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OCT Findings in CSCR

§ 1. Choroidal
§ 2. Chorioretinal
§ 3. Retinal
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1. Choroidal OCT Findings

§ 1.1. Choroidal vessel layer thickness
§ 1.2. Choroidal thickness
§ 1.3. Loculation of fluid
§ 1.4. Choroidal vascularity index
§ 1.5. Focal choroidal excavation
§ 1.6. Choroidal cavern
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1.1. Choroidal Vessel Layer Thickness

• Large choroidal vessels comprise 
up to 70% of choroidal thickness
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In ophthalmology, monitoring of choroid health assumes signiWcance as various diseases, including age-
related macular degeneration, tend to affect choroidal vasculature early. [...] SpeciWcally, we adopt a
multiple target tracking approach to trace blood vessel systems of relatively large diameters belonging to
Haller's layer. We obtained high accuracy in terms of Dice coe_cient for synthetic images, and
subsequently presented our results for clinical OCT images. Our method facilitates… Expand
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Fig. 1: (a) Typical OCT B-scan of posterior segment of eye (courtesy Dr. William R Freeman, University of California, San
Diego) showing various layers, and (b) Choriocapillaries, Sattler’s and Haller’s sublayers of the… Expand
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Segmenting and Labeling blood vessels in choroidal Haller's layer: A multiple target tracking

• Enlarged large choroidal vessels 
compress inner choroidal layers

PACHYCHOROID DISEASE SPECTRUM

The Pachychoroid disease spectrum is a group of conditions which have characteristic morphologic changes implicating a common underlying disease process causing structural and functional 
choroidal alteration.  These common features are illustrated below:

Increased choroidal thickness Dilated choroidal vessels Overlying choriocapillaris attenuation Associated RPE disturbances

Optomap/Retinal Photo Fundus Autofluorescence Optical coherence tomography (OCT) Description

Pachychoroid Pigment Epitheliopathy (PPE)

• Considered a forme fruste variant of CSCR
• Typically asymptomatic with minimal fundus signs – possible pigment alteration.
• No present or past history of sub-retinal fluid
• FAF shows granular hypo-fluorescence and/or mixed stippled hypo and hyper-

fluorescence
• Drusen-like focal RPE elevations seen on OCT, possibly with an associated serous

pigment epithelial detachment (PED)

Acute Central Serous Chorioretinopathy (CSCR) • Unilateral blur or metamorphospsia with a mild hyperopic shift
• Raised appearance of the macula with frequent hyper or hypo pigment changes
• FAF may show no apparent abnormality or hyper-fluorescence associated with

the areas of sub-retinal fluid
• OCT shows an well-defined serous retinal detachment usually associated with a

PED.

CHAIR-SIDE REFERENCE: PACHYCHOROID DISEASE SPECTRUM

This reference is based on the current literature and evidence at the time of writing. This reference is designed a guide to aid diagnosis and management decisions however individual cases must be assessed in the context of all available clinical data.
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1.2. Choroidal Thickness

• Choroidal interstitial edema plays 
a major role in increasing 
subfoveal CT

• Subfoveal CT is increased in the 
affected eye and fellow eye

PACHYCHOROID DISEASE SPECTRUM

The Pachychoroid disease spectrum is a group of conditions which have characteristic morphologic changes implicating a common underlying disease process causing structural and functional 
choroidal alteration.  These common features are illustrated below:

Increased choroidal thickness Dilated choroidal vessels Overlying choriocapillaris attenuation Associated RPE disturbances

Optomap/Retinal Photo Fundus Autofluorescence Optical coherence tomography (OCT) Description

Pachychoroid Pigment Epitheliopathy (PPE)

• Considered a forme fruste variant of CSCR
• Typically asymptomatic with minimal fundus signs – possible pigment alteration.
• No present or past history of sub-retinal fluid
• FAF shows granular hypo-fluorescence and/or mixed stippled hypo and hyper-

fluorescence
• Drusen-like focal RPE elevations seen on OCT, possibly with an associated serous

pigment epithelial detachment (PED)

Acute Central Serous Chorioretinopathy (CSCR) • Unilateral blur or metamorphospsia with a mild hyperopic shift
• Raised appearance of the macula with frequent hyper or hypo pigment changes
• FAF may show no apparent abnormality or hyper-fluorescence associated with

the areas of sub-retinal fluid
• OCT shows an well-defined serous retinal detachment usually associated with a

PED.

CHAIR-SIDE REFERENCE: PACHYCHOROID DISEASE SPECTRUM

This reference is based on the current literature and evidence at the time of writing. This reference is designed a guide to aid diagnosis and management decisions however individual cases must be assessed in the context of all available clinical data.
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Figure 1
From: Correlation of subretinal fluid volume with choroidal thickness and macular volume in acute central serous chorioretinopathy

Manual measurement of subfoveal choroidal thickness with EDI-OCT.
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1.3. Loculation of fluid

• LOF is a common finding in CSCR

• The areas of LOF are 
hyporeflective, are larger 
topographically than the large 
choroidal vessels, have an angular 
inner border, and do not have a 
bounding vascular wall
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1.4. Choroidal Vascularity Index

• CVI is defined as the ratio of 
stromal area versus choroidal 
area in single-line scan or volume 
scans

• CVI is increased in eyes with CSCR 
compared to their fellow eyes

• Eyes with active CSCR have higher 
CVI compared to eyes with 
resolved CSCR
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1.5. Focal Choroidal Excavation

• The conforming type of FCE: the 
outer retinal layers conform to 
retinal pigment epithelial 
alterations within the excavation

Advertisement

nature  eye  clinical study  article  figure

Figure 1
From: Focal choroidal excavation in patients with central serous chorioretinopathy

Spectral domain optical coherence tomogrphay (SD-OCT) scans of the 11 eyes with focal choroidal excavation (FCE) at presentation. Six eyes had

nonconforming FCE (a–e) and five eyes had conforming FCE (f–k).
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• The non-conforming type of FCE: 
there is separation between the 
outer retina and the retinal 
pigment epithelial alterations 
within the excavation
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Figure 1
From: Focal choroidal excavation in patients with central serous chorioretinopathy

Spectral domain optical coherence tomogrphay (SD-OCT) scans of the 11 eyes with focal choroidal excavation (FCE) at presentation. Six eyes had

nonconforming FCE (a–e) and five eyes had conforming FCE (f–k).
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1.6. Choroidal Cavern

• CC appear as gaping angular 
hyporeflective cavities in areas 
devoid of choroidal vessels, often 
with punctate/linear 
hyperreflectivities internally

• CC may possibly arise from 
nonperfused ghost vessels and 
persistence of stromal pillars 
where the vessels were originally 
situated

Close

 

 

Figure 1: Combined autofluorescence (AF) + EDI- OCT image of the right eye. Orange arrow showing the hyporeflective choroidal cavern. Overlying serous macular detachment noted. AF shows the typical
descending hyperAF tract of central serous chorioretinopathy
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2. Chorioretinal OCT Findings

§ 2.1. Retinal pigment epithelial detachment
§ 2.2. Retinal pigment epithelium microrip
§ 2.3. Retinal pigment epithelium aperture
§ 2.4. Retinal pigment epithelium tear
§ 2.5. Double-Layer sign
§ 2.6. Choroidal neovascularization
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2.1. Retinal Pigment Epithelial Detachment

• PED is more frequently reported 
in chronic CSCR

• PED colocalizes with choroidal 
hyperpermeability areas
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.

This 9gure was uploaded by Nicolette
Farman

Content may be subject to copyright.

Figure

Caption
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
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data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Figure

Caption
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Chronic central serous chorioretinopathy treated
by mineralocorticoid-receptor antagonist.
Chronic CSCR in the right eye of a 9fty-six year
old male patient with a dome-shaped pigment
epithelial detachment (PED), an adjacent small-
er gat PED, and a subretinal detachment (A).
Four months after initial examination, the s​u ​b ​r ​e​t​
i​n​a​l​detachment had slightly … Read more

Figure

Caption

Available via license: CC BY-NC-ND 4.0

Content may be subject to copyright.

Choroidal phenotype of double transgenic (DT)
veCadhMR mice. (A–C) Pigmented mice strain.
(D–F) Albinos mice strain. In both strains, the
human mineralocorticoid receptor (hMR) is
speci9cally over expressed in the vascular en-
dothelium (ve Cadherin promotor). Compared to
wild-type (WT, A and D), the double transgenic
(DT) mice present choroidal t​h​i​c ​k​e​… Read more

Figure

Caption

Available via license: CC BY-NC-ND 4.0

Content may be subject to copyright.

Multimodal imaging of inactive chronic CSCR in
the left eye of a 45-year old man (same patient
as Fig. 3). FAF exhibited two circular patchy ar-
eas of increased autoguorescence related to
previous CSCR episodes (A). FA revealed two
areas of mild residual RPE window defect (B, C).
ICG showed two areas of persistent h​y ​p ​e​r ​p ​e​r ​m ​e​
a​b ​i​l​i​t​y ​(D, E) during early and … Read more
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2.2. Retinal Pigment Epithelium Microrip

• RPE microrips occur up to 12% in 
the setting of CSCR

• RPE microrips show spontaneous 
closure in the natural course of 
CSCR
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2.3. Retinal Pigment Epithelium Aperture

• RPE aperture tend to increase in 
size over time

Advertisement

nature  eye  articles  article  figure

Fig. 1
From: Retinal pigment epithelium apertures as a late complication of longstanding serous pigment epithelium detachments in chronic central serous

chorioretinopathy

Multimodal imaging of a 62-year-old woman with chronic CSC and bilateral RPE aperture. a, b FAF showing two well-demarcated hypoautofluorescent

areas (arrowhead), a large one in macular area and smaller one along the superotemporal vascular arcade in the right and left eye, respectively,

corresponding to RPE apertures. c–f FA and ICGA revealing clinical signs of chronic CSC with a mottled hyperfluorescence (FA) and hypofluorescence

(ICGA) due to the RPE decompensation with two well-circumscribed window defects areas in correspondence of the RPE aperture in both eyes. g, h

OCT angiography images of choriocapillaris segmentation with corresponding B-scan confirming the absence of any vascular network below the PED

bilaterally. i, j SD-OCT horizontal line scans passing through the PEDs (shown in FA) displaying the RPE apertures as discontinuities of the RPE

(asterisks) with increased back scattering in both eyes, with intraretinal cysts changes in the right eye (i)
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nature  eye  articles  article  figure

Fig. 2
From: Retinal pigment epithelium apertures as a late complication of longstanding serous pigment epithelium detachments in chronic central serous

chorioretinopathy

Multimodal imaging of the right eye of a 58-years old man with chronic CSC before and after the development of RPE aperture. a Late-phase FA and b

ICGA showing some areas of hyperfluorescence at the posterior pole with a window defect area inferior to the macula. c FAF revealing typical features of

CSC with mottled areas of hyperautofluorescence along the superotemporal vascular arcade. d SD-OCT horizontal line scan disclosing a serous PED

with a thinning of the RPE at its right bottom margin. e, f FAF and SD-OCT 13 moths later showing the onset of the RPE aperture as a small

hypoautofluorescent area at the right border of the PED (FAF) with the characteristic RPE discontinuity (white asterisks) and appearance of subretinal

fluid (SD-OCT)
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• RPE aperture can occur in 
patients with chronic CSCR in 
correspondence of avascular PED
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2.4. Retinal Pigment Epithelium Tear

• RPE tears are rare feature in the 
setting of CSCR

• RPE tears do not increase in size 
over time
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more

Figure

Caption

16



5/22/22

5

2.5. Double Layer-Sign

• DLS non-vascularized

• DLS vascularized
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2.6. Choroidal Neovascularization

• Type 1 CNV

• Aneurysmal type 1 NV
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Advanced bilateral chronic central serous chori-
oretinopathy treated by mineralocorticoid-recep-
tor antagonist. Seventy-seven year-old man with
bilateral oblong descending hypo-autoguores-
cent tracks (A and B) indicating a severe chronic
CSCR with diffuse decompensation of the reti-
nal pigment epithelium, formerly referred to as
“Diffuse retinal pigment e​p ​i​t​h​e​l​i​o ​p ​ … Read more
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Bilateral chronic central serous chorioretinopa-
thy treated by mineralocorticoid-receptor antag-
onist. Fifty-three year-old male patient with bilat-
eral chronic CSCR, as evidenced by RPE
changes on fundus autoguorescence (A and C)
and guorescein angiography (B and D). SD-OCT
showed a bilateral subretinal detachment (E, F),
more pronounced in the right eye (​… Read more
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evaluating oral treatments for central serous
chorioretinopathy with a control group.

PACHYCHOROID DISEASE SPECTRUM
Optomap/Retinal photo Fundus Autofluorescence Optical coherence tomography (OCT) Description

Chronic Central Serous Chorioretinopathy (CSCR)
• Widespread RPE decompensation with or without subretinal fluid

• Long-standing cases are associated with hypo-fluorescent gravitational tracts on

FAF

• OCT shows outer retina and RPE atrophy

• Risk of choroidal neovascularisation (CNV) increases with increased recurrence or

chronicity

• Reduced vision associated with macular atrophy and/or CNV

Pachychoroid Neovasculopathy (PNV) • Development of type 1 CNV following PPE

and/or CSCR.

• Can progress to PCV (below)

• May have associated blur or metamorphopsia

• FAF highlights RPE changes overlying thick

choroid

• OCT shows a flat, irregular PED (double-layer sign)

Polypoidal Choroidal Vasculopathy (PCV)/Aneurysmal Type 1 Neovascularization • Serosanguinous maculopathy characterised by type 1 CNV ending in aneurysmal

dilations, which appear as polyp-like structure

• Associated with serous neurosensory detachment and/or submacular

haemorrhage

• Funduscopy shows orange-red subretinal nodules

• FAF shows ring-shaped abnormalities with hypo-autofluorescent centre

(correspond to polyps) and hyper-autofluorescent surroundings

• OCT shows a sharp PED peak and surrounding flat, irregular PED.

• Indocyanine green angiography is the gold standard for diagnosing PCV

Focal Choroidal Excavation (FCE)
• Localised area of choroidal excavation without evidence of posterior staphyloma

or scleral ectasia

• Asymptomatic or mild blurring of vision or metamorphosia

• Funduscopy may be normal or show non-specific pigmentary changes

• OCT shows two patterns of excavation – conforming (photoreceptor tips are in

direct contact with RPE as shown here) and non-conforming (photoreceptor tips

are detached from RPE)

CHAIR-SIDE REFERENCE: PACHYCHOROID DISEASE SPECTRUM

OCT angiography shows 

‘tangled network’ of flow signal 

corresponding to type 1 CNV

*Please note peripapillary pachychoroid syndrome, is also considered part of the pachychoroid disease spectrum but not described in this reference. 

• Type 2 CNV
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3. Retinal OCT Findings

§ 3.1. Subretinal fluid
§ 3.2. Photoreceptor outer segment elongation
§ 3.3. Hyper-Reflective dots
§ 3.4. Cystoid macular edema
§ 3.5. Cystoid macular degeneration
§ 3.6. Retinoschisis
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3.1. Subretinal Fluid

• In acute CSCR despite SRF the 
morphology of retinal layers 
remains unchanged
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Non-resolving recurrent central serous chori-
oretinopathy treated by mineralocorticoid-recep-
tor antagonist. Thirty-nine-year old patient treat-
ed by oral eplerenone (25 mg daily) for recurrent
CSCR without improvement after 2-month ob-
servation. Enhanced-depth imaging OCT at
baseline (A) shows subretinal detachment, and
pachychoroid (665 μm). A d​e​c ​r ​e​a​s​… Read more
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Multimodal imaging of active chronic CSCR in
the right eye of a 45-year old man. FAF showed
hypo-autoguorescent gravitational tracks (A). FA
revealed a corresponding increased transmis-
sion of guorescence related to the extended
RPE alterations, and an active leakage site (ar-
row) corresponding to the RPE elevation on EDI-
OCT (H, star). ICG showed dilated … Read more
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Chronic central serous chorioretinopathy treated
by mineralocorticoid-receptor antagonist.
Chronic CSCR in the right eye of a 9fty-six year
old male patient with a dome-shaped pigment
epithelial detachment (PED), an adjacent small-
er gat PED, and a subretinal detachment (A).
Four months after initial examination, the s​u ​b ​r ​e​t​
i​n​a​l​detachment had slightly … Read more
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Non-resolving recurrent central serous chori-
oretinopathy treated by mineralocorticoid-recep-
tor antagonist. Thirty-nine-year old patient treat-
ed by oral eplerenone (25 mg daily) for recurrent
CSCR without improvement after 2-month ob-
servation. Enhanced-depth imaging OCT at
baseline (A) shows subretinal detachment, and
pachychoroid (665 μm). A d​e​c ​r ​e​a​s​… Read more
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Multimodal imaging of active chronic CSCR in
the right eye of a 45-year old man. FAF showed
hypo-autoguorescent gravitational tracks (A). FA
revealed a corresponding increased transmis-
sion of guorescence related to the extended
RPE alterations, and an active leakage site (ar-
row) corresponding to the RPE elevation on EDI-
OCT (H, star). ICG showed dilated … Read more
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Chronic central serous chorioretinopathy treated
by mineralocorticoid-receptor antagonist.
Chronic CSCR in the right eye of a 9fty-six year
old male patient with a dome-shaped pigment
epithelial detachment (PED), an adjacent small-
er gat PED, and a subretinal detachment (A).
Four months after initial examination, the s​u ​b ​r ​e​t​
i​n​a​l​detachment had slightly … Read more
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3.2. Photoreceptor Outer Segment Elongation

• PROS elongation is a frequent 
finding in the area of SRF

• Persistent PROS elongation may 
progress to permanent subretinal 
deposits

• Complete disappearance of OS as 
observed in chronic CSCR
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Abstract

The diagnosis and treatment of choroidal neovascularization (CNV) in eyes with chronic central serous
chorioretinopathy (CSCR) can be challenging. The purpose of this study was to classify eyes with suspected CNV
using multimodal imaging. The effect of intravitreal anti-vascular endothelial growth factor (VEGF) was assessed and
compared to controls. This retrospective study included chronic CSCR patients with suspected secondary CNV who
received intravitreal bevacizumab. Eyes were divided into “definite CNV” and “no CNV” based on optical coherence
tomography angiography (OCTA). Eyes that did not undergo OCTA imaging were considered as “presumed CNV”.
One-year outcome in visual acuity (VA) and central foveal thickness (CFT) were investigated and compared to non-
treated control patients to assess the response to anti-VEGF. Logistic regression analysis was used to explore
predictive biomarkers of CNV detection and improvement after anti-VEGF. Ninety-two eyes with chronic CSCR from 88
participants were included in this study. Sixty-one eyes received bevacizumab and 31 eyes were non-treated control
subjects. The presence of subretinal hyperreflective material (SHRM) and shallow irregular retinal pigment epithelium
(RPE) elevation (SIRE) with sub-RPE hyperreflectivity on OCT was associated with a significantly increased risk of
detecting CNV on OCTA. Intravitreal anti-VEGF caused significant functional and anatomical improvement in patients
with neovascular CSCR as compared to non-treated eyes. In contrast, VA and CFT changes were not significantly
different between treated and non-treated CSCR with no evidence of CNV on OCTA. No clinical or anatomical
biomarkers were found to be associated with response to treatment. In conclusion, OCTA should be used to confirm
the presence CNV in suspected chronic CSCR patients. Intravitreal anti-VEGF treatment resulted in a significantly
better one-year outcome in patients with definitive OCTA evidence of CNV.

Keywords: central serous chorioretinopathy; optical coherence tomography angiography; choroidal
neovascularization; anti-VEGF; bevacizumab; suspected CNV; presumed CNV

1. Introduction

Central serous chorioretinopathy (CSCR) is a chorioretinal disease typically characterized by serous subretinal
detachment associated with retinal pigment epithelium (RPE) and/or choroidal abnormalities [1,2]. It is the fourth most
common acquired retinal disease with risk of visual impairment [3]. Patients with macula-involving acute CSCR usually
present with blurred vision, metamorphopsia, relative central scotoma, or decreased contrast sensitivity due to
accumulation of subretinal fluid (SRF) with/without focal pigment epithelial detachment (PED) evident on optical
coherence tomography (OCT). The majority of acute CSCR cases are self-limiting with good visual outcome [4].
However, recurrences can occur in 50% of the affected individuals [5]. Chronic CSCR, although assumed to progress
from acute CSCR, is likely to be an independent retinal pigment epitheliopathy secondary to choroidal abnormalities
[6,7].

Choroidal neovascularization (CNV) is not an uncommon complication of chronic CSCR, with reported incidence
of 2–18% of patients [8,9,10]. The development of CNV has been associated with significant visual loss in several
retinal diseases [9,11,12,13]. Early detection and effective treatment of CNV can improve visual prognosis and prevent
irreversible retinal damage [14]. Intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents, especially
bevacizumab (Avastin ), is the most widely used treatment option for CSCR related choroidal neovascularization [15].

However, the diagnosis of CNV in chronic CSCR patients can be challenging. Persistent SRF has often triggered
multimodal imaging to rule out CNV [16]. While the double layer sign seen on OCT and active leakage on fluorescein
angiography (FA) are signs of CNV, these are difficult to interpret in an eye with significant retinal pigment epithelial
changes. More recently, OCT angiography (OCTA) has been introduced into clinical practice [17]. While the presence
of CNV on OCTA has provided confidence in the definitive diagnosis of CNV, the absence of a visible CNV network on
OCTA cannot rule out a CNV. In these circumstances, some clinicians prefer watchful waiting for spontaneous
resolution of SRF, while others initiate anti-VEGF based on empirical decisions of “suspected” CNV. As the SRF in
chronic CSCR can wax and wane, the treatment response to anti-VEGF in such scenarios is unclear.

Therefore, this study aimed at classifying the presence and absence of CNV in eyes with chronic CSCR based on
multimodal imaging and assessed the effect of intravitreal bevacizumab in definitive versus presumed CNV and
compared these to controls where the diagnosis of CNV was uncertain.

2. Methods

2.1. Study Participants and Clinical Data

The study was approved by the Moorfields Clinical Effectiveness Department (CA18/MR/22-197). Patients with a
suspected diagnosis of CNV secondary to chronic CSCR were identified retrospectively from Moorfields Eye Hospital
database. The diagnosis of “suspected” CNV was taken during routine clinical visits based on clinical data as well as
spectral domain (SD) OCT and FA findings. Eyes that received bevacizumab and had at least one-year follow-up were
included in this study. The anti-VEGF treatment was initiated as either three monthly loading doses or one injection
followed directly by a “pro-re-nata” (PRN) regimen. No widely-accepted treatment protocol is available for using anti-
VEGF in CSCR. Thus, the decision for choosing treatment regimen was based on the treating physician’s clinical
judgement and individual preference. Non-treated chronic CSCR patients where CNV could not be established on
multimodal imaging were also included as controls. All patients underwent SD-OCT scans during their follow-up clinical
visits, and a subset of the included patients had OCTA imaging. En face images and B-scans from OCTA data were
retrospectively reviewed by an expert grader to confirm the presence of CNV. Eyes were divided based on evidence of
CNV on OCTA (Figure 1). The clinician’s decision of treatment was based on clinical data including history and the
available multimodal imaging findings, which did not necessarily include OCTA. We retrospectively classified all eyes
with “suspected” CNV by OCTA into “definite CNV” and “no CNV”. Thus, our classification was independent of the
initial clinical diagnosis and treatment (Figure 1).

Figure 1. Flowchart of study groups. CNV, choroidal neovascularization; CSCR, central serous
chorioretinopathy; OCTA, optical coherence tomography angiography.

Clinic based visual acuity (VA) at baseline and one-year follow-up visits were reported. Gaining 1 line on Snellen’s
chart or 5 letters on an early treatment diabetic retinopathy study (ETDRS) chart were considered as improvement in
VA [18]. All VA measurements were converted to ETDRS for statistical analysis. Demographic data, duration of CSCR,
history of steroid use (systemic or topical) and history of previous photodynamic therapy (PDT) or injection treatments
were collected from clinical notes. Patients who underwent any ophthalmic surgical or medical intervention during or
within six months prior to the one-year investigation period were not included in the study.

2.2. Multimodal Imaging

The SD-OCT scans of the macula were acquired using the commercially available 3D OCT-2000 (Topcon, Tokyo,
Japan) or Spectralis (Heidelberg Engineering, Heidelberg, Germany). Scans at baseline (day of the first injection) and
one-year visits were reviewed for the purpose of this study. Central foveal thickness (CFT) was measured between
inner limiting membrane (ILM) and Bruch’s membrane (BM) (Figure 2). A decrease of 20% in one-year CFT as
compared to baseline was considered as anatomical improvement [18]. OCT scans were qualitatively reviewed at
baseline to detect pathological signs including shallow irregular RPE elevation (SIRE), SRF, subretinal hyperreflective
material (SHRM), intraretinal hyperreflective foci (IHRF), subretinal hyperreflective foci (SHRF), intraretinal cystic
changes (IRC) and pachychoroid (Figure 2). SIRE was also identified as hyperreflective or hyporeflective depending
on sub-RPE reflectivity (Figure 2). OCT grading was performed independently by two graders, and discrepancies were
resolved by consensus.

Figure 2. Quantitative and qualitative optical coherence tomography (OCT) biomarkers. (A) En face structural
OCT in a “definite CNV” patient. White dashed lines correspond to OCT B-scans in (A1–A3). Central foveal
thickness was measured between inner limiting membrane (ILM) and Bruch’s membrane (BM). Baseline
anatomical biomarkers were detected from OCT B-scans: subretinal fluid (SRF, white arrows in (A1,A2)),
shallow irregular RPE elevation (SIRE) with sub-RPE hyperreflectivity (white arrow heads in (A1)) and
pachychoroid with dilated vessels (white asterisks). Subretinal hyperreflective material (black asterisk in (A2))
and intraretinal (IHRF, black arrow) subretinal hyperreflective foci (SHRF, black arrow heads) were also
detected. (B,C) En face structural OCT in “no CNV” patients. White dashed lines correspond to B-scans in
(B1,C1). White arrow heads in (B1) correspond to SIRE with sub-RPE hyporeflectivity. SHRF (black arrow
heads) and pachychoroid (white asterisks) can be also detected. B-scan in (C1) exhibited SRF and intraretinal
cysts.

Fluorescein angiography was reviewed by two graders to detect neovascularization. CNV was defined by the
presence of early hyperfluorescence that increased in late frames or an area of late leakage. However, many cases
were not straightforward due to the presence of RPE window defect in chronic CSCR. Additionally, the source of leak
might not be known whether it was CNV or the CSCR itself.

The OCTA scans were performed using Cirrus HD-OCT 5000 with AngioPlex software (Carl Zeiss Meditec, Inc.,
Dublin, CA, USA). Volumetric 3 mm × 3 mm or 6 mm × 6 mm scans were acquired, consisting of 175 B-scans. En face
angiograms as well as cross-sectional OCT/OCTA images were carefully reviewed by two expert graders to confirm the
presence/absence of CNV (Figure 3). Discrepancies were resolved by consensus.

Figure 3. Optical coherence tomography angiography (OCTA) in patients with chronic central serous
chorioretinopathy (CSCR). (A) En face structural OCT image from a 6 mm × 6 mm macular scan. (A1) En face
OCT angiogram of the outer retina showing choroidal neovascularization (CNV, white arrow). Cyan lines in
(A,A1) correspond to the B-scan in (A2). Red flow signal can be detected above Bruch’s membrane (BM).
Purple dashed lines in (A2) represent the slab boundaries for the en face OCTA in (A1). (B) En face structural
OCT from a 3 mm × 3 mm macular scan. (B1) En face OCTA of the “outer retina to choriocapillaris” (ORCC)
slab displays flow signal that can resemble CNV (white arrow). Slab boundaries are overlaid in purple on the
OCT/OCTA B-scan in (B2). B-scan shows RPE and CC atrophy with choroidal hypertransmission. No flow
signal can be detected above BM. Vessels appearing in (B1) are most likely large choroidal vessels, not CNV.
En face OCTA in (B3) corresponds to outer retinal slab (boundaries in (B4)), without including flow signal from
the choroid. No suspicious vessels are seen in (B3), confirming the absence of CNV in this area. (C,C1) En
face structural OCT and OCTA images, respectively, from 6 mm × 6 mm macular scan in a patient suspected for
CNV. Cyan lines correspond to B-scan in (C2). Flow signal was observed at the area of RPE/outer retinal
abnormalities (bottom black arrow heads). However, the flow signal is most likely to be projection artifacts from
retinal vasculature (top black arrow heads) and not CNV. These examples demonstrate the importance of
reviewing both en face and cross-sectional B-scans when interpreting OCTA images.

2.3. Statistical Analysis

Statistical analysis was performed on SPSS v 26 (IBM, Armonk, New York, USA) and Microsoft Excel 2013
(Microsoft, Redmond, Washington, USA). The normality of data distribution was checked using Kolmogorov–Smirnoff
[19] and the use of either parametric or non-parametric tests was decided accordingly. Continuous data are presented
as mean ± standard deviation (SD), while categorical data are presented as frequency and/or percentage. Cohen’s
kappa coefficient was used to assess inter-grader reliability for OCT, FA and OCTA. Mann–Whitney U test was used to
compare means of two groups. Kruskal–Wallis test was used to compare between more than two groups. When a
statistically significant difference was detected between groups, the Dunn post hoc test was used to explore pairwise
comparisons. Longitudinal functional and structural changes within groups were assessed using Wilcoxon signed-
ranks test. Pearson’s Chi-square test was used to investigate the differences in categorical variables. Adjusted
standardized residuals (z-score) was used as a post-hoc analysis for Chi-square test [20]. Cells with absolute adjusted
residuals larger than 1.96 were considered statistically significant. Univariable logistic regression analysis was used to
explore clinical and anatomical predictive factors for the detection of CNV in suspected chronic CSCR patients.
Clinically-relevant variables as well as variables with a p value < 0.2 were included in a multivariable model to detect
independent CNV predictive biomarkers in chronic CSCR. Odds ratio (OR) with 95% confidence interval (CI) are
reported in this paper. A similar approach was used to identify predictors for the response to anti-VEGF treatment. p
values < 0.05 were considered statistically significant. Whenever needed, the Holm–Bonferroni method was employed
to adjust for multiple comparisons [21].

3. Results

3.1. Participant Demographics and Clinical Data

Ninety-two eyes with chronic CSCR from 88 participants were included in this study. Sixty-one eyes received
bevacizumab and 31 eyes were non-treated control subjects. In the treated group, 23 eyes did not undergo OCTA
imaging and were considered to have “presumed CNV” based on OCT and FA. Twenty-three and 15 eyes were
included in the “definite CNV” and “no CNV” groups, respectively, based on OCTA. Similarly, in the control group, 9 and
22 eyes were included in the “definite CNV” and “no CNV” non-treated groups based on OCTA. Clinical and
demographic data are summarized in Table 1.

Table 1. Demographics and clinical data of study subjects.

No statistically significant differences were detected between groups in terms of age and mean duration of CSCR
(p = 0.06 and 0.65, respectively, Kruskal–Wallis test). However, treated “presumed CNV” eyes had relatively worse
baseline VA as compared to other groups (p = 0.001, Kruskal–Wallis test, and p ≤ 0.04, Dunn post hoc tests).
Meanwhile, the non-treated “definite CNV” control group had significantly thinner baseline CFT (p < 0.001, Kruskal–
Wallis test, and p ≤ 0.01, Dunn post hoc tests) (Table 2).

Table 2. Functional and anatomical findings in included eyes.

3.2. Inter-Grader Reliability of OCT, FA and OCTA

The identification of OCT biomarkers showed some degree of inter-grader variability. The agreement between
graders ranged from poor for IHRF, pachychoroid, SRF and SHRF (kappa = 0.15–0.39) to fair agreement in SIRE,
SHRM and IRC (kappa = 0.56–0.69). The reliability of CNV detection using OCTA was significantly higher than FA in
our cohort (kappa = 0.91 and 0.14, respectively, p < 0.001).

3.3. OCT Biomarkers Predicting Presence of CNV

Univariable logistic regression analyses revealed that older patients, female gender, hyperreflective SIRE and
SHRM associated with significantly higher risk for CNV detection on OCTA. In contrast, SIRE with sub-RPE
hyporeflectivity associated with the absence of CNV. The multivariable model identified hyperreflective SIRE (OR, 13.8,
95% CI, 3.0–63.7, p = 0.001) and SHRM (OR, 5.7, 95% CI, 1.3–24.9, p = 0.02) to be independent predictive factors for
the presence of CNV on OCTA.

3.4. One-Year Changes in VA and CFT within Groups

Overall, this cohort of chronic CSCR patients showed significantly better VA and thinner CFT after one-year of
initiating anti-VEGF injections (p < 0.001, Wilcoxon signed-ranks tests). However, when investigating each group
separately, the significance was found to be originating from the “definite CNV” group (p = 0.03) with 96% of patients
showing improvement in either VA or CFT (Table 2). In contrast, only 67% and 70% of patients in “no CNV” and
“presumed CNV” groups, respectively, showed functional or structural improvement (Table 2). Mean ETDRS and CFT
measurements at baseline and after one year were statistically equivalent within both groups (p > 0.09, Wilcoxon
signed-ranks tests).

Similarly, no statistically significant differences in VA and CFT were observed in non-treated patients (p = 0.84 and
0.26, respectively, Wilcoxon signed-ranks tests) (Table 2). Although “definite CNV” group tended to show worsening of
functional and structural parameters, the differences were not statistically significant (ETDRS, p = 0.18, CFT, p = 0.34,
Wilcoxon signed-ranks tests). Patients’ VA and retinal thickness measurements either remained unchanged or
worsened at the one-year follow-up visit, with none of the patients showing signs of improvement. In the “no CNV”
group, 55% of patients showed spontaneous improvement (Table 2). However, mean ETDRS and CFT measurements
at the one-year point were not significantly different from baseline measurements (p = 0.52 and 0.25, respectively).

Within treated patients, patients who underwent monthly injections received a significantly higher number of
injections within the one-year follow-up period compared to the PRN group (mean ± SD, 6.5 ± 2.2 and 2.8 ± 2.2,
respectively, p < 0.001, Mann–Whitney U test). However, the responses to either anti-VEGF treatment regimens were
statistically equivalent. A monthly injection regimen was not superior to the PRN regimen in terms of the one-year
changes in ETDRS VA or CFT (p = 0.47 and 0.42, respectively), or in the frequency of anatomical/functional
improvement (p = 0.67, Chi-square test).

3.5. Comparison between Groups

Bevacizumab-treated CSCR patients with “definite CNV” improved significantly as compared to non-treated
patients (p = 0.001 and 0.008 for ETDRS and CFT, respectively, Mann–Whitney U tests) (Table 3 and Figure 4). In
contrast, anti-VEGF treatment did not cause significant changes in patients with no evidence of CNV on OCTA. Mean
difference in VA and CFT over the one-year period was comparable between treated and non-treated “no CNV” groups
(p = 0.54 and 0.41, respectively, Mann–Whitney U test). One-year changes in the treated “presumed CNV” group were
not significantly different from other treated groups (Table 3).

Figure 4. Box and whisker plots demonstrating one-year changes in (A) visual acuity (VA) and (B) central
foveal thickness (CFT) in treated patients and control non-treated subjects. Circle and asterisk represent
outliers. * p values are based on Mann–Whitney U test. ETDRS, early treatment diabetic retinopathy study;
BCVA, best corrected VA; anti-VEGF, anti-endothelial growth factor; CNV: choroidal neovascularization.

Table 3. Comparison between one-year changes among patient groups.

The frequency of functional and structural improvement was statistically different among the five groups (p = 0.001
and p = 0.02, respectively, Pearson’s Chi-Square test) (Table 3). Post hoc analysis revealed most improvement was in
the treated CSCR-CNV group of patients (z-score = 2.7 and 2.0 for ETDRS and CFT, respectively), while the least
improvement was in the non-treated CSCR-CNV patients (z-score = −3.5 and −2.9, respectively). The frequencies of
VA and CFT improvement in the other three groups were not statistically significant (|z-score| ≤ 1.2) (Table 3).

3.6. Predictive Factors of Response to Anti-VEGF Treatment

We performed univariable logistic regression analyses to investigate potential predictive biomarkers for anatomical
or functional improvement in patients with suspected neovascular CSCR after intravitreal bevacizumab. Hyperreflective
SIRE, SRF, SHRM and CNV on OCTA were significantly associated with a positive treatment response (p < 0.05). For
the multivariable analysis, we included age, gender, hyperreflective SIRE, SRF, IHRF, SHRM and CNV (p < 0.2,
univariable logistic regression). However, none of these variables proved to be independently associated with disease
response to treatment.

4. Discussion

In this study, the response to intravitreal bevacizumab injections was retrospectively investigated over a one-year
period in a cohort of chronic CSCR patients with suspected secondary CNV. Our findings revealed significant
functional and anatomical improvement in OCTA-confirmed CNV secondary to CSCR after anti-VEGF injections, as
compared to control non-treated patients. On the contrary, injections did not improve the one-year VA and CFT
outcome in treated CSCR patients with no CNV on OCTA when compared to non-treated patients, defined by OCT
evidence of CNV. In addition, OCTA showed significantly higher inter-grader reliability as compared to FA.

Intravitreal anti-VEGF has been the first-line treatment in suspected CNV secondary to CSCR [1]. The findings of
this study confirmed that, and further revealed the limited efficacy of anti-VEGF in the absence of CNV, thus
accentuating the importance of confirming presence of CNV on OCTA prior to treatment. Although FA and ICGA have
been classically used to detect CNV, the identification of neovascularization in eyes with chronic CSCR can be
challenging [22]. OCTA was proposed as an alternative for diagnosing CNV [23,24]. However, en face OCT
angiograms need to be interpreted with caution. Areas with RPE and choriocapillaris abnormalities can cause more
OCT signal to reach deeper choroidal layers (choroidal hypertransmission), resembling the appearance of neovascular
membranes on the en face image (Figure 2). The key differentiating factor on B-scans is the presence of flow signal
above Bruch’s membrane in CNV cases (Figure 2). In such cases, it is of great importance to distinguish “real” flow
signal in the outer retina and sub-RPE space from projection artifacts arising from retinal vasculature (Figure 2) [25].

Multivariable logistic regression analysis identified SIRE with sub-RPE hyperreflectivity, as well as SHRM, as
significant predictive factors for the presence of CNV on OCTA. SIRE or “double-layer sign” is described in the
literature as long and shallow RPE elevation on OCT B-scans in AMD and pachychoroid spectrum [26,27,28,29,30,31].
In neovascular CSCR, CNV is likely to cause the elevation of RPE, with hyperreflectivity representing the fibrovascular
tissue [31,32]. This should be discriminated from other forms of RPE detachments, including hyporeflective SIRE
which is more likely to be seen in non-neovascular CSCR [31]. SHRM has been also previously described in CSCR
patients [33], but this is the first paper to report its association with CNV in chronic CSCR. The exact composition of
SHRM is not clear, but it was suggested to contain fibrin, exudation and/or fibrovascular tissue [34]. SHRM has been
considered as a sign of activity in neovascular AMD, and it often resolves after anti-VEGF treatment with positive
functional outcomes [35,36,37]. However, the prognostic value of SHRM in neovascular CSCR needs to be studied.

The vast majority of eyes with OCTA evidence of CNV showed anatomical or functional improvement after anti-
VEGF. Meanwhile, more than 65% of the treated non-neovascular CSCR patients in our cohort also showed some
degree of improvement. However, we believe that the improvement in this group of patients can be part of the natural
history of non-neovascular CSCR [38] and does not necessarily represent response to intravitreal bevacizumab. This
was confirmed by the similar pattern of spontaneous improvement that we observed in 55% of non-treated non-
neovascular CSCR eyes. Although self-resolution with good functional and anatomical prognosis are typically expected
in acute CSCR, the mean duration of the disease in the non-treated “no CNV” group was 5.3 years. Thus, prognosis in
this group is expected not to be as good as in acute CSCR patients. In addition, a recent study by Lotery et al. reported
a similar frequency (54%) of spontaneous SRF improvement in placebo-treated chronic CSCR patients [39]. In
contrast, none of the non-treated “definite CNV” patients in our study showed improvement in VA or reduction in CFT at
the one-year timepoint, and more than half of them showed significant worsening in VA or retinal thickness. Detailed
natural history of this group of patients still needs to be studied. We also investigated a group of “presumed CNV”
patients who were treated for suspected CNV based on OCT and FA, but did not have OCTA imaging to confirm the
presence or absence of CNV. The rate of improvement after anti-VEGF among this group was slightly better than the
“no CNV” group, but less than “definite CNV”. Although multimodal imaging is required for the diagnosis of CNV in
CSCR, FA and OCT alone are often inadequate to provide a confirmatory diagnosis. We believe that OCTA should be
used to confirm CNV and better stratify this group of patients.

Nevertheless, multivariable logistic regression analysis did not identify the presence of CNV, SIRE or SHRM as
significant predictors of improvement after treatment. Since we analyzed all treated patients, including non-neovascular
patients, the spontaneous bevacizumab-independent improvement can interfere with our analysis, underestimating the
significance of anatomical biomarkers in predicting the response to anti-VEGF.

Our study included a cohort of CSCR patients with suspected secondary CNV. SD-OCT imaging is performed
routinely for CSCR patients. Identifying biomarkers from OCT scans that potentially confer increased risk of the
presence of CNV might be valuable for proper management. Detecting SHRM or SIRE with sub-RPE hyperreflectivity
from OCT B-scans can be performed practically in the clinic to identify high-risk patients. However, our study shows
that OCTA guided diagnosis of CNV is more reliable and the outcomes of anti-VEGF are better in the presence of CNV
on OCTA. Thus, these findings suggest that OCTA should be performed in chronic CSCR eyes with a clinical/OCT
suspicion of CNV, and anti-VEGF agents should ideally be initiated only for patients with an evidence of CNV on
OCTA.

This paper provides valuable evidence on the role of OCTA in the diagnosis of CNV that responds to anti-VEGF in
chronic CSCR. However, despite the large number of patients with chronic CSCR in this study, there were several
limitations including the retrospective design and the relatively small categories. Since our data are based on real-life
clinical data, treated and non-treated groups showed different clinical baseline features. Larger prospective controlled
studies might be needed to confirm the findings of this study. Additionally, we only included patients receiving
bevacizumab. Further studies are needed to investigate the efficacy of other anti-VEGF agents. Another limitation of
this study was the lack of quantitative OCTA metrics in our analysis. Although qualitative assessment of OCTA can be
more applicable in busy clinical settings, it also carries the risk for inter-grader variability in interpretation [37]. To avoid
this, images were reviewed by two graders.

In conclusion, OCTA can be a valuable adjunct diagnostic tool for reliable confirmation of the presence of CNV in
CSCR [24] and the CNV confirmed by OCTA responds well to bevacizumab injections. The response observed in
presumed CNV is similar to the natural history of the disease, as noted in our control group with no CNV. OCTA is
recommended in all CSCR eyes with suspected CNV as we observed that a proportion of our patients presumed to
have no CNV on clinical examination, OCT and FA and left untreated had definitive CNV on OCTA and responded well
to anti-VEGF. Larger and prospective studies are needed to confirm our findings.
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3.4. Cystoid Macular Edema

• CME is a complication of chronic 
CSCR and is accompanied by 
active angiographic leakage
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Abstract

The diagnosis and treatment of choroidal neovascularization (CNV) in eyes with chronic central serous
chorioretinopathy (CSCR) can be challenging. The purpose of this study was to classify eyes with suspected CNV
using multimodal imaging. The effect of intravitreal anti-vascular endothelial growth factor (VEGF) was assessed and
compared to controls. This retrospective study included chronic CSCR patients with suspected secondary CNV who
received intravitreal bevacizumab. Eyes were divided into “definite CNV” and “no CNV” based on optical coherence
tomography angiography (OCTA). Eyes that did not undergo OCTA imaging were considered as “presumed CNV”.
One-year outcome in visual acuity (VA) and central foveal thickness (CFT) were investigated and compared to non-
treated control patients to assess the response to anti-VEGF. Logistic regression analysis was used to explore
predictive biomarkers of CNV detection and improvement after anti-VEGF. Ninety-two eyes with chronic CSCR from 88
participants were included in this study. Sixty-one eyes received bevacizumab and 31 eyes were non-treated control
subjects. The presence of subretinal hyperreflective material (SHRM) and shallow irregular retinal pigment epithelium
(RPE) elevation (SIRE) with sub-RPE hyperreflectivity on OCT was associated with a significantly increased risk of
detecting CNV on OCTA. Intravitreal anti-VEGF caused significant functional and anatomical improvement in patients
with neovascular CSCR as compared to non-treated eyes. In contrast, VA and CFT changes were not significantly
different between treated and non-treated CSCR with no evidence of CNV on OCTA. No clinical or anatomical
biomarkers were found to be associated with response to treatment. In conclusion, OCTA should be used to confirm
the presence CNV in suspected chronic CSCR patients. Intravitreal anti-VEGF treatment resulted in a significantly
better one-year outcome in patients with definitive OCTA evidence of CNV.

Keywords: central serous chorioretinopathy; optical coherence tomography angiography; choroidal
neovascularization; anti-VEGF; bevacizumab; suspected CNV; presumed CNV

1. Introduction

Central serous chorioretinopathy (CSCR) is a chorioretinal disease typically characterized by serous subretinal
detachment associated with retinal pigment epithelium (RPE) and/or choroidal abnormalities [1,2]. It is the fourth most
common acquired retinal disease with risk of visual impairment [3]. Patients with macula-involving acute CSCR usually
present with blurred vision, metamorphopsia, relative central scotoma, or decreased contrast sensitivity due to
accumulation of subretinal fluid (SRF) with/without focal pigment epithelial detachment (PED) evident on optical
coherence tomography (OCT). The majority of acute CSCR cases are self-limiting with good visual outcome [4].
However, recurrences can occur in 50% of the affected individuals [5]. Chronic CSCR, although assumed to progress
from acute CSCR, is likely to be an independent retinal pigment epitheliopathy secondary to choroidal abnormalities
[6,7].

Choroidal neovascularization (CNV) is not an uncommon complication of chronic CSCR, with reported incidence
of 2–18% of patients [8,9,10]. The development of CNV has been associated with significant visual loss in several
retinal diseases [9,11,12,13]. Early detection and effective treatment of CNV can improve visual prognosis and prevent
irreversible retinal damage [14]. Intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents, especially
bevacizumab (Avastin ), is the most widely used treatment option for CSCR related choroidal neovascularization [15].

However, the diagnosis of CNV in chronic CSCR patients can be challenging. Persistent SRF has often triggered
multimodal imaging to rule out CNV [16]. While the double layer sign seen on OCT and active leakage on fluorescein
angiography (FA) are signs of CNV, these are difficult to interpret in an eye with significant retinal pigment epithelial
changes. More recently, OCT angiography (OCTA) has been introduced into clinical practice [17]. While the presence
of CNV on OCTA has provided confidence in the definitive diagnosis of CNV, the absence of a visible CNV network on
OCTA cannot rule out a CNV. In these circumstances, some clinicians prefer watchful waiting for spontaneous
resolution of SRF, while others initiate anti-VEGF based on empirical decisions of “suspected” CNV. As the SRF in
chronic CSCR can wax and wane, the treatment response to anti-VEGF in such scenarios is unclear.

Therefore, this study aimed at classifying the presence and absence of CNV in eyes with chronic CSCR based on
multimodal imaging and assessed the effect of intravitreal bevacizumab in definitive versus presumed CNV and
compared these to controls where the diagnosis of CNV was uncertain.

2. Methods

2.1. Study Participants and Clinical Data

The study was approved by the Moorfields Clinical Effectiveness Department (CA18/MR/22-197). Patients with a
suspected diagnosis of CNV secondary to chronic CSCR were identified retrospectively from Moorfields Eye Hospital
database. The diagnosis of “suspected” CNV was taken during routine clinical visits based on clinical data as well as
spectral domain (SD) OCT and FA findings. Eyes that received bevacizumab and had at least one-year follow-up were
included in this study. The anti-VEGF treatment was initiated as either three monthly loading doses or one injection
followed directly by a “pro-re-nata” (PRN) regimen. No widely-accepted treatment protocol is available for using anti-
VEGF in CSCR. Thus, the decision for choosing treatment regimen was based on the treating physician’s clinical
judgement and individual preference. Non-treated chronic CSCR patients where CNV could not be established on
multimodal imaging were also included as controls. All patients underwent SD-OCT scans during their follow-up clinical
visits, and a subset of the included patients had OCTA imaging. En face images and B-scans from OCTA data were
retrospectively reviewed by an expert grader to confirm the presence of CNV. Eyes were divided based on evidence of
CNV on OCTA (Figure 1). The clinician’s decision of treatment was based on clinical data including history and the
available multimodal imaging findings, which did not necessarily include OCTA. We retrospectively classified all eyes
with “suspected” CNV by OCTA into “definite CNV” and “no CNV”. Thus, our classification was independent of the
initial clinical diagnosis and treatment (Figure 1).

Figure 1. Flowchart of study groups. CNV, choroidal neovascularization; CSCR, central serous
chorioretinopathy; OCTA, optical coherence tomography angiography.

Clinic based visual acuity (VA) at baseline and one-year follow-up visits were reported. Gaining 1 line on Snellen’s
chart or 5 letters on an early treatment diabetic retinopathy study (ETDRS) chart were considered as improvement in
VA [18]. All VA measurements were converted to ETDRS for statistical analysis. Demographic data, duration of CSCR,
history of steroid use (systemic or topical) and history of previous photodynamic therapy (PDT) or injection treatments
were collected from clinical notes. Patients who underwent any ophthalmic surgical or medical intervention during or
within six months prior to the one-year investigation period were not included in the study.

2.2. Multimodal Imaging

The SD-OCT scans of the macula were acquired using the commercially available 3D OCT-2000 (Topcon, Tokyo,
Japan) or Spectralis (Heidelberg Engineering, Heidelberg, Germany). Scans at baseline (day of the first injection) and
one-year visits were reviewed for the purpose of this study. Central foveal thickness (CFT) was measured between
inner limiting membrane (ILM) and Bruch’s membrane (BM) (Figure 2). A decrease of 20% in one-year CFT as
compared to baseline was considered as anatomical improvement [18]. OCT scans were qualitatively reviewed at
baseline to detect pathological signs including shallow irregular RPE elevation (SIRE), SRF, subretinal hyperreflective
material (SHRM), intraretinal hyperreflective foci (IHRF), subretinal hyperreflective foci (SHRF), intraretinal cystic
changes (IRC) and pachychoroid (Figure 2). SIRE was also identified as hyperreflective or hyporeflective depending
on sub-RPE reflectivity (Figure 2). OCT grading was performed independently by two graders, and discrepancies were
resolved by consensus.

Figure 2. Quantitative and qualitative optical coherence tomography (OCT) biomarkers. (A) En face structural
OCT in a “definite CNV” patient. White dashed lines correspond to OCT B-scans in (A1–A3). Central foveal
thickness was measured between inner limiting membrane (ILM) and Bruch’s membrane (BM). Baseline
anatomical biomarkers were detected from OCT B-scans: subretinal fluid (SRF, white arrows in (A1,A2)),
shallow irregular RPE elevation (SIRE) with sub-RPE hyperreflectivity (white arrow heads in (A1)) and
pachychoroid with dilated vessels (white asterisks). Subretinal hyperreflective material (black asterisk in (A2))
and intraretinal (IHRF, black arrow) subretinal hyperreflective foci (SHRF, black arrow heads) were also
detected. (B,C) En face structural OCT in “no CNV” patients. White dashed lines correspond to B-scans in
(B1,C1). White arrow heads in (B1) correspond to SIRE with sub-RPE hyporeflectivity. SHRF (black arrow
heads) and pachychoroid (white asterisks) can be also detected. B-scan in (C1) exhibited SRF and intraretinal
cysts.

Fluorescein angiography was reviewed by two graders to detect neovascularization. CNV was defined by the
presence of early hyperfluorescence that increased in late frames or an area of late leakage. However, many cases
were not straightforward due to the presence of RPE window defect in chronic CSCR. Additionally, the source of leak
might not be known whether it was CNV or the CSCR itself.

The OCTA scans were performed using Cirrus HD-OCT 5000 with AngioPlex software (Carl Zeiss Meditec, Inc.,
Dublin, CA, USA). Volumetric 3 mm × 3 mm or 6 mm × 6 mm scans were acquired, consisting of 175 B-scans. En face
angiograms as well as cross-sectional OCT/OCTA images were carefully reviewed by two expert graders to confirm the
presence/absence of CNV (Figure 3). Discrepancies were resolved by consensus.

Figure 3. Optical coherence tomography angiography (OCTA) in patients with chronic central serous
chorioretinopathy (CSCR). (A) En face structural OCT image from a 6 mm × 6 mm macular scan. (A1) En face
OCT angiogram of the outer retina showing choroidal neovascularization (CNV, white arrow). Cyan lines in
(A,A1) correspond to the B-scan in (A2). Red flow signal can be detected above Bruch’s membrane (BM).
Purple dashed lines in (A2) represent the slab boundaries for the en face OCTA in (A1). (B) En face structural
OCT from a 3 mm × 3 mm macular scan. (B1) En face OCTA of the “outer retina to choriocapillaris” (ORCC)
slab displays flow signal that can resemble CNV (white arrow). Slab boundaries are overlaid in purple on the
OCT/OCTA B-scan in (B2). B-scan shows RPE and CC atrophy with choroidal hypertransmission. No flow
signal can be detected above BM. Vessels appearing in (B1) are most likely large choroidal vessels, not CNV.
En face OCTA in (B3) corresponds to outer retinal slab (boundaries in (B4)), without including flow signal from
the choroid. No suspicious vessels are seen in (B3), confirming the absence of CNV in this area. (C,C1) En
face structural OCT and OCTA images, respectively, from 6 mm × 6 mm macular scan in a patient suspected for
CNV. Cyan lines correspond to B-scan in (C2). Flow signal was observed at the area of RPE/outer retinal
abnormalities (bottom black arrow heads). However, the flow signal is most likely to be projection artifacts from
retinal vasculature (top black arrow heads) and not CNV. These examples demonstrate the importance of
reviewing both en face and cross-sectional B-scans when interpreting OCTA images.

2.3. Statistical Analysis

Statistical analysis was performed on SPSS v 26 (IBM, Armonk, New York, USA) and Microsoft Excel 2013
(Microsoft, Redmond, Washington, USA). The normality of data distribution was checked using Kolmogorov–Smirnoff
[19] and the use of either parametric or non-parametric tests was decided accordingly. Continuous data are presented
as mean ± standard deviation (SD), while categorical data are presented as frequency and/or percentage. Cohen’s
kappa coefficient was used to assess inter-grader reliability for OCT, FA and OCTA. Mann–Whitney U test was used to
compare means of two groups. Kruskal–Wallis test was used to compare between more than two groups. When a
statistically significant difference was detected between groups, the Dunn post hoc test was used to explore pairwise
comparisons. Longitudinal functional and structural changes within groups were assessed using Wilcoxon signed-
ranks test. Pearson’s Chi-square test was used to investigate the differences in categorical variables. Adjusted
standardized residuals (z-score) was used as a post-hoc analysis for Chi-square test [20]. Cells with absolute adjusted
residuals larger than 1.96 were considered statistically significant. Univariable logistic regression analysis was used to
explore clinical and anatomical predictive factors for the detection of CNV in suspected chronic CSCR patients.
Clinically-relevant variables as well as variables with a p value < 0.2 were included in a multivariable model to detect
independent CNV predictive biomarkers in chronic CSCR. Odds ratio (OR) with 95% confidence interval (CI) are
reported in this paper. A similar approach was used to identify predictors for the response to anti-VEGF treatment. p
values < 0.05 were considered statistically significant. Whenever needed, the Holm–Bonferroni method was employed
to adjust for multiple comparisons [21].

3. Results

3.1. Participant Demographics and Clinical Data

Ninety-two eyes with chronic CSCR from 88 participants were included in this study. Sixty-one eyes received
bevacizumab and 31 eyes were non-treated control subjects. In the treated group, 23 eyes did not undergo OCTA
imaging and were considered to have “presumed CNV” based on OCT and FA. Twenty-three and 15 eyes were
included in the “definite CNV” and “no CNV” groups, respectively, based on OCTA. Similarly, in the control group, 9 and
22 eyes were included in the “definite CNV” and “no CNV” non-treated groups based on OCTA. Clinical and
demographic data are summarized in Table 1.

Table 1. Demographics and clinical data of study subjects.

No statistically significant differences were detected between groups in terms of age and mean duration of CSCR
(p = 0.06 and 0.65, respectively, Kruskal–Wallis test). However, treated “presumed CNV” eyes had relatively worse
baseline VA as compared to other groups (p = 0.001, Kruskal–Wallis test, and p ≤ 0.04, Dunn post hoc tests).
Meanwhile, the non-treated “definite CNV” control group had significantly thinner baseline CFT (p < 0.001, Kruskal–
Wallis test, and p ≤ 0.01, Dunn post hoc tests) (Table 2).

Table 2. Functional and anatomical findings in included eyes.

3.2. Inter-Grader Reliability of OCT, FA and OCTA

The identification of OCT biomarkers showed some degree of inter-grader variability. The agreement between
graders ranged from poor for IHRF, pachychoroid, SRF and SHRF (kappa = 0.15–0.39) to fair agreement in SIRE,
SHRM and IRC (kappa = 0.56–0.69). The reliability of CNV detection using OCTA was significantly higher than FA in
our cohort (kappa = 0.91 and 0.14, respectively, p < 0.001).

3.3. OCT Biomarkers Predicting Presence of CNV

Univariable logistic regression analyses revealed that older patients, female gender, hyperreflective SIRE and
SHRM associated with significantly higher risk for CNV detection on OCTA. In contrast, SIRE with sub-RPE
hyporeflectivity associated with the absence of CNV. The multivariable model identified hyperreflective SIRE (OR, 13.8,
95% CI, 3.0–63.7, p = 0.001) and SHRM (OR, 5.7, 95% CI, 1.3–24.9, p = 0.02) to be independent predictive factors for
the presence of CNV on OCTA.

3.4. One-Year Changes in VA and CFT within Groups

Overall, this cohort of chronic CSCR patients showed significantly better VA and thinner CFT after one-year of
initiating anti-VEGF injections (p < 0.001, Wilcoxon signed-ranks tests). However, when investigating each group
separately, the significance was found to be originating from the “definite CNV” group (p = 0.03) with 96% of patients
showing improvement in either VA or CFT (Table 2). In contrast, only 67% and 70% of patients in “no CNV” and
“presumed CNV” groups, respectively, showed functional or structural improvement (Table 2). Mean ETDRS and CFT
measurements at baseline and after one year were statistically equivalent within both groups (p > 0.09, Wilcoxon
signed-ranks tests).

Similarly, no statistically significant differences in VA and CFT were observed in non-treated patients (p = 0.84 and
0.26, respectively, Wilcoxon signed-ranks tests) (Table 2). Although “definite CNV” group tended to show worsening of
functional and structural parameters, the differences were not statistically significant (ETDRS, p = 0.18, CFT, p = 0.34,
Wilcoxon signed-ranks tests). Patients’ VA and retinal thickness measurements either remained unchanged or
worsened at the one-year follow-up visit, with none of the patients showing signs of improvement. In the “no CNV”
group, 55% of patients showed spontaneous improvement (Table 2). However, mean ETDRS and CFT measurements
at the one-year point were not significantly different from baseline measurements (p = 0.52 and 0.25, respectively).

Within treated patients, patients who underwent monthly injections received a significantly higher number of
injections within the one-year follow-up period compared to the PRN group (mean ± SD, 6.5 ± 2.2 and 2.8 ± 2.2,
respectively, p < 0.001, Mann–Whitney U test). However, the responses to either anti-VEGF treatment regimens were
statistically equivalent. A monthly injection regimen was not superior to the PRN regimen in terms of the one-year
changes in ETDRS VA or CFT (p = 0.47 and 0.42, respectively), or in the frequency of anatomical/functional
improvement (p = 0.67, Chi-square test).

3.5. Comparison between Groups

Bevacizumab-treated CSCR patients with “definite CNV” improved significantly as compared to non-treated
patients (p = 0.001 and 0.008 for ETDRS and CFT, respectively, Mann–Whitney U tests) (Table 3 and Figure 4). In
contrast, anti-VEGF treatment did not cause significant changes in patients with no evidence of CNV on OCTA. Mean
difference in VA and CFT over the one-year period was comparable between treated and non-treated “no CNV” groups
(p = 0.54 and 0.41, respectively, Mann–Whitney U test). One-year changes in the treated “presumed CNV” group were
not significantly different from other treated groups (Table 3).

Figure 4. Box and whisker plots demonstrating one-year changes in (A) visual acuity (VA) and (B) central
foveal thickness (CFT) in treated patients and control non-treated subjects. Circle and asterisk represent
outliers. * p values are based on Mann–Whitney U test. ETDRS, early treatment diabetic retinopathy study;
BCVA, best corrected VA; anti-VEGF, anti-endothelial growth factor; CNV: choroidal neovascularization.

Table 3. Comparison between one-year changes among patient groups.

The frequency of functional and structural improvement was statistically different among the five groups (p = 0.001
and p = 0.02, respectively, Pearson’s Chi-Square test) (Table 3). Post hoc analysis revealed most improvement was in
the treated CSCR-CNV group of patients (z-score = 2.7 and 2.0 for ETDRS and CFT, respectively), while the least
improvement was in the non-treated CSCR-CNV patients (z-score = −3.5 and −2.9, respectively). The frequencies of
VA and CFT improvement in the other three groups were not statistically significant (|z-score| ≤ 1.2) (Table 3).

3.6. Predictive Factors of Response to Anti-VEGF Treatment

We performed univariable logistic regression analyses to investigate potential predictive biomarkers for anatomical
or functional improvement in patients with suspected neovascular CSCR after intravitreal bevacizumab. Hyperreflective
SIRE, SRF, SHRM and CNV on OCTA were significantly associated with a positive treatment response (p < 0.05). For
the multivariable analysis, we included age, gender, hyperreflective SIRE, SRF, IHRF, SHRM and CNV (p < 0.2,
univariable logistic regression). However, none of these variables proved to be independently associated with disease
response to treatment.

4. Discussion

In this study, the response to intravitreal bevacizumab injections was retrospectively investigated over a one-year
period in a cohort of chronic CSCR patients with suspected secondary CNV. Our findings revealed significant
functional and anatomical improvement in OCTA-confirmed CNV secondary to CSCR after anti-VEGF injections, as
compared to control non-treated patients. On the contrary, injections did not improve the one-year VA and CFT
outcome in treated CSCR patients with no CNV on OCTA when compared to non-treated patients, defined by OCT
evidence of CNV. In addition, OCTA showed significantly higher inter-grader reliability as compared to FA.

Intravitreal anti-VEGF has been the first-line treatment in suspected CNV secondary to CSCR [1]. The findings of
this study confirmed that, and further revealed the limited efficacy of anti-VEGF in the absence of CNV, thus
accentuating the importance of confirming presence of CNV on OCTA prior to treatment. Although FA and ICGA have
been classically used to detect CNV, the identification of neovascularization in eyes with chronic CSCR can be
challenging [22]. OCTA was proposed as an alternative for diagnosing CNV [23,24]. However, en face OCT
angiograms need to be interpreted with caution. Areas with RPE and choriocapillaris abnormalities can cause more
OCT signal to reach deeper choroidal layers (choroidal hypertransmission), resembling the appearance of neovascular
membranes on the en face image (Figure 2). The key differentiating factor on B-scans is the presence of flow signal
above Bruch’s membrane in CNV cases (Figure 2). In such cases, it is of great importance to distinguish “real” flow
signal in the outer retina and sub-RPE space from projection artifacts arising from retinal vasculature (Figure 2) [25].

Multivariable logistic regression analysis identified SIRE with sub-RPE hyperreflectivity, as well as SHRM, as
significant predictive factors for the presence of CNV on OCTA. SIRE or “double-layer sign” is described in the
literature as long and shallow RPE elevation on OCT B-scans in AMD and pachychoroid spectrum [26,27,28,29,30,31].
In neovascular CSCR, CNV is likely to cause the elevation of RPE, with hyperreflectivity representing the fibrovascular
tissue [31,32]. This should be discriminated from other forms of RPE detachments, including hyporeflective SIRE
which is more likely to be seen in non-neovascular CSCR [31]. SHRM has been also previously described in CSCR
patients [33], but this is the first paper to report its association with CNV in chronic CSCR. The exact composition of
SHRM is not clear, but it was suggested to contain fibrin, exudation and/or fibrovascular tissue [34]. SHRM has been
considered as a sign of activity in neovascular AMD, and it often resolves after anti-VEGF treatment with positive
functional outcomes [35,36,37]. However, the prognostic value of SHRM in neovascular CSCR needs to be studied.

The vast majority of eyes with OCTA evidence of CNV showed anatomical or functional improvement after anti-
VEGF. Meanwhile, more than 65% of the treated non-neovascular CSCR patients in our cohort also showed some
degree of improvement. However, we believe that the improvement in this group of patients can be part of the natural
history of non-neovascular CSCR [38] and does not necessarily represent response to intravitreal bevacizumab. This
was confirmed by the similar pattern of spontaneous improvement that we observed in 55% of non-treated non-
neovascular CSCR eyes. Although self-resolution with good functional and anatomical prognosis are typically expected
in acute CSCR, the mean duration of the disease in the non-treated “no CNV” group was 5.3 years. Thus, prognosis in
this group is expected not to be as good as in acute CSCR patients. In addition, a recent study by Lotery et al. reported
a similar frequency (54%) of spontaneous SRF improvement in placebo-treated chronic CSCR patients [39]. In
contrast, none of the non-treated “definite CNV” patients in our study showed improvement in VA or reduction in CFT at
the one-year timepoint, and more than half of them showed significant worsening in VA or retinal thickness. Detailed
natural history of this group of patients still needs to be studied. We also investigated a group of “presumed CNV”
patients who were treated for suspected CNV based on OCT and FA, but did not have OCTA imaging to confirm the
presence or absence of CNV. The rate of improvement after anti-VEGF among this group was slightly better than the
“no CNV” group, but less than “definite CNV”. Although multimodal imaging is required for the diagnosis of CNV in
CSCR, FA and OCT alone are often inadequate to provide a confirmatory diagnosis. We believe that OCTA should be
used to confirm CNV and better stratify this group of patients.

Nevertheless, multivariable logistic regression analysis did not identify the presence of CNV, SIRE or SHRM as
significant predictors of improvement after treatment. Since we analyzed all treated patients, including non-neovascular
patients, the spontaneous bevacizumab-independent improvement can interfere with our analysis, underestimating the
significance of anatomical biomarkers in predicting the response to anti-VEGF.

Our study included a cohort of CSCR patients with suspected secondary CNV. SD-OCT imaging is performed
routinely for CSCR patients. Identifying biomarkers from OCT scans that potentially confer increased risk of the
presence of CNV might be valuable for proper management. Detecting SHRM or SIRE with sub-RPE hyperreflectivity
from OCT B-scans can be performed practically in the clinic to identify high-risk patients. However, our study shows
that OCTA guided diagnosis of CNV is more reliable and the outcomes of anti-VEGF are better in the presence of CNV
on OCTA. Thus, these findings suggest that OCTA should be performed in chronic CSCR eyes with a clinical/OCT
suspicion of CNV, and anti-VEGF agents should ideally be initiated only for patients with an evidence of CNV on
OCTA.

This paper provides valuable evidence on the role of OCTA in the diagnosis of CNV that responds to anti-VEGF in
chronic CSCR. However, despite the large number of patients with chronic CSCR in this study, there were several
limitations including the retrospective design and the relatively small categories. Since our data are based on real-life
clinical data, treated and non-treated groups showed different clinical baseline features. Larger prospective controlled
studies might be needed to confirm the findings of this study. Additionally, we only included patients receiving
bevacizumab. Further studies are needed to investigate the efficacy of other anti-VEGF agents. Another limitation of
this study was the lack of quantitative OCTA metrics in our analysis. Although qualitative assessment of OCTA can be
more applicable in busy clinical settings, it also carries the risk for inter-grader variability in interpretation [37]. To avoid
this, images were reviewed by two graders.

In conclusion, OCTA can be a valuable adjunct diagnostic tool for reliable confirmation of the presence of CNV in
CSCR [24] and the CNV confirmed by OCTA responds well to bevacizumab injections. The response observed in
presumed CNV is similar to the natural history of the disease, as noted in our control group with no CNV. OCTA is
recommended in all CSCR eyes with suspected CNV as we observed that a proportion of our patients presumed to
have no CNV on clinical examination, OCT and FA and left untreated had definitive CNV on OCTA and responded well
to anti-VEGF. Larger and prospective studies are needed to confirm our findings.
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Figure 1: Combined autofluorescence (AF) + EDI- OCT image of the right eye. Orange arrow showing the hyporeflective choroidal cavern. Overlying serous macular detachment noted. AF shows the typical
descending hyperAF tract of central serous chorioretinopathy
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Chronic central serous chorioretinopathy treated
by mineralocorticoid-receptor antagonist.
Chronic CSCR in the right eye of a 9fty-six year
old male patient with a dome-shaped pigment
epithelial detachment (PED), an adjacent small-
er gat PED, and a subretinal detachment (A).
Four months after initial examination, the s​u ​b ​r ​e​t​
i​n​a​l​detachment had slightly … Read more
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Choroidal phenotype of double transgenic (DT)
veCadhMR mice. (A–C) Pigmented mice strain.
(D–F) Albinos mice strain. In both strains, the
human mineralocorticoid receptor (hMR) is
speci9cally over expressed in the vascular en-
dothelium (ve Cadherin promotor). Compared to
wild-type (WT, A and D), the double transgenic
(DT) mice present choroidal t​h​i​c ​k​e​… Read more
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Multimodal imaging of inactive chronic CSCR in
the left eye of a 45-year old man (same patient
as Fig. 3). FAF exhibited two circular patchy ar-
eas of increased autoguorescence related to
previous CSCR episodes (A). FA revealed two
areas of mild residual RPE window defect (B, C).
ICG showed two areas of persistent h​y ​p ​e​r ​p ​e​r ​m ​e​
a​b ​i​l​i​t​y ​(D, E) during early and … Read more
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1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more

Figure

Caption

Advertisement

nature  eye  articles  article  figure

Fig. 1
From: Retinal pigment epithelium apertures as a late complication of longstanding serous pigment epithelium detachments in chronic central serous

chorioretinopathy

Multimodal imaging of a 62-year-old woman with chronic CSC and bilateral RPE aperture. a, b FAF showing two well-demarcated hypoautofluorescent

areas (arrowhead), a large one in macular area and smaller one along the superotemporal vascular arcade in the right and left eye, respectively,

corresponding to RPE apertures. c–f FA and ICGA revealing clinical signs of chronic CSC with a mottled hyperfluorescence (FA) and hypofluorescence

(ICGA) due to the RPE decompensation with two well-circumscribed window defects areas in correspondence of the RPE aperture in both eyes. g, h

OCT angiography images of choriocapillaris segmentation with corresponding B-scan confirming the absence of any vascular network below the PED

bilaterally. i, j SD-OCT horizontal line scans passing through the PEDs (shown in FA) displaying the RPE apertures as discontinuities of the RPE

(asterisks) with increased back scattering in both eyes, with intraretinal cysts changes in the right eye (i)
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nature  eye  articles  article  figure

Fig. 2
From: Retinal pigment epithelium apertures as a late complication of longstanding serous pigment epithelium detachments in chronic central serous

chorioretinopathy

Multimodal imaging of the right eye of a 58-years old man with chronic CSC before and after the development of RPE aperture. a Late-phase FA and b

ICGA showing some areas of hyperfluorescence at the posterior pole with a window defect area inferior to the macula. c FAF revealing typical features of

CSC with mottled areas of hyperautofluorescence along the superotemporal vascular arcade. d SD-OCT horizontal line scan disclosing a serous PED

with a thinning of the RPE at its right bottom margin. e, f FAF and SD-OCT 13 moths later showing the onset of the RPE aperture as a small

hypoautofluorescent area at the right border of the PED (FAF) with the characteristic RPE discontinuity (white asterisks) and appearance of subretinal

fluid (SD-OCT)
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Advanced bilateral chronic central serous chori-
oretinopathy treated by mineralocorticoid-recep-
tor antagonist. Seventy-seven year-old man with
bilateral oblong descending hypo-autoguores-
cent tracks (A and B) indicating a severe chronic
CSCR with diffuse decompensation of the reti-
nal pigment epithelium, formerly referred to as
“Diffuse retinal pigment e​p ​i​t​h​e​l​i​o ​p ​ … Read more
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Bilateral chronic central serous chorioretinopa-
thy treated by mineralocorticoid-receptor antag-
onist. Fifty-three year-old male patient with bilat-
eral chronic CSCR, as evidenced by RPE
changes on fundus autoguorescence (A and C)
and guorescein angiography (B and D). SD-OCT
showed a bilateral subretinal detachment (E, F),
more pronounced in the right eye (​… Read more
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evaluating oral treatments for central serous
chorioretinopathy with a control group.
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more
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Abstract

The diagnosis and treatment of choroidal neovascularization (CNV) in eyes with chronic central serous
chorioretinopathy (CSCR) can be challenging. The purpose of this study was to classify eyes with suspected CNV
using multimodal imaging. The effect of intravitreal anti-vascular endothelial growth factor (VEGF) was assessed and
compared to controls. This retrospective study included chronic CSCR patients with suspected secondary CNV who
received intravitreal bevacizumab. Eyes were divided into “definite CNV” and “no CNV” based on optical coherence
tomography angiography (OCTA). Eyes that did not undergo OCTA imaging were considered as “presumed CNV”.
One-year outcome in visual acuity (VA) and central foveal thickness (CFT) were investigated and compared to non-
treated control patients to assess the response to anti-VEGF. Logistic regression analysis was used to explore
predictive biomarkers of CNV detection and improvement after anti-VEGF. Ninety-two eyes with chronic CSCR from 88
participants were included in this study. Sixty-one eyes received bevacizumab and 31 eyes were non-treated control
subjects. The presence of subretinal hyperreflective material (SHRM) and shallow irregular retinal pigment epithelium
(RPE) elevation (SIRE) with sub-RPE hyperreflectivity on OCT was associated with a significantly increased risk of
detecting CNV on OCTA. Intravitreal anti-VEGF caused significant functional and anatomical improvement in patients
with neovascular CSCR as compared to non-treated eyes. In contrast, VA and CFT changes were not significantly
different between treated and non-treated CSCR with no evidence of CNV on OCTA. No clinical or anatomical
biomarkers were found to be associated with response to treatment. In conclusion, OCTA should be used to confirm
the presence CNV in suspected chronic CSCR patients. Intravitreal anti-VEGF treatment resulted in a significantly
better one-year outcome in patients with definitive OCTA evidence of CNV.

Keywords: central serous chorioretinopathy; optical coherence tomography angiography; choroidal
neovascularization; anti-VEGF; bevacizumab; suspected CNV; presumed CNV

1. Introduction

Central serous chorioretinopathy (CSCR) is a chorioretinal disease typically characterized by serous subretinal
detachment associated with retinal pigment epithelium (RPE) and/or choroidal abnormalities [1,2]. It is the fourth most
common acquired retinal disease with risk of visual impairment [3]. Patients with macula-involving acute CSCR usually
present with blurred vision, metamorphopsia, relative central scotoma, or decreased contrast sensitivity due to
accumulation of subretinal fluid (SRF) with/without focal pigment epithelial detachment (PED) evident on optical
coherence tomography (OCT). The majority of acute CSCR cases are self-limiting with good visual outcome [4].
However, recurrences can occur in 50% of the affected individuals [5]. Chronic CSCR, although assumed to progress
from acute CSCR, is likely to be an independent retinal pigment epitheliopathy secondary to choroidal abnormalities
[6,7].

Choroidal neovascularization (CNV) is not an uncommon complication of chronic CSCR, with reported incidence
of 2–18% of patients [8,9,10]. The development of CNV has been associated with significant visual loss in several
retinal diseases [9,11,12,13]. Early detection and effective treatment of CNV can improve visual prognosis and prevent
irreversible retinal damage [14]. Intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents, especially
bevacizumab (Avastin ), is the most widely used treatment option for CSCR related choroidal neovascularization [15].

However, the diagnosis of CNV in chronic CSCR patients can be challenging. Persistent SRF has often triggered
multimodal imaging to rule out CNV [16]. While the double layer sign seen on OCT and active leakage on fluorescein
angiography (FA) are signs of CNV, these are difficult to interpret in an eye with significant retinal pigment epithelial
changes. More recently, OCT angiography (OCTA) has been introduced into clinical practice [17]. While the presence
of CNV on OCTA has provided confidence in the definitive diagnosis of CNV, the absence of a visible CNV network on
OCTA cannot rule out a CNV. In these circumstances, some clinicians prefer watchful waiting for spontaneous
resolution of SRF, while others initiate anti-VEGF based on empirical decisions of “suspected” CNV. As the SRF in
chronic CSCR can wax and wane, the treatment response to anti-VEGF in such scenarios is unclear.

Therefore, this study aimed at classifying the presence and absence of CNV in eyes with chronic CSCR based on
multimodal imaging and assessed the effect of intravitreal bevacizumab in definitive versus presumed CNV and
compared these to controls where the diagnosis of CNV was uncertain.

2. Methods

2.1. Study Participants and Clinical Data

The study was approved by the Moorfields Clinical Effectiveness Department (CA18/MR/22-197). Patients with a
suspected diagnosis of CNV secondary to chronic CSCR were identified retrospectively from Moorfields Eye Hospital
database. The diagnosis of “suspected” CNV was taken during routine clinical visits based on clinical data as well as
spectral domain (SD) OCT and FA findings. Eyes that received bevacizumab and had at least one-year follow-up were
included in this study. The anti-VEGF treatment was initiated as either three monthly loading doses or one injection
followed directly by a “pro-re-nata” (PRN) regimen. No widely-accepted treatment protocol is available for using anti-
VEGF in CSCR. Thus, the decision for choosing treatment regimen was based on the treating physician’s clinical
judgement and individual preference. Non-treated chronic CSCR patients where CNV could not be established on
multimodal imaging were also included as controls. All patients underwent SD-OCT scans during their follow-up clinical
visits, and a subset of the included patients had OCTA imaging. En face images and B-scans from OCTA data were
retrospectively reviewed by an expert grader to confirm the presence of CNV. Eyes were divided based on evidence of
CNV on OCTA (Figure 1). The clinician’s decision of treatment was based on clinical data including history and the
available multimodal imaging findings, which did not necessarily include OCTA. We retrospectively classified all eyes
with “suspected” CNV by OCTA into “definite CNV” and “no CNV”. Thus, our classification was independent of the
initial clinical diagnosis and treatment (Figure 1).

Figure 1. Flowchart of study groups. CNV, choroidal neovascularization; CSCR, central serous
chorioretinopathy; OCTA, optical coherence tomography angiography.

Clinic based visual acuity (VA) at baseline and one-year follow-up visits were reported. Gaining 1 line on Snellen’s
chart or 5 letters on an early treatment diabetic retinopathy study (ETDRS) chart were considered as improvement in
VA [18]. All VA measurements were converted to ETDRS for statistical analysis. Demographic data, duration of CSCR,
history of steroid use (systemic or topical) and history of previous photodynamic therapy (PDT) or injection treatments
were collected from clinical notes. Patients who underwent any ophthalmic surgical or medical intervention during or
within six months prior to the one-year investigation period were not included in the study.

2.2. Multimodal Imaging

The SD-OCT scans of the macula were acquired using the commercially available 3D OCT-2000 (Topcon, Tokyo,
Japan) or Spectralis (Heidelberg Engineering, Heidelberg, Germany). Scans at baseline (day of the first injection) and
one-year visits were reviewed for the purpose of this study. Central foveal thickness (CFT) was measured between
inner limiting membrane (ILM) and Bruch’s membrane (BM) (Figure 2). A decrease of 20% in one-year CFT as
compared to baseline was considered as anatomical improvement [18]. OCT scans were qualitatively reviewed at
baseline to detect pathological signs including shallow irregular RPE elevation (SIRE), SRF, subretinal hyperreflective
material (SHRM), intraretinal hyperreflective foci (IHRF), subretinal hyperreflective foci (SHRF), intraretinal cystic
changes (IRC) and pachychoroid (Figure 2). SIRE was also identified as hyperreflective or hyporeflective depending
on sub-RPE reflectivity (Figure 2). OCT grading was performed independently by two graders, and discrepancies were
resolved by consensus.

Figure 2. Quantitative and qualitative optical coherence tomography (OCT) biomarkers. (A) En face structural
OCT in a “definite CNV” patient. White dashed lines correspond to OCT B-scans in (A1–A3). Central foveal
thickness was measured between inner limiting membrane (ILM) and Bruch’s membrane (BM). Baseline
anatomical biomarkers were detected from OCT B-scans: subretinal fluid (SRF, white arrows in (A1,A2)),
shallow irregular RPE elevation (SIRE) with sub-RPE hyperreflectivity (white arrow heads in (A1)) and
pachychoroid with dilated vessels (white asterisks). Subretinal hyperreflective material (black asterisk in (A2))
and intraretinal (IHRF, black arrow) subretinal hyperreflective foci (SHRF, black arrow heads) were also
detected. (B,C) En face structural OCT in “no CNV” patients. White dashed lines correspond to B-scans in
(B1,C1). White arrow heads in (B1) correspond to SIRE with sub-RPE hyporeflectivity. SHRF (black arrow
heads) and pachychoroid (white asterisks) can be also detected. B-scan in (C1) exhibited SRF and intraretinal
cysts.

Fluorescein angiography was reviewed by two graders to detect neovascularization. CNV was defined by the
presence of early hyperfluorescence that increased in late frames or an area of late leakage. However, many cases
were not straightforward due to the presence of RPE window defect in chronic CSCR. Additionally, the source of leak
might not be known whether it was CNV or the CSCR itself.

The OCTA scans were performed using Cirrus HD-OCT 5000 with AngioPlex software (Carl Zeiss Meditec, Inc.,
Dublin, CA, USA). Volumetric 3 mm × 3 mm or 6 mm × 6 mm scans were acquired, consisting of 175 B-scans. En face
angiograms as well as cross-sectional OCT/OCTA images were carefully reviewed by two expert graders to confirm the
presence/absence of CNV (Figure 3). Discrepancies were resolved by consensus.

Figure 3. Optical coherence tomography angiography (OCTA) in patients with chronic central serous
chorioretinopathy (CSCR). (A) En face structural OCT image from a 6 mm × 6 mm macular scan. (A1) En face
OCT angiogram of the outer retina showing choroidal neovascularization (CNV, white arrow). Cyan lines in
(A,A1) correspond to the B-scan in (A2). Red flow signal can be detected above Bruch’s membrane (BM).
Purple dashed lines in (A2) represent the slab boundaries for the en face OCTA in (A1). (B) En face structural
OCT from a 3 mm × 3 mm macular scan. (B1) En face OCTA of the “outer retina to choriocapillaris” (ORCC)
slab displays flow signal that can resemble CNV (white arrow). Slab boundaries are overlaid in purple on the
OCT/OCTA B-scan in (B2). B-scan shows RPE and CC atrophy with choroidal hypertransmission. No flow
signal can be detected above BM. Vessels appearing in (B1) are most likely large choroidal vessels, not CNV.
En face OCTA in (B3) corresponds to outer retinal slab (boundaries in (B4)), without including flow signal from
the choroid. No suspicious vessels are seen in (B3), confirming the absence of CNV in this area. (C,C1) En
face structural OCT and OCTA images, respectively, from 6 mm × 6 mm macular scan in a patient suspected for
CNV. Cyan lines correspond to B-scan in (C2). Flow signal was observed at the area of RPE/outer retinal
abnormalities (bottom black arrow heads). However, the flow signal is most likely to be projection artifacts from
retinal vasculature (top black arrow heads) and not CNV. These examples demonstrate the importance of
reviewing both en face and cross-sectional B-scans when interpreting OCTA images.

2.3. Statistical Analysis

Statistical analysis was performed on SPSS v 26 (IBM, Armonk, New York, USA) and Microsoft Excel 2013
(Microsoft, Redmond, Washington, USA). The normality of data distribution was checked using Kolmogorov–Smirnoff
[19] and the use of either parametric or non-parametric tests was decided accordingly. Continuous data are presented
as mean ± standard deviation (SD), while categorical data are presented as frequency and/or percentage. Cohen’s
kappa coefficient was used to assess inter-grader reliability for OCT, FA and OCTA. Mann–Whitney U test was used to
compare means of two groups. Kruskal–Wallis test was used to compare between more than two groups. When a
statistically significant difference was detected between groups, the Dunn post hoc test was used to explore pairwise
comparisons. Longitudinal functional and structural changes within groups were assessed using Wilcoxon signed-
ranks test. Pearson’s Chi-square test was used to investigate the differences in categorical variables. Adjusted
standardized residuals (z-score) was used as a post-hoc analysis for Chi-square test [20]. Cells with absolute adjusted
residuals larger than 1.96 were considered statistically significant. Univariable logistic regression analysis was used to
explore clinical and anatomical predictive factors for the detection of CNV in suspected chronic CSCR patients.
Clinically-relevant variables as well as variables with a p value < 0.2 were included in a multivariable model to detect
independent CNV predictive biomarkers in chronic CSCR. Odds ratio (OR) with 95% confidence interval (CI) are
reported in this paper. A similar approach was used to identify predictors for the response to anti-VEGF treatment. p
values < 0.05 were considered statistically significant. Whenever needed, the Holm–Bonferroni method was employed
to adjust for multiple comparisons [21].

3. Results

3.1. Participant Demographics and Clinical Data

Ninety-two eyes with chronic CSCR from 88 participants were included in this study. Sixty-one eyes received
bevacizumab and 31 eyes were non-treated control subjects. In the treated group, 23 eyes did not undergo OCTA
imaging and were considered to have “presumed CNV” based on OCT and FA. Twenty-three and 15 eyes were
included in the “definite CNV” and “no CNV” groups, respectively, based on OCTA. Similarly, in the control group, 9 and
22 eyes were included in the “definite CNV” and “no CNV” non-treated groups based on OCTA. Clinical and
demographic data are summarized in Table 1.

Table 1. Demographics and clinical data of study subjects.

No statistically significant differences were detected between groups in terms of age and mean duration of CSCR
(p = 0.06 and 0.65, respectively, Kruskal–Wallis test). However, treated “presumed CNV” eyes had relatively worse
baseline VA as compared to other groups (p = 0.001, Kruskal–Wallis test, and p ≤ 0.04, Dunn post hoc tests).
Meanwhile, the non-treated “definite CNV” control group had significantly thinner baseline CFT (p < 0.001, Kruskal–
Wallis test, and p ≤ 0.01, Dunn post hoc tests) (Table 2).

Table 2. Functional and anatomical findings in included eyes.

3.2. Inter-Grader Reliability of OCT, FA and OCTA

The identification of OCT biomarkers showed some degree of inter-grader variability. The agreement between
graders ranged from poor for IHRF, pachychoroid, SRF and SHRF (kappa = 0.15–0.39) to fair agreement in SIRE,
SHRM and IRC (kappa = 0.56–0.69). The reliability of CNV detection using OCTA was significantly higher than FA in
our cohort (kappa = 0.91 and 0.14, respectively, p < 0.001).

3.3. OCT Biomarkers Predicting Presence of CNV

Univariable logistic regression analyses revealed that older patients, female gender, hyperreflective SIRE and
SHRM associated with significantly higher risk for CNV detection on OCTA. In contrast, SIRE with sub-RPE
hyporeflectivity associated with the absence of CNV. The multivariable model identified hyperreflective SIRE (OR, 13.8,
95% CI, 3.0–63.7, p = 0.001) and SHRM (OR, 5.7, 95% CI, 1.3–24.9, p = 0.02) to be independent predictive factors for
the presence of CNV on OCTA.

3.4. One-Year Changes in VA and CFT within Groups

Overall, this cohort of chronic CSCR patients showed significantly better VA and thinner CFT after one-year of
initiating anti-VEGF injections (p < 0.001, Wilcoxon signed-ranks tests). However, when investigating each group
separately, the significance was found to be originating from the “definite CNV” group (p = 0.03) with 96% of patients
showing improvement in either VA or CFT (Table 2). In contrast, only 67% and 70% of patients in “no CNV” and
“presumed CNV” groups, respectively, showed functional or structural improvement (Table 2). Mean ETDRS and CFT
measurements at baseline and after one year were statistically equivalent within both groups (p > 0.09, Wilcoxon
signed-ranks tests).

Similarly, no statistically significant differences in VA and CFT were observed in non-treated patients (p = 0.84 and
0.26, respectively, Wilcoxon signed-ranks tests) (Table 2). Although “definite CNV” group tended to show worsening of
functional and structural parameters, the differences were not statistically significant (ETDRS, p = 0.18, CFT, p = 0.34,
Wilcoxon signed-ranks tests). Patients’ VA and retinal thickness measurements either remained unchanged or
worsened at the one-year follow-up visit, with none of the patients showing signs of improvement. In the “no CNV”
group, 55% of patients showed spontaneous improvement (Table 2). However, mean ETDRS and CFT measurements
at the one-year point were not significantly different from baseline measurements (p = 0.52 and 0.25, respectively).

Within treated patients, patients who underwent monthly injections received a significantly higher number of
injections within the one-year follow-up period compared to the PRN group (mean ± SD, 6.5 ± 2.2 and 2.8 ± 2.2,
respectively, p < 0.001, Mann–Whitney U test). However, the responses to either anti-VEGF treatment regimens were
statistically equivalent. A monthly injection regimen was not superior to the PRN regimen in terms of the one-year
changes in ETDRS VA or CFT (p = 0.47 and 0.42, respectively), or in the frequency of anatomical/functional
improvement (p = 0.67, Chi-square test).

3.5. Comparison between Groups

Bevacizumab-treated CSCR patients with “definite CNV” improved significantly as compared to non-treated
patients (p = 0.001 and 0.008 for ETDRS and CFT, respectively, Mann–Whitney U tests) (Table 3 and Figure 4). In
contrast, anti-VEGF treatment did not cause significant changes in patients with no evidence of CNV on OCTA. Mean
difference in VA and CFT over the one-year period was comparable between treated and non-treated “no CNV” groups
(p = 0.54 and 0.41, respectively, Mann–Whitney U test). One-year changes in the treated “presumed CNV” group were
not significantly different from other treated groups (Table 3).

Figure 4. Box and whisker plots demonstrating one-year changes in (A) visual acuity (VA) and (B) central
foveal thickness (CFT) in treated patients and control non-treated subjects. Circle and asterisk represent
outliers. * p values are based on Mann–Whitney U test. ETDRS, early treatment diabetic retinopathy study;
BCVA, best corrected VA; anti-VEGF, anti-endothelial growth factor; CNV: choroidal neovascularization.

Table 3. Comparison between one-year changes among patient groups.

The frequency of functional and structural improvement was statistically different among the five groups (p = 0.001
and p = 0.02, respectively, Pearson’s Chi-Square test) (Table 3). Post hoc analysis revealed most improvement was in
the treated CSCR-CNV group of patients (z-score = 2.7 and 2.0 for ETDRS and CFT, respectively), while the least
improvement was in the non-treated CSCR-CNV patients (z-score = −3.5 and −2.9, respectively). The frequencies of
VA and CFT improvement in the other three groups were not statistically significant (|z-score| ≤ 1.2) (Table 3).

3.6. Predictive Factors of Response to Anti-VEGF Treatment

We performed univariable logistic regression analyses to investigate potential predictive biomarkers for anatomical
or functional improvement in patients with suspected neovascular CSCR after intravitreal bevacizumab. Hyperreflective
SIRE, SRF, SHRM and CNV on OCTA were significantly associated with a positive treatment response (p < 0.05). For
the multivariable analysis, we included age, gender, hyperreflective SIRE, SRF, IHRF, SHRM and CNV (p < 0.2,
univariable logistic regression). However, none of these variables proved to be independently associated with disease
response to treatment.

4. Discussion

In this study, the response to intravitreal bevacizumab injections was retrospectively investigated over a one-year
period in a cohort of chronic CSCR patients with suspected secondary CNV. Our findings revealed significant
functional and anatomical improvement in OCTA-confirmed CNV secondary to CSCR after anti-VEGF injections, as
compared to control non-treated patients. On the contrary, injections did not improve the one-year VA and CFT
outcome in treated CSCR patients with no CNV on OCTA when compared to non-treated patients, defined by OCT
evidence of CNV. In addition, OCTA showed significantly higher inter-grader reliability as compared to FA.

Intravitreal anti-VEGF has been the first-line treatment in suspected CNV secondary to CSCR [1]. The findings of
this study confirmed that, and further revealed the limited efficacy of anti-VEGF in the absence of CNV, thus
accentuating the importance of confirming presence of CNV on OCTA prior to treatment. Although FA and ICGA have
been classically used to detect CNV, the identification of neovascularization in eyes with chronic CSCR can be
challenging [22]. OCTA was proposed as an alternative for diagnosing CNV [23,24]. However, en face OCT
angiograms need to be interpreted with caution. Areas with RPE and choriocapillaris abnormalities can cause more
OCT signal to reach deeper choroidal layers (choroidal hypertransmission), resembling the appearance of neovascular
membranes on the en face image (Figure 2). The key differentiating factor on B-scans is the presence of flow signal
above Bruch’s membrane in CNV cases (Figure 2). In such cases, it is of great importance to distinguish “real” flow
signal in the outer retina and sub-RPE space from projection artifacts arising from retinal vasculature (Figure 2) [25].

Multivariable logistic regression analysis identified SIRE with sub-RPE hyperreflectivity, as well as SHRM, as
significant predictive factors for the presence of CNV on OCTA. SIRE or “double-layer sign” is described in the
literature as long and shallow RPE elevation on OCT B-scans in AMD and pachychoroid spectrum [26,27,28,29,30,31].
In neovascular CSCR, CNV is likely to cause the elevation of RPE, with hyperreflectivity representing the fibrovascular
tissue [31,32]. This should be discriminated from other forms of RPE detachments, including hyporeflective SIRE
which is more likely to be seen in non-neovascular CSCR [31]. SHRM has been also previously described in CSCR
patients [33], but this is the first paper to report its association with CNV in chronic CSCR. The exact composition of
SHRM is not clear, but it was suggested to contain fibrin, exudation and/or fibrovascular tissue [34]. SHRM has been
considered as a sign of activity in neovascular AMD, and it often resolves after anti-VEGF treatment with positive
functional outcomes [35,36,37]. However, the prognostic value of SHRM in neovascular CSCR needs to be studied.

The vast majority of eyes with OCTA evidence of CNV showed anatomical or functional improvement after anti-
VEGF. Meanwhile, more than 65% of the treated non-neovascular CSCR patients in our cohort also showed some
degree of improvement. However, we believe that the improvement in this group of patients can be part of the natural
history of non-neovascular CSCR [38] and does not necessarily represent response to intravitreal bevacizumab. This
was confirmed by the similar pattern of spontaneous improvement that we observed in 55% of non-treated non-
neovascular CSCR eyes. Although self-resolution with good functional and anatomical prognosis are typically expected
in acute CSCR, the mean duration of the disease in the non-treated “no CNV” group was 5.3 years. Thus, prognosis in
this group is expected not to be as good as in acute CSCR patients. In addition, a recent study by Lotery et al. reported
a similar frequency (54%) of spontaneous SRF improvement in placebo-treated chronic CSCR patients [39]. In
contrast, none of the non-treated “definite CNV” patients in our study showed improvement in VA or reduction in CFT at
the one-year timepoint, and more than half of them showed significant worsening in VA or retinal thickness. Detailed
natural history of this group of patients still needs to be studied. We also investigated a group of “presumed CNV”
patients who were treated for suspected CNV based on OCT and FA, but did not have OCTA imaging to confirm the
presence or absence of CNV. The rate of improvement after anti-VEGF among this group was slightly better than the
“no CNV” group, but less than “definite CNV”. Although multimodal imaging is required for the diagnosis of CNV in
CSCR, FA and OCT alone are often inadequate to provide a confirmatory diagnosis. We believe that OCTA should be
used to confirm CNV and better stratify this group of patients.

Nevertheless, multivariable logistic regression analysis did not identify the presence of CNV, SIRE or SHRM as
significant predictors of improvement after treatment. Since we analyzed all treated patients, including non-neovascular
patients, the spontaneous bevacizumab-independent improvement can interfere with our analysis, underestimating the
significance of anatomical biomarkers in predicting the response to anti-VEGF.

Our study included a cohort of CSCR patients with suspected secondary CNV. SD-OCT imaging is performed
routinely for CSCR patients. Identifying biomarkers from OCT scans that potentially confer increased risk of the
presence of CNV might be valuable for proper management. Detecting SHRM or SIRE with sub-RPE hyperreflectivity
from OCT B-scans can be performed practically in the clinic to identify high-risk patients. However, our study shows
that OCTA guided diagnosis of CNV is more reliable and the outcomes of anti-VEGF are better in the presence of CNV
on OCTA. Thus, these findings suggest that OCTA should be performed in chronic CSCR eyes with a clinical/OCT
suspicion of CNV, and anti-VEGF agents should ideally be initiated only for patients with an evidence of CNV on
OCTA.

This paper provides valuable evidence on the role of OCTA in the diagnosis of CNV that responds to anti-VEGF in
chronic CSCR. However, despite the large number of patients with chronic CSCR in this study, there were several
limitations including the retrospective design and the relatively small categories. Since our data are based on real-life
clinical data, treated and non-treated groups showed different clinical baseline features. Larger prospective controlled
studies might be needed to confirm the findings of this study. Additionally, we only included patients receiving
bevacizumab. Further studies are needed to investigate the efficacy of other anti-VEGF agents. Another limitation of
this study was the lack of quantitative OCTA metrics in our analysis. Although qualitative assessment of OCTA can be
more applicable in busy clinical settings, it also carries the risk for inter-grader variability in interpretation [37]. To avoid
this, images were reviewed by two graders.

In conclusion, OCTA can be a valuable adjunct diagnostic tool for reliable confirmation of the presence of CNV in
CSCR [24] and the CNV confirmed by OCTA responds well to bevacizumab injections. The response observed in
presumed CNV is similar to the natural history of the disease, as noted in our control group with no CNV. OCTA is
recommended in all CSCR eyes with suspected CNV as we observed that a proportion of our patients presumed to
have no CNV on clinical examination, OCT and FA and left untreated had definitive CNV on OCTA and responded well
to anti-VEGF. Larger and prospective studies are needed to confirm our findings.
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middle-aged male individuals. Multimodal imaging led to the description of a wide
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of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
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epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Advanced bilateral chronic central serous chori-
oretinopathy treated by mineralocorticoid-recep-
tor antagonist. Seventy-seven year-old man with
bilateral oblong descending hypo-autoguores-
cent tracks (A and B) indicating a severe chronic
CSCR with diffuse decompensation of the reti-
nal pigment epithelium, formerly referred to as
“Diffuse retinal pigment e​p ​i​t​h​e​l​i​o ​p ​ … Read more
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Bilateral chronic central serous chorioretinopa-
thy treated by mineralocorticoid-receptor antag-
onist. Fifty-three year-old male patient with bilat-
eral chronic CSCR, as evidenced by RPE
changes on fundus autoguorescence (A and C)
and guorescein angiography (B and D). SD-OCT
showed a bilateral subretinal detachment (E, F),
more pronounced in the right eye (​… Read more
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middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.

+22

Public Full-texts 2

5576ee6b08aeacff200040b7.pdf
9.95 MB

View full-text

Recommend
Recommend this work

Follow
Get updates

Share
Share in a message

Home Questions Jobs Add new

1 12ment in central serous chorioretinopathy on SD-
OCT. (A) Acute CSCR, two months after regres-
sion of symptoms, with a small and localized
dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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Non-resolving recurrent central serous chori-
oretinopathy treated by mineralocorticoid-recep-
tor antagonist. Thirty-nine-year old patient treat-
ed by oral eplerenone (25 mg daily) for recurrent
CSCR without improvement after 2-month ob-
servation. Enhanced-depth imaging OCT at
baseline (A) shows subretinal detachment, and
pachychoroid (665 μm). A d​e​c ​r ​e​a​s​… Read more
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Multimodal imaging of active chronic CSCR in
the right eye of a 45-year old man. FAF showed
hypo-autoguorescent gravitational tracks (A). FA
revealed a corresponding increased transmis-
sion of guorescence related to the extended
RPE alterations, and an active leakage site (ar-
row) corresponding to the RPE elevation on EDI-
OCT (H, star). ICG showed dilated … Read more
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Chronic central serous chorioretinopathy treated
by mineralocorticoid-receptor antagonist.
Chronic CSCR in the right eye of a 9fty-six year
old male patient with a dome-shaped pigment
epithelial detachment (PED), an adjacent small-
er gat PED, and a subretinal detachment (A).
Four months after initial examination, the s​u ​b ​r ​e​t​
i​n​a​l​detachment had slightly … Read more
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Central serous chorioretinopathy (CSCR) is a major cause of vision threat among
middle-aged male individuals. Multimodal imaging led to the description of a wide
range of CSCR manifestations, and highlighted the contribution of the choroid and
pigment epithelium in CSCR pathogenesis. However, the exact molecular mechanisms
of CSCR have remained uncertain. The aim of this review is to recapitulate the clinical
understanding of CSCR, with an emphasis on the most recent 9ndings on
epidemiology, risk factors, clinical and imaging diagnosis, and treatments options. It
also gives an overview of the novel mineralocorticoid pathway hypothesis, from animal
data to clinical evidences of the biological ef9cacy of oral mineralocorticoid
antagonists in acute and chronic CSCR patients. In rodents, activation of the
mineralocorticoid pathway in ocular cells either by intravitreous injection of its speci9c
ligand, aldosterone, or by over-expression of the receptor speci9cally in the vascular
endothelium, induced ocular phenotypes carrying many features of acute CSCR.
Molecular mechanisms include expression of the calcium-dependent potassium
channel (KCa2.3) in the endothelium of choroidal vessels, inducing subsequent
vasodilation. Inappropriate or over-activation of the mineralocorticoid receptor in
ocular cells and other tissues (such as brain, vessels) could link CSCR with the known
co-morbidities observed in CSCR patients, including hypertension, coronary disease
and psychological stress. Copyright © 2015. Published by Elsevier Ltd.
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dome-shaped pigment ephithelial detachment
(PED) persisting despite the resolution of sub-
retinal huid. (B) Double dome-shaped PED and
otherwise healthy RPE inside a subretinal de-
tachment area. (C) Protruding subfoveal dome-
shaped PED despite resolution of subretinal hu-
id, producing foveal tilting and metamorphopsia.
(D) Residual subfoveal dome-shaped PED over-
lying a pachychoroid. (E) Shallow PED with hy-
porehective content in a patient with active
CSCR. (F) Extended wavy hat PED with hyper-
rehective content overlying a pachychoroid with
dilated vessels; granular hypo-autohuorescence
corresponding to this diffuse epitheliopathy. (G)
Flat PED at the level of a leakage site (arrow, evi-
denced on the huorescein angiogram) in active
CSCR. Visible hyper-rehective 9brin/protein how
related to the leak. (H) Irregular or wavy hat PED
with hyper-rehective content overlying a continu-
ous thin hyper-rehective layer, realizing a “dou-
ble layer sign”. (I) Chronic CSCR with typical
hypo-autohuorescent gravitational tracks (evi-
denced on fundus autohuorescence), intrareti-
nal cystoid degeneration and intraretinal hyper-
rehective dots. There is a diffuse pigment ep-
itheliopathy, with areas of RPE hyperplasia (ar-
row) and RPE atrophy (star). (J) Spontaneously
ruptured PED in a CSCR patient from India, with
resulting full-thickness retinal defect and expul-
sion of hyper-rehective material in the vitreous
cavity, suggesting that the hydrostatic pressure
was elevated inside the PED.
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Progressive elongation of photoreceptor outer
segments in acute central serous chori-
oretinopathy. Acute CSCR in a 61 year-old fe-
male patient. SD-OCT at baseline, 1, 2 and 4
months (B, D, F, H, respectively) shows progres-
sive elongation of photoreceptor outer seg-
ments over the course of CSCR resolution. F​u ​n​d​
u ​s​autohuorescence initially … Read more
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