulation in human Müller glial cell line ARPE19 induced dose-dependent up-regulation of ENAC-α, Kir4.1 and AQP4. While expression of ENAC-α could be repressed by both MR antagonist and GR antagonist, expression of Kir4.1 and AQP4 was down-regulated only by MR antagonist, suggesting that aldosterone induced Kir4.1 and AQP4 through specific MR activation [START_REF] Zhao | The neuroretina is a novel mineralocorticoid target: aldosterone up-regulates ion and water channels in Müller glial cells[END_REF]. Dexamethasone and triamcinolone acetonide are commonly used in clinic for macular edema of various origins. They have been injected at different doses in normal or inflamed rat eyes, in both physiological and pathological conditions, dexamethasone and triamcinolone acetonide have been shown to regulate differentially Kir4.1 and AQP4, likely related to their different GR/MR affinity profile [START_REF] Zhao | Differential regulations of AQP4 and Kir4.1 by triamcinolone acetonide and dexamethasone in the healthy and inflamed retina[END_REF].

In the rat, acute intravitreous injection of aldosterone as well as high dose of corticosterone also induced choroidal thickening, choroidal vasodilation and leakage. These aldosterone effects in the choroid have been shown to be partially mediated by the small conductance calcium-activated potassium channel 3 (KCa2.3) expressed only in the choroidal endothelial cells (but not in the retinal vascular endothelium). KCa2.3 is an essential component of the endothelium-derived hyperpolarization factor (EDHF) modulating endothelial dependent vascular smooth muscle relaxation [START_REF] Zhao | Mineralocorticoid receptor is involved in rat and human ocular chorioretinopathy[END_REF]. In mice over-expressing MR specifically in vascular endothelium (VeCadhMR), while no endothelial dysfunction but a mild hypertension was reported at baseline, an enhanced concentration dependent arterial contraction was observed in response to vasoconstrictors such as phenylephrine [START_REF] Nguyen Dinh | The endothelial mineralocorticoid receptor regulates vasoconstrictor tone and blood pressure[END_REF]. In these mice, choroidal vessels were spontaneously dilated associated with focal disruption of RPE tight junctions and RPE detachments (Daruich et al., 2015b). Interestingly, CSCR is also associated with the use of sympathomimetic agents [START_REF] Michael | Central serous chorioretinopathy associated with administration of sympathomimetic agents[END_REF]. Altogether, these animal studies have evidenced that MR over-activation through either ligand stimulation (aldosterone and high dose of GCs) or receptor over-expression in vascular endothelium produced choroidal and RPE changes, and subretinal fluid, mimicking at least in part, CSCR.

To date, no specific markers of MR activation has been validated in humans and the pathogenic role of MR overactivation in the heart has been confirmed clinically only by the beneficial effects of MR antagonism (J. W. Funder, 2017;[START_REF] Pitt | Spironolactone for heart failure with preserved ejection fraction[END_REF].

MR overactivation in choroidal neovascularization: preclinical evidence

About one third of chronic CSCR cases are complicated by choroidal neovascularization (CNV) [START_REF] Bonini Filho | Association of Choroidal Neovascularization and Central Serous Chorioretinopathy With Optical Coherence Tomography Angiography[END_REF]. While aldosterone stimulated the proliferation and tubulogenesis in bovine retinal endothelial cells, MR antagonists inhibited retinal neovascularization in oxygen-induces retinopathy rat model through anti-inflammatory and anti-oxydant mechanisms [START_REF] Wilkinson-Berka | Identification of a retinal aldosterone system and the protective effects of mineralocorticoid receptor antagonism on retinal vascular pathology[END_REF]. We recently showed that specific MR antagonists reduced choroidal neovascular leakage and diminished CNV formation in the rat model of laser-induced choroidal neovascularization. Spironolactone inhibited accumulation of microglia/microphages in the CNV lesions and down-regulated pro-inflammatory cytokines/chemokines whereas it had no effect on VEGF mRNA and protein level. Using transgenic models with invalidation of MR in specific cell types, we found an inhibition of CNV formation in Vecadh-MR-KO mice and Tie2-MR-KO lacking endothelial MR, identifying vascular endothelial MR an essential contributor to choroidal angiogenesis. Decorin, a small leucine-rich proteoglycan that modulates angiogenesis was down-regulated by aldosterone in the retina/ choroid and upregulated by MR antagonism suggesting that the effect of MR antagonist on CNV could be related partly through decorin regulation [START_REF] Zhao | Mineralocorticoid receptor antagonism limits experimental choroidal neovascularization and structural changes associated with neovascular agerelated macular degeneration[END_REF]. It cannot be ascertained that MR activation contributes also to CSCR-associated CNV, but the moderate response of this form of CNV to anti-VEGF [START_REF] Peiretti | ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR THERAPY VERSUS PHOTODYNAMIC THERAPY IN THE TREATMENT OF CHOROIDAL NEOVASCULARIZATION SECONDARY TO CENTRAL SEROUS CHORIORETINOPATHY[END_REF] suggests that other mechanisms are involved.

Treatments

Many treatments for CSCR have been proposed with few prospective randomized controlled studies resulting in an absence of international consensus on the more optimal management. One of the major difficulties in designing CSCR trials is that episodes of subretinal fluid spontaneously resorbs in more than 83% of the cases within 6 months and around 50% at 6 months [START_REF] Daruich | ACUTE CENTRAL SEROUS CHORIORETINOPATHY: Factors Influencing Episode Duration[END_REF] and recurrence can occur in about 40% of the cases, mostly in the first 7 months after resolution of the first episode [START_REF] Matet | RISK FACTORS FOR RECURRENCES OF CENTRAL SEROUS CHORIORETINOPATHY[END_REF]. One of bad anatomic prognosis factor for the duration of SRF is a "non-intense" leakage site, indicating a subsequent pathological RPE function than a focal RPE break [START_REF] Daruich | ACUTE CENTRAL SEROUS CHORIORETINOPATHY: Factors Influencing Episode Duration[END_REF]. The aim of the treatment has been so far the resolution of the subretinal detachment since persistent SRF can lead to progressive and irreversible damage to photoreceptors and subsequent vision loss. But whether pachychoroid pigment epitheliopathy, without SRF can per se cause loss of vision has not been studied [START_REF] Ersoz | INDOCYANINE GREEN ANGIOGRAPHY OF PACHYCHOROID PIGMENT EPITHELIOPATHY[END_REF].

For patients with persistent SRF, there is no gold-standard treatment. Laser or half fluence/dose PDT can be considered but theses local treatments are limited to some area. It is not certain that RPE leak develop in area of choroidal vessel hyperpermeability. Systemic treatments are thus an attractive modalities in cases of chronic CSCR affecting both eyes with several focal leaks [START_REF] Yang | Systemic Mineralocorticoid Antagonists in the Treatment of Central Serous Chorioretinopathy[END_REF].

Several small studies have shown possible benefits from a variety of systemic medications including: glucocorticoid receptor antagonists (ketoconazole, mifepristone, finasteride), adrenergic receptor antagonists (metoprolol, propanolol), methotrexate and carbonic anhydrase inhibitors.

Observation and eviction of risk factors

Observation and exclusion of risk factors when it is possible is the first line treatment.

Interruption of corticosteroid treatment appears beneficial to facilitate the resolution of CSCR [START_REF] Loo | Factors associated with reduced visual acuity during longterm follow-up of patients with idiopathic central serous chorioretinopathy[END_REF][START_REF] Nicholson | Central serous chorioretinopathy: update on pathophysiology and treatment[END_REF]. Whether the eviction of other risk factors would accelerate the resolution of subretinal detachment has not been proven yet. For chronic CSCR or recurrent CSCR, there is no consensus about the optimal treatment timing. Treatment is proposed depending on the patient's visuals demand, the baseline visual acuity, the status of the contralateral eye in cases of persistence of subretinal fluid for more than 4 to 6 months.

Laser photocoagulation

Laser photocoagulation currently performed with continuous wave 532 nm ND:YAG or argon green laser (514 nm) remains a treatment option in case of focal leak outside the fovea. The aim of the laser photocoagulation is to "close" the focal leak at the level of the RPE when located outside the macular area. The laser photocoagulation accelerates the resolution of the subretinal detachment with faster visual acuity recovery but without effect on the final visual acuity or the rate of recurrences [START_REF] Ficker | Long-term follow-up of a prospective trial of argon laser photocoagulation in the treatment of central serous retinopathy[END_REF][START_REF] Robertson | Direct, indirect, and sham laser photocoagulation in the management of central serous chorioretinopathy[END_REF]. Although the laser is effective, damages of the retinal tissue can be observed at the site of laser application and rare adverse effects have been reported such as scotoma or choroidal neovascularization (Daruich et al., 2015a;[START_REF] Wood | NONDAMAGING RETINAL LASER THERAPY FOR TREATMENT OF CENTRAL SEROUS CHORIORETINOPATHY: What is the Evidence? Retina[END_REF].

Subthreshold micropulse laser

In order to reduce tissue damage induced by laser photocoagulation, laser parameters including power, pulse duration and repetition have been modified [START_REF] Wood | NONDAMAGING RETINAL LASER THERAPY FOR TREATMENT OF CENTRAL SEROUS CHORIORETINOPATHY: What is the Evidence? Retina[END_REF]. The mechanism of action is unknown but it is thought to work by selectively destroying the melanosomes in the RPE cells without damaging the photoreceptors and Bruch membrane [START_REF] Roider | Microphotocoagulation: selective effects of repetitive short laser pulses[END_REF]. It is speculated that this process improves the cellular tight junctions and pumping functions of the RPE cells.

Multiple micropulse laser types and protocols have been proposed for the treatment of CSCR [START_REF] Wood | NONDAMAGING RETINAL LASER THERAPY FOR TREATMENT OF CENTRAL SEROUS CHORIORETINOPATHY: What is the Evidence? Retina[END_REF]. The only large randomized controlled trial comparing the high-density subthreshold micropulse laser (HSML) to half dose photodynamic therapy is the Place trial (van Dijk et al., 2018) reporting a resolution of the subretinal fluid in 29% of patients treated by HSML and 67% of patients treated by half dose PDT at final visit (7-8 months). The efficacy of HSML is lower than previously described that could be explained by differences in inclusion criteria and protocols used (van Dijk et al., 2018).

Photodynamic therapy (PDT)

ICGA guided PDT has been first described by Yannuzzi for the treatment of chronic CSCR [START_REF] Yannuzzi | Indocyanine green angiography-guided photodynamic therapy for treatment of chronic central serous chorioretinopathy: a pilot study[END_REF]. Since then, verteporfin PDT have been evaluated in large randomized controlled trial with favorable results in term of resolution of subretinal detachment, visual acuity and recurrence rate [START_REF] Chan | Half-dose verteporfin photodynamic therapy for acute central serous chorioretinopathy: one-year results of a randomized controlled trial[END_REF]van Dijk et al., 2018). The mechanism of action remains unclear. Upon light stimulation at 693 nm, verteporfin releases free radicals in the choroidal circulation leading to short term vessel occlusion and long term choroidal vascular remodeling. For avoiding long term complications of PDT, half dose and half fluence PDT have been developed to achieve comparable efficacy with less side effects (Daruich et al., 2015a;[START_REF] Shin | Comparison of efficacy and safety between half-fluence and full-fluence photodynamic therapy for chronic central serous chorioretinopathy[END_REF][START_REF] Shiode | COMPARISON OF HALVING THE IRRADIATION TIME OR THE VERTEPORFIN DOSE IN PHOTODYNAMIC THERAPY FOR CHRONIC CENTRAL SEROUS CHORIORETINOPATHY[END_REF]. However, Nicolo et al reported a more rapid resolution of the subretinal fluid and visual acuity with half dose PDT compared to half fluence PD [START_REF] Nicoló | Half-fluence versus half-dose photodynamic therapy in chronic central serous chorioretinopathy[END_REF].

PDT can be proposed for CSCR with a subfoval or parafoveal focal leak or for chronic with indistinct leakage. In these chronic cases, PDT is performed on hyperfluorescent area on mid-phase ICGA. The anatomical success rate ranges from 67% to 97 % [START_REF] Fujita | One-year outcomes with half-dose verteporfin photodynamic therapy for chronic central serous chorioretinopathy[END_REF][START_REF] Lai | A Multicenter Study on the Long-term Outcomes of Halfdose Photodynamic Therapy in Chronic Central Serous Chorioretinopathy[END_REF]van Dijk et al., 2018). In addition, PDT reduces the choroidal thickness [START_REF] Maruko | Subfoveal choroidal thickness after treatment of central serous chorioretinopathy[END_REF] and the rate of recurrences [START_REF] Chan | Half-dose verteporfin photodynamic therapy for acute central serous chorioretinopathy: one-year results of a randomized controlled trial[END_REF]. RPE atrophy and choroidal neovascularization have been reported after PDT even with half fluence or half dose procedure [START_REF] Lai | A Multicenter Study on the Long-term Outcomes of Halfdose Photodynamic Therapy in Chronic Central Serous Chorioretinopathy[END_REF].

Mineralocorticoid receptor antagonists in the treatment of CSCR

MR antagonists

MR antagonists (MRA) can be divided into steroidal and non-steroidal compounds (Table 1).

-Steroidal Compounds

Spironolactone was the first steroidal MRA developed by Searle Laboratories (Skokie, Ill) in 1959, about 30 years before the molecular characterization of the MR by Arriza et al.(DuPont and Jaffe, 2017). Spironolactone was first approved as a diuretic drug for the management of hypertension and primary aldosteronism, and later on to treat heart failure [START_REF] Ménard | The 45-year story of the development of an anti-aldosterone more specific than spironolactone[END_REF]. Spironolactone is a potent competitive MR antagonist poor selective as it also interacts with progesterone receptors, leading to side effects such as gynecomastia, impotence, and menstrual irregularities (Kolkhof and Bärfacker, 2017). At high concentrations it may also interfere with the GR [START_REF] Kolkhof | Molecular pharmacology of the mineralocorticoid receptor: prospects for novel therapeutics[END_REF]. Spironolactone is rapidly metabolized into several active metabolites (i.e. 7α-thiomethylspironolactone and canrenone) with a half-life of about 15 hours. Interestingly, spironolactone increases the expression of P-gp [START_REF] Ghanem | Induction of rat intestinal P-glycoprotein by spironolactone and its effect on absorption of orally administered digoxin[END_REF] and although it was found that canrenoate can cross the blood brain barrier [START_REF] Schmiedek | Cerebral uptake of a 3 H-labelled spirolactone compound in the dog[END_REF], we could not find any spironolactone in the rat vitreous after systemic administration, even at high intravenous dose, suggesting that spironolactone does not cross the intact blood-retinal barrier [START_REF] Zhao | Tolerance of high and low amounts of PLGA microspheres loaded with mineralocorticoid receptor antagonist in retinal target site[END_REF].

Eplerenone, a second generation MRA, was developed by Ciba-Geigy (Basel, Switzerland) and launched by Pfizer (New York, NY) in 2002 for the treatment of hypertension and heart failure (Kolkhof and Bärfacker, 2017;[START_REF] Kolkhof | Molecular pharmacology of the mineralocorticoid receptor: prospects for novel therapeutics[END_REF][START_REF] Ménard | The 45-year story of the development of an anti-aldosterone more specific than spironolactone[END_REF]. Eplerenone selective for MR is much higher than spironolactone, but less potent (40x less), requiring higher dosage to achieve similar MR antagonism. Eplerenone has no active metabolite and has a shorter half-life of less than 4 hours.

Spironolactone and eplerenone have differential effects on steroidogenesis.

Spironolactone at micromolar concentrations inhibits aldosterone biosynthesis [START_REF] Netchitailo | Relative inhibitory potency of five mineralocorticoid antagonists on aldosterone biosynthesis in vitro[END_REF] and blocks enzymes involved in steroidogenesis [START_REF] Penhoat | Inhibition of hormonalinduced cAMP and steroid production by inhibitors of pregnenolone metabolism in adrenal and Leydig cells[END_REF]. In contrast, eplerenone (1-30 mM) did not impair basal and angiotensin IIinduced cortisol and aldosterone production in human adrenocortical H295R cells [START_REF] Ye | Contrasting effects of eplerenone and spironolactone on adrenal cell steroidogenesis[END_REF]. Both spironolactone and eplerenone can cause hyperkalemia, especially when renal function is impaired, related to their efficacy to decrease urinary potassium excretion, requiring close follow up of kalemia and renal function.

-Non-steroidal Compounds

In order to overcome the inherent limitations of the steroidal MRAs, novel nonsteroidal selective MRAs have been developed in the last decade. Dihydropyridines (L-type calcium channel antagonists) act as MRAs in vitro and in vivo [START_REF] Kolkhof | Molecular pharmacology of the mineralocorticoid receptor: prospects for novel therapeutics[END_REF]. Successful optimization of antagonists devoid of L-type calcium channel antagonist properties led to several new compounds and derivatives. For example, the Bayer BR4628 compound was identified as a potent and selective MRA. Its mode of action differs from classic steroidal MRA, acting as a bulky antagonist, leading to the protrusion of MR helix 12 which plays a major role in MR activation upon ligand binding [START_REF] Hellal-Levy | Crucial role of the H11-H12 loop in stabilizing the active conformation of the human mineralocorticoid receptor[END_REF]. This causes the formation of an unstable receptor complex unable to recruit coregulators and is rapidly degraded.

Optimization of Bayer). It has a better selectivity than spironolactone and a better affinity than eplerenone. Studies showed that finerenone had excellent selectivity to MR, and its half maximal inhibitory concentration (IC50) was only 17.8 nM (Spironolactone IC50 = 24.2 nM, eplerenone IC50 = 990 nM). Its selectivity to MR is significantly higher than (>500 folds) GR, androgen receptor and progesterone receptor [START_REF] Fagart | A new mode of mineralocorticoid receptor antagonism by a potent and selective nonsteroidal molecule[END_REF]. Finerenone was also shown to be safe and led to lower rate of hyperkalemia than steroidal MRAs, for a similar treatment efficacy in heart failure [START_REF] Pei | The use of a novel nonsteroidal mineralocorticoid receptor antagonist finerenone for the treatment of chronic heart failure: A systematic review and meta-analysis[END_REF]. Non-steroidal MRA have also show beneficial effects for chronic kidney disease with a good safety profile [START_REF] Capelli | New mineralocorticoid receptor antagonists: update on their use in chronic kidney disease and heart failure[END_REF]. In a phase 2 study, finerenone efficiently reduced proteinuria in diabetic nephropathy [START_REF] Katayama | A randomized controlled study of finerenone versus placebo in Japanese patients with type 2 diabetes mellitus and diabetic nephropathy[END_REF].

Clinical evidence

The two steroidal MRA have been evaluated for patients with non-spontaneously or chronic CSCR (section below for scientific rationale) : eplerenone and spironolactone (Table 1). Most of studies were retrospective with small sample size but some have been randomized trials comparing MRA with PDT or with placebo (Table 2). These studies report a decrease of subretinal fluid with a rate of complete resolution varying from 23% to 67% [START_REF] Bousquet | Predictive Factors of Response to Mineralocorticoid Receptor Antagonists in Nonresolving Central Serous Chorioretinopathy[END_REF](Bousquet et al., , 2015a[START_REF] Bousquet | Mineralocorticoid receptor antagonism in the treatment of chronic central serous chorioretinopathy: a pilot study[END_REF][START_REF] Cakir | Clinical experience with eplerenone to treat chronic central serous chorioretinopathy[END_REF][START_REF] Chin | Oral mineralocorticoid antagonists for recalcitrant central serous chorioretinopathy[END_REF][START_REF] Daruich | Oral Mineralocorticoid-Receptor Antagonists: Real-Life Experience in Clinical Subtypes of Nonresolving Central Serous Chorioretinopathy With Chronic Epitheliopathy[END_REF][START_REF] Falavarjani | Visual and Anatomical Outcomes of Spironolactone Therapy in Patients with Chronic Central Serous Chorioretinopathy[END_REF][START_REF] Gergely | MINERALOCORTICOID RECEPTOR ANTAGONIST TREATMENT IN BILATERAL CHRONIC CENTRAL SEROUS CHORIORETINOPATHY: A COMPARATIVE STUDY OF EXUDATIVE AND NONEXUDATIVE FELLOW EYES[END_REF][START_REF] Ghadiali | CENTRAL SEROUS CHORIORETINOPATHY TREATED WITH MINERALOCORTICOID ANTAGONISTS: A ONE-YEAR PILOT STUDY[END_REF][START_REF] Herold | Spironolactone in the treatment of central serous chorioretinopathy -a case series[END_REF][START_REF] Kapoor | Mineralocorticoid Antagonists in the Treatment of Central Serous Chorioretinopathy: A Comparative Analysis[END_REF][START_REF] Lee | COMPARISON OF SHORT-TERM EFFICACY BETWEEN ORAL SPIRONOLACTONE TREATMENT AND PHOTODYNAMIC THERAPY FOR THE TREATMENT OF NONRESOLVING CENTRAL SEROUS CHORIORETINOPATHY[END_REF][START_REF] Lee | COMPARISON OF SHORT-TERM EFFICACY BETWEEN ORAL SPIRONOLACTONE TREATMENT AND PHOTODYNAMIC THERAPY FOR THE TREATMENT OF NONRESOLVING CENTRAL SEROUS CHORIORETINOPATHY[END_REF][START_REF] Leisser | Eplerenone in patients with chronic recurring central serous chorioretinopathy[END_REF][START_REF] Pichi | Comparison of two mineralcorticosteroids receptor antagonists for the treatment of central serous chorioretinopathy[END_REF][START_REF] Rahimy | A RANDOMIZED DOUBLE-BLIND PLACEBO-CONTROL PILOT STUDY OF EPLERENONE FOR THE TREATMENT OF CENTRAL SEROUS CHORIORETINOPATHY (ECSELSIOR)[END_REF][START_REF] Rajesh | Predictors of Outcome During Eplerenone Therapy in Chronic Central Serous Chorioretinopathy:A Prospective, Open-Label Pilot Clinical Study[END_REF][START_REF] Salz | Oral eplerenone for treatment of chronic central serous chorioretinopathy: a case series[END_REF][START_REF] Sampo | Eplerenone treatment in chronic central serous chorioretinopathy[END_REF][START_REF] Schwartz | Eplerenone for chronic central serous chorioretinopathy-a randomized controlled prospective study[END_REF][START_REF] Singh | Oral eplerenone for the management of chronic central serous chorioretinopathy[END_REF][START_REF] Sun | Spironolactone versus observation in the treatment of acute central serous chorioretinopathy[END_REF][START_REF] Zucchiatti | Eplerenone Versus Observation in the Treatment of Acute Central Serous Chorioretinopathy: A Retrospective Controlled Study[END_REF] at 3 months associated with an improvement in visual acuity. Recently, Bousquet et al reported a higher rate of subretinal fluid resolution in patients with a thicker choroid. A prospective randomized controlled studies is underway comparing eplerenone to placebo (VICI trial) [START_REF] Willcox | Clinical efficacy of eplerenone versus placebo for central serous chorioretinopathy: study protocol for the VICI randomised controlled trial[END_REF]. Most commonly reported side effects of eplerenone or spironolactone is hyperkaliemia necessitating a close monitoring. Other reported side effects mostly using spironolactone are gynecomastia, menstrual disruption, decrease in libido, tiredness.

Contraindications for eplerenone or spironolactone include renal failure and the concomitant use of potassium sparing diuretics or strong CYP3A4 inhibitors, and non-steroidal anti-inflammatory drugs as well as pregnancy. The rate of side effects were low in studies and usually resolved after treatment discontinuation [START_REF] Daruich | Oral Mineralocorticoid-Receptor Antagonists: Real-Life Experience in Clinical Subtypes of Nonresolving Central Serous Chorioretinopathy With Chronic Epitheliopathy[END_REF][START_REF] Yang | Systemic Mineralocorticoid Antagonists in the Treatment of Central Serous Chorioretinopathy[END_REF].

Mechanisms of action of MRA in CSCR

In CSCR, the exact MRA molecular targets have not yet been identified. Previous experiments have shown that MRA restore the change in expression and distribution of ion channels (ENaC and Kir4.1) and of the water channel aquaporin 4 in retinal glial Müller cells. MR activation regulates numbers of genes in the RPE/ choroid complex, involved in inflammation, angiogenesis, vasodilation, oxidative stress and transports (manuscript submitted). MRA will counteract all deleterious effects of MR overactivation.

Clinical observations have shown that MRA favors the short-term resorption of subretinal and intra-retinal fluid associated with CSCR but also associated with choroidal (Bousquet et al., 2015b) neovascularization due to AMD [START_REF] Zhao | Mineralocorticoid receptor antagonism limits experimental choroidal neovascularization and structural changes associated with neovascular agerelated macular degeneration[END_REF]. This effect can be observed after a few weeks to few months after the beginning of treatment depending on the duration of the SRD [START_REF] Daruich | Oral Mineralocorticoid-Receptor Antagonists: Real-Life Experience in Clinical Subtypes of Nonresolving Central Serous Chorioretinopathy With Chronic Epitheliopathy[END_REF]. It has also been shown that SRF may increase upon brutal MRA arrest (Bousquet et al., 2015b). In addition, in the heart, the vasculature, and the kidney, MRA have been shown to act as disease modifier drugs inducing tissue remodeling by counteracting the deleterious effects of MR activation on inflammation and fibrosis of [START_REF] Parker | Novel Insights into the Crosstalk between Mineralocorticoid Receptor and G Protein-Coupled Receptors in Heart Adverse Remodeling and Disease[END_REF]. In post myocardial infarction, MRA are thus indicated for a lifetime. In the vessels, MRA limits atherosclerosis, fibrosis and vascular inflammation and normalize macrophages phenotypes [START_REF] Van Der Heijden | The mineralocorticoid receptor as a modulator of innate immunity and atherosclerosis[END_REF].

Through regulation of genes in smooth muscle cells, MRA reduces aging-induced vascular stiffness [START_REF] Kim | Smooth Muscle Cell-Mineralocorticoid Receptor as a Mediator of Cardiovascular Stiffness With Aging[END_REF]. In addition, MRA reduce oxidative stress in the vasculature [START_REF] Chrissobolis | Vascular Consequences of Aldosterone Excess and Mineralocorticoid Receptor Antagonism[END_REF]. As CSCR is a manifestation of pachychoroid epitheliopathy [START_REF] Cheung | Pachychoroid disease[END_REF], a long-lasting vascular and / or RPE pathology might underlie the acute clinical manifestations resulting from subretinal fluid.

Although oral administration of MRA is not optimal to achieve efficient intra-retinal tissue levels because MRA does not cross intact blood retinal barrier [START_REF] Zhao | Tolerance of high and low amounts of PLGA microspheres loaded with mineralocorticoid receptor antagonist in retinal target site[END_REF], the long-term oral treatment might still have beneficial effects on the RPE/ choroid complex (Fig. 456). Obviously, these effects might be monitored after several years of treatment.

Conclusions and perspectives

To date, the only objective of treatment in CSCR is to reduce subretinal fluid duration. MRA not only can contribute to reach this objective, but MRA have also the potential, if used on the long-term, to limit the underlying vasculopathy and epitheliopathy. Genetic studies have shown that CSCR is not a simple disease, but rather a multigenic and multifactorial disease, which mechanisms still remain poorly understood. As MRA act on transcriptional regulations, they act of multiple pathways, but do not have deleterious effects, as they do not regulate significantly genes in the normal retina, when MR pathway is not overactivated (personal unpublished data).

Future studies should identify biomarkers allowing to identify patients who could best benefit from MRA. On the other hand, novel mineralocorticoid antagonists with improved intra-retinal penetration or local slow release systems of know MRA are being developed, in order to evaluate the full potential of MRA for the treatment of CSCR and for other retinal diseases, such as AMD and diabetic retinopathy. 

Figure 1 .

 1 Figure 1. Acute and chronic forms of Central Serous Chorioretinopathy (CRSC) A-C: Acute central serous chorioretinopathy. Spectral domain-optical coherence tomography (SD-OCT) shows a serous retinal detachment associated with an increased choroidal thickness: 512 µm at the fovea. B. Fundus autofluorescence demonstrates a decrease of autofluorescence at the subretinal detachment area without widespread retinal pigment epithelium alterations. C. Late-phase fluorescein angiography shows a focal leak with an inkblot pattern (arrow). D-F: Chronic CSCR with pachychoroid pigment epitheliopathy. D. SD-OCT shows a serous retinal detachment with dilated choroidal vessels (pachyvessels, star). E. Fundus autofluorescence demonstrates widespread retinal pigment epithelium (RPE) alterations with gravitational tracks. F. Late-phase fluorescein angiography shows several focal leaks and window defects from RPE damages.

Figure 2 .

 2 Figure 2.Representative scheme of the corticoid receptor pathway activation balance in physiologic and pathologic states. To push the balance towards GR pathway activation, MR antagonists can be used, associated or not with glucocorticoids. GR: Glucocorticoid Receptor, MR: Mineralocorticoid Receptor.

Figure 3

 3 Figure 3Mineralocorticoid receptor expression in the human macula.Immunohistohemistry of MR on a human macula. GCL: Ganglion Cell Layer, INL: Inner Nuclear Layer, ONL: Outer Nuclear Layer.

  Figure 4 Ten-year oral Mineralocorticoid Receptor Antagonists (MRA) treatment for chronic Central Serous Chorioretinopathy (CSCR) with pigment epitheliopathy. A-B Before treatment, C-D. At ten years follow-up after MRA treatment. A, C (from left to right): fundus autofluorescence (BAF) early and late fluorescein angiography (FA) early and late indocyanine green angiography (ICG). B,D. Spectral-Domain optical coherence tomography (SD-OCT). A forty years-old man presented with chronic CSCR in the right eye for more than 6 years. Best-corrected visual acuity (BCVA) was 20/40. RPE changes and tracks were visible on BAF and FA (A). Late

Figure 5 Ten

 5 Figure 5 Ten-year oral Mineralocorticoid Receptor Antagonists (MRA) treatment for bilateral chronic Central Serous Chorioretinopathy (CSCR) with pigment epitheliopathy. A. Right eye and (B) left eye before treatment (from left to right): fundus autofluorescence (BAF), fluorescein angiography (FA), indocyanine green angiography (ICG) and Spectral-Domain optical coherence tomography (SD-OCT). C. Right eye and left eye after 10-year MRA treatment, BAF and SD-OCT. A-B Seventy-three years-old man presented with bilateral severe pachychoroid epitheliopathy, foveal subretinal fluid, and chronic cysts in the left neuroretina. He was treated by Eplerenone for 5 months and then discontinued presenting with recurrences of cysts in the left eye. Eplerenone 50 mg/day was reintroduced and then decreased to 25 mg/day two years after, inducing a recurrence of cysts in the left eye. The dose was increased to 50 mg/day for 1 year. The patient stopped the treatment due to intercurrent disease for 2 months and presented recurrences of cysts. He was then started on Spironolactone 50mg/day, and maintained under 25mg spironolactone for the last 5 years. He did not present recurrences. Visual acuity remained stable in the right eye from 10 years at 20/20. Visual acuity improved from 20/200 in the left eye before treatment to 20/100 at the last follow-up visit.

  Figure 6: One-year oral Mineralocorticoid Receptor Antagonists (MRA) and topical Dexamethasone treatment for chronic Central Serous Chorioretinopathy (CSCR) with pigment epitheliopathy.

  

  

  

  

  

Table 1 . Characteristics of the mineralocorticoid receptor antagonists.

 1 

	Structure	Compounds	Active metabolites	Selectivity Potency	Half-life	Tissue distribution	Side effects
								Hormone-
	Steroidal	Spironolactone	Yes	low	high	≈ 14h	6 x higher in kidney	related side effects,
								hyperkalemia
	Steroidal	Eplerenone	No	high	40 lower than spironolactone	≈ 4h	3 x higher in kidney	hyperkalemia
	Non steroidal	Finerenone	No	high	high	?	equal	Low rate of hyperkalemia

Table 2 . Summary of published studies on oral mineralocorticoid receptor antagonists for the treatment of central serous chorioretinopathy.

 2 

	Study	Study design	N (eyes) and	SRF	Treatment	Resolution of SRF
			treatment	duration	duration	
				before		
				treatment		
	Bousquet	Pilot study	13 Eple	> 4	1 to 3	67% at M3
	2013			months	months	
	Herold	Prospective	18 Spiro	> 6 weeks 1 to 3	25% at M3
	2014	Uncontrolled			months	
	Singh	Retrospective	17 Eple	> 4	Av: 6	35.3% from M3 to M6
	2015			months	months	
	Chin	Retrospective	23 (spiro and	Acute and	Av: 4	-
	2015		eple)	chronic	months	(52% decreased CMT)
	Salz	Retrospective	14 Eple	> 3	3 months	64% at M3
	2015			months		
	Leisser	Retrospective	11 Eple	Chronic	Av 2,5	36.4%
	2015			recurrent	months	
	Bousquet	Prospective,	16 Spiro	4 months	1 month	-
	2015	Cross-over,				(SRF height decreased
		Placebo-				at M1)
		controlled