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A B S T R A C T

Central serous chorioretinopathy (CSC) is a common form of vision loss, typically seen in working-age men. The
pathophysiology behind CSC still eludes us, however significant advances have been made in understanding this
disease over the last decade using information from genetic and cell-based studies and imaging modalities. This
review aims to give an overview of the current pathophysiology hypotheses surrounding CSC in addition to
future directions in cellular work from human induced pluripotent stem cell derived choroidal endothelial cells
from CSC patients. Furthermore, this review will provide the reader with an update on the clinical aspects of CSC
including risk factors, diagnostic challenges and findings from multimodal imaging.

1. Introduction

Central serous chorioretinopathy (CSC) predominantly affects males
of working age, with a reported incidence of 10 per 100,000 men and 2
per 100,000 women (Kitzmann et al., 2008). Clinically CSC is char-
acterized by neuroretinal detachment due to the presence of serous
subretinal fluid (SRF), resulting from dysfunction of the retinal pigment
epithelium (RPE) and hyperpermeability and thickening of the under-
lying choroid. Typical presentations include loss of central vision,
central scotoma, micropsia or metamorphopsia (Daruich et al., 2017a).

The exact aetiopathogenesis of this condition remains unclear and
so the terminology used to define this chorioretinal disorder has
evolved. It was first described by Von Graefe in 1886 as central sy-
philitic retinitis (Graefe, 1866). Since then other descriptions include
capillarospastic central retinitis, central angiospastic retinopathy, cen-
tral serous retinopathy, central serous pigment epitheliopathy; and fi-
nally central serous chorioretinopathy, as a result of the predominant
choroidal involvement in the disease process (Yannuzzi et al., 1984;
Maumenee, 1965). Theories have evolved from CSC being a primary

disorder of the retinal pigment epithelium (RPE) to it being a disease
within a pachychoroid spectrum, with increasing evidence pointing to
the role of glucocorticoids and mineralocorticoids in the pathogenesis
of the condition.

Although the disease is often classified into acute CSC, which ty-
pically self-resolves within 4 months, and chronic CSC (cCSC) (Daruich
et al., 2017b; Wang et al., 2008), the temporal nature of this classifi-
cation is based on the time taken for SRF resolution. There is currently
no accepted consensus on the exact time scale between the acute and
chronic forms. Furthermore, the chronic form initially termed “diffuse
retinal epitheliopathy”, was originally described as a variant of CSC
(Yannuzzi et al., 1992). Many still see this as a separate disease entity to
the acute form. Thus far, there are several unanswered questions on the
pathophysiology and clinical presentations of CSC and therefore a clear
treatment strategy for CSC remains to be elucidated.

An overarching theme of RPE dysfunction secondary to choroidal
changes is resonant throughout hypotheses of CSC pathogenesis.
However, there are several unanswered questions that stem from our
lack of understanding of the primary pathophysiology. In particular, is
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the pathology primarily at the site of the large choroidal vessels, or is
the initial change at the level of the choriocapillaris? Or, is the primary
insult at the level of the RPE? Does the site of primary insult determine
the phenotype? Or do all phenotypes result from insult to a common
primary site but the distinct features are determined by the relative
involvement of the other structures? Is CSC a single gene disease or as a
result of multiple genes or other derangements that share a common
phenotype?

A comprehensive review of CSC was published in this journal in
2015 by Daruich et al., further expanding on the role of corticosteroids
in the pathogenesis of disease, and the promise mineralocorticoid an-
tagonists such as spironolactone and eplerenone held for disease
treatment (Daruich et al., 2015). Since then, there have been several
advancements in studying CSC such as identifying genetic risk factors
and high resolution phenotyping studies particularly of the choroid.

This article will therefore focus on key advances and debated issues
in risk factors, pathophysiology, clinical spectrum and manifestations of
the disease.

2. Risk factors

2.1. Genetics

Genetic risk and protective elements have both been identified in
cohorts of CSC patients, but their exact role in the disease pathogenesis
remains unclear. Several familial cases have been reported, with one
familial study stating 52% of those with cCSC to have a family member
with evidence of previously unknown, asymptomatic CSC-like ab-
normalities on fundal examination (van Dijk et al., 2019).

In an attempt to investigate disease aetiology further there have
been a number of candidate gene studies performed in both acute and
cCSC. Complement Factor H (CFH) was initially chosen as a candidate
gene given that it codes for the protein Factor H. Factor H, also known
as adrenomedullin-binding protein 1 binds to adrenomedullin which
stimulates choroidal dilation: an accepted event in CSC pathogenesis
(Miki et al., 2014). Adrenomedullin has many other physiological roles
including, but not limited to influencing angiogenesis, the regulation of
hormonal secretion and apoptosis (Sim et al., 2015). Factor H is a
protein involved in the regulatory arm of the complement system. The
complement system comprises a series of more than 20 proteins cir-
culating in the blood and tissue fluids. These proteins are mainly in-
active, however once activated by microorganism components an en-
zyme cascade occurs, resulting in sequential activation. Factor H
influences the activation of C3 convertase, the lynch-pin in the com-
plement system through its ability to control the activation of C3 into
C3a, which binds to mast-cells causing histamine release, and C3b that
opsonises pathogens (Miki et al., 2014).

Several candidate-gene studies have identified single-nucleotide
polymorphisms (SNPs) in CFH (Table 1). Interestingly, De Jong et al.
found certain CFH SNPs to display opposite effects between cCSC and
age-related macular degeneration (AMD), with those SNPs conferring
risk in cCSC patients to be protective in AMD (de Jong et al., 2015). The
meaning of this striking observation is as yet unclear; however, this is
not the first-time interplay has been suggested between these two dis-
eases.

Further evidence for the role of Factor H comes from a genome-wide
association study (GWAS) undertaken in the Netherlands (Schellevis
et al., 2018). This study had a case-control design with 521 cCSC cases
and 3577 controls. The authors identify a lead SNP, rs1329428 on
chromosome 1 in the CFH gene to be significantly associated with risk
of disease. The lead SNP in the Schellevis et al. GWAS, rs1329428, is
located within Intron 15 and is non-coding. In the past it has been as-
sociated with CSC in Japanese, Dutch, and Greek populations (Miki
et al., 2014; de Jong et al., 2015; Moschos et al., 2016). Association of
rs1329428 with CSC has been re-affirmed in a GWAS in a Japanese
population with validation studies in independent European and

Japanese cohorts (Hosoda et al., 2019). Although intronic, this does not
guarantee that rs1329428 does not influence Factor H protein function
nor that of nearby genes. It is possible that the variant is within a
regulatory sequence, such as an enhancer or silencer, thereby affecting
gene transcription. Furthermore, rs1329428 could impact pre-mRNA
splicing if it leads to the introduction of a new donor or acceptor site
into intron 15. It will be interesting to evaluate this further in future
research.

Following on from this, the role of the complement system in CSC
was further evaluated in a study analysing complement activation in
the serum of CSC patients (van Dijk et al., 2017d). The results showed
no indication of complement activation in CSC patients. This finding is
interesting for two reasons: the first is the striking contrast to the
aforementioned genetic studies, and the second is the difference with
AMD, in which changes in serum complement activation have pre-
viously been found (Smailhodzic et al., 2012; Scholl et al., 2008).

A Japanese group have also performed a GWAS in individuals with
pachychoroid, a choroidal phenotype associated with CSC (Hosoda
et al., 2018). Pachychoroid refers to the appearance of a thickened
choroid with dilated vessels. As previously mentioned, it is associated
with CSC, given the initial event in disease pathogenesis is thought to
be choroidal vessel dilation and hyperpermeability (Guyer et al., 1994).
A GWAS on choroidal thickness was undertaken in 3418 individuals,
followed by TaqMan assays in 2692 subjects. Although this was not a
GWAS of CSC patients, the SNPs identified were then used in a candi-
date gene study with CSC patients. Again, variants in the CFH gene
were found to be significantly associated with both pachychoroid and
CSC (CFH rs800292), in addition to a SNP in a new susceptibility gene,
rs3793217 in VIPR2 (Hosoda et al., 2018). Interestingly, the CFH
rs800292 A allele conferred an increased risk for a thicker choroid and
CSC development in this study. However, the CFH rs800292 G allele is
known to be a risk allele for AMD. This is not the first-time interplay has
been suggested between these two diseases. Discerning cCSC from
neovascular AMD can be very difficult, and some patients with cCSC
develop choroidal neovascularization. Therefore, it is possible that
some cases have been misclassified, which may have influenced results.
Nevertheless, there is clearly a relationship between these two discrete
diseases, and developments in one may elucidate advances in the other.

It is important to note that all the CFH polymorphisms identified to
date are in high linkage disequilibrium. Therefore, any SNP or a com-
bination of the above SNPs may harbour a functional effect leading to
or aiding CSC development. Nevertheless, there is a suggestion that CFH
SNPs rs3753394 and rs1329428 could have a significant role in CFH
gene function. Specifically, rs3753394, which is located in the region of
the CFH promoter, between a glucocorticoid response element and a
possible histone H4 gene-binding site, H4TF-1, that may be a common
regulatory element, and hence could influence gene expression
(Moschos et al., 2016). Additionally, the rs1329428 polymorphism is
known to bind to transcriptional regulatory proteins, which in turn may
have downstream consequences (Moschos et al., 2016). Further in-
formation on the functional repercussions of identified SNPs is required
to ascertain the impact of CFH in CSC. Next generation sequencing and
specifically deep sequencing of the CFH gene should enhance our cur-
rently limited understanding of its role in this disease. This strategy has
been successful in AMD genetic research (Raychaudhuri et al., 2011;
Seddon et al., 2013).

Another notable candidate gene study in CSC focussed on the role of
cadherin-5 (CDH5), a calcium-binding cell-cell adhesion glycoprotein,
important for maintaining endothelial cell intercellular junctions
(Fig. 1) (Schubert et al., 2014b). Given the proposed role of choroidal
vessels in the disease, 400 acute and cCSC cases and 1400 matched
controls were studied for genetic variation in multiple genes including
CDH5 (Schubert et al., 2014b). A significant association was found in
four common CDH5 SNPs in male patients, and subsequent addition of
corticosteroid to both a primate choroidal endothelial cell line (RF/6A)
and posterior injection in mice revealed a decrease in transcription of
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cadherin-5, suggesting it could be implicated in CSC pathophysiology.
Various other candidate genes and corresponding SNPs have been

identified in CSC patients. Two of which are, rs10490924 in ARMS2,
and rs2070951 in NR3C2 (van Dijk et al., 2017b; de Jong et al., 2015).
Interestingly the variant in ARMS2 rendered a protective effect for CSC,
whereas in AMD, this SNP is highly correlated with disease. The dis-
covery of a SNP in the NR3C2 gene, which codes for the miner-
alocorticoid receptor (MR), conveying increased risk for CSC in 336
patients and 1314 controls further highlights the importance of corti-
costeroids in this condition (van Dijk et al., 2017b). This warrants re-
plication given the large role corticosteroids are presumed to play in
disease pathogenesis (Daruich et al., 2016).

Two new loci identified to have an association with increased sus-
ceptibility to CSC are rs13278062 at TNFRSF10A-LOC389641 and
rs6061548 near GATA5. A large GWAS in a Japanese population was
conducted with replication studies in both European and Japanese co-
horts (Hosoda et al., 2019). This analysis of 1546 CSC cases and 13,029
controls identified the two aforementioned loci for the first time, in
addition to re-affirming the association with rs1329428 in CFH.

rs13278062 at TNFRSF10A has previously been identified as an at risk
locus for AMD (Sun et al., 2013). The exact role of TNFRSF10A in CSC is
unclear, however interestingly 'Hosoda et al. also searched two data-
bases that included the gene expression data of the human retina and
choroid, The Eye integration database and The Ocular Tissue Database.
Both databases showed the expression of TNFRSF10A was increased in
the adult human RPE/choroid in comparison to the adult human retina.
Furthermore, the rs13278062 genotype of TNFRSF10A is strongly as-
sociated with its expression in the adrenal gland. This in itself is in-
teresting given the evidence suggesting a role of mineralocorticoids,
which are secreted by the adrenal gland in CSC. The second new locus
identified in the Hosoda et al. GWAS was rs6061548 near GATA5.
GATA5 is known to play an important part in the development of the
vascular system (Jiang et al., 2013; Stennard et al., 2003; Reiter et al.,
1999). Studies have identified GATA5 expression in microvascular en-
dothelial cells, and shown inactivation of GATA5 in mice to cause en-
dothelial dysfunction (Messaoudi et al., 2015). GATA5 is also increased
in the adult human RPE/choroid relative to the adult human retina.
Interestingly, GATA5 is reported to be upregulated by H. pylori

Table 1
Single nucleotide polymorphisms (SNPs) identified in the complement factor H gene (CFH) in various populations of central serous chorioretinopathy (CSC) patients.
Minor allele frequency (MAF).

SNP Location & effect Risk/Protective MAF CSC MAF Controls p- value Patient group

rs1329428 Intron 15 Risk 0.593 0.449 3.22 × 10−5 Japanese, Chronic CSC (Miki et al., 2014)
rs1329428 Intron 15 Risk 0.526 0.431 4.6 × 10−4 Dutch, Chronic CSC (de Jong et al., 2015)
rs1329428 Intron 15 Risk 0.39 0.14 0.004 Greek, Acute & Chronic CSC (Moschos et al., 2016)
rs1329428 Intron 15 Risk 0.506 0.466 0.015 Japanese discovery GWAS, replication in European & Japanese

(Hosoda et al., 2019)
rs1065489 Exon 18- benign Glu936Asp

substitution
Protective 0.35 0.478 3.28 × 10−4 Japanese, Chronic CSC (Miki et al., 2014)

rs1065489 Exon 18- benign Glu936Asp
substitution

Protective 0.118 0.176 0.003 Dutch Chronic CSC (de Jong et al., 2015)

rs1065489 Exon 18- benign Glu936Asp
substitution

Protective 0.366 0.167 0.04 Greek, Acute & Chronic CSC (Moschos et al., 2016)

rs800292 Exon 2 Risk 0.529 0.403 3.38 × 10−4 Japanese, Chronic CSC (Miki et al., 2014)
rs800292 Exon 2 Risk 0.315 0.235 7.5 × 10−4 Dutch Chronic CSC (de Jong et al., 2015)
rs3753394 Exon 1 Risk 0.586 0.487 0.0053 Japanese, Chronic CSC (Miki et al., 2014)
rs3753394 Exon 1 Risk 0.512 0.320 0.02 Greek, Acute & Chronic CSC (Moschos et al., 2016)

Fig. 1. Schematic demonstrating the interaction of currently identified genetic risk factors for central serous chorioretinopathy (CSC) in the choroid.
Complement Factor H (CFH) is known to bind to adrenomedullin, SNPs in CFH are associated with CSC. Adrenomedullin has a vasodilatory effect and could indirectly
contribute to the choroidal vasodilation in CSC. Cadherin 5 is an important protein in endothelial cells for both control of cohesion and the organisation of
intercellular junctions. SNPs in CDH5 are associated with CSC. Given the importance cadherin 5 plays in intercellular junctions, it could contribute to the hyper-
permeability seen in CSC. Mineralocorticoid receptors (MR) are present within choroidal endothelial cells, binding of aldosterone or cortisol to MR is thought to
influence the amount of choroidal vasodilation. Cortisol is converted to cortisone by the enzyme 11β-HSD2 preventing it from binding to the MR.
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infection, which has been documented to be a risk factor for CSC
(discussed below) (Wen et al., 2010). Both TNFRSF10A and GATA5may
be important targets for furthering our understanding of CSC.

Most of the genetic research in CSC has focussed on the chronic
variant, but a candidate gene study in 135 acute CSC patients and 1385
controls revealed three previously reported variants in CFH
(rs1329428, rs800292 and rs1061170) and differences in Complement
4B (C4b) copy numbers (Mohabati et al., 2019). These results are si-
milar to those seen in cCSC, suggesting that despite their clinical dif-
ferences, acute and cCSC may share an underlying genetic predisposi-
tion.

The number of familial studies conducted in CSC is currently low
given the relative rarity of familial CSC cases despite the mounting
evidence suggesting genetic variants to be important in disease.
Schellevis et al. sequenced the exomes of 72 individuals in 18 families
with CSC (Schellevis et al., 2019). The results were complex, in total 11
rare variants were found to segregate in two families, of which one
variant in the PTPRB gene was homozygous in one individual and the
remaining genetic variants identified to be heterozygous. PTPRB is in-
teresting as it encodes the vascular endothelial protein tyrosine phos-
phatase, an important modulator of vascular endothelium morpho-
genesis and barrier function. The authors suggest familial CSC may be a
heterogeneous Mendelian disease caused by variants in many different
genes, or alternatively it represents a complex disease with both en-
vironmental and genetic contributors.

Identifying genetic variants is a crucial step in understanding the
pathophysiology of the disease. So far, all those SNPs associated with
CSC involve either non-coding regions of the genome, or seem to cause
relatively benign changes, and therefore appear to have no strong
functional consequences. However, the effects of these genetic variants
may have downstream effects on neighbouring genes that are unknown
at present. Alternatively, SNPs may be in linkage disequilibrium with
functional genetic variants. For future genetic studies in CSC, more
selective control group inclusion criteria would be crucial, specifically
removing variations in gender and age, and ensuring all subjects have
had a thorough ocular examination. Hopefully, the repercussions of
such stringent criteria will unveil more clarity about the genetic ele-
ments at play in this disease process.

2.2. Corticosteroids

Corticosteroids are an important focus of CSC research. This well-
established risk factor could hold the key to unlocking disease patho-
genesis. Both endogenous and exogenous glucocorticoids, including
local and systemic corticosteroids, have been described to be associated
with CSC. Most evidence suggests a potential role for all corticosteroids,
with the exception of those administered directly to the eye to confer
increased risk of disease (Nicholson et al., 2018b). Indeed the first re-
ports of a maculopathy secondary to systemic corticosteroids date back
to 1966 (Jain and Singh, 1966). Systemic corticosteroids are acknowl-
edged to be an independent risk factor for CSC (Nicholson et al.,
2018b), but other routes have also been reported in association with
CSC, such as intra-nasal, intra-articular, topical-dermal, inhaled and in
some cases ocular use (Bouzas et al., 2002; Karadimas and Bouzas,
2004; Karadimas et al., 2004). There are sparse reports of CSC sec-
ondary to intravitreal corticosteroids (Imasawa et al., 2005; Noh et al.,
2019), and only one study reporting an association between CSC and
use of steroid drops (Chang et al., 2015). This Taiwanese population-
based study, conducted over 10 years, examined 2921 CSC patients
with 17,526 matched-controls and is the only report to date suggesting
an increased risk of CSC with the use of steroid eye drops (Chang et al.,
2015).

Systemic corticosteroids are not only associated with the occurrence
of CSC, but also prolongation of disease, exacerbation and recurrences
(Khairallah et al., 2012). Interestingly, steroid-induced CSC has less
male predilection than idiopathic CSC and frequently has a bilateral

and often atypical presentation. There is some suggestion that steroid-
induced CSC may be related to an idiosyncratic response in selected
vulnerable individuals, rather than a dose-dependent effect, as very low
steroid doses can induce CSC episodes, whilst other patients on long-
term oral steroids may never develop CSC (van Dijk et al., 2017c). One
large retrospective case-control study included 312 cases of acute and
cCSC, with age and sex-matched controls (Haimovici et al., 2004). In
this study, systemic corticosteroid use alone was included as a risk
factor, and found to be significantly associated with CSC. Several other
risk factors were also found to be significantly associated with CSC
including, uncontrolled hypertension, pregnancy, alcohol use, anti-
biotics and allergic respiratory disease.

There has been only one study to date that did not support an as-
sociation between corticosteroid use and CSC. This was a population-
based study of 74 cases over 22 years (Kitzmann et al., 2008).

Corticosteroids are abundantly used in both general practice and
hospital medicine, and the majority of the general population will un-
dergo stressful periods during their lifetime, thereby increasing their
endogenous cortisol levels. Yet the incidence of CSC is only approxi-
mately 10 per 100,000 men (Kitzmann et al., 2008). Consequently, the
levels of cortisol and other steroids cannot be the only important factor
at play in the pathogenesis of CSC. At present it is impossible to predict
who will develop CSC as a result of corticosteroid treatment, making it
impossible to risk stratify patients. Furthermore, CSC is not well-re-
cognised outside the ophthalmic community as a side effect of corti-
costeroids.

2.3. Endocrinological abnormalities

Cushing's syndrome, also known as hypercortisolism, occurs due to
abnormally high levels of the hormone cortisol. There are several
causes, including, but not limited to, use of exogenous corticosteroids,
excess endogenous production from pituitary gland tumours, adrenal
gland disease, ectopic ACTH secreting tumours and familial Cushing
syndrome. Several case reports and case series have been published
describing the diagnosis of Cushing syndrome in patients presenting
with CSC (van Dijk et al., 2016a; Clarke et al., 2017; Buelens and
Dewachter, 2015). In these patients, CSC was the first clinically re-
cognised disease entity, which then led to the diagnosis of Cushing's
syndrome. There are many symptoms and signs of Cushing's syndrome,
including hypertension, truncal obesity and type 2 diabetes develop-
ment. These symptoms may be variably present and develop slowly,
and therefore could remain unrecognised for some time. Further adding
to this evidence is a study published in 2016 by Fragoso et al., who
analysed choroidal thickness in the eyes of patients with active Cush-
ing's syndrome in comparison to healthy controls (Abalem et al., 2016).
They found a statistically significant increase in the sub-foveal chor-
oidal thickness in this patient group (Abalem et al., 2016). Together the
incidence of CSC in the Cushing's patient group, and the crossover be-
tween signs of Cushing's and factors associated with CSC, further ad-
vances the evidence for an association between CSC and cortisol. Cor-
tisol is of course an endogenous corticosteroid; therefore, the above
evidence further strengthens the association between corticosteroids
and CSC. Further adding to this association is a study which examined
the hair cortisol concentration in 11 patients with acute CSC in com-
parison to 15 healthy controls (Lenk et al., 2019). Cortisol accumulates
in growing hair, therefore hair cortisol concentrations should reflect
integrated cortisol secretion over a period of months. The authors re-
port a statistically significant increase in hair cortisol concentration in
patients versus controls over a period of three months.

Conn's syndrome, also known as primary hyperaldosteronism, is a
term used to describe over-production of the mineralocorticoid aldos-
terone (van Dijk et al., 2016c). Interest in the role aldosterone plays in
CSC pathogenesis has increased after the description of a rat model, in
which mineralocorticoid overstimulation resulted in choroidal features
reminiscent of CSC (Zhao et al., 2012). It has also been demonstrated
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that MR antagonists such as eplerenone and spironolactone may reduce
SRF in CSC patients. A cross-sectional study of 13 patients with primary
hyperaldosteronism revealed SRF in keeping with CSC in 15% of pa-
tients, with 38% displaying RPE alterations characteristic of CSC on
multi-modal imaging (van Dijk et al., 2016c). This is the first study
examining the incidence of CSC in primary hyperaldosteronism. It is
important to note that approximately 50% of the patients in this study
were already taking a mineralocorticoid antagonist at the time of their
ophthalmic examination, and all patients had been diagnosed with
hypertension, which has previously been associated with CSC and is a
feature of primary hyperaldosteronism.

2.4. Androgens

CSC has a high predominance in the male working age population
(Liew et al., 2013). Female CSC patients are more often post-meno-
pausal, with a number of cases having been reported during pregnancy,
especially late pregnancy (Said-Ahmed et al., 2012). Males naturally
possess higher levels of androgens such as testosterone than women,
but studies examining the role of serum testosterone levels in CSC have
until recently found no statistically significant associations (Zakir et al.,
2009; Tufan et al., 2013). The link between CSC and testosterone was
first proposed by Ahad et al. who reported a case of CSC occurring in a
patient on long-term systemic testosterone therapy for hypogonado-
tropic hypogonadism (Ahad et al., 2005). Since then, a small study of
30 patients and 30 controls has shown a statistically significant increase
in total testosterone levels in those with CSC (Ciloglu et al., 2018).
Testosterone is a vasoactive hormone, and therefore increases vasodi-
lation, a presumed step in CSC development (Yildiz and Seyrek, 2007).
Both the incidence of CSC and levels of androgens decrease after ap-
proximately 45 years of age. Further suspicion for the role of androgens
in CSC comes from studies showing higher levels of urinary testosterone
in patients with type A personalities, a potential risk factor for CSC
(Zumoff et al., 1984). However, the role of personality traits in CSC is
still up for debate (van Haalen et al., 2019). Androgen receptors are
present in the mammalian choroid and human RPE (Wickham et al.,
2000), and mRNA for 5-α reductase, the enzyme responsible for the
conversion of testosterone to the more potent dihydrotestosterone has
also been found (Rocha et al., 2000). Subsequently, one can infer that if
androgen receptors are present in the target tissue, then increased levels
of androgens could have a local effect, but this needs to be subjected to
further research.

An additional association between males, androgens and CSC is the
use of anabolic-androgenic steroids (Nudleman et al., 2014). Their use
is documented to be higher amongst males than females, however given
their often black-market acquisition a database of all users does not
exist and patients are unlikely to admit to personal use (Graham et al.,
2008). A retrospective case series of patients presenting with blurred
vision whilst using exogenous testosterone (mean 14 months) as a
treatment for low testosterone levels found all patients to have CSC and
increased choroidal thickness. Importantly in this study other known
risk factors for CSC, such as corticosteroid use formed part of the ex-
clusion criteria, however this study only included those presenting with
blurred vision (Nudleman et al., 2014). Consequently, the incidence of
CSC in those using exogenous androgen therapy is currently unknown.

A retrospective cohort study performed over 13 years identified
older age at diagnosis, presence of choroidal neovascularization (CNV),
prostate disease, diabetes, steroid use and hypertension to be associated
with poor visual outcome in CSC patients (Nicholson et al., 2018a). This
association with prostate disease is interesting. CSC is predominantly a
male disease, with androgens noted to be a risk factor. Diseases of the
prostate, such as prostate cancer and benign prostatic hypertrophy ty-
pically respond to androgen therapy, therefore the role of androgens in
disease prognosis could be of importance.

2.5. Pregnancy

Choroidal thickness has been shown to change during pregnancy,
with a statistically significant decrease from the first to the third tri-
mester (Kara et al., 2014; Said-Ahmed et al., 2012; Benfica et al., 2018).
Interestingly, CSC occurs more commonly in late pregnancy, when the
choroid is thought to be at its thinnest (Said-Ahmed et al., 2012). The
choroid is one of the most highly vascularised tissues, with the highest
blood flow to tissue volume ratio in the whole body, therefore during
pregnancy there is an expectation that it would respond to increased
blood flow by increasing its thickness (Alm and Bill, 1972). In fact, one
meta-analysis reported the choroidal thickness of healthy pregnant
women to be significantly higher than that of non-pregnant women
(Jiang et al., 2019). Pregnancy can be a triggering event for CSC, and in
both pregnancy and CSC the choroid is thought to be thicker (Liu et al.,
2016a). A retrospective case series from Korea found CSC to be the
leading cause of acquired retinal/choroidal visual impairment during
pregnancy (Park et al., 2017). During pregnancy, endogenous corti-
costeroid levels increase above basal, a factor that could contribute to
CSC development. Additional changes in pregnancy occur in proges-
terone, testosterone, the renin-angiotensin system and blood volume,
all of which are risk factors for CSC.

There is an increase in hypertensive disorders during pregnancy,
affecting almost 1 in 10 women (American College of et al. (2013). Pre-
eclampsia is a condition seen in 3–4% of pregnancies where patients
experience hypertension and proteinuria, typically in the second half of
pregnancy (Abalos et al., 2013). Pre-eclampsia is not only associated
with hypertension, but also complement activation. Complement has
been shown to be of importance for the development of a normal
functioning placenta, with complement gene abnormalities and in-
creased levels of complement activation predisposing to the develop-
ment of pre-eclampsia (Salmon et al., 2011) (Lokki et al., 2017). Hy-
pertension is a risk factor for CSC, and as previously discussed genetic
variants in the complement system have been associated with CSC
further intertwining pregnancy and CSC. The relationship between
pregnancy and CSC is worthy of further investigation, and may help us
to understand the physiological and potential pathological changes
occurring in the choroid during pregnancy.

2.6. Other drugs

One interesting note is the link between CSC and erectile dysfunc-
tion medication including phosphodiesterase-5 inhibitors, specifically
sildenafil, commonly known as Viagra (Fraunfelder and Fraunfelder,
2008). Both sildenafil and tadalafil have been linked with CSC (Smal
et al., 2017). These medications cause increased levels of nitric oxide
and could theoretically increase choroidal dilation. However, to
counter this, there is currently no documented link between CSC and
other nitrates, such as glyceryl trinitrate (GTN) spray. This may relate
to the male predominance of CSC, as GTN is also used by females,
however sildenafil is commonly taken by men. Furthermore, there is
not as yet a clear consensus if these medications are a risk factor for
CSC. One case-control surveillance study found no increase in pre-
scription exposure to phosphodiesterase-5 inhibitors in CSC patients
compared to age-matched control subjects (French and Margo, 2010).
Additionally, a prospective study of patients with erectile dysfunction
treated with sildenafil for 1 month did not show a significant difference
in macular thickness or macular volume and no patients developed CSC
(Damar et al., 2013). However, Vance et al. measured the choroidal
thickness in healthy controls given sildenafil at both 1 and 3hrs post
ingestion and showed a statistically significant change in choroidal
thickness (Vance et al., 2011). Increased choroidal thickness is thought
to be a risk factor for CSC, therefore one could suggest this to be the
mechanism through which there is an association with sildenafil. In-
creased patient phenotyping may help to answer this questionable as-
sociation in the future.
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2.7. Cardiovascular risk

The notion that CSC is a choroidal disease and that the choroid is a
highly vascular tissue may help to explain the increased risk of CSC in
those with hypertension (Eom et al., 2012; Chatziralli et al., 2017) (Tittl
et al., 1999). Alongside this, patients with CSC are thought to be at an
increased risk of both ischaemic heart disease and stroke (Chen and
Lian, 2014). This association is still controversial, some groups do not
report an association between CSC and cardiovascular disease (Ersoz
et al., 2019). It is interesting to note that the recurring theme of car-
diovascular risk factors, such as hypertension, can be linked back to
CSC in some way.

2.8. Refractive error

Refractive error is a risk factor for CSC, with hyperopia, secondary
to reduced axial length producing increased risk. In contrast, myopia,
secondary to increased axial length is found to be protective (Chatziralli
et al., 2017) (Manayath et al., 2016). An analysis of 811 Turkish pa-
tients with CSC found increased spherical equivalent refractive error to
be significantly associated with disease when compared to healthy
controls (p < 0.001) (Ersoz et al., 2019). This association with hy-
permetropia may be explained by increased choroidal thickness com-
pared to myopes. Choroidal thickness in highly myopic eyes has been
demonstrated to be very thin, with further thinning occurring with age
and degree of myopia. Fifty-five eyes of highly myopic patients with a
mean refractive error of −11.9 D were examined and the mean sub-
foveal choroidal thickness found to be 93.2 μm (Fujiwara et al., 2009).
This was significantly less than that seen in emmetropic control eyes.
However, there are reports of CSC in myopic patients. Six patients with
a refractive error between −3.00 and −9.00 D (mean 5.82 D), were
found to have CSC (Yzer et al., 2012). All patients, however, had a
thickened choroid relative to their refractive errors. It is important to
bear in mind the possibility of CSC in myopic patients, especially in
those with thicker than expected choroids for their refractive error.

2.9. Stress & psychological profile

In 1986 Yannuzzi reported an association between “type A per-
sonality” and CSC (Yannuzzi, 1986). Type A behavioural pattern was
defined using the Jenkins Scale as an individual who has an increased
competitive drive, is high achieving, a perfectionist, ambitious and
under continuous stress to name a few characteristics. The association
with stress, certain personality characteristics and CSC has been re-
peatedly analysed (Chatziralli et al., 2017; Ji et al., 2018; Kim et al.,
2018; Matet et al., 2018; Fok et al., 2011; Lahousen et al., 2016). If
those individuals with type A personality are under continuous amounts
of stress then one would expect their cortisol levels to be elevated
versus those with type B personalities. To date no studies have shown a
link between stress reduction and resolution of CSC. Additionally, type
A personality is a term that is not well-circumscribed and not often used
in psychology nowadays (van Haalen et al., 2018b). Further studies
using validated personality questionnaires on personality traits have
shown no link with maladaptive personality traits in CSC patients (van
Haalen et al., 2019). Our experience from clinical practice does how-
ever suggest patients with CSC are often of above-average intelligence.

Further psychosocial factors have been examined including anxiety,
stress levels, sleep quality and history of psychiatric illness. The phase
of CSC was thought to be linked with anxiety and stress levels, with
researchers documenting that patients with active CSC self-reported
more stressful events and felt more depressive symptoms than matched
controls (Kim et al., 2018) (Lahousen et al., 2016). The severity of the
depression was also thought to correlate with the size of choroidal
pathology in acute active CSC (Kim et al., 2018). A medical history
including adjustment disorder and/or depression has also been linked
with an increased risk of CSC recurrence (Fok et al., 2011), in addition

to sleep disorders and shift work (Matet et al., 2018)). A loose asso-
ciation between CSC and sleep quality has been documented, with
suggestions of poor sleep quality increasing the risk of CSC (Ji et al.,
2018). In practise it is very difficult to undertake an unbiased study
assessing the quality of sleep, or anxiety and stress levels. Self-reporting
questionnaires are used, which offer a large amount of user variability
and subsequent bias, with users often guessing a researchers hypothesis
and completing it in line with this.

2.10. Helicobacter pylori

Helicobacter pylori (H. pylori) is a gastrointestinal infection often
leading to stomach ulcers in the host. Previous studies have reported an
association between H. pylori infection and CSC, but the potential pa-
thophysiology behind this is unknown (Asensio-Sanchez et al., 2008;
Casella et al., 2012; Dang et al., 2013). Giusti hypothesised that there
might be a link between H. pylori infection and atherosclerosis, while a
cross reactivity of anti-Cag A antibodies and the presence of IgG anti-
bodies have been considered as risk factors for endothelial dysfunction
(Giusti, 2004). One theory surrounds the expression of heat shock
proteins by H. Pylori, which promote an immune response resulting in
cross reactivity with homologous host proteins, such as those in the
endothelial vascular wall (Lamb et al., 2003). Overall there is limited
evidence surrounding this association and there are several methodo-
logical difficulties in the reported studies. Larger study groups are
needed to further cement this association.

2.11. Hypoxia & obstructive sleep apnoea

There are case reports of CSC occurring after exposure to hypoxic
conditions, such as trainee pilots in hypobaric chambers and those at
high-altitude (Ide, 2014). However, it is impossible to distinguish be-
tween the hypoxia as a trigger, the stress response resulting from this or
if this association is pure coincidence.

Obstructive sleep apnoea has been associated with CSC (Leveque
et al. 2005, 2007), thought to be related to the increased sympathetic
drive in both conditions leading to endothelial cell dysfunction
(Bernasconi et al., 1998). A Greek population study recently showed
patients with CSC were five times more likely to have obstructive sleep
apnoea than age and sex matched controls (Chatziralli et al., 2017).
However, there have been studies where no association has been seen
with CSC (Brodie et al., 2015). Given the increase in sympathetic ac-
tivity, it follows that patients with obstructive sleep apnoea may have
increased levels of cortisol, thereby leading to a higher risk of CSC
(Kloos et al., 2008). As mentioned, hypoxia may be a risk factor for CSC
and could too be the causal factor in this association.

3. Pathogenesis

CSC is often described as an enigmatic disease. This term largely
results from our lack of understanding of the primary pathophysiology.
There have been several theories suggested to explain the features seen
in patients with CSC:

1. Choroidal dysfunction

Guyer and colleagues first suggested that the pathogenesis of CSC
may be choroidal vascular hyperpermeability, with and without asso-
ciated active pigment epithelial leaks or pigment epithelial detachment
(Guyer et al., 1994).

2. RPE dysfunction

One of the alternate hypotheses suggests that CSC results from
dysfunction of RPE ion pumping, with a reverse in the movement of
fluid in a chorioretinal direction (Spitznas, 1986).
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3. The mineralocorticoid hypothesis

The mineralocorticoid hypothesis suggests activation of the MR in
choroidal endothelial cells by mineralo- and glucocorticoids. Activation
of the MR has been demonstrated to promote choroidal vascular dila-
tion through up-regulation of the endothelial vasodilatory calcium-de-
pendent potassium channel KCa2.3, and eventual hyperpolarisation of
endothelial cells and underlying smooth muscle cells, causing choroidal
vascular dilation (Daruich et al., 2015; Zhao et al., 2012).

Below we will further examine these hypotheses with the evidence
aligned to each, including recent evidence suggesting CSC to be part of
a broader pachychoroid spectrum of disease.

3.1. Choroidal dysfunction

Choroidal dysfunction is considered by many to be the primary
abnormality in CSC. Theories of ischaemia of the choriocapillaris
leading to RPE damage and eventual SRF accumulation stem back to
1967. Gass first postulated that the basis of CSC originates from an
increased permeability of the choriocapillaris leading to increased hy-
drostatic pressure in the choroid and subsequent RPE dysfunction
(Gass, 1967b). It is still undecided as to at which level of the choroid the
primary insult occurs. One view is that the primary abnormality is
ischaemia mainly at the level of the choriocapillaris resulting in focal or
diffuse dysfunction of the RPE and subsequent detachment of the
neurosensory retina. The underlying choroidal hyperpermeability is
thought to be a functional consequence of choriocapillaris attenuation.
Changes in choroidal autoregulation may however, also play a role.
This concept is supported by laser Doppler flowmetry studies of the
choroidal circulation that found the blood flow in the choriocapillaris of
eyes with CSC to be significantly lower than fellow eyes (Kitaya et al.,
2003). Angiographic areas of choroidal ischaemia and leakage from the
choriocapillaris in CSC patients has also been reported with a definite
delay of choroidal filling in localised areas with underlying dilated
capillaries and venules (Hayashi et al., 1986; Prunte and Flammer,
1996). Additionally, structural optical coherence tomography (OCT) in
these eyes shows marked thinning of the choriocapillaris layer under-
lying the area of pathology. Multiple causes could trigger the delay in
choroidal filling, ranging from increased sympathetic tone resulting in
vasoconstriction (sympathetic α-adrenoceptor activation) (Saito et al.
2013, 2015), increased vascular resistance due to arteriosclerosis in
older patients (Patwardhan et al., 1970) or as some studies have found
increased propensity towards occlusion due to elevated levels of plas-
minogen activator inhibitor in CSC eyes (Iijima et al., 1999).

Furthermore, one study which analysed the in vivo choroidal cir-
culation and watershed zones highlighted the significance of the ma-
cular region as being the meeting point of the watershed zones of vortex
veins and posterior ciliary arteries (Hayreh, 1990). It is acknowledged
that the area where multiple watershed zones converge is a field of poor
vascularity. Based on this, one would surmise that the macular choroid
is most vulnerable to ischaemic insult (Hayreh, 1990). Possibly ex-
plaining the predominance of SRF at the fovea in CSC.

Aside from choriocapillaris attenuation being the primary event,
another frequently accepted view is that hyperpermeability of the
larger choroidal vessels may be the inciting stimulus in CSC. Multiple
angiographic studies have supported this idea. One ICG-video-angio-
graphy study of CSC eyes noted the presence of choroidal hy-
perpermeability around points of active leakage (Guyer et al., 1992). In
contrast, no leakage was seen around the same sites in simultaneous
fluorescein angiograms, leading to the suggestion that the site of pri-
mary abnormality is the choroid and not the RPE. Additional evidence
towards large choroidal vessel hyper-permeability being a triggering
event in CSC comes from studies examining the choroidal vascularity
index (CVI) of CSC patients. The CVI is calculated by determining a
ratio of the total choroidal area to the ‘luminal’ choroidal area using SD-

OCT EDI scans. The remaining area is dubbed the ‘stromal’ area, ac-
counting for non-vascular tissue. In comparison to controls, patients
with cCSC were found to have a higher CVI and a reduced stromal area
to choroidal area ratio (Lee et al., 2018). The authors postulate that the
reduced stromal: choroidal area ratio is indicative of stromal atrophy
resulting from a low-grade inflammation. The proposed hypothesis
being unrelenting stress in the form of chronic venous congestion re-
sulting in extravasation of pro-inflammatory factors causing degrada-
tion of extracellular matrix and stromal thinning. This theory of ex-
travasation of mediators is reinforced by an aforementioned study
showing steroid induced suppression of CDH5 expression in RPE/
choroid human cultures (Schubert et al., 2014a). Cadherin-5 is crucial
for cell adhesion suggesting it could contribute to altered vascular
permeability and intracellular connections of large choroidal vessels in
CSC.

Thus, available evidence may suggest the following sequence of
events: delayed choroidal filling, leading to backpressure and chronic
venous congestion, causing dilatation of Haller's layer which in turn
further compresses the inner choroidal layers, resulting in chor-
iocapillaris ischaemia, with subsequent leakage and capillary drop-out.
The overall result is RPE dysfunction, serous neurosensory detachments
and atrophic RPE changes. The real question is why does this occur,
why are there atrophic RPE changes? Is this due to chronic choroidal
dysfunction culminating in RPE dysfunction? Is the leak seen on flur-
oscein angiography a result of a “blow-out” due to underlying choroidal
congestion? Or is this a result of chronic choroidal low-flow causing
RPE atrophy? There are other suggestions on the chronology of events,
and overall one could liken this to a “chicken and egg” situation i.e.
what event came first? Most authors agree that there is hyperperme-
ability of the choroid with choriocapillaris attenuation and RPE dys-
function, but the nature and cause of the primarily inciting event is still
unclear. Recently CSC has been classified into the pachychoroid spec-
trum of diseases, a concept that must be reviewed when discussing
choroidal dysfunction in the context of CSC pathophysiology.

Pachychoroid is an increasingly used term in modern-day ophthal-
mology. Defined as an abnormal and permanent increase in choroidal
thickness, often with dilated choroidal vessels and other structural al-
terations of the normal choroidal architecture. Arbitrarily, greater than
two standard deviations of normative choroidal thickness is often
quoted as ‘abnormal’ choroidal thickness. Subfoveal choroidal thickness
in normal subjects has been reported to be between 191 and 350 μm
(Lehmann et al., 2015; Margolis and Spaide, 2009; Manjunath et al.,
2010). There are multiple factors that can influence choroidal thick-
ness, such as refractive error, accommodation, blood pressure, age and
the time of day. Consequently, there is no definitive threshold for an
abnormally thick choroid. Although, some investigators would suggest
any value above 300 μm to be considered pathological (Dansingani
et al., 2016a) (Ersoz et al., 2018b). Several conditions have been de-
scribed to reside within the pachychoroid disease spectrum, including
CSC. Increased choroidal thickness and vessel dilation are widely ac-
cepted as being associated with CSC (Fujiwara et al., 2009; Imamura
et al., 2009; Lehmann et al., 2015).

Interestingly, the pachychoroid phenotype may have an autosomal-
dominant inheritance in some families. Lehmann et al. looked at first or
second degree relatives of patients with CSC in a prospective observa-
tional study and found circa half of all these eyes had thick choroids
(Lehmann et al., 2015). Although choroidal thickening is a component
of pachychoroid, within CSC this is a grey area as some patients do not
have a clearly thickened choroid. For those patients who do have a
pachychoroid, current dogma is that choroidal dysfunction, increased
hydrostatic pressure and subsequent leakage from the choroid and/or
choriocapillaris are implicated in disease pathogenesis: as observed in
indocyanine green angiography (ICGA) abnormalities. However it is not
clear if this is the case for those CSC cases who do not have pachy-
choroid.
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3.2. RPE dysfunction

The role of the RPE is still poorly understood in the pathogenesis of
CSC. One hypothesis is that RPE dysfunction is the trigger for subretinal
and intraretinal fluid accumulation. This is thought to arise following
an undefined insult to the RPE. Damage to RPE cells interferes with the
functioning of ion channels responsible for keeping the retina dry, such
as aquaporins. The reversal of fluid movement in a chorioretinal di-
rection culminates in neurosensory retinal detachment. Marmor et al.
hypothesised that damaged RPE cells in areas of leakage overburden
the metabolically functioning RPE thereby resulting in the persistence
of serous fluid (Marmor, 1988). In a study utilising SD-OCT 3D single-
layer RPE analysis, morphological alterations were found in the RPE of
nearly all fellow eyes of CSC patients (Gupta et al., 2010). One recent
suggestion was that damage to the RPE outer-retinal blood barrier in
CSC results in the secondary formation of anti-retinal antibodies, which
may affect the clinical course of CSC. Anti-retinal antibodies were found
in 54% of CSC patients, versus 17% of healthy controls, but no asso-
ciation between clinical characteristics and the presence of anti-retinal
antibodies was found (Ten Berge et al., 2018). Consequently, although
it remains controversial whether retinal epitheliopathy precedes chor-
oidopathy or vice versa, the fact remains that RPE integrity has a vital
defensive role to play against the elevated choroidal hydrostatic pres-
sure seen in this disease.

3.3. The corticosteroid hypothesis and information from cell biology studies

The corticosteroid hypothesis in CSC has gained increasing support
over the last decade. Two classes of corticosteroids, mineralocorticoids
and glucocorticoids are believed to be relevant to the development,
chronicity and recurrence of CSC. Mineralocorticoids are produced in
the adrenal cortex. Aldosterone an important mineralocorticoid reg-
ulates the renal balance of salts and water, therefore contributing to
blood pressure control, acid-base and fluid balance. Glucocorticoids are
the other class of corticosteroids, and in humans the main endogenously
produced corticosteroid is cortisol. Initial evidence for the role of cor-
ticosteroids in CSC came from observational studies, where corticos-
teroid use was seen to be significantly associated with CSC (as discussed
above). Given the mounting evidence for involvement of corticosteroids
in this disease, animal models of CSC were attempted through in-
travitreal injection of both aldosterone and corticosterone in rats. The
choroids of these rats showed vasodilation and vessel hyperperme-
ability in response to aldosterone, with elongation of RPE microvilli and
increased choroidal thickness similarly to CSC (Zhao et al., 2011). On a
cellular level intravitreal aldosterone was found to enhance the ex-
pression of the epithelial Na+ channel (ENaC), the potassium channel
Kir4.1 and the aquaporin AQP4, in addition to promoting the locali-
sation of Kir4.1 and AQP4 to the outer limiting membrane (Zhao et al.,
2011). The same response was not seen with corticosterone, the main
corticosteroid hormone in rats. Following this a conditional double
transgenic mouse model was generated, where inducible miner-
alocorticoid overexpression was restricted to the endothelium. These
mice had mild hypertension, with no basal endothelial dysfunction
(Nguyen Dinh Cat et al., 2010). Interestingly, the mice did show a
spontaneous increase in choroidal thickness and vessel dilation, asso-
ciated with focal disruption of RPE tight junctions and RPE detach-
ments (Daruich et al., 2015). Further evidence to attest to the role of the
mineralocorticoid pathway in CSC pathogenesis comes from studies
demonstrating the ability for aldosterone to regulate the endothelium-
derived hyperpolarising factor through up-regulation of the calcium
activated potassium channel KCa2.3, which is expressed in choroidal
endothelial cells (Zhao et al., 2012). This is interesting given the
plausible role of the choroidal endothelium in CSC. Endothelial cells are
involved in maintaining the integrity of blood vessel walls and

controlling the transfer of molecules. Choroidal endothelial cells have
been cultured from human donors and both corticosteroids and mi-
neralocorticoids administered (Brinks et al., 2018). The resultant
changes in gene expression were then measured using the reverse-
transcriptase polymerase chain reaction (RT-PCR). Cortisol was found
to significantly influence the expression of specific steroid-responsive
genes (PER1, GILZ-1 & FKBP5), however aldosterone did not have the
same effect. More recently the transcriptomic regulation of the RPE-
choroid complex in rats was evaluated following intravitreal injection
of high dose aldosterone (Canonica et al., 2019). A uninephrectomy/
aldosterone/salt model was also created in wild-type C57BL/6 mice
(Canonica et al., 2019). Authors reported that aldosterone induced
posterior segment inflammation on OCT in rats and that RNA sequen-
cing of rat RPE-choroid complexes showed up-regulation of pathways
involved in both inflammation and oxidative stress. Chronic aldos-
terone/salt exposure in the aforementioned mouse model induced ret-
inal oedema, choroidal vasodilation and RPE cell dysfunction and mi-
gration. It follows that both glucocorticoids and mineralocorticoids may
both exert key effects in CSC and neither role has thus far been fully
elucidated.

Patients with cCSC suffer from persistent serous retinal pigment
epithelial detachments. SRF from a CSC patient was sampled and its
constituents compared to that of two patients with retinal detachments
(Kowalczuk et al., 2018). Although only one CSC patient was included,
this study found a comparable difference in the SRF from the CSC pa-
tient. Protein and metabolites deregulated included those involved in
the alternative complement pathway (CFH and CFH related protein),
and glucocorticoid and mineralocorticoid systems (aldosterone, angio-
tensin, and corticosteroid-binding globulin) amongst others. It is diffi-
cult to ignore this recurring theme of both the complement pathway
and corticosteroids in CSC patients. Access to SRF from patients with
CSC is very limited, especially given the often self-resolving nature of
the condition. However, if more studies show comparable results the
possibility of intravitreal or subretinal treatment strategies could be
considered for non-resolving cases.

The evidence towards involvement of the mineralocorticoid
pathway in disease pathogenesis was accumulating, not just at a cel-
lular level, but also from studies using mineralocorticoid antagonists to
treat patients (see section 7). Unfortunately, the first double-blind
placebo controlled randomised control trial on the use of the MR an-
tagonist eplerenone in cCSC has shown no superiority over placebo
(Lotery et al., 2020). This is disappointing as mineralocorticoid antag-
onism was felt to be a relatively safe treatment for CSC. With multiple
case studies and series documenting a reduction in SRF with the use of
eplerenone it is easy to forget that a significant number of cases of CSC
self-resolve. This element of self-resolution can only be accounted for
by using a placebo-controlled double blind trial. If mineralocorticoid
antagonism is not an effective treatment in cCSC, does this mean the
MR is not involved in disease pathogenesis? Answering this question is
both beyond the scope of this review and currently unknown. The VICI
trial showed that eplerenone was ineffective. However, it is unclear if
alternative mineralocorticoid antagonists such as spironolactone might
be effective. The results of the VICI trial suggest not but only a similar
placebo controlled clinical trial using spironolactone could absolutely
confirm this.

We know that corticosteroids are a risk factor for disease, and both
glucocorticoids and mineralocorticoids can bind to the MR and the
glucocorticoid receptor. Therefore, if MR antagonism isn't enough,
possibly the glucocorticoid receptor needs to be targeted e. g with
mifepristone (Goldberg and Heier, 2018)?

Or other pathways may need to be targeted. Photodynamic therapy
(PDT) has been shown to be a superior and effective treatment to micro-
pulse laser in CSC (van Dijk et al., 2018a). PDT is thought to exhibit its
effects through binding to cholesterol receptors. Glucocorticoids are
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produced from cholesterol. What if the focus needs shifting slightly
away from the MR to cholesterol receptors, could statins be of any value
in disease? New hypotheses are needed to help further our under-
standing of both CSC and other related chorioretinal diseases. Perhaps,
patient derived induced pluripotent stem cells (iPSCs) could assist in
providing such insights.

4. Clinical presentation & multimodal imaging

4.1. Clinical presentation

The term “CSC” covers two distinct entities, classically defined as
the acute and chronic forms of the disease. This distinction is somewhat
tenuous because it relies on a temporal criterion (the duration of the
serous retinal detachment), and on the presence of extended RPE
changes.

In the acute form, patients report symptoms related to the locali-
sation of the subretinal detachment (SRD) in the macular area: blurred
vision, relative central scotoma, metamorphopsia, moderate dyschro-
matopsia, hypermetropisation, micropsia and reduced contrast sensi-
tivity.

No consensus exists over the duration threshold that differentiates
acute and cCSC, arbitrarily set between 4 and 6 months in most pub-
lished reports. This limit is critical for therapeutic studies since it de-
termines the appropriate timing for intervention, when self-resolution
is no longer to be expected. Wang et al. have postulated that SRF
leakage lasting > 4 months may cause retinal atrophy and irreversible
visual loss, but little is known about the exact time that has to ensue
before chronic SRF accumulation causes photoreceptor degeneration,
neuroretinal atrophy, and consequent vision loss (Wang et al., 2002).

Acute CSC has been shown to self-resolve in the large majority of
cases, with one retrospective series of 68 eyes demonstrating 57% to
resolve without intervention (Gilbert et al., 1984). Recurrence rates are
however common, especially in the absence of intervention, ranging
from 15 to 50% dependent on study type and length of follow-up (Loo
et al., 2002; Yap and Robertson, 1996). Approximately one third of
patients will have a second recurrence, often within one year of the first
episode (Gass, 1967a; Ficker et al., 1988). Recurrent CSC carries a
poorer visual prognosis (Wang et al., 2008). cCSC represents approxi-
mately 5% of all CSC cases (Spaide et al., 1996a), with follow-up studies
indicating a general progression from acute to cCSC in around 16% of
cases (Castro-Correia et al., 1992).

4.1.1. Visual prognosis
Generally the visual prognosis for CSC is good, 35 of 47 untreated

eyes with classic CSC had a final visual acuity of 6/6 (Snellen) or better
at 1 year follow-up (Gilbert et al., 1984). For those patients who go on
to develop chronic, persistent or recurrent disease, the visual prognosis
is not so favourable, with varying degrees of permanent vision loss
recorded. Severe vision loss is reported to be between 5 and 12.8% in
cCSC. Earlier reports suggested a more favourable prognosis. In one
series, just 2/37 (5.4%) affected eyes lost vision to the 20/200 level or
worse with 11 or more years of follow-up (Yap and Robertson, 1996). In
another subset of patients with severe CSC, 8.7% of eyes had vision
worse than 20/200 after 10.6 years mean follow-up (Otsuka et al.,
2002). However, a more recent study shows up to 12.8% of patients
with cCSC may become legally blind (Mrejen et al., 2019). Additionally,
there is a significant vision-related reduction in quality of life (Breukink
et al., 2017).

It is becoming more evident that visual prognosis is dependent on
both the type and chronicity of disease. Additionally our experience has
taught us that demonstrating efficacy of a treatment by using visual
acuity as an endpoint for cCSC is challenging. Alternatively it could be
argued no treatment to date has been found to be so superior to placebo
that visual acuity is significantly different with treatment (Lotery et al.,
2020) (van Dijk et al., 2018a).

4.2. Disease classification

There is no accepted consensus on the classification of CSC aside
from the aforementioned temporal criteria. Furthermore, the spectrum
of clinical manifestations of CSC and the array of different terminolo-
gies used pose a unique challenge to clinicians in terms of non-uni-
formity in reporting and prognostication of the disease. Singh et al.
recently reviewed the discrepancies present in CSC classification
amongst experienced retinal specialists and found a high level of dis-
cordance, even amongst those most experienced doctors (Singh et al.,
2019). Even when disease was sub-classed into acute, chronic, re-
current, persistent and inactive the discordance still existed. The variety
of clinical manifestations and corresponding varied terminologies used
in clinical practice highlight the ambiguity in both the diagnosis and
management of CSC.

Below, we outline subtypes of CSC and typical complications.

4.2.1. Acute CSC
The acute form is characterized by the presence of SRD, clinically

detectable on fundus examination and on OCT, with focal or multifocal
RPE alterations that may be limited to small pigment epithelial de-
tachments (PEDs), and leakage through the RPE on fluorescein angio-
graphy (FFA). The SRD usually resolves within 3–4 months, leaving in
most cases no long-term symptoms, except colour discrimination de-
fects in some patients.

4.2.2. Chronic CSC
Chronic CSC (cCSC) is recognised by widespread tracks of RPE

atrophy characterized by their decreased fundus auto-fluorescence
(FAF). Symptoms can be permanent (Breukink et al., 2017). General
clinical characteristics of chronicity are considered to include ≥1 sig-
nificant multifocal areas of atrophic RPE alterations and/or multifocal
areas of leakage. Nevertheless, various clinical presentations exist
within cCSC, ranging from mild to severe manifestations with clinical
characteristics.

4.2.3. Multifocal CSC
Multifocal CSC may be more often associated with corticosteroid

use and is more commonly seen in the Asian population (Mendrinos
et al., 2008; How and Koh, 2006). Patients with multifocal CSC have
multiple leakage points on FFA (Fig. 2).

Complications of CSC

4.2.4. CSC with fibrin
CSC can be complicated by fibrin deposition (Fig. 3). There are

reports of fibrin deposition resulting in increased scar formation, as this
fibrinous material is thought to stimulate the RPE to undergo fibrous
metaplasia (Schatz et al., 1995). Schatz et al. reported 6 cases with CSC
containing fibrin in the subretinal space which developed into a sub-
retinal fibrotic scar. Scar formation was followed by a tenting up of the
macula, vascularization of the fibrosis (subretinal neovascularization),
or a RPE rip. Four of the seven eyes with subretinal fibrosis had severe
visual loss (20/400 or worse).

4.2.5. Complex chronic CSC with choroidal neovascularization
A subset of patients with cCSC develop choroidal neovascularization

(CNV), also known as Type 1 macular neovascularization (Type 1 MNV)
(Spaide et al., 2020) (Fig. 4). Several recent studies on cCSC combined
with type 1 CNV found that these eyes often exhibit a flat, irregular RPE
elevation or PED (Hage et al., 2015). The clinical characteristics of type
1 CNV in eyes with CSC was examined in an attempt to distinguish
neovascular CSC from non-neovascular CSC before treatment
(Shiragami et al., 2018). This retrospective study revealed the presence
of CNV in 15.6% eyes with CSC (acute and chronic). CNV was found to
be significantly associated with cCSC and choroidal vascular
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hyperpermeability. There also appeared to be an association with a
poor baseline BCVA and female sex.

4.2.6. Subretinal haemorrhage in CSC
Subretinal haemorrhage is a complication of CSC often associated

with CNV (Fig. 5). The presence of subretinal haemorrhage should raise
suspicion of CNV.

4.2.7. Complex bullous CSC
Bullous CSC is a rare variant of the disease characterized by severe

SRD, especially in the inferior quadrants (Fig. 6) (Cebeci et al., 2017;
Balaratnasingam et al., 2016). RPE tears are very common, and patients
typically have PEDs, often located in the posterior pole with internal
hyperreflectivity typically representing turbid fibrin. FFA in this group
typically show multifocal leaks and it is commonly misdiagnosed as
acute Vogt-Koyanagi-Harada disease (see section 5). A retrospective
review of patients with bullous CSC versus cCSC did not reveal any
differences between patient age, visual acuity, sex, ethnicity or corti-
costeroid use (Balaratnasingam et al., 2016). RPE tears were seen in
95% of eyes with bullous CSC. Furthermore, peripheral non-perfusion is
reported to be increased in bullous CSC in addition to hyperreflective
lesions at the level of the choriocapillaris and in the walls of large
choroidal vessels. It remains unclear why such a small subset of eyes
with cCSC are complicated by bullous retinal detachment. Increased

diagnosis of this rare variant may enhance our understanding of both
the pathophysiology and prognostic indicators for this enigmatic dis-
ease.

4.3. Multimodal imaging

With the advent of new, less-invasive imaging modalities such as
Spectral Domain Optical Coherence Tomography Enhanced Depth
Imaging (SD-OCT EDI) and Optical Coherence Tomography
Angiography (OCTA) we can understand more about both the structure
of the choroid and the vascular supply of the retina. SD-OCT EDI allows
enhanced imaging of the choroid, with more accurate measurements of
choroidal thickness and increased diagnosis of pachychoroid.
Furthermore, this technology enables more accurate recording and
classification of choroidal phenotypes. With the adoption of this tech-
nique in more centres, we can increase both the amount of information
we have on choroidal phenotypes in CSC and our understanding of
them.

4.3.1. Colour fundus photography
The fundus of patients with CSC typically display bullous serous

detachments with or without fibrin (Fig. 3). Fibrin is depicted by yel-
lowish subretinal material. Often choroidal tessellations can be visua-
lised. PEDs are seen in both acute and chronic disease and are visible on

Fig. 2. Multifocal central serous chorioretinopathy. A Colour fundus photograph showing sub-macular detachment with fibrin. B Spectral domain optical coherence
tomography enhanced depth imaging (SD-OCT EDI) scan showing increased subfoveal choroidal thickness, presence of subretinal fluid with multiple small serous
pigment epithelial detachment. C SD-OCT EDI scan showing a retinal pigment epithelium micro-rip (green arrow) and a corresponding hyporeflective space within the
subretinal fibrin “vacuole sign” (red arrow). D Fundus autofluorescence shows the presence of gravitational tract. E, F, G Sequential fundus fluorescein angiograms
showing multifocal leaks (yellow, green and red arrows).
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colour fundus photos. Multiple RPE focal and multi-focal changes can
be visualised, however are more often seen in cCSC than acute disease.
RPE changes include atrophy, thickening, skip lesions, aggregations and
pigmentary changes. RPE degeneration typically forms a teardrop
configuration due to the gravitational tracking of fluid. In cCSC sig-
nificant RPE changes can be visualised often overlying areas of chor-
oidal thickening and dilation.

4.3.2. Multi-colour imaging
Multi-colour images are high-contrast images of the ocular fundus

created by three lasers of different wavelengths. Reports state that the
boundaries of CSC and areas of neurosensory detachments are visua-
lised more distinctly on multi-colour imaging than colour fundus photos
(Tan et al., 2016). Infra-red images can easily visualise neuroretinal
detachment in CSC (Remky et al., 1998). One study found multi-colour
green-blue enhanced images and infra-red to be superior at visualising
abnormalities corresponding to the location of leakage points and RPE
damage in CSC than colour fundus photographs (He et al., 2020). Multi-
colour images are a useful tool in CSC, however they should always be

accompanied by additional imaging techniques for diagnosis and
monitoring of disease.

4.3.3. Optical coherence tomography
Spectral domain-OCT (SD-OCT), Spectral domain enhanced depth

imaging-OCT (SD-OCT EDI) and Swept source OCT (SS-OCT).
OCT is the gold standard imaging modality for follow-up of CSC

patients. This non-invasive imaging technique provides fast, re-
producible, high-quality images of the retina. The most typical feature
of CSC is SRF, this can be seen at the macula but may also be multifocal
(Figs. 3 and 4). PEDs are commonly seen, more often so in chronic
disease and may be associated with SRF. Varying reports of the in-
cidence of PEDs in CSC have been reported between 9% and 100%
(Mudvari et al., 2007; Yang et al., 2013). RPE changes, such as a bump
in the RPE (94%) and PEDs (11.8%) are also reported to be present in
the unaffected eye (Gupta et al., 2010). Many types of PED have been
described in CSC including, dome-shaped PEDs which are well-demar-
cated. Irregular PEDs with hyper-reflective content overlying an intact
thin hyper-reflective layer are commonly seen in cCSC. This feature

Fig. 3. Central serous chorioretinopathy with subretinal fibrin. A Colour fundus photograph showing sub-macular detachment. B Spectral domain optical coherence
tomography enhanced depth imaging scan showing increased subfoveal choroidal thickness, presence of subretinal fluid, subretinal hyperreflectivity suggestive of
fibrin and a serous pigment epithelial detachment. CMontage fundus image showing extramacular fibrinous exudate. D Fundus autofluorescence showing an area of
ill-defined hyperfluorescence with central hypofluorescence. E, F, G Sequential fundus fluorescein angiograms.
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creates the double-layer sign (DLS) formed by two hyper-reflective
layers separated by a gap: the inner layer is the hyper-reflective irre-
gularly elevated RPE and the outer layer is the inner layer of the Bruch's
membrane (Fig. 7c). The DLS was described in 2007 in patients with
polypoidal choroidal vasculopathy and the space within the DLS re-
ported to be hyperreflective (Sato et al., 2007). A hyper-reflective space
within the DLS is described to be associated with CNV (Chhablani and
Mandadi, 2019; Sheth et al., 2018). More recently the space within the
DLS in cCSC has been described as hypo, not hyperreflective (Sato et al.,
2007; Sheth et al., 2018). Large voluminous dome-shaped PEDs can also
develop in CSC, and there are reports of rupture into the vitreous cavity
(Daruich et al., 2015). PEDs tend to occur with areas of choroidal
vascular abnormalities when visualised on SD-OCT EDI and ICGA. This
supports the notion that the choroidopathy in CSC leads to RPE changes
due to changes in hydrostatic pressure of the underlying choroid.

Hyperreflective dots have also been described in the neuroretina
and subretinal space of CSC eyes, in addition to the choroid (Daruich
et al., 2015). They tend to resolve with resolution of SRF. Diffuse RPE
changes are often observed in cCSC, specifically in the diffuse pigment
epitheliopathy subtype. RPE atrophy and detachment is seen as an
absence of signal at the level of the RPE (Ferrara et al., 2014), RPE
hypertrophy may also be observed (Yang et al., 2013). RPE microrips
are seen in both acute and chronic disease, thought to represent
blowouts at the edges of RPE detachments (Schatz et al., 1995)
(Goldstein and Pavan, 1987; Lim and Wong, 2008; Parchand et al.,
2011; Shanmugam and Bhende, 2000). The presence of hyperre-
flectivity in the subretinal space corresponding to fibrinous material has
been reported in both acute and cCSC. Dipping of the neurosensory
retina at the site of fibrin formation has also been observed (Fujimoto
et al., 2008; Saxena et al., 2011; Hussain et al., 2006). The presence of
fibrin associated with hyporeflectivity overlying RPE defects has been
termed “the vacuole sign” (Fig. 2c) (Alshahrani et al., 2014) (Rajesh
et al., 2017). The hyperreflectivity of the fibrin is thought to provide a

contrast against the hyporeflective clear fluid (the vacuole) leaking out
through the RPE defect. This is reported in both acute and cCSC,
however it can only be visualised with the presence of fibrin.

There are several OCT features seen only in cCSC, including pos-
terior cystoid retinal degeneration. In 2003 cystoid macular degenera-
tion was described in CSC and defined as cystoid spaces shown by OCT
with no intraretinal fluorescein leakage in the fovea (Iida et al., 2003).
Since then cystoid macular degeneration in CSC has been described to
involve the fovea in 58.8% of cases with a preferential distribution in
the papillomacular region (Piccolino et al., 2008). Cystoid macular
degeneration in CSC can be distinguished from other chorioretinal
conditions due to the mainly extrafoveal distribution. The pathophy-
siology behind such changes is hypothesised to result from focal chor-
ioretinal adherence at the site of fluid exudation from the choroid. OCT
findings suggest that subretinal fibrosis, as well as laser scars or spon-
taneous atrophic lesions of the RPE and the choroid, may be sites of
chorioretinal adherence and barrier-free areas that facilitate the pas-
sage of choroidal fluid into the retina, as well as being zones of re-
sistance to retinal detachment (Piccolino et al., 2008). It has also been
hypothesised that cystoid degeneration is caused by RPE deficiency,
that the RPE can no longer efficiently pump fluid out of the retina.

Diffuse atrophic RPE alterations are described in cases of severe
cCSC, with the area involved tending to expand over time. The devel-
opment of diffuse RPE atrophy has in fact been related to corticosteroid
use (Polak et al., 1995). One study used the area of diffuse atrophic RPE
alterations to help define the severity of cCSC, with a cumulative sur-
face area of > 5 disc diameters at the macula thought to represent se-
vere cCSC (Mohabati et al., 2018b). Future research must establish the
validity of such severity criteria.

The use of SD-OCT EDI and SS-OCT in CSC are increasing as unlike
conventional OCT these imaging modalities allow further analysis of
the choroid. Increased choroidal thickness is commonly observed.
Interestingly, this is often seen in both eyes, even if the manifestations

Fig. 4. Complex central serous chorioretinopathy (CSC) with presence of type 1 macular neovascularization (Type 1 MNV). A Colour fundus photograph showing
patches of retinal pigment epithelial atrophy, faint serous macular detachment and exudates close to fovea in a patient with chronic CSC. B Spectral domain optical
coherence tomography enhanced depth imaging scan showing dilated vessels in Haller's layer, presence of subretinal fluid, and a hyperreflective double layer sign
(DLS) bounded anteriorly by the retinal pigment epithelium and posteriorly by the basement membrane. C Indocyanine green angiography shows a faint vascular
network which is clearly seen in the (D) Optical coherence tomography angiography image. E Fundus fluorescein angiography shows speckled hyper- and hypo-
fluorescence corresponding to the area of the network.
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of CSC are only seen in one eye (Imamura et al., 2009). As previously
discussed, choroidal thickness > 300 μm can be assumed to be ab-
normal, although there are no definitive guidelines on this. A meta-
analysis of 397 eyes with CSC, 228 unaffected fellow eyes and 483
normal control eyes revealed a statistically significant increase in the
choroidal thickness of affected eyes vs unaffected eyes and controls
(Chen et al., 2017). Furthermore, this study also demonstrated a sta-
tistically significant increase in the subfoveal choroidal thickness of the
fellow eye vs controls. Measures of choroidal thickness are highly
variable between observers. With one study reporting an intra- and
inter-observer variability of 32 ± 38 μm and 46 ± 57 μm, compared
to 19 ± 25 μm and 26 ± -35 μm in normal eyes (Kim et al., 2013). This
is important to consider when choroidal thickness measurements are
used to monitor progress, especially that due to interventions. The inner
choroidal layer will often appear thinned in the involved area due to
atrophy of the choriocapillaris or compression from dilated outer
choroidal vessels (Yang et al., 2013). Choroidal vessel dilation is a
commonly reported feature, this can be focal or diffuse (Lee et al.,
2017). There are reports of abnormal hyperreflective areas at the level
of Bruch's membrane and the choriocapillaris complex, which correlate

to abnormal hypofluorescent areas in the late phase of ICGA (Shinojima
et al., 2016).

There is currently no consensus on how to measure the central
retinal thickness (CRT) in CSC. A commonly used parameter to gage
treatment response and disease progression. CRT is measured on OCT
and has been defined as the distance between the inner and outer ret-
inal surface (Furuta et al., 2009). Automated measurements of CRT
often differ between devices depending on the segmentation algorithm
used by particular software; for example, one study in normal eyes
defined CRT as the distance between the internal limiting membrane
(ILM) and Bruch's membrane (Myers et al., 2015), and another used the
distance between the ILM and the middle of the RPE hyper-reflective
band (von Hanno et al., 2017). Automated measurements of CRT often
erroneously include the SRF. A recent study analysing response to PDT
in recurrent CSC defined CRT as the distance from the inner border of
the inner limiting membrane to the inner border of the ellipsoid zone on
SD-OCT (van Rijssen et al., 2018). This was selected as it was thought to
approach the true thickness of the neuroretina in most non-resolving
CSC cases, which often accumulate subretinal debris. Like choroidal
thickness, CRT is described to be influenced by sex, age, ethnicity and

Fig. 5. Subretinal haemorrhage in central serous chorioretinopathy. A Colour fundus photograph showing presence of boat shaped subretinal haemorrhage inferior to
the fovea, patchy hyperpigmentation along the superior arcade. B Spectral domain optical coherence tomography enhanced depth imaging (SD-OCT EDI) scan
showing increased subfoveal choroidal thickness, presence of subretinal fluid, free edge of ripped retinal pigment epithelium and shallow pigment epithelial de-
tachment. C SD-OCT EDI scan showing subretinal uniform hyperreflectivity with back shadowing suggestive of subretinal haemorrhage. D Fundus autofluorescence
shows the presence of gravitational tract along with patches of hypoautofluorescence corresponding to areas of haemorrhage on colour fundus image. E Fundus
fluorescein angiography and F Indocyanine green angiography images showing blocked fluorescence due to haemorrhage and hyperfluorescence along the grav-
itational tract due to window defects.
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refraction (von Hanno et al., 2017; Girkin et al., 2011; Kelty et al.,
2008).

SD-OCT, SD-OCT EDI and SS-OCT are incredibly useful tools for
both diagnosing and monitoring the progress of CSC.

4.3.4. Fundus autofluorescence (FAF)
FAF is a non-invasive imaging technique producing fast, high-

quality images. RPE lipofuscin produces short-wavelength auto-
fluorescence, therefore FAF images provide users with an indication of
RPE metabolism. On FAF, features such as areas of granular hypo-au-
tofluorescence and mixed stippled hyper- and hypo-autofluorescence
are seen in CSC. Circumferential areas of hyperautofluorescence can be
visualised corresponding to areas of SRF. In cCSC, FAF appearance is
pathognomonic. Multiple gravitational track marks are seen as granular
areas of hyper- and hypo-autofluorescence, often originating from the
macula and optic disc (Fig. 2D). Interestingly, a correlation has been
shown between the direction of gravitational tracts and the side on
which patients sleep (Pang et al., 2014). Ultra-widefield FAF in CSC has
helped to confirm involvement of the peripheral retina in disease. One
study demonstrated more than 50% of patients to have extensive per-
ipheral retinal involvement (Pang et al., 2014).

4.3.5. Fundus fluorescein angiography
Fundus fluorescein angiography (FFA) is a useful diagnostic test in

CSC. Interestingly, the first identified FFA changes at the level of the
RPE in CSC patients dates back to 1965 (Maumenee, 1965). Ever since
this description of leakage the use of FFA in CSC has increased

exponentially. Classically now on FFA, CSC is described to show RPE
leakage that may have either a “smoke-stack” or an “ink-blot” pattern
(Figs. 8 and 9). These leaks can be either solitary or multiple (Prunte
and Flammer, 1996; Guyer et al., 1992). Additionally, there may be
pooling corresponding to the serous PED while the abnormal RPE areas
may illustrate either window-defects or staining. Presence of in-
traretinal fluid, also known as “cystoid macular degeneration’ is in-
dicative of cCSC. FFA in these cases may show presence of indistinct
areas of leakage with granular window defects (Fig. 5F). Commonly
seen signs in FFA are:

Early phase (up to 3 min).
Hyperfluorescent areas due to increased transmission of the normal

choroidal fluorescence, indicating RPE atrophy in addition to early
staining.

Intermediate phase (3–8 min).
Hyperfluorescent areas due to window defects, staining and accu-

mulation.
Late phase (> 8 min).
Maintenance of hyperfluorescence in areas of dye staining and

pooling.

4.3.6. Indocyanine green angiography (ICGA)
ICGA has become the gold-standard method for imaging the

choroid. With the growing consensus that CSC is a choroidal disease
ICGA has become an increasingly valuable technique, especially for
diagnosing CSC complicated by CNV. Indocyanine green (ICG) is a
water-soluble tricarbocyanine dye that emits light in the infra-red

Fig. 6. Bullous central serous chorioretinopathy. A Colour montage image showing the bullous elevated retina inferiorly and nasally. B&C Spectral-domain
optical coherence tomography images with shallow subretinal fluid at the fovea, elevated neurosensory retina inferiorly. D&E Fundus fluorescein angiography shows
area of hyperfluorescence in the superonasal quadrant increasing in intensity with and size with ill-defined margins in the late phase suggestive of a leak.
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portion, with maximum emission of 835 μm. This optical property al-
lows the choroid to be visualised through the RPE. ICG is both lipophilic
and hydrophilic, with 98% bound to proteins. This protein binding
results in a slow leakage of ICG through fenestrated choroidal vessels
allowing choroidal visualisation even in late stages. ICGA can typically
be subdivided into early, mid and late phases. The choroidal changes
seen in CSC at these time points are:

Early phase (1–3 min): Delayed filling of arteries and chor-
iocapillaris (Prunte and Flammer, 1996). Dilated choroidal vessels
(Pang et al., 2014). Hypofluorescent areas secondary to decreased
choriocapillaris filling (Kitaya et al., 2003). Widefield ICGA has shown
dilated choroidal vessels extend along the entire course of the vessel
back to one or more vortex veins’ ampulla before exiting the sclera
(Pang et al., 2014). Thereby indicating outflow congestion of that
draining vortex vein. Hyperfluorescence is seen indicating impaired
choroidal permeability due to hyperpermeability.

Mid-phase (3–15 min): Dilation of large choroidal veins in areas
correlating to atrophic or elevated RPE on OCT (Hirami et al., 2007).
Geographic areas of hyperfluorescence with blurred contours classically
interpreted as choroidal vascular hyperpermeability (Spaide et al.,
1996b; Piccolino and Borgia, 1994).

Late phase (15–40 min): Mid-phase hyperfluorescent areas evolve
into either persistent hyperfluorescence, wash-out or centrifugal

displacement of the hyperfluorescence, forming hyperfluorescent rings
(Tsujikawa et al., 2010). Choroidal hyperpermeability corresponding to
areas of altered autofluorescence (Pang et al., 2014). ICGA, both in
acute and chronic disease, shows dilated choroidal vessels and chor-
oidal filling defects in early phase, with mid-phase indistinct hyper-
fluorescence and late staining (Fig. 7). Areas of RPE atrophy appear
hypofluorescent on ICGA (Spaide et al., 1996b), and can first be dis-
tinguished at approximately 10 min, becoming more prominent in later
stages. This hypofluorescence is thought to result from choriocapillaris
hypoperfusion.

4.3.7. Optical coherence tomography angiography
Optical coherence tomography angiography (OCTA) is a relatively

new imaging technique. It differs from other ocular angiographic
techniques, such as FFA ICGA, which are both invasive techniques that
measure the flow of plasma. OCTA conversely measures the movement
of blood cells and is non-invasive. Furthermore, the ability for depth-
resolved analysis allows flow in a specific axial location of the retina/
choroid to be analysed. Its use in CSC is still in its infancy.

Multimodal imaging in CSC indicates SRF accumulation results from
a thickened, congested, hyper-permeable choroid leaking fluid through
a dysfunctional RPE (Filho et al., 2015; Sacconi et al., 2018). Therefore,
the ability to image choroidal blood flow in CSC may provide insights

Fig. 7. Chronic central serous chorioretinopathy, multimodal imaging. A Colour fundus photograph showing submacular detachment with fibrin. B Spectral domain
optical coherence tomography (OCT) enhanced depth imaging (SD-OCT EDI) scan showing subfoveal pachyvessels (red arrows) with increased subfoveal choroidal
thickness, presence of subretinal fluid with multiple small serous pigment epithelial detachment. C Characteristic hyporeflective double-layer sign (DLS) bounded
anteriorly by the retinal pigment epithelium (yellow arrow) and posteriorly by the basement membrane (red arrow). D Fundus autofluorescence shows the presence of
a gravitational tract. E-G Indocyanine green and fundus fluorescein angiograms show dilated choroidal vessels with multiple point leaks (blue arrows).
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into the disease in addition to helping with monitoring and treatment
planning.

There are some reports of the use of OCTA in CSC, with dark spots
and dark areas visible at the choriocapillaris and an increased false
positive rate of CNV due to the abnormal choroidal vessel architecture
seen in CSC patients (Costanzo et al., 2015). The dark areas are de-
scribed as diffuse or focal, foggy, ill-defined, low-detectable flow areas,
while dark spots are described as black, single or multiple, well-deli-
neated areas with no detectable flow at the choriocapillaris level. The
dark areas usually correspond to SRF and dark spots to PED, subretinal
deposit, choroidal cavitation, choroidal excavation and choroidal fluid
(De Bats et al., 2018). Abnormal choroidal vessels are described as
distinct, well-delineated, high-flow, tangled pattern areas in the chor-
iocapillaris as well as an abnormal dilation of choroidal vessels. Further
reports suggest “white spots” which, correspond with the leaking point
on FFA or with hyper-reflective dots (De Bats et al., 2018) and “white
filamentous pattern” at the Bruch's membrane level corresponding to
abnormal choroidal neovascular vessels (De Bats et al., 2018).

Published reports suggest OCTA can identify otherwise unknown
CNV in cCSC when used in conjunction with FFA (Filho et al., 2015).

Dye-based angiography is the current gold standard for diagnosing
CNV, however this can be difficult in CSC where choroidal/retinal ab-
normalities may obscure CNV. A small series evaluated the use of OCTA
in predicting response to eplerenone (Sacconi et al., 2018). The pre-
sence of CNV on ICG-A or OCTA was found to predict an unfavourable
response to eplerenone (Sacconi et al., 2018). Suggesting that patients
with CSC should have an OCTA to help exclude CNV prior to com-
mencing eplerenone therapy, as anti-VEGF may be more effective in
these cases. However, the VICI trial found no evidence of an effect of
eplerenone in patients for whom CNV had been excluded by FFA and
ICGA (Lotery et al., 2020).

OCTA in CSC gives some insights into disease pathogenesis. There
are reports of choriocapillary hypoperfusion with reactive hyperperfu-
sion in the surrounding area, which could lead to increased hydrostatic
pressure and disruption of the RPE (De Bats et al., 2018). Furthermore,
low flow is detected in the choriocapillaris, which may be due to
compression by enlarged choroidal vessels. PEDs have been found
above dilated vessels indicating a form of mechanical stress on the RPE
from underlying compression (De Bats et al., 2018).

OCTA does have its limitations, analysis of deep choroidal vessels is

Fig. 8. Central serous chorioretinopathy with smoke stack focal leak. A Colour fundus photograph showing serous macular detachment with fibrin. B Spectral
domain optical coherence tomography enhanced depth imaging scan showing increased subfoveal choroidal thickness and presence of subretinal fluid. C Fundus
autofluorescence showing a well-defined area of hyperfluorescence with central hypofluorescence. D, E, F, G Sequential fundus fluorescein angiograms showing
leakage of dye in a smoke stack pattern (green arrow shows initial focal hyperfluorescence).
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difficult unless there is an overlying area of RPE atrophy. Furthermore,
choroidal imaging requires manual segmentation, which some users
may not be familiar with.

Improved characterisation of choroidal phenotypes using the
aforementioned imaging modalities will give us the potential to com-
bine imaging in the clinic with genetic testing in the laboratory. As both
genetic research and choroidal imaging improves, new endophenotypes
could be established allowing us to sub-categorise CSC patients. Further
categorisation of CSC patients could then result in personalised treat-
ment strategies.

4.3.8. Adaptive optics
Adaptive optics is a relatively new tool that when combined with

scanning light ophthalmoscopy (AOSLO) allows the visualisation of
individual cone photoreceptors in the living eye. A nonconfocal varia-
tion of AOSLO called split-detector has also been developed. This en-
ables visualisation of certain structures that can't be seen with the
standard confocal technique, such as cone inner segments (Scoles et al.,
2014). The use of adaptive optics in CSC allows both an increased
understanding of the disease at the cellular level in addition to a new
method of phenotyping patients. Initial AOSLO studies in CSC focused

on patients with resolved CSC, notably Ooto et al. examined 45 eyes
with resolved CSC in comparison to 20 control eyes (Ooto et al., 2010).
They showed abnormal cone mosaic patterns and reduced cone den-
sities in eyes with resolved CSC, and these abnormalities were asso-
ciated with VA loss. Confocal and split-detector AOSLO was used to
study the intraretinal structures in five patients with active and re-
solved CSC in comparison to SD-OCT (Vogel et al., 2017). AOSLO
showed multiple intraretinal hyperreflective clusters in subjects with
CSC in both the inner and outer retina. Detailed appearances of these
clusters were visualised using AOSLO, such as size, association with
retinal vessels and their relationship with the photoreceptor mosaic.
Larger studies using AOSLO are needed to determine the significance of
such clusters and their relationship to disease prognosis in CSC.

Adaptive optics has also been used to quantify photoreceptor den-
sity in CSC and correlate with retinal layer thickness. Twelve patients
with resolved CSC underwent imaging after resolution of SRF and again
12 months after this (Nakamura et al., 2016). Adaptive optics showed a
statistically significant increase in the density of cones at 12 months
post SRF resolution, coupled with a significant increase in the mean
outer retinal layer thickness at 12 months post-resolution.

The use of adaptive optics in day to day practice in CSC is very

Fig. 9. Central serous chorioretinopathy with ink blot focal leak. A Colour fundus photograph showing serous macular detachment. B Spectral domain optical
coherence tomography (OCT) enhanced depth imaging scan showing increased subfoveal choroidal thickness and presence of subretinal fluid. Undulating retinal
pigment epithelium (RPE) is seen subfoveally. C, D, E Sequential fundus fluorescein angiograms (FFA) showing leakage of dye in ink blot pattern (yellow arrow). F F
FFA and OCT line scan through area of interest shows presence of RPE micro-rip (red arrow) and a corresponding hyporeflective space within the hyperreflective
subretinal fibrin “vacuole sign” (green arrow) corresponding to the leak.
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limited, and as a new technique its value in the progression of CSC
phenotyping and management is still to be discerned.

5. Conditions misdiagnosed as CSC

5.1. Neovascular disease

5.1.1. Macular neovascularization
Type 1 macular neovascularization (Type 1 MNV) can be mistaken

as CSC and vice versa. MNV may be an infrequent complication of CSC,
with an incidence rate ranging from 2% to 18%, thereby adding to
misdiagnoses (Loo et al., 2002) (Spaide et al., 1996a; Fung et al., 2012;
Shiragami et al., 2018; Nicholson et al., 2018a). MNV tends to affect an
older group of patients and conversely to CSC is more commonly seen in
myopic patients (where as CSC is often seen in hyperopes and emme-
tropes). Both MNV and CSC affect the macula and result from pathology
at the level of the choroid and the RPE. MNV typically responds to anti-
VEGF, although there have been reports of CSC responding to anti-
VEGF (Seong et al., 2009), this may be misdiagnosis in the first instance
or CSC complicated by MNV. Clinicians should consider the diagnosis of
CSC in those patients with MNV refractory to treatment with anti-VEGF.

5.1.2. Polypoidal choroidal vasculopathy (PCV)
PCV also known as aneurysmal type 1 neovascularization is con-

sidered to be part of the pachychoroid disease spectrum, however it also
falls under the category of neovascular diseases. Subretinal leakage
from type 1 (sub-RPE) neovascularization as a result of pachychoroid
neovasculopathy may mimic uncomplicated cCSC (Fung et al., 2012;
Pang and Freund, 2015). An in-depth discussion of PCV can be found
under the pachychoroid disease section below (6.2).

5.2. Inflammatory disease

There are several inflammatory diseases that can mimic CSC,
however a noticeable distinguishing factor is the presence of in-
flammatory cells.

5.2.1. Vogt-Koyanagi-Harada (VKH)
VKH is a multi-system auto-immune disease affecting pigmented

tissues. VKH typically causes blurring of vision and a bilateral panu-
veitis is often seen. There is a thickening of the posterior choroid seen
due to choroidal stromal inflammation, with elevation of the peripa-
pillary retinal choroidal layer and multiple exudative bullous serous
retinal detachments (Rao et al., 2010). The acute form of VKH is
characterized by the presence of bilateral exudative retinal detach-
ments. Exudative retinal detachment is also a feature of CSC. Conse-
quently, a diagnostic dilemma can occur. CSC may be misdiagnosed as
VKH when it presents with bilateral serous retinal detachment and in-
creased choroidal thickness on SD-OCT EDI (Shin et al., 2015; Lin et al.,
2014; Aggarwal et al., 2017). VKH and CSC can be differentiated on the
basis of history, clinical features and ancillary investigations such as
FFA, ICGA and SD-OCT EDI. Both VKH and CSC affect a similar age
group, however CSC is predominantly a disease of males and VKH af-
fects more females (Rao et al., 2010). With regard to clinical features
the majority of VKH patients display anterior or vitreous cells, however
in CSC this is rarely seen. Furthermore, optic disc hyperemia is a re-
cognised feature of VKH, but is not seen in CSC. Corresponding to this
FFA in VKH often shows leakage around the disc, this is not typically
seen in CSC. In both VKH and CSC multi-focal leakage in late stages of
FFA can be seen, but more often so in CSC. ICGA in VKH is reported to
demonstrate hypofluorescent dots in the late stages often corresponding
to choroidal ischaemia, whereas late phase ICGA in CSC shows chor-
oidal hyperpermeability.

In one series 22% of patients with VKH were initially misdiagnosed
as CSC (Yang et al., 2007). Another study reports 14.3% of VKH cases to
be misdiagnosed secondary to the absence of a cellular inflammatory

reaction or typical features such as sub-retinal septae and RPE folds on
SD-OCT EDI (Shin et al., 2015). Importantly VKH is an inflammatory
disease treated with corticosteroids, however as previously described
CSC does not respond to corticosteroids, they are in fact a risk factor for
disease. These different management strategies make differentiating
these two conditions essential, as a treatment for one can worsen the
other.

5.2.2. White dot syndromes
White dot syndromes is a term used to describe a group of non-

infectious retinal, RPE and choroidal inflammatory conditions char-
acterized by multiple yellow-white lesions evident in the outer retina,
RPE or choroid. Similarly to CSC serous neurosensory detachment at
the macula can be seen in some white dot syndromes such as acute
multifocal placoid pigment epitheliopathy and punctuate inner chor-
oidopathy (Watzke et al., 1984) (Birnbaum et al., 2010). These condi-
tions can be differentiated from CSC on the basis of fundus findings,
with yellow white lesions seen.

5.3. Malignancy

5.3.1. Solid tumours
5.3.1.1. Choroidal melanoma. Choroidal melanoma is a rare condition
that can be misdiagnosed as CSC. Typically presenting with non-specific
features, many of which can be seen in CSC such as flashes, floaters,
blurred vision and metamorphopsia (Shields et al., 2014). Choroidal
melanoma often displays SRF, one series reports it is present in
approximately 92% of cases (Shields et al., 2014). SRF is a known
feature of CSC. Conversely to CSC SD-OCT EDI will often show a raised
lesion in choroidal melanoma, however flat choroidal melanomas do
occur. Ultrasound in choroidal melanoma will show a low reflectance
choroidal mass in the majority of cases. There are several case reports
where choroidal melanoma has been misdiagnosed as CSC, therefore it
is important to recognize the cross-over between clinical features and to
perform an ultrasound A-scan in atypical cases (Higgins et al., 2016)
(Rishi et al., 2016; Scott et al., 2008).

5.3.2. Vascular tumours
5.3.2.1. Choroidal haemangioma. Choroidal haemangioma typically
presents with an orange-red lesion in the posterior pole associated
with a serous detachment at the macula. It is a benign tumour of the
choroid frequently located in the paramacular area. Distinguishing this
condition from CSC can be complicated by obscuration of the lesion by
SRF. Ultrasound is an incredibly useful test if choroidal haemangioma is
suspected, detecting a choroidal mass with acoustic solidity on the B-
scan and high internal reflectivity on A-scan (Konana et al., 2018).
Furthermore, ICGA in choroidal haemangiomas shows early
hyperfluorescence followed by a classic “wash-out phenomenon”
during mid- and late phases (Shields et al., 2001). Choroidal
haemangioma can be treated with PDT.

5.3.3. Haematological malignancy
5.3.3.1. Primary B-cell lymphoma of the choroid. Proliferation of
lymphoid cells in the uveal tract is uncommon. Primary choroidal
lymphoma is a rare disease, presenting with a slowly progressing
reduction in vision. Patients can display serous retinal detachments in
a similar manner to CSC (Mashayekhi et al., 2014). One differentiating
factor is the presence of choroidal infiltrates, visualised on fundal
examination as creamy-yellow patches at the level of the choroid.
Obscuration of the choroidal blood vessels is another feature seen in
choroidal lymphoma. The most useful noninvasive diagnostic tool to
distinguish this condition is ultrasonography. The typical B-scan
appearance is of an acoustically hollow thickening of the choroid.

5.3.3.2. Leukaemia. Acute leukaemia presents with ocular manifestations
in approximately 32–80% of people. Central serous retinal detachment is
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an uncommon feature, however it has been reported as a clinical
manifestation in a number of cases (Moulin et al., 2010) (Gronbech
et al., 2014) (Malik et al., 2005; Fackler et al., 2006). FFA in acute
lymphoblastic leukaemia demonstrates multiple mid-phase and late dot
like areas of hyperfluorescence accompanied by accumulation of fluid in
the area of neurosensory detachment in the late phase. FFA does not show
the typical smoke-stack or ink-blot features seen in CSC. A concise history
is key to differentiation in atypical cases of serous detachment.

5.3.3.3. Waldenström macroglobulinemia. Waldenstrom macroglobulinemia
is a malignant proliferative B-cell disorder. Hyperviscosity syndrome due to
overproduction of immunoglobulin type M (IgM), a large pentamer
molecule that easily forms aggregates, is a well-known association of
Waldenstrom macroglobulinemia occurring in 17% of patients (Merlini
et al., 2003; Thomas et al., 1983). Of those affected with hyperviscosity
syndrome 37% exhibit hyperviscosity-related retinopathy, and in a small
subset of these patients' serous retinal detachments at the macula have been
described (Baker et al., 2013; Thomas et al., 1983). The absence of
angiographic leakage within the macular detachment suggests that
exudation from the retinal or choroidal vasculature is not the primary
mechanism through which SRF accumulates. The angiographically ‘‘silent
macula’’ has been recognised as a hallmark of immunogammopathy-
induced serous macular detachments, helping to distinguish this from
CSC (Ho et al., 2000).

5.4. Genetic

5.4.1. Best's disease
Mutation of the BEST-1 gene encompasses a spectrum of disease

including Best vitelliform macular dystrophy, adult-onset vitelliform
macular dystrophy, autosomal dominant vitreoretinochoroidopathy
and autosomal recessive bestrophinopathy. BEST-1 codes for bestro-
phin-1, which functions as a membrane channel in the RPE. All of the
aforementioned diseases can present with a neurosensory retinal de-
tachment, similarly to CSC (Boon et al., 2009). Best's disease is often
diagnosed with an electro-oculogram, characterized by a decreased
Arden ratio, not seen in CSC (Deutman, 1969). Furthermore, many
cases are autosomal dominant, therefore examination of family mem-
bers may reveal the diagnosis, unlike CSC. There are several other
clinical features specific to the bestrophinopathies, such as egg yolk-like
round lesions affecting the macula in Best vitelliform macular dys-
trophy that can help to identify these conditions and differentiate them
from CSC.

5.4.2. RP1L1-associated retinal dystrophy
Mutations in the retinitis pigmentosa-1-like-1 (RP1L1) gene are a

major cause of autosomal dominant occult macular dystrophy. This rare
condition causes a slow progressive loss of visual acuity, however
sporadic cases have also been reported. There are case reports of mu-
tations presenting with subfoveal retinal detachments (Takahashi et al.,
2014), thereby placing it as a differential diagnosis for CSC. Conversely
to CSC, FFA and ICGA are typically normal in this condition, and the
strong familial component should suggest an inherited retinal dys-
trophy.

5.5. Anatomical

5.5.1. Optic disc pit
This condition is thought to result from incomplete closure of the

superior aspect of the embryonic fissure. Optic disc pits are congenital
and seen as focal excavations in the optic disc, often in the infero-
temporal aspect. It can be confused with CSC as some patients develop a
maculopathy characterized by serous macular detachment. Serous de-
tachments associated with optic disc pits can be differentiated from CSC
by the characteristic optic disc appearance and the absence of a leak on
FFA and ICGA (Zaidi et al., 2011).

5.5.2. Dome-shaped macula
This term refers to a dome shaped elevation at the macula seen in

patients with high myopia. It can be misinterpreted as CSC due to the
presence of serous retinal detachment in 50% of cases (Caillaux et al.,
2013). Both CSC and dome-shaped macula have similar features on FFA
and ICGA. Consequently, differentiating the two can be difficult. Im-
portantly, CSC is rare in myopia and the presence of a bulge at the
macula can help to distinguish the two. A vertical line scan on OCT can
help identify the presence of a dome shaped maculopathy.

5.6. Medication

5.6.1. Mitogen Activated protein Kinase (MEK) inhibitor associated serous
retinopathy (MEKAR)

The RAS/RAF/ERK/MEK pathway is one of the essential pillars of
cell biology. This signalling pathway functions to transduce signals
from the extracellular milieu to the cell nucleus where specific genes
are then activated for cell growth, division and differentiation.
Dysregulation of this pathway is a common event in cancer as Ras is the
most frequently mutated oncogene in human cancer. Consequently,
manipulation of this pathway with (B-Raf) BRAF and MEK inhibitors
has demonstrated potential therapeutic value in the treatment of var-
ious malignancies including advanced melanoma and low-grade
ovarian cancer (Cheng and Tian, 2017). BRAF/MEK inhibitors have
many side effects; interestingly, in a subset of patients they appear to
cause a serous retinal detachment with some similar features on OCT to
CSC (Urner-Bloch et al., 2014; van Dijk et al., 2015; Coutu et al., 2016).
Patients report mild visual disturbances and, in all cases, the serous
fluid resolves despite continuation of the treatment. This spontaneous
resolution may be linked to tachyphylaxis; however, this is still an as-
sumption. The relative frequency with which this occurs has led to the
coining of a new diagnosis, MEK inhibitor associated retinopathy
‘MEKAR’.

There is however evidence to suggest that MEKAR is a disease
mainly caused by RPE dysfunction, unlike CSC, which is largely due to
choroidal changes (van Dijk et al. 2015, 2018b; Francis et al., 2017).
Furthermore, in contrast to CSC no hot spot leakage is seen on FFA and
choroidal changes are not present on ICGA, thereby allowing further
differentiation of these two conditions. Reports have also shown that
the medication may have a primary effect on the RPE, thereby causing
this dysfunction (van Dijk et al., 2016b).

6. CSC within the pachychoroid spectrum

From being first described as a group of disorders having a common
clinical feature of “pachy” or thick choroid, the definition now en-
compasses a range of clinically distinct entities. Current literature in-
dicates that pachychoroid disease spectrum consists of pachychoroid
pigment epitheliopathy (PPE), CSC, pachychoroid neovasculopathy
(PNV), polypoidal choroidal vasculopathy (PCV), focal choroidal ex-
cavation (FCE) and peripapillary pachychoroid syndrome (PPS). The
phenotypes of these entities are characterized by presence of pachy-
vessels, diffuse or focal areas of increased choroidal thickness and
marked attenuation of the choriocapillaris (Warrow et al., 2013; Pang
and Freund, 2015; Dansingani et al., 2016a). Apart from the afore-
mentioned common features each of them has distinctive features that,
in part, help to explain the diverse pathogenesis and progression of the
diseases. The concepts pertaining to the pathophysiology of this spec-
trum are evolving and at times, conflicting. In particular, it is important
to clinically distinguish CSC from PCV.

6.1. Pachychoroid pigment epitheliopathy (PPE)

This is a distinct clinical entity within the spectrum of pachychoroid
with characteristic features on multimodal imaging of the macula
(Fig. 10), first described by Warrow et al. in 2013 (Warrow et al.,
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2013). This entity is distinguished from typical CSC as patients display
RPE irregularity without SRF. Thus, PPE has been considered to re-
present a ‘forme fruste’ of CSC.

Fundoscopic examination often shows an orange reddish appear-
ance and absence of or reduced fundus tessellation that indicates an
underlying pachychoroid. In many cases, examination of the apparently
uninvolved fellow eyes of patients manifesting unilateral SRF reveals
nonspecific RPE changes without a known history of CSC or evidence of
prior SRF on multimodal imaging. Imaging findings show the presence
of a subfoveal thickened choroid as seen on SD-OCT EDI with a definite
absence of SRF. Additional findings on OCT include numerous, scat-
tered small elevations of the RPE representing RPE hyperplasia and sub-
RPE drusen-like deposits or “drusenoid RPE lesions”. Occasionally,
small serous PEDs are present. The defining feature of PPE on OCT is
that of a thick choroid which is usually located directly beneath the
clinically apparent RPE change. Large choroidal vessels in the Haller's
layer often approximate Bruch's membrane without superseding
Sattler's layer (Dansingani et al., 2016a).

6.2. Pachychoroid neovasculopathy and polypoidal choroidal vasculopathy

Pachychoroid Neovasculopathy (PNV) (Fig. 11), is primarily a type
1 MNV without any terminal aneurysms. Dansingani and colleagues
proposed the name aneurysmal type 1 neovascularization (AT1) as it
points to the true nature of the disease (Dansingani et al., 2018)
(Cheung et al., 2018).

Typically, PCV can be suspected clinically with the presence of
reddish orange sub-retinal nodules, sero-sanguineous maculopathy and
a disproportionate amount of exudation compared to the size of the
lesion, haemorrhagic PED/spontaneous submacular haemorrhage or
nonresponsiveness of a suspected case of wet AMD to anti-VEGF
therapy (Fig. 12).

Based on OCT, PCV can be suspected if there is presence of any one
of the following features:

1) Thumb-like polyp/sharp peaked PED: denotes polyp
2) Tomographic notch in PED: signifies the polypoidal lesion at the

margin of the PED

Fig. 10. Pachychoroid pigment epitheliopathy. A Colour fundus photograph showing retinal pigment epithelium (RPE) mottling at the macula. B Spectral domain
optical coherence tomography (OCT) enhanced depth imaging scan with increased subfoveal choroidal thickness and pachyvessels. C OCT scan showing RPE
disruption and absence of sub-retinal fluid or intra-retinal fluid. D Fundus autofluorescence shows annular patchy hyperautofluorescence. E-G ICGA and FFA images
show dilated choroidal vessels with absence of leaks or polyps.
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3) Hyporeflective lumen surrounded by hyperreflective ring attached
to under surface of RPE

4) DLS: Presence of two hyperreflective lines on SD-OCT representing
shallow irregular RPE elevation and Bruch's membrane, signifying
abnormal vascular network (De Salvo et al., 2014; Liu et al., 2016b;
Anantharaman et al., 2018).

The pathophysiological process behind PCV is thought to surround
the thinning of inner choroidal layers and pre-existing reduced vascu-
larity in the macular choroid, which then establishes an ischemic milieu
that triggers a vascular endothelial growth factor (VEGF) drive. This
leads to neovascularization that develops between the RPE and Bruch's
membrane at the site of the pachyvessels and damaged RPE.
Angiogenesis in these eyes give rise to pachychoroid neovasculopathy
or polypoidal choroidal vasculopathy. Even though these two entail
formation of macular neovascularization they differ from neovascular
AMD, both in terms of aetiology and thereby in their management
strategies. Moreover, even though patients with AMD and those with

pachychoroid neovascularization have been found to have similar ge-
netic profiles with respect to established AMD risk alleles, their fre-
quencies were very low and similar in non-neovascular and neovascular
pachychoroid phenotypes (Dansingani et al., 2016b).

6.3. Focal choroidal excavation (FCE)

Focal choroidal excavation (Fig. 13) is defined as a local idiopathic
depression in the choroid in patients lacking any systemic cause for
choroidal thinning (Obata et al., 2013). Previously considered to be a
congenital condition, multiple studies have documented association of
focal choroidal excavation with CSC, PCV and PNV (Kobayashi et al.,
2012; Suzuki et al., 2014; Phasukkijwatana et al., 2018). Whether CSC
leads to excavation or it is a complication in eyes with excavation is yet
to be determined. Nevertheless, FCE is now considered an entity among
the pachychoroid spectrum of diseases. Choroidal imaging of the FCE
shows abnormal underlying choroidal tissue. Also, a frequent occur-
rence of neovascularization within the excavation endorses the idea

Fig. 11. Pachychoroid neovasculopathy (PNV). A Colour fundus photograph shows reduced background tessellation with extrafoveal exudation. B Spectral domain
optical coherence tomography (SD-OCT) scan shows presence of hyperreflective double layer sign with underlying pachyvessels and presence of SRF. C Indocyanine
green angiography shows a faint network visible in the macular area. D Corresponding area on fundus fluorescein angiogram shows stippled hyperfluorescence
suggestive of type 1 neovascularization. E-F Optical coherence tomography angiography shows a definite network in the macular area.
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that formation of the dip or “inverse PED” further worsens the inner
choroidal blood flow. Pro-inflammatory factors that cause degradation
of the extracellular matrix may also lead to fibrosis resulting in focal
scarring and retraction of RPE (Chung et al., 2017). Eyes with FCE may
show non-specific pigmentary changes on fundus examination with
reduced fundus tessellation characteristically seen in eyes with pachy-
choroid. On the basis of SD-OCT, FCE has been divided into a con-
forming and non-conforming type depending on the absence or pre-
sence of a hyporeflective cleft respectively. The subfoveal choroid is
thick and there may be a pachyvessel associated with the excavation.
Findings on FFA include varying degrees of hyper or hypo fluorescence
corresponding to the area of FCE. ICGA shows choroidal hyperperme-
ability and there may be patches of hypofluorescence corresponding to
choriocapillaris atrophy.

6.4. Peripapillary pachychoroid syndrome (PPS)

A recent addition to this spectrum includes peripapillary pachy-
choroid syndrome (PPS) (Fig. 14), described recently by
Phasukkijwatana et al., (2018). In this entity, the primary pathological
changes of increased choroidal thickness, with intraretinal and/SRF is
present in the peripapillary location, specifically involving the nasal

macular area. Concurrently, there may be the presence of other features
of pachychoroidopathy including RPE changes and serous PEDs. FAF
may show gravitational tracks. ICGA will demonstrate peripapillary
dilated choroidal vessels with mid-phase hyperfluorescence while FFA
shows peripapillary staining.

6.5. Pachychoroid with drusen (pachydrusen)

Pachydrusen has recently been described as a unique form of drusen
associated with the pachychoroid disease spectrum. Pachydrusen are
yellowish white sub-RPE deposits typically sparing the macula centre,
with a wider distribution in the peri-papillary area and the posterior
pole. They are described as having well-defined margins with a more
complex irregular outer contour and tend to occur in isolation or in
groups of few. Spaide et al. have described pachydrusen in patients with
non-exudative AMD while Lee et al. report presence of pachydrusen in a
patient with PCV (Spaide, 2018a, 2018b; Chung et al., 2018). Corre-
sponding to the location of pachydrusen, SD-OCT shows the presence of
sub-RPE homogenous hyperreflective material with RPE disturbances in
the form of bumps, elevations and irregularities. On FAF, the pachy-
drusen hyperautofluoresce, whereas staining is observed on ICGA and
FFA in areas of pachydrusen.

Fig. 12. Polypoidal choroidal vasculopathy. A Colour photograph showing RPE mottling along the inferotemporal arcade. B Spectral domain optical coherence
tomography (SD-OCT) scan shows subfoveal pachyvessels, serous macular detachment and a tall peaked pigment epithelial detachment (PED). C-E Sequential
indocyanine green angiography (ICGA) images showing gradual filling up of the submacular polypoidal network. F Fundus autofluorescence shows a well-defined
area of hyperautofluorescence corresponding to the area of subretinal fluid, and a central area of hypoautofluorescence at the site of the PED. G&H Combination of
ICGA and OCT angiography images showing comparable morphology of the network in both modalities.
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7. Treatment

The treatment of CSC has long been a subject of controversy, and it
still is. However, the recent first large multicentre randomised con-
trolled treatment trials such as the PLACE and VICI trials have sig-
nificantly added to a more evidence-based treatment of CSC (van Dijk
et al., 2018a; Lotery et al., 2020; van Rijssen et al., 2019). A myriad of
treatments have been described thus far, while there is still no con-
sensus regarding the classification of CSC and preferred treatment
(Mehta et al., 2017; Singh et al., 2019). Also, most treatment studies
have thus far had a retrospective design, using different inclusion and
exclusion criteria, and variable clinical endpoints for treatment success.
Retrospective study designs are especially problematic in CSC: acute
and even cCSC cases tend to show spontaneous decrease and resolution
of SRF (Lotery et al., 2020). This has resulted in numerous scientifically
flawed claims of treatment efficacy in retrospective studies on CSC: one
could test any intervention retrospectively and claim improvement (van
Rijssen et al. 2019, 2020). Large prospective, randomised, controlled

trials are especially important in CSC, because of the relatively high
chance of spontaneous resolution, which can be mistaken for treatment
success in small, retrospective studies.

Treatment of acute CSC differs to that of cCSC. Acute CSC classically
affects middle-aged working, male individuals, whose working ability
may be compromised by the associated visual burden. Because serous
retinal detachments resolve spontaneously within six months in most
acute CSC episodes, observation without treatment is generally re-
commended as initial management. For cases with persistent serous
retinal detachment or severe vision loss, several treatment options are
available. Photocoagulation of extramacular leaking points by direct
argon laser can reduce the duration of single episodes (Muller et al.,
2018; Chhablani et al., 2014). Half-dose or half-fluence verteporfin PDT
may contribute to shortening the episode duration (van Rijssen et al.,
2019). However, the ideal timing for these different interventions still
remains to be determined. Older age, a higher subfoveal choroidal
thickness and a higher degree of RPE alteration at leakage sites were
found to be independent factors for longer acute CSC episodes (Daruich

Fig. 13. Focal choroidal excavation (FCE). A Colour fundus photo showing reduced background tessellation. B Fundus autofluorescence shows multiple extrafoveal
areas of hyperautofluorescence and another area of hypoautofluorescence superior to the macula along the superotemporal arcade. C Indocyanine green angiography
(ICGA) shows dilated choroidal vessels in the same location (blue arrows). D Spectral domain optical coherence tomography (SD-OCT) scan showing formation of FCE
(yellow arrow) with an adjacent pachyvessel (red arrow). E Foveal scan showing serous macular detachment with increased subfoveal choroidal thickness. F&G
ICGA + widefield OCT scan shows another FCE in the same eye with pigment epithelial detachment and underlying pachyvessels corresponding to the dilated
choroidal veins seen along the superotemporal arcade (blue arrows).
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et al., 2017b). Specifically, subfoveal choroidal thickness ≥500 μm,
RPE elevation ≥50 μm at leakage sites and age ≥40 years. Increasing
our understanding of those factors influencing the duration of episodes
will allow improved detection and therefore earlier treatment for cases
at risk of persistence. Treatment in a timely manner is crucial to prevent
the development of photoreceptor and RPE damage because of long-
lasting subretinal detachment.

Several treatment options exist for cCSC, similarly to those stated
above they include half-dose PDT, argon laser and the possibility of oral
MR antagonists. Anti-VEGF agents have also been shown to successfully
reduce SRF in a handful of cases, especially when MNV complicates
CSC. Presently there is no treatment gold standard. Half-dose PDT was
found to be superior to high-density subthreshold micropulse laser
treatment in patients with cCSC in the Prospective Randomised Control
Treatment Trial for Chronic Central Serous Chorioretinopathy (PLACE
trial), a large prospective multicentre randomised controlled trial on
the treatment of cCSC (van Dijk et al., 2018a). A subset of patients
diagnosed with CSC have been shown to respond to anti-VEGF in-
travitreal medications (Seong et al., 2009). However, given the often
short-lived nature of this disease the numbers in these anti-VEGF stu-
dies are small and limited to case reports as no randomised controlled
trials have been performed. The success of some of the anti-VEGF stu-
dies prior to the era of OCTA may also be due to the inclusion of pa-
tients with cCSC complicated by subtle MNV that nowadays may be
better detected on OCTA. A more recent evaluation of the use of anti-
VEGF in patients with MNV complicating cCSC included patients with
MNV diagnosed using multimodal imaging including OCTA (Romdhane
et al., 2019). Interestingly they found 45% of patients treated with anti-
VEGF to have complete resorption of SRF, whereas 55% had an

incomplete or no response. Furthermore, no improvement in VA was
noted. The authors concluded that for those patients with MNV com-
plicating cCSC it is difficult to determine the degree to which the
exudation is attributable to the neovascular process or to the underlying
cCSC condition.

Other treatment options have been reported in CSC including as-
pirin, carbonic anhydrase inhibitors, rifampicin, methotrexate, non-
steroidal anti-inflammatory medications, finasteride, antioxidants,
beta-blockers, ketoconazole, melatonin and H. pylori eradication
(Caccavale et al., 2010) (Browning, 1993) (Pikkel et al., 2002)
(Forooghian et al., 2011) (Rahbani-Nobar et al., 2011; Meyerle et al.,
2007; Pandi-Perumal et al., 2008; Abrishami et al., 2015; Alkin et al.,
2013; Shulman et al., 2016). The majority of these treatments were
evaluated in small, retrospective studies therefore the quality of such
evidence is mainly poor. All retrospective studies in CSC should be
interpreted with caution given the often self-resolving nature of the
disease. For more details and an extensive critical appraisal of the
aforementioned treatments see the review “Central serous chorior-
etinopathy: towards an evidence-based treatment guideline” in this
journal (van Rijssen et al., 2019).

7.1. Prospective randomised controlled trials

The clinical efficacy and mechanistic eValuatIon of eplerenone for
Central serous chorio-retInopathy – the VICI trial.

There have been multiple case reports, case series and small ran-
domised controlled trials conducted showing the benefit of the MR
antagonist eplerenone in CSC (Schwartz et al., 2017; Rahimy et al.,
2018; Zucchiatti et al., 2018). Recently our group in collaboration with

Fig. 14. Peripapillary pachychoroid syn-
drome (PPS). A&B Spectral domain optical
coherence tomography (SD-OCT) image
showing presence of peripapillary subretinal
fluid with underlying pachyvessel (yellow
arrow). The subfoveal choroid lacks pachy-
vessels. C&D Indocyanine green angio-
graphy (ICGA) images in the early and late
phase of the angiogram showing dilated
vessels in the peripapillary area corre-
sponding to the pachyvessel on OCT. The
late phase shows peripapillary hyper-
fluorescence with patchy areas of hypo-
fluorescence. E-H Simultaneous fundus
fluorescein angiography shows stippled hy-
perfluorescence in the peripapillary area.
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others conducted a large randomised placebo controlled double-blinded
trial in the UK, the VICI trial, to assess the efficacy of eplerenone in
cCSC (Lotery et al., 2020). As mentioned previously, the VICI trial
showed that eplerenone was not superior to placebo for the treatment
of cCSC. This result was surprising given the multitude of literature
suggesting the MR to be implicated in disease. Furthermore, there was
not even a significant reduction in choroidal thickness over 12 months
in the placebo nor eplerenone arms (baseline thickness; 460.5 μm and
447.0 μm, respectively), (thickness at 12 months; 444.0 μm, and
495.5 μm, respectively). The fellow eye choroidal thickness was eval-
uated in The VICI trial and the median found to be > 395 μm in both
the placebo and eplerenone groups at 12 months (466.0 μm and
475.0 μm, respectively); in keeping with aforementioned studies where
there is increased choroidal thickness in both eyes of patients with CSC.

The VICI trial has further elaborated on the natural history of the
disease. With regard to resolution of SRF in the study eye this was very
similar at 3 months in both the placebo and eplerenone groups (com-
plete resolution 11% and partial resolution 22%; complete resolution
10% and partial resolution 29%, respectively). At 12 months resolution
of SRF in the study eye was again fairly similar across the placebo and
eplerenone groups (complete resolution 30% and partial resolution
24%; complete resolution 16% and partial resolution 27%, respec-
tively). This data across the placebo group is in itself very insightful;
30% of patients had complete resolution of SRF after 12 months
without treatment. This data reminds clinicians of the nature of this
disease with regard to spontaneous SRF resolution, and to be wary of
attributing OCT changes with responses to treatment.

The VICI trial used VA as a primary outcome in contrast to other
trials, which used structural outcomes such as reduction in SRF. This
result is important for many reasons, not only that eplerenone is non-
superior to placebo, but also that VA (or low luminance VA, which was
a secondary outcome) may not be an optimal outcome measures in CSC
studies. Should other functional outcomes be used instead as primary
clinical endpoints, or should structural outcomes be used in CSC stu-
dies?

Regulators and patients are most interested in functional outcomes
so structural outcomes should only be used if they can be confirmed as a
suitable and reliable biomarker for a future functional outcome e. g if
SRF completely resolves this means that visual function will be

improved. An analogous biomarker would be blood pressure where
there is strong epidemiological data that hypertension is a reliable
predictor of risk of stroke. Unfortunately, we do not have such robust
confirmation for SRF and VA outcomes. Therefore, future studies may
consider alternative functional outcomes such as microperimetry.

The Study on half-dose Photodynamic therapy versus Eplerenone in
chronic CenTRAl serous chorioretinopathy - the SPECTRA trial.

The Study on half-dose Photodynamic therapy versus Eplerenone in
chronic CenTRAl serous chorioretinopathy (SPECTRA trial) is the first
prospective, multicentre, randomised controlled trial that compares
half-dose PDT with eplerenone treatment with the aim of comparing
their ability to achieve complete resolution of SRF, and improve quality
of vision https://clinicaltrials.gov/ct2/show/NCT03079141. The
SPECTRA trial follows on from the PLACE trial (van Dijk et al., 2018a).
The primary endpoint of the SPECTRA trial is to assess if there is a
difference between half-dose PDT and eplerenone treatment in patients
with cCSC, in terms of both complete resolution of SRF on OCT and
safety. The outcome of this study should help improve evidence-based
treatment in CSC by directing clinicians to an appropriate therapy.

Following the results of the VICI trial, it would be prudent for a
comparison of half-dose PDT to placebo.

8. Future directions

The debate as to whether CSC is a disease of the RPE/choroid/both
is still unresolved. Neither tissue can be biopsied from CSC patients,
thereby hindering our progress into research of the disease. Over the
last decade the field of stem cell biology has developed exponentially.
Several groups, including our own have successfully generated both
choroidal and RPE cells in vitro from human induced pluripotent stem
cells (hiPSCs) (Songstad et al., 2017). hiPSCs are pluripotent cells de-
rived from adult cells such as fibroblasts and keratinocytes. The use of
hiPSCs effectively allows any cell type to be created in vitro from a
specific donor. For the field of ophthalmology, in particular retinal
research, this new technology was a critical turning point, allowing us
to overcome our lack of access to primary tissue.

Choroidal endothelial cells (CECs) are thought to be involved in the
pathogenesis of CSC, consequently we aimed to produce CECs from
cCSC donors. We have successfully differentiated hiPSCs from patients

Fig. 15. Development of human induced pluripotent stem cell (hiPSC) patient-derived choroidal endothelial cells (CECs). A Skin punch biopsy. B Fibroblasts. C
hiPSCs. D Embryoid bodies. E CECs.

Fig. 16. Characterising human induced pluripotent stem cell (hiPSC) patient-derived choroidal endothelial cells (CECs). A-E Immunocytochemistry nuclear DAPI
stain blue. A&B CEC specific marker Carbonic Anhydrase 4 (CA4) red (x10) (x20). C Endothelial marker CD34 green. D&E Dual staining CA4 red, endothelial cell
marker CD31 green. F. Form tube-like structures on matrigel.
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with cCSC into CECs in vitro (Figs. 15 and 16) to compile preliminary
data. Differentiation to CECs was performed for three hiPSC clones from
one patient. We used the differentiation protocol described by Songstad
et al. 2015, 2017; Fig. 15 illustrates the differentiation process. In short,
fibroblasts were cultured and reprogrammed to pluripotency using re-
plication incompetent Sendai virus to induce expression of pluripotency
markers (Malik and Rao, 2013). Embryoid bodies (EBs) were formed
from hiPSCs and grown in co-culture with the primate choroidal en-
dothelial cell line, RF6A (Songstad et al. 2015, 2017). After 2 weeks
cells differentiated into CECs and were sorted for the endothelial cell
surface marker CD144. Cells display CEC surface markers and form
characteristic tube-like structures when plated on matrigel (Songstad
et al., 2015) (Fig. 16). All cells were cultured in steroid free media. The
trans-endothelial electrical resistance (TEER) of hiPSC derived CECs
was significantly increased relative to empty control wells (Fig. 17).
Furthermore, the TEER of hiPSC-derived CECs from CSC patients was
not statistically different from the primate CEC line RF6A. TEER is a
method of measuring the tightness of a cellular barrier, and it seems
CECs derived from CSC patients display normal TEER.

This work is still in the preliminary stage and a comparison to pri-
mate choroidal endothelial cells is not ideal, however it does show that
seemingly normal CECs can be produced from CSC donors. Future work
will compare hiPSC-derived CECs from patients with cCSC to hiPSC-
derived CECs from control subjects. The use of pluripotent stem cells to
produce choroidal cells from CSC donors is a foundation upon which a
new avenue of research into CSC pathophysiology can launch.

9. Conclusions

CSC is likely a choroidal disease with chronicity and complications
occurring due to increased involvement of the RPE. Although one of the
most common retinal conditions, the exact pathogenesis of this disease
still eludes us. Improved patient phenotyping and more succinct disease
classification may reveal trends in both prognosis and treatment re-
sponse. Over the last decade, treatment options for CSC have evolved to
include the use of half-dose or half-fluence PDT, and mineralocorticoid
antagonists, but the results of recent large multicentre randomised
controlled trials, such as the VICI and PLACE trial, have altered our
perspectives on the proper role of these therapies. The aetiology of the

disease should be made clearer by further cell biology studies, such as
those described for the first time here. In this review, we summarise the
advances made in CSC pathophysiology, including a new avenue of
research involving stem cells from CSC patients. Furthermore, we sur-
mise that CSC is part of the pachychoroid disease spectrum.
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