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Abstract: Central serous chorioretinopathy (CSC) is a controversial disease both in terms of clinical
classification and choice of therapeutic strategy. Choroidal layers, retinal pigment epithelium (RPE),
photoreceptors, and retina are involved to varying degrees. Beyond well-known symptoms raising
the clinical suspect of CSC and slit-lamp fundus examination, multimodal imaging plays a key role
in assessing the extent of chorioretinal structural involvement. Subretinal fluid (SRF) originating
from the choroid leaks through one or multiple RPE defects and spreads into the subretinal space.
Spontaneous fluid reabsorption is quite common, but in some eyes, resolution can be obtained only
after treatment. Multiple therapeutic strategies are available, and extensive research identified the
most effective procedures. Imaging has carved a significant role in guiding the choice of the most
appropriate strategy for each single CSC eye. Multiple biomarkers have been identified, and all of
them represent a diagnostic and prognostic reference point. This review aims to provide an updated
and comprehensive analysis of the current scientific knowledge about the role of imaging in planning
the treatment in eyes affected by CSC.

Keywords: central serous chorioretinopathy; fluorescein angiography; indocyanine green angiogra-
phy; fundus autofluorescence; optical coherence tomography

1. Introduction

In many ways, central serous chorioretinopathy (CSC) still represents a somewhat
mysterious disease. There is mounting scientific evidence that a combination of malfunc-
tioning choroid (thick and hyperpermeable) and damaged retinal pigment epithelium (RPE)
is the basis for this disease. In the past, imaging in CSC has been represented mainly by flu-
orescein angiography (FA) and indocyanine green angiography (ICGA). Newer techniques
such as fundus autofluorescence (FAF), optical coherence tomography (OCT), and OCT
angiography (OCT-A) have been added, enriching immensely our knowledge about mech-
anisms that originate CSC. Beyond a role in differential diagnosis with other potentially
confounding diseases, multimodal imaging allows to plan the best treatment according to
the CSC stage and the degree of choroid, photoreceptors, and RPE involvement.

The main clinical sign is the appearance of subretinal fluid (SRF), leaked into the
subretinal space through one or multiple RPE defects. An example of multimodal imaging
in an eye with acute CSC is visible in Figure 1.

There is an increasing dye leakage on both FA and ICGA in the upper portion of the
macular area, within the neurosensory detachment. The SRF masking effect can be seen
as a round hypoautofluorescence on FAF, whereas both the volume and height of serous
neurosensory detachment is well documented by SD-OCT.

Duration of symptoms, the detection and extent of leakage on angiography, and the
degree of RPE damage are crucial information for separating acute from chronic CSC.
Acute CSC is characterized by a frequent spontaneous resolution of SRF, typically within
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3–4 months from the onset [1,2]. Thus, observation during this period is the commonly
preferred strategy, except for those who require a faster SRF resolution and a rapid visual
rescue or when photoreceptors outer segment atrophy and/or granular waste in the
subretinal space are detectable in early phases of the disease. Beyond SRF resolution, an
additional goal of intervention in acute CSC is to avoid a relapse. The persistence of SRF in
chronic CSC is associated with potentially severe damage to photoreceptors and chronic
decompensation of RPE, both followed by permanent loss of visual acuity [3–5]. FAF
images presented in Figure 2 depict findings in an eye with chronic CSC (Figure 2).

Figure 1. Multimodal imaging in central serous chorioretinopathy. Multicolor (A) image shows
a mainly green round alteration involving the entire macular region. The green color may be
interpreted as fluid accumulation. Blue autofluorescence (BAF) (B) image discloses the presence of a
round hypoautofluorescent alteration (white asterisks), secondary to the masking effect made by the
subretinal fluid. The presence of this latter is confirmed by structural optical coherence tomography
(OCT) (C), showing a marked dome-shaped subretinal fluid accumulation (orange asterisk). The
OCT layers legend is provided in the upper-right part of the images. FA examination discloses just a
macular hypofluorescent signal on early phase (white arrow) (D), with the onset and enlargement of
a hyperfluorescent spot in the superior macular region, detected on intermediate and late phases
(white arrows) ((E,F), respectively). ICGA highlights choroidal vasculature hypercyanescent (orange
arrow) and hypocyanescent (white arrow) alterations in the early phase (G); intermediate (H) and
late (I) phases disclose a mainly hypocyanescent round signal (white arrow), with the presence of
hypercyanescent superior focal leakage point (white arrowhead). The following abbreviations are
used: retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), inner
nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), ellipsoid zone/retinal
pigment epithelium complex (EZ/RPE).
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Figure 2. Chronic central serous chorioretinopathy. Multicolor (A) and BAF (B) images disclose sparse
alterations over the entire posterior pole, characterized both by hypoautofluorescent (white asterisks)
and hyperautofluorescent (orange asterisks) signals. Horizontal (C) and vertical (D) high-resolution
structural OCT scans reveal the presence of diffuse alterations of the outer retinal bands, better
highlighted in magnified pictures, with an irregular profile of the RPE and attenuated reflectivity
signal. The OCT layers legend is provided in the upper-right part of the images. The following
abbreviations are used: retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform
layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL),
ellipsoid zone/retinal pigment epithelium complex EZ/RPE).

Widespread anomalies over the entire posterior pole, characterized by a mixed pattern
of both hypo- and hyper-autofluorescent areas. SD-OCT scans unveil diffuse alterations of
the outer retinal bands with irregular RPE profile.

In addition, a feared complication represented by choroidal neovascularization (CNV)
may appear in the course of chronic CSC, worsening the clinical picture both in terms of
diagnosis and treatment.



Pharmaceuticals 2021, 14, 105 4 of 21

2. Multimodal Imaging Analysis
2.1. The Role of Fluorescein Angiography (FA) and Indocyanine Green Angiography (ICGA)

Overall, FA anomalies are described in terms of fluorescence levels [6]. Hypofluo-
rescence may be secondary to a blocking or a filling defect (the former caused by blood,
subretinal material, or an abnormal accumulation of material in the RPE as with lipofuscin
in Stargardt’s disease, the latter due to absent, decreased, or delayed normal blood flow as
in retinal or choroidal vascular occlusion).

Hyperfluorescence is secondary to dye leakage, staining, pooling, or window defect.
Leakage may originate from damaged vessels wall or from choroidal or retinal neovas-
cularization, or through a dysfunctional RPE that no longer blocks fluorescence from the
choroid. It is characterized by a gradual increase in size with a blurring of margins. On the
contrary, staining is an increasing fluorescence throughout the angiogram whose margins
remain unchanged and distinct—pooling results when fluorescein slowly fills a fluid-filled
space. A window defect occurs when a layer that normally blocks fluorescence is missing
(RPE is atrophic, and choroidal fluorescence is seen in FA early phases) [6].

ICG is a water-soluble tricarbocyanine dye that, after intravenous injection, is 98%
protein-bound, so that dye diffusion through choriocapillaris small fenestrations is negligi-
ble [7]. ICG is ideal for imaging choroidal circulation due to persistency in the choroidal
circulation and low permeability. Advanced systems can provide FA and ICGA images
at the same time. Working at near-infrared wavelengths, ICG fluoresces better through
pigment, fluid, and hemorrhage than fluorescein dye, increasing the chances of detecting
abnormalities such as CNV that may be blocked by overlying blood or hyperplastic RPE
on a FA [8,9]. This justifies ICGA role in imaging of occult CNV and pigment epithelial
detachments (PED). CNV may appear as a plaque, a focal spot, or a combination of both.
Focal spots are well-delineated fluorescent spots less than one disc diameter in size that
suggest the presence of retinal angiomatous proliferations (RAP) and polypoidal choroidal
vasculopathy (PCV), which are variants of CNV.

Even if performed less frequently than in the past, FA still represents a classic technique
for eyes suspects of having CSC and is helpful in identifying two key aspects about dye
leakage, i.e., the leakage point and its angiographic pattern [10]. In acute CSC, a single or
multiple leakage points, often within macular area, can be noted (Figure 1) [11]. An early
hyperfluorescent spot, then evolving into one of the two well-described patterns, the “ink
blot” or the “smoke stack” in mid-to-late phases is the usual presentation. The former is the
most common (ranging from 53% to 93% of eyes) [10–12], the latter is typical of acute CSC
in its early phases [11,12]. In eyes with chronic CSC, FA may identify a multifocal leakage
or, in the alternative, a diffuse dye oozing from multiple RPE defects [12,13]. In late phases,
areas of granular hyperfluorescence can be seen. Diffuse or localized RPE atrophy in eyes
with resolved CSC is the cause of early hypefluorescence from window defect [14].

In eyes with CSC at different stages of evolution, SRF is commonly associated with
active dye leakage. In the mid-to-late phase, the pooling of dye within the SRF may generate
a circular hyperfluorescence. On the other side, an early hyperfluorescence progressively
increasing in intensity may suggest the presence of a serious PED.

ICGA still has a specific role in eyes with chronic CSC when information about
choroidal vessels is needed, or a differential diagnosis with CNV or PCV is requested [15,16].
PCV is an exudative retinal disease characterized by the presence of an anomalous sub-
retinal pigment epithelial network of vessels of choroidal origin, ending in aneurysmal
dilatations [16]. Figure 3 highlights multimodal imaging findings in an eye with PCV.



Pharmaceuticals 2021, 14, 105 5 of 21

Figure 3. Polypoidal choroidal vasculopathy. BAF (A) image shows a mixed autofluorescent macular
alteration (white arrow). This corresponds to subretinal fluid (white asterisk) and a PED (white
arrow) on structural OCT (B). The OCT layers legend is provided in the upper-right part of the
images. FA discloses focal RPE atrophy with window defects (white arrow) on early phase (C) and a
hyperfluorescent lesion in the intermediate and late phases (white arrowheads) ((D,E), respectively),
characterized by leakage and staining phenomena. On ICGA, in the context of sparse choroidal
vascular alterations, a branching hypercyanescent network is visible on early phase (white arrow-
head) (F), becoming more definite in the intermediate and late phases (white arrowheads) ((G,H),
respectively, together with sparse hypocyanescent alterations over the entire posterior pole (white
asterisks). The following abbreviations are used: retinal nerve fiber layer (RNFL), ganglion cell layer
(GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer
nuclear layer (ONL), ellipsoid zone/retinal pigment epithelium complex (EZ/RPE).

Focal RPE atrophy with window defects on the early FA phase followed by leakage
and staining in intermediate and late phases can be seen, but only ICGA can visualize
a branching hypercyanescent network in the early phase, becoming more definite in
intermediate and late phases. FAF shows a mixed pattern of autofluorescent macular
changes, corresponding to subretinal fluid and a PED on SD-OCT.

When left undiagnosed and/or untreated, the long-term prognosis for visual function
in PCV eyes is poor [17]. It is a subtype of type I or occult CNV, and ICGA is essential
for accurate identification (visualization of hyperfluorescent polypoidal lesions) [18–20].
Distinguishing PCV is challenging due to its clinical and angiographic analogies to other
pathologies (CSC, among others) [21], thus increasing the risk of the wrong therapeutic
choice.

More than 20 years ago, eyes with CSC had their choroidal vessels mapped by ICGA
imaging [22,23]. A long list of anomalies (delayed filling in early phases, dilation of large
vessels, and mid-phase focal hyperfluorescence, may be secondary to hyperpermeability
close to leakage point) have been reported [24–26]. Moreover, choroidal anomalies on
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ICGA were observed in more than 50% of fellow asymptomatic eyes [24]. Ultra-wide-field
ICGA revealed dilated choroidal vessels and hyperpermeability with congested vortex
vein ampullas in >80% eyes with CSC. This suggests that outflow congestion may be a
contributing factor [27]. Other authors found a significantly higher vessel density in the
choroid of CSC eyes with respect to healthy control eyes [28]. In short, in CSC eyes, both
choroidal structure and function are clearly altered.

Images provided by both these angiographic techniques represent a precious reference
point when clinicians opt for treating CSC eyes. Anomalies detected on both FA and ICGA
are invaluable in delimiting the area to treat. Moreover, both of them offer the possibility
to evaluate the treatment outcome.

In the past FA-guided focal laser photocoagulation on leakage point(s) was adminis-
tered in eyes with acute CSC in order to seal RPE leak site(s) and in the attempt to accelerate
SRF reabsorption, so restoring visual acuity. However, in order to avoid the onset of central
or paracentral scotoma, the site of thermal treatment had to be extrafoveal. When final
best-corrected visual acuity (BCVA), SRF recurrence rate, and subfoveal choroidal thickness
were compared in laser-treated and untreated eyes, no statistically significant differences
between groups were found [29–31]. These considerations may explain why focal laser
treatment is no more advised as a first-line therapeutic option.

Recently a more selective procedure defined subthreshold micropulse laser treatment
(STLT) was introduced. Chen et al. evaluated FA-guided STLT, and it was found to be
effective in chronic CSC eyes, especially in those with a focal leakage on FA [32]. An
evolution for STLT has been represented by high-density subthreshold micropulse laser
(HSML), in which spots are administered in a densely packed pattern over areas with
hyperfluorescent anomalies on ICGA [33–35]. Another available option, navigated laser
photocoagulation (NLP), was proposed as a procedure for treating CSC [36,37]. Based on
information from fundus photographs and FA, treatment is performed automatically by a
computer on a predefined area. Complete SRF resolution has been reported in 75–94% of
eyes with chronic CSC [36,37].

Van Rijssen et al. reported about another treatment option, the ICGA-guided half-dose
photodynamic therapy (HD-PDT). The authors found that it generates a better response
when compared to ICGA-guided HSML, regardless of the presence of focal or diffuse
leakage on FA [38].

In the PLACE trial [35]—a large prospective, multicentre randomized trial—HSML
efficacy was compared to HD-PDT in eyes with chronic CSC. Both treatments were ICGA-
guided, and the authors found that SRF resolution was obtained in a significantly higher
percentage of eyes after HD-PDT, both in the short-term and in the longterm. Other papers
support the efficacy of HD-PDT in terms of SRF reabsorption in chronic CSC eyes [39–42].
Recently, Hayashida et al. reported that both FA- and ICGA-guided half-time PDT were
effective in terms of BCVA gain, central retinal thickness (CRT), and subfoveal choroidal
thickness (SCT) reduction, but ICGA-guided procedure guaranteed a significantly lower
rate of SRF recurrence [43].

According to Kim et al. in eyes with acute CSC—those in which a spontaneous
SRF resolution within the first 3–4 months is nonetheless quite common—ICGA-guided
PDT administration is associated with a faster improvement of symptoms with respect
to placebo in the short-term, but in the longterm differences become not significantly
different [44]. Other authors emphasized that FA-guided HD- or half-fluence (HF)-PDT
significantly decreases the SRF recurrence rate in acute CSC [45,46]. Thus, PDT should be
considered as the first choice in eyes with a leakage site close to the fovea, i.e., when any
laser treatment is contraindicated.

The absence of hyperfluorescent abnormalities on ICGA is a potential predictor of
a post-PDT poor effect in eyes with chronic CSC with persistent serous neuroretinal
detachment [47,48]. This persistence—even with associated SRF - may require a second
PDT treatment but only if leakage arises from persistent—or recurrent—hyperfluorescent
choroidal anomalies on ICGA, associated with focal leakage on FA.
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Moreover, there is also a small subgroup of eyes with severe chronic CSC and extensive
atrophic RPE changes involving the fovea on FA that should be excluded from PDT due to
the risk of irreversible mild to moderate vision loss, which was reported to occur in up to
2% of eyes. At baseline, these eyes exhibit more than five optic disc diameters of diffuse
atrophic RPE alterations (DARA) as visualized on mid-phase FA. This feature has been
previously described as diffuse retinal pigment epitheliopathy [49].

Therefore, other than having a historical role in the diagnosis of the disease, FA and
ICGA are still the guides for laser photocoagulation and PDT with verteporfin in CSC eyes.
Identification of focal leakage increases the chance for a successful treatment, represented
by SRF full reabsorption. The recurrence rate is a good outcome measure to evaluate
treatment efficacy.

2.2. The Role of Fundus Autofluorescence (FAF)

Autofluorescence (AF) is the intrinsic fluorescence emitted by a substance after being
stimulated by excitation energy [50]. The clinical use of FAF in chorioretinal diseases is
based on the fact that the main source of autofluorescence in the macula is lipofuscin [51].
When the RPE phagocytes photoreceptor outer segments (containing retinoids, fatty acids,
and proteins), lipofuscin accumulates as an oxidative by-product. A reduction in RPE cell
quantity is typically accompanied by a visible loss of autofluorescent content [52]. Thus, by
analyzing these images, clinicians can indirectly postulate the RPE health levels. Hence,
FAF is a non-invasive method that provides functional images of the fundus.

In CSC, FAF findings differ according to the stage of the disease, reflecting RPE and
outer retinal changes as well as functional damage (Figures 1–5). FAF may be an alternative
to FA whenever the latter is contraindicated or in unusual circumstances (i.e., COVID-19
pandemic times) when it may be difficult to have time and/or available personnel to per-
form angiographies. Two different versions of FAF are available, short-wave FAF (SW-FAF)
and near-infrared FAF (NIR-FAF). The former is generated from the RPE lipofuscin pigment
(considered an indicator of RPE health), whereas the latter delineates the autofluorescence
from melanin pigment of the choroid and RPE [53]. Even if NIR-FAF is used less frequently,
it could represent a better predictor than SW-FAF in detecting outer retinal changes in
CSC [53,54]. Coupling the two methods may provide a better interpretation of ongoing or
resolved CSC episodes. When subretinal deposits are visible on FAF, foveal damage may
already exist and may not be restored by administering PDT [55]. FAF imaging can help in
estimating the duration of a CSC episode and the damage induced and can also support
the choice for an appropriate treatment strategy [56,57].

In acute CSC, on SW-FAF there is a correspondence between hypoautofluorescence
and the leakage point site on FA in a vast majority of eyes (Figure 1) [58,59]. On NIR-
FAF, features are similar [60]. In chronic CSC, hypoautofluorescence on FAF continues to
correspond to the leakage point on FA. A long-lasting SRF persistence is associated with
increased autofluorescence levels due to persistent photoreceptor outer segment elongation,
which gradually accumulates autofluorescent fluorophores as residual material [61].

Eyes with sequelae from chronic CSC may exhibit mixed FAF patterns in isolated or
gravity-driven areas of RPE atrophy (Figure 2). The spectrum ranges from hyperautoflu-
orescence (early stage with SRF) to increasing levels of hyperautofluorescence as RPE is
progressively damaged by the fluid passage. The progression of FAF patterns in chronic
CSC eyes is slow (the granular hypoautofluorescent pattern shifts into a confluent pattern
of hypo-autofluorescence in about 24 months, on average) and then is not suitable as an
outcome measure for clinical trials [62]. A recent paper identified five patterns of FAF
abnormalities in a group of 126 eyes with CSC, corresponding to different levels of integrity
of the ellipsoid zone and correlating with chronicity and functional damage [63]. Thereby,
FAF is helpful in estimating RPE and photoreceptors outer segments health as well as
in establishing a sort of structure-function relationship in both acute and chronic CSC.
Various levels of damage severity (up to RPE atrophy) may be identified and a prognosis
for success rate of therapy and final visual function can be made.
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Figure 4. Central serous chorioretinopathy complicated by macular neovascularization. Multicolor
(A) and BAF (B) images show hypoautofluorescent (white arrow) and hyperautofluorescent (white
arrowhead) alterations localized in the macular region. FA (C) discloses a hyperfluorescent alter-
ation (white arrowhead) with perilesional leakage (white asterisks). This corresponds to a mainly
hypocyanescent alteration on ICGA (white arrowhead) (D). Structural OCT reveals the presence of a
hyperreflective subretinal lesion (orange arrow), with smooth exudation in its context and intraretinal
cysts (orange asterisks). The OCT layers legend is provided in the upper-right part of the image. The
following abbreviations are used: retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner
plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer
(ONL), ellipsoid zone/retinal pigment epithelium complex (EZ/RPE) (E).
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Figure 5. Central serous chorioretinopathy complicated by type 1 macular neovascularization. BAF
(A) image shows the presence of macular hypoautofluorescent (white arrows) and hyperautofluo-
rescent (white arrowheads) alterations, with a sparing of the foveal region and not homogeneous
autofluorescence in the inferior part of the posterior pole, interpreted as a gravitational disposition of
fluid. FA (B) reveals the presence of a hyperfluorescent alteration (white arrowhead) with perilesional
leakage (white asterisks), which corresponds to a sub-RPE hyperreflective lesion (orange arrow)
with subretinal fluid and shram (orange asterisks) (C). The OCT layers legend is provided in the
upper-right part of the image. The hyperfluorescent lesion on FA (white arrowhead) (D) results
mainly hypocyanescent on ICGA (white arrowhead) (E). OCTA well reconstructed the sub-RPE
neovascular network (F). The following abbreviations are used: retinal nerve fiber layer (RNFL),
ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer
(OPL), outer nuclear layer (ONL), ellipsoid zone/retinal pigment epithelium complex (EZ/RPE).

2.3. The Role of Optical Coherence Tomography (OCT) and OCT Angiography (OCT-A)

OCT is a non-invasive diagnostic technique providing in-vivo cross sectional imaging
of the retina [64]. It utilizes inferometry to create an accurate cross-sectional retinal map.
Spectral domain (SD) technology obtains approximately 20,000–40,000 retinal scans per
second, guaranteeing a high-degree image resolution (axial resolution 3-5 microns), a
higher signal-to-noise ratio, a faster acquisition time as well as the elimination of motion
artifacts and a better visualization of deeper structures (i.e., the choroid) [65]. In late 2000s,
SD-OCT was implemented with enhanced depth imaging (EDI) [66] and swept source
(SS) technology [67]. The former takes advantage of the increased depth of field from
the inverted image obtained by placing SD-OCT device close to the eye, the latter uses a
wavelength-sweeping laser and a dual balanced photo detector as well as faster acquisition
speeds (100,000–400,000 A-scans per seconds) at longer wavelengths of 1050-1060 nm.
Nowadays, SD-OCT is the key stone imaging technique for the diagnosis and the clinical
follow-up of CSC.

OCT-A is a non-invasive technique for imaging retinal and choroidal vasculature [68–70].
This dyeless technology uses laser light reflectance obtained from moving red blood cells
to accurately depict vessels through different segmented areas of the eye. Normally an
OCT scan consists of multiple individual A-scans, which when compiled into a B-scan can
provide cross-sectional structural information. With OCT-A technology, the same area is
repeatedly imaged and differences are analyzed between scans (over time), thus allowing
one to detect areas with high flow rates (i.e., with significant changes between scans) and
zones with slower, or no flow at all, which will be similar among scans.

Light is emitted through either SD-OCT (wavelength near 800 nm) or a SS-OCT
(wavelength close to 1050 nm). Longer wavelengths allow a deeper tissue penetrance,
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but a slightly lower axial resolution. OCT-A algorithms produce an image (3 mm2 to
12 mm2) segmented by default into four zones: superficial retinal plexus, deep retinal
plexus, outer retina and choriocapillaris. A potentially important OCT-A limitation is that
examination is extremely motion-sensitive and requires patient collaboration, which may
be difficult to obtain in the visually impaired. OCT and/or OCT-A scans in eyes with
CSC may provide such a huge amount of informations about the status of the structures
involved by the disease that in times of COVID-19 pandemic this may represent a sort of
boost for promoting telemedicine for both diagnosis and treatment, as already done for
other retinal pathologies [71].

The wealth of informations provided by OCT imaging is well summarized by Nair
et al. [72]. Authors followed prospectively 100 patients with acute CSC collecting SD-
OCT images. None of them received any treatment, in a sort of description of disease
natural history on OCT. A PED was identified in 70% of all eyes, whereas subretinal fibrin
and a rough undersurface of the neurosensory retina were noted in 61% and 64% of the
eyes, respectively. A break in the PED wall and overlying fibrin were seen in 32.8% and
45% of eyes, respectively. Authors concluded that in acute CSC a poorer visual acuity is
associated with a larger SRF volume (particularly a greater SRF height) and with outer
nuclear layer thinning at the fovea. In resolved CSC, poorer VA was associated with a
persistently thinner outer nuclear layer, shorter photoreceptor lengths, and inner/outer
segment junction atrophy.

Recently, an OCT-guided (and FA-free) application of focal NLP directed on the
leakage point has been tested, producing SRF resolution in the short-term [73,74]. Rajesh
et al. [75] described the correspondence on SD-OCT between a hyporeflective vacuole
adjacent to RPE defects and the site of active fluid leakage. This may be used as a sign of
an active CSC in eyes in which FA cannot be performed or is contraindicated.

Although acute CSC often resolves spontaneously, retinal damage can still occur early
in the disease course and may get worse as long as the serous retinal detachment (SRD)
persists due to SRF accumulation [76]. A key information added by SD-OCT is that the SRF
may not be entirely resolved. The residual subfoveal fluid can be so shallow that fundus
slit-lamp biomicroscopy may miss it [77]. This residual detachment can still lead to atrophy
of photoreceptor outer segments and vision loss over a period of years [78]. Moreover,
OCT can detect atrophic changes into photoreceptors outer segments due to months or
years of chronic foveal SRF, even in the absence of RPE abnormalities [79,80].

SD-OCT analysis have been widely used to evaluate the outcome of HSML treatment.
Retinal and choroidal thickness, [81–84] resolution of SRF, [32] decrease in SRF height
on OCT [84] were used as outcome measures. Overall, 36–100% of patients with chronic
CSC had complete resolution of SRF after HSML treatment [32,85,86]. In the PLACE trial,
HD-PDT was way better than HSML both in the short-term and in the longterm at an OCT
evaluation of SRF resolution [35].

In the first post-PDT days, choroidal thickness can temporarily increase (up to 119%
of pre-treatment thickness in 8 eyes at 2 days after treatment) on EDI-OCT [87]. At the
same time, a transient increase of SRD height and worsening of visual symptoms were also
reported [88,89]. These changes usually disappear at 1 month from treatment.

Some OCT-based predictive factors about PDT treatment outcome in CSC have been
proposed [35,90–92]. In chronic CSC eyes, PDT tends to have a marginal effect and/or
a high rate of SRF recurrence when one or more of the following are caught by OCT:
posterior cystoid retinal degeneration (PCRD), a disruption in the ellipsoid zone and/or
a shallow irregular RPE detachment. A recent study by Wu et al conducted with OCT-A
highlighted unexpected high rates of CNV after HD-PDT administered in chronic CSC
eyes [93]. Patients developing post-PDT CNV had older age, larger PDT spot size, and
thinner subfoveal choroidal thickness and most of the CNVs occurred within the area of
previous PDT.

In order to obtain SRF resolution in eyes with disappointing response to PDT or
when PDT is not available, both for acute and chronic CSC, the use of mineralocorticoid
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receptors (MR) antagonists may be considered. Spironolactone or eplerenone were tested.
A large amount of case series and case controlled studies outlined beneficial effects of
spironolactone in CSC eyes, including improved BCVA, reduced choroidal thickness,
and reduced SRF [94–102]. Although eplerenone has more tolerable side effects with
respect to spironolactone, it does not appear to be clinically superior in treating CSC [96].
Importantly, absence of CNV on OCT-A and presence of a focal leakage point (FLP)
on ICGA may be positive predictive factors for complete resolution of SRF following
eplerenone treatment [103]. On the other hand, patients with diffuse changes in the RPE
on SD-OCT may benefit less from eplerenone treatment compared to patients who present
without these abnormalities [104,105]. Based on these observations, it seems that there are
three possible typologies of treatment-naive CSC patients: eyes with no CNV and presence
of FLP on ICGA (SRF is likely due to an increased choroidal hyperpermeability only,
thus responding almost constantly and completely to treatment); eyes with contemporary
presence of both CNV and FLP, in which SRF is probably due to both an increased choroidal
hyperpermeability and CNV itself, thus responding only partially to treatment; eyes
characterized by presence of CNV but with no FLP, in which SRF is likely due only to
the CNV itself and thus not responding to treatment. In other words, as the role of
CNV increases, the response to eplerenone get worse [103]. Furthermore, OCT analysis
was used to investigate choroidal thickness and central macular thickness as predictive
factors of response to MRA after a relative short follow-up (3 to 6 months after treatment
start). Thicker choroid at baseline was associated with a better response to treatment [104].
Several OCT parameters at baseline were identified as strong predictors for macular SRF
complete resolution at 3 months, including a baseline lower number of serous PED(s) and
a baseline lower number of intraretinal hyperreflective foci or dots (HRD) [106]. Cakir and
associates using structural OCT and FAF reported that patients with preservation of both
RPE and ellipsoid zone were those with a favorable response to oral eplerenone in terms of
BCVA [105].

The VICI trial was designed to compare the safety and efficacy of eplerenone in
patients with CSC [107]. This double-masked randomised placebo-controlled trial had as
a primary outcome BCVA at 12 months and secondary outcomes as SRF, development of
macular atrophy, subfoveal choroidal thickness, changes in low luminance visual acuity,
health-related quality of life and safety. Recently the first report from this trial was released
and Lotery et al. [108] stated that eplerenone was not superior to placebo for improving
BCVA in people with chronic CSC after 12 months of treatment and then suggested to stop
its prescription in these patients. Currently, no data about secondary outcome measures
are available.

2.3.1. Other Significant OCT Features in CSC Eyes
Pachychoroid

In all likelihood, CSC is a clinical entity belonging at least in part to the pachychoroid
spectrum, a phenotype characterized by rarefaction of choriocapillaris with overlying
dilated choroidal veins on EDI-OCT, as well as with progressive RPE dysfunction and
increased risk of CNV [109–112]. Pachychoroid (choroidal thickness >270 µm on EDI-
OCT and/or presence of pachyvessels) is secondary to enlargement of Haller’s layer and
subsequent compression on inner choroid vessels [27,113,114]. Other diseases, including
pachychoroid pigment epitheliopathy (PPE), pachychoroid neovasculopathy (PCN) and
PCV may manifest with pachychoroid [113,114]. Nevertheless, a thicker choroid is not a
mandatory diagnostic criterion for CSC.

En face SS-OCT identified anomalies as thinning of the inner choroidal layer in the
involved area (maybe due to a choriocapillaris atrophy or to compression exerted by
dilated outer choroidal vessels), [109] focal or diffuse dilation of various degree, involving
one or more layers [111] or areas of choroidal thickening topographically associated with
pathologically dilated veins of the Haller’s layer (or “pachyvessels”), [110] abnormal
hyperreflective areas involving Bruch’s membrane and choriocapillaris, corresponding
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to hypofluorescent areas seen on ICGA late phases [112]. As already stated above, a
thicker choroid at baseline is a positive predictor for a better response to treatment with
eplerenone [104].

Hyperreflective Dots (HRD)

In active chronic CSC, the presence of HRDs in inner choroid as well as hyperreflec-
tivity of dilated vessels wall has been documented [115]. HRDs may appear also in SRF
and increase in number as the disease duration increases. It is not precisely known at what
HRDs do correspond, but they may be the equivalent of photoreceptor outer segments
shedding, activated microglia and macrophages, or concentrated fibrin or lipid compounds.
A recent study about HRDs reaffirmed that they are not a peculiar sign of CSC, since they
have been described in macular dystrophies, age-related macular degeneration (AMD),
retinal vein occlusion and diabetic retinopathy [116]. Authors found that in acute CSC,
HRDs presence is correlated with subfoveal choroidal thickness and patients age, whereas
in chronic CSC they are associated with macular and choroidal thickness as well the height
of neurosensory detachment. In this latter group of eyes, HRDs could indicate an ongoing
process of anatomical rearrangement of the choroid or phagocytosis of photoreceptors
outer segments. Therefore, the higher the baseline HRDs number on SD-OCT, the higher
the chances of recurrence after treatment [117]. Another report described that HRDs and
subretinal exudates are more commonly observed in early- and late-chronic CSC than in
acute CSC [118].

Posterior Cystoid Retinal Degeneration (PCRD)

In longlasting chronic CSC, SD-OCT may identify PCRD. It is a severe disease pheno-
type characterized by DARA, multiple leaking spots on FA, subretinal fibrin deposits at first
presentation, [90,119–122] so creating a distinct entity within CSC, one with unfavourable
visual prognosis [119]. PCRD was shown to be present in up to 35% of severe chronic
CSC cases [119]. In contrast to cystoid macular edema (cystic fluid within Henle layer),
PCRD may have a degenerative origin, descending from the primary choroidopathy and
the RPE dysfunction, and do not stain on FA [122]. Apparently, few or no VEGF-related
pathway appear involved in PCRD onset (anti-VEGF drugs are mostly ineffective in these
eyes) [123]. Not rarely there is some active SRF leakage and RPE function is irreversibly
damaged [124]. Treatment may help in halting some SRF leakage, but is less likely to result
in a complete PCRD resolution and/or a BCVA improvement [124], since foveal damage
and vision loss may be secondary to intraretinal fluid itself, as well as an associated foveal
detachment [125]. In a recent report, OCT-A detected a CNV in 13 out of 29 eyes with
PCRD [126].

Pigment Epithelial Detachment (PED)

In acute CSC a PED is identified by OCT in 53–100% of eyes [109,127,128] and not
rarely colocalizes with the leakage point(s) on FA. Usually it is serous and can be found
both within or outside the SRF. Its site corresponds well with areas characterized by
vessels abnormalities on EDI-OCT and hyperpermeability on ICGA [109,129]. Another
PED pattern identifiable in chronic CSC is defined as shallow or flat irregular PED, divided
into vascularized or non-vascularized, with a potentially significant impact on treatment
choice [114]. According to Song et al, low-to-flat PED(s) can be observed in all disease
stages, particularly in late chronic CSC [118].

The Double Layer Sign (DLS)

The double-layer sign (DLS) is an OCT finding, produced by a shallow irregular PED.
The upper hyperreflective band of the double layer belongs to RPE, the bottom band to the
Bruch’s membrane. [130]. This finding was first reported in eyes with PCV and later in eyes
with AMD and high myopia. It can be found in eyes with CSC, and usually corresponds to
thinning of inner choroid and pachyvessels [109,131,132]. Risk of developing secondary
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CNV increases when a DLS is identifiable and some authors postulated that CSC eyes
with DLS may host inactive CNV [133,134]. The space within the DLS could be hypo-
or hyperreflective. DLS with internal hyporeflectivity are usually avascular, whereas an
internal hyperreflectivity may host early type 1 CNV, even if it is not true in all cases [135].
Differentiating such vascularized from non-vascularized flat PED becomes difficult on
conventional imaging. OCT-A has a sensitivity of 86–100% and specificity of 96–100%
compared with FA in detecting CNV in eyes with chronic CSC and irregular PED [136,137].
With the advent of OCT-A, the detection of CNV in such eyes has increased significantly
(up to 35%) compared with previous imaging modalities. The verified presence of an active
CNV may warrant a different therapeutic approach.

Presence of Subretinal Fibrin

Using SD-OCT, the presence of SRF can be both assessed and quantified, which is
generally considered useful for estimating the episode duration and for determining the
subsequent treatment strategy [118]. OCT can reveal fibrin clots within SRF originating
from fibrinogen leaked through RPE defect [138]. Abnormalities (subretinal exudation,
retinal dipping, photoreceptor layes defects) were noted by the authors in close proximity
to RPE defects in all 123 eyes included in the study. Subretinal fibrin can be observed as
both well-defined and ill-defined hyperreflective structures [76]. A severe but unfrequent
variant of chronic CSC is accompanied by bullous retinal detachment. It is generated by
multiple RPE leaks and not rarely subretinal fibrin accumulates in large amount. In some
cases it is accompanied by complete disruption of the PED edges, with consequent RPE
avulsion (rip or tear) [139]. Another OCT feature, the retinal dragging with fibrin, has been
reported, mainly in eyes with acute CSC at its early stages [118].

Liang et al recently reported that in CSC eyes with subretinal fibrin HD-PDT with
verteporfin is safe and effective, with no statistically significant difference for SRF and
fibrin resolution with respect to eyes without subretinal fibrin at baseline [140].

CSC Complicated by CNV

In chronic CSC, OCT-A may support ICGA in the detection of CNV. Figure 4 summa-
rizes how valuable SD-OCT can be in identifying CNV during the course of CSC.

FA shows disclose a hyperfluorescent alteration with surrounding leakage that on
ICGA corresponds mainly to a hypocyanescent anomaly. SD-OCT reveals a hyperreflective
subretinal lesion corresponding to CNV, with minimal exudation and intraretinal cysts.

CNV can be found in 2–18% of chronic CSC patients [141–144]. A recent report
identified older age, wide PED width at diagnosis and recurrent episodes of CSC as
independent risk factors for the development of CNV [145]. In addition, the authors found
that CSC patients with secondary CNV had lower choriocapillary flow densities than those
without secondary CNV. The presence of a PED at initial diagnosis was associated with an
approximately 12-fold increased risk of secondary CNV. In addition, it has been suggested
that DLS in eyes with CSC usually correspond to flat irregular PED and is associated with
the development of CNV [146]. The neovascular activity of flat irregular PED at CSC initial
phase could be considered of low grade. However, an active form of CNV may appear
later, in the chronic phase. Recently, an OCT-A study of chronic CSC revealed that CNV
was detected in one-third of eyes with flat irregular PED, which usually corresponded to
DLS [134].

CNV tends to appear gradually, especially in patients over the age of 50 and/or with
longstanding disease (Figure 4). Subretinal leakage from type 1 (sub-RPE) CNV due to
pachychoroid neovasculopathy may resemble uncomplicated chronic CSC [114,143]. CNV
can be identified using multimodal imaging techniques such as OCT, FA, ICGA, and—in
particular—OCT-A. An example of OCT-A features in a CSC eye with sub-RPE neovascular
network is provided in Figure 5.

On FAF there is a mixed pattern of changes (both hypo- and hyperautofluorescent),
with an irregular autofluorescence in the lower portion of the posterior pole (gravitational
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disposition of fluid). A hyperfluorescent lesion with perilesional leakage on FA (mainly
hypocyanescent on ICGA) suggests the presence of an active CNV with a small SRF
quantity. OCT-A clears up any doubt highlighting the sub-RPE neovascular network.

Therefore, it may happen that the initial diagnosis is CSC without CNV, despite the
presence of a small CNV at that time. The clinician should suspect CNV in eyes with one or
more of the following: “old age” at onset, a mid/hyperreflective signal under a flat irregular
PED, a structure suggestive for CNV on OCT-A (Figure 5), and/or a well-demarcated CNV
‘plaque’ (with or without PCV component) on ICGA [147].

Because up to two-thirds of CSC patients with CNV can have a polypoidal component,
ICG-A is a keytool for identifying and localizing these polypoidal structures [147]. De Salvo
et al. [148] compared SD-OCT and ICGA levels of sensitivity and specificity in detecting
idiopathic PCV and separating PCV from occult CNV. SD-OCT showed a 94.6% sensitivity
and a 92.9% specificity.

The standard treatment for CSC complicated by active CNV is intravitreal anti-VEGF,
possibly supplemented by HD- or HF-PDT. Several reports demonstrated good efficacy in
these cases [149–152]. The MINERVA study found that intravitreal ranibizumab is effective
in CNV with an unusual origin, including CNV due to CSC [151].

With respect to PCV, large randomized controlled trials based on EVEREST II and
PLANET studies found that a combination of full-dose PDT and intravitreal ranibizumab
or aflibercept may be beneficial [153,154]. In addition, it has been recently reported that
50% of PCV lesions were resolved after full-fluence PDT monotherapy, compared to 25% of
lesions in patients who received anti-VEGF only [152]. As to the group of CSC patients with
flat irregular PED in which thin neovascularization can be detected by OCT-A, the use of
anti-VEGF therapy should be weighed carefully and deferred until active leakage becomes
evident [135]. In addition, OCT-A, FA, and/or ICGA should be routinely performed to rule
out the possibility of CNV presence in chronic CSC eyes with intraretinal fluid, as up to
45% of these cases may host CNV and should undergo the appropriate therapy [128].

OCT and OCT-A implemented significantly information provided by angiographies.
SD-OCT is helpful in confirming the diagnosis of acute and chronic CSC and essential in
determining the presence of features (SRF volume and height, SRF persistence, photorecep-
tors integrity, PED number, and subretinal fibrin) able to influence the natural course of
the disease or the outcome of treatment procedures. Actually, some of these features are
associated with a poor prognosis for final visual acuity. Moreover, nowadays, OCT-A is
warmly recommended to identify CNV complicating chronic CSC, so avoiding the risk to
miss the diagnosis and administer the wrong treatment.

3. Materials and Methods

We carried out an electronic search for relevant articles in PubMed from inception
until December 2020. The workflow was arranged in compliance with the guidelines of the
preferred reporting items for systematic reviews and meta-analyses (PRISMA) model. The
main keywords used in combination included “central serous chorioretinopathy”, “imag-
ing”, “fluorescein angiography”, “indocyanine green angiorgraphy”, “ structural optical
coherence tomography”, “fundus autofluorescence”, and “optical coherence tomograhy
angiography”.

At the end of December 2020 a total of 2245 articles were listed in Pubmed by us-
ing “central serous chorioretinopathy” as the primary search key. Subsequently, CSC
was combined with the secondary search key and obtaining the following results respec-
tively: “imaging” —714 articles—, “fluorescein angiography”—1129 articles—, “indocya-
nine green angiorgraphy” —374 articles—, “structural optical coherence tomography” —
1171 articles—, “fundus autofluorescence”—999 articles—, “optical coherence tomograhy
angiography (including acronyms OCTA and OCT-A)”—106 articles.

A first exclusion were review papers, case reports, articles not written in English,
excluding from final analysis 281 review articles, 603 case reports, and 248 articles not
written in English.
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Two authors (S. D. P and P. I.) independently evaluated the preliminary results of the
research using the title of the manuscript and the abstract as discriminating elements. In
particular, the abstract was initially evaluated for the purpose of the studies. Manuscripts
were considered if the primary purpose of the research included imaging studies and
descriptions of morphological features of the retina in association with CSC with the
previously mentioned imaging methods. Subsequently, attention was paid to studies
describing imaging alterations or new anatomical findings in association with different
therapeutical approaches. The list of manuscripts was further scrutinized for the methods
section. In detail, we assessed the application of the imaging methodologies and the type of
treatment administered. Further attention was focused on prospective studies and analysis
of the most recent biomarkers.

The final list produced by the two authors —composed of 213 articles— was then
openly evaluated and discussed with the other authors, assessing the relevance of the
studies with the aims of the current research; in particular, all the authors were aware
that the current review was carried out with the aim of offering points of discussion and
personal critical review. In detail, each other author received the complete list of the
first selection who independently examined the title and abstract of the manuscript. The
relevance of the articles to be taken into consideration was collectively discussed, and
personal comments were exposed. A total of 128 manuscripts were considered relevant
and evaluated in the current review.

4. Conclusions

In conclusion, multimodal imaging technology in CSC developed very rapidly in
the past few years and opened new perspectives about the etiology and physiopathology
of this disease. Aside from eyes with a full recovery from their first episode of acute
CSC, the identification of baseline biomarkers and indicators associated with a higher
risk for permanent severe damage to RPE and photoreceptors was obtained combining
information from FA, ICGA, FAF, OCT, and OCT-A. On this basis, patients that do not
recover spontaneously or have multiple recurrent episodes saw their chance to avoid severe
and untreatable visual loss significantly increase, considering that now they can receive
the most appropriate treatment. Special attention must be paid to CSC eyes at high risk to
develop CNV, since their chance to preserve vision is directly linked to a timely diagnosis
and the administration of adequate therapy.
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