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Abstract
Purpose

To evaluate morphological characteristics of sub-retinal fluid, RPE changes and choroidal blood flow in
different sub-types of central serous chorioretinopathy using OCT-Angiography.

Methods

A cross-sectional observational study included consecutive series of 146 eyes with various sub-types of
CSCR. OCT-A evaluated the characters of sub-retinal fluid and choroidal flow. Outcome measures
included characters of high reflective foci in SRF, RPE abnormalities, CNV characters and distribution of
vascular changes in choroidal vasculature.

Results

High reflective foci were found in 85% of eyes with persistent CSCR and in 22% eyes with chronic CSCR
and none in acute CSCR. Fine dispersed high reflective foci were prevalent if SRF persistent less than 6
months while coarse clumped foci were obvious in fluid persistent more than 6 months. All eyes with
acute and persistent CSCR exhibited abnormal choriocapillaris with patchy areas of hypoperfusion
confined to area of SRF. Chronic CSCR displayed multifocal patchy areas of choriocapillaris
hypoperfusion not bounded by areas of SRF. Choroidal slabs revealed dilatation of choroidal vessels as
compared to fellow unaffected eyes. Flat irregular PED was found in 58.3% and neovascular frond was

found in 30.1%. CNV area was variable (Mean; 0.289 mm?) and variable patterns were detected. Larger
CNV area significantly correlated with larger area of sub-retinal fluid.

Conclusion

OCT-A highlighted a difference in SRF characters and distribution of choroidal vascular changes among
various CSCR subtypes along with identification of CSCR-related CNV.

Introduction

Central serous chorioretinopathy (CSCR) is a spectrum of clinical disorders that are characterized by
serous macular detachment, retinal pigment epithelium (RPE) changes, and morphological choroidal

vascular abnormalities.? It is predominantly affecting middle-aged men and often associated with
corticosteroid use and psychosocial stress.? Visual impairment is attributed to persistence of macular
detachment, RPE changes and development of CSCR-related choroidal neovascularization (CNV). 3
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CSCR encompasses a clinical spectrum ranging from acute to persistent, recurrent, and chronic CSCR
depending on duration of subretinal fluid (SRF) and RPE/choroidal changes. #Various pathophysiological
theories were postulated as autonomic dysregulation ®> and abnormal norepinephrine levels © that
eventually lead to choroidal hyperpermeability. Type A personality /, obstructive sleep apnea & H. Pylori
infection, ® and exogenous corticosteroid '° are common associations with CSCR.

Fundus Fluorescein Angiography (FFA) '7, Indocyanine Green (ICG) 2, Fundus Auto-Fluorescence (FAF),

13 and Optical Coherence Tomography (OCT) '* > were employed for diagnosis and follow up of CSCR in

different stages. OCT angiography is a high-resolution non-invasive imaging of microvascular changes in

retinal and choroidal layers. OCTA permits the detection of CNV associated with flat irregular PED in

CSCR, an area often underdiagnosed by conventional imaging'® 7 18,

We intended to analyze the spectrum of morphological changes of sub-retinal fluid, RPE, and choroidal
blood flow in different sub-types of CSCR using OCT-A and to assess their correlation with disease
duration.

Patients and methods

Study design

A cross-sectional observational study was conducted after approval of the Ethical Committee of the
Faculty of Medicine, Assiut University, Egypt. A signed informed consent was obtained from participants
after discussion of the procedure and its possible benefits and risks. All study procedures were
performed under the tenets of the Helsinki Declaration.

Patient selection

The study enrolled a consecutive series of 82 patients, attending retina clinic, diagnosed with CSCR
based on multimodal imaging and clinical history. CSCR were categorized into acute, persistent and
chronic subtypes. '° Acute CSCR usually presented with isolated dome-shaped neuro-sensory retinal
elevation without RPE changes that persist less than 4 months, while persistent CSCR had SRF that
persisted beyond 4 months with no significant RPE changes. In chronic CSCR, the chronic leakage of
SRF tends to produce a larger, less elevated neuro-retinal detachment along with significant RPE
changes. Exclusion criteria were; evidence of concurrent retinal vascular disease (e.g., diabetic
retinopathy), presence of high myopia or other macular pathology (choroidal neovascular membrane,
macular edema), history of intraocular surgery or injections within the previous 6 months, and poor-
quality OCT or OCTA images due to media opacity or unstable fixation.

Baseline evaluation

Baseline clinical evaluation was carried out by a single ophthalmologist (Z. E.) and included patient
demographic data, past ocular and medical history, onset of symptoms (metamorphopsia, micropsia,
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decreased vision), best-corrected visual acuity (BCVA), Slit-lamp examination, IOP measurement by
Goldmann Applanation Tonometer and fundus examination using + 90 D non-contact fundus lens.

OCT-Angiography protocol

All participants underwent OCT and OCT-A imaging using the Topcon Triton DRI OCT-A platform (Topcon,
Tokyo, Japan) with a 6 mm X 6 mm scan area centered around fovea. In addition, 3D-macular analysis
was also acquired for Enface OCT-A assessment. Two independent investigators (Z. E. and M. A.)
evaluated OCT and OCT-A images for CSCR phenotype analysis, image quality, and artifact detection.
Images with sufficient quality (signal strength index more than 50) were included, while images of poor
quality due to severe motion artifact or media opacity were excluded. Subfoveal choroidal thickness was
measured in subfoveal point between Sclero-choroidal interface (SCI) and outer boundary of RPE-Bruch's
membrane complex. Sub-retinal fluid was analyzed by En-face OCT-A for the presence of high reflective
foci (HRF) and their distribution was correlated with sub-type of CSCR. HRF were defined as
hyperreflective dots within the SRF space and were further classified as fine/dispersed or
coarse/clumped, based on reflectivity patterns and size. Choriocapillaris and deep choroidal vessels
were evaluated across the choroidal slabs (Haller's and Sattler’s layers). We assessed vessel dilation,
choriocapillaris (CC) perfusion deficits, and shadowing artifacts caused by SRF. CC perfusion deficits
were identified as black areas of hypoperfusion within CC, on the other hand SRF shadowing outline was
identified as areas of reduced signal compared to adjacent areas of average signal. Areas with flat
irregular pigment epithelial detachment (FI-PED) were assessed for the presence of CNV. Both
quantitative and qualitative analysis of CNV characteristics were ensued. FI-PED was defined as RPE
elevation with a non-convex profile, accompanied by irregular reflectivity. CNV fronds were characterized
by their morphology—branching, immature, or poorly delineated—and quantified using automated
segmentation tools. The CNV area was measured in mm?, and flow signals were analyzed using
proprietary algorithms.

OCT-A slabs were manually adjusted to ensure proper segmentation and reduction of artifacts
(especially projection artifacts). In Enface OCT-A analysis of SRF, manual adjustment of slabs was
performed with device software. First, flattening of RPE was performed using device software option,
then slabs were adjusted along flattened RPE (outer boundary) and along the highest point within the
SRF that include HRF (inner boundary). Analysis of choriocapillaris image was obtained by slabs
between 30 and 60 um below the RPE-Bruch's membrane complex. OCT-A slabs for assessment of
choroidal vessels were manually adjusted just above outer boundary of visible SCI and just below
choriocapillaris.

Statistical Analysis

Descriptive statistics were presented as means * standard deviations for continuous variables and
frequencies (%) for categorical data. Comparative analysis across CSCR subtypes employed the chi-
square test for categorical variables and ANOVA for continuous measures. Correlation between CNV
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area and SRF area was assessed using Pearson’s correlation coefficient. A p-value < 0.05 was
considered statistically significant. Data were analyzed using SPSS software (V 25.0, IBM, USA).

Results

A total of 82 patients (157 eyes) diagnosed with CSCR were enrolled in the study. Eleven eyes were
excluded from analysis due to poor image quality or significant artifact. Remaining 146 eyes were
subjected to CSCR stratification, OCT, and OCT- A assessment. The mean age of participants was 50.9 +
9.3 years (range; 29-62 years). Subjects were stratified into acute (38 eyes), persistent (58 eyes), or
chronic CSCR (50 eyes) based on medical history, clinical presentation, and retinal imaging. Such
classification provided a framework for comparative analysis of morphological and angiographic
characteristics across the disease spectrum.

Subfoveal choroidal thickness

Analysis of subfoveal choroidal thickness (SFCT) revealed a declining trend from acute to chronic
subtypes. Acute CSCR demonstrated the highest mean SFCT at 538 um, followed by persistent CSCR
with 528 ym. Chronic CSCR had the lowest choroidal thickness (437 pm). (Table 1)

En face OCT-A of subretinal fluid

En face OCT-A imaging revealed a remarkable diversity in the morphology of HRF in different CSCR
subtypes. HRF were not identified in any eyes with acute CSCR. In contrast, most of eyes diagnosed with
persistent CSCR exhibited HRF, regardless of fluid duration. HRF were detected in only 11 of 50 chronic
CSCR eyes (22 %). The morphology of HRF varied according to the duration of SRF; persistent SRF for
less than 6 months had fine, dispersed HRF, while those with SRF more than 6 months demonstrated
coarse, clumped foci. This difference in HRF morphology across duration thresholds was significant (chi-
square test, p = 0.013), underscoring HRF as a potential imaging biomarker for persistent disease.
(Figure 1)

OCT-A evaluation of choriocapillaris perfusion

Evaluation of CC perfusion demonstrated distinctive patterns across disease subtypes. In acute and
persistent CSCR, areas of CC hypoperfusion were typically localized beneath SRF and often
accompanied by shadowing artifacts due to fluid accumulation. Among those patients with acute and
persistent CSCR, 68 of 96 eyes (70.8%) exhibited detectable shadowing effects, indicating partial signal
attenuation due to overlying subretinal material. Deep choroidal slabs across Haller and Sattler’s layers
revealed obvious dilatation of choroidal vessels as compared to fellow unaffected eyes. In contrast,
chronic CSCR was characterized by multifocal, patchy CC flow voids extending well beyond SRF-affected
zones, suggesting a more diffuse and potentially irreversible vascular compromise not limited to active
detachment areas or areas with persistent SRF. (Figure 2)
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Assessment of Flat irregular pigment epithelial detachment (FI-PED)

FI-PED were identified in 63 of the 108 eyes (58.3%) with persistent and chronic CSCR. No FI-PED was
detected in acute CSCR. Among these, CNV was detected in 33 eyes (30.1%) on OCT-A imaging. Most FI-
PEDs displayed high internal reflectivity (26 of 37 eyes, 70.3%), a feature frequently associated with
underlying neovascular networks. CNV area was quantitatively analyzed and revealed a mean size of
0.289+0.394 mm?, with a range spanning from 0.193 to 0.779 mm?2. A significant positive correlation
was observed between the CNV area and the area of SRF (Pearson correlation coefficient r = 0.428, p =
0.039). (Table 2)

CNV morphology by OCT-A

Regarding CNV morphology, three distinct types were recognized: branching CNV (12 eyes, 36.4%),
immature CNV (17 eyes, 51.5%), and poorly delineated CNV (4 eyes, 12.1%). Branching vascular
networks were predominantly observed in cases with wider FI-PED, while immature or poorly-defined
CNV patterns were more commonly noted in earlier stages of neovascular development. (Figure 3)

Discussion

The current study investigated the potential advantage of OCT and OCT angiography in characterizing
CSCR, with a particular emphasis on their roles in differentiating disease subtypes and detecting non-
leaking CNV. Current results demonstrate that OCT and OCT-A together offer a comprehensive, non-
invasive diagnostic approach that not only enhances the visualization of morphological markers such as
HRF and FI-PED but also allows the detection of subclinical neovascular membranes that might
otherwise remain undiagnosed using conventional imaging modalities as FFA.

Reduction in choroidal thickness with chronicity of CSCR supports the concept of long-term choroidal
remodeling and vascular decompensation in chronic CSCR. On the other hand, patchy CC flow voids in
chronic CSCR extended well beyond the boundaries of SRF, suggesting that a prolonged period of
pachychoroidopathy might eventually affect the choroid globally rather than areas with overlying
subretinal fluid.

One of the most significant findings of our study was the variable distribution and morphology of HRF
across CSCR subtypes. HRF were absent in all acute cases, in most of cases of persistent CSCR, and
detected in only a small fraction of chronic CSCR eyes. This finding aligns with prior work by Spaide and
colleagues, who proposed that HRF may represent cellular debris, outer segment fragments, activated
microglia, or migrating RPE cells accumulating over time as a response to chronic subretinal fluid. 2° Our
data further substantiate the hypothesis that HRF serve as a dynamic biomarkers of disease chronicity.
Interestingly, we observed a qualitative shift in HRF morphology based on SRF duration—fine and
dispersed HRF appeared in cases with fluid lasting less than six months, while coarse and clumped HRF
emerged in eyes with more prolonged exudation.
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Current findings are in concordance with prior literature, including the work by Ho et al, who identified
coarse, granulated hyperreflective signals in persistent CSCR on OCT-A, correlating these with ischemia
and inflammatory cell accumulation. 2'This morphologic stratification may hold prognostic implications,
suggesting a transition point where persistent fluid initiates irreversible retinal changes. While, HRF were
present in only 22% of cases with chronic CSCR, suggesting a potential biphasic behavior where HRF
density peaks during intermediate disease and may regress or become less apparent as outer retinal

atrophy progresses. 22 23 (Table 3)

CC perfusion analysis provided additional insight into the vascular changes in CSCR. In acute and
persistent subtypes, hypoperfusion of the CC was generally confined to areas underlying SRF and was
frequently associated with signal attenuation or shadowing. Taking into consideration that shadowing of
overlying SRF may contribute in signal attenuation of CC especially with high SRF. In chronic cases,
however, OCT-A revealed widespread, multifocal flow voids extending beyond the SRF footprint. These
findings reflected those reported by Pellegrini et al. 2 and Imamura et al. 24, who described that
progressive choroidal hypoperfusion in chronic CSCR could be attributed to chronic RPE dysfunction and
pachychoroid vasculopathy. Importantly, the current observation that CC loss occurs even in regions
without visible fluid suggests a deeper, perhaps microvascular dysregulation characteristic of
pachychoroid-spectrum disorders. This hypothesis is supported by previous studies, including those by
Matet et al. 2° and Kaye et al. 2%, both of which described progressive CC ischemia in chronic CSCR.

|27

Current findings are in agreement with longitudinal data published by Bansal et a and Pellegrini et al.

28 hoth of whom reported sustained CC signal changes and evolving neovascular features in chronic
CSCR over time.

The presence of FI-PED among CSCR patients was not uncommon and CSCR-related CNV was detected
in half of those cases. Most of these CNV lesions were not evident on structural OCT or FFA,
underscoring the superior sensitivity of OCT-A in identifying neovascularization that is either non-
exudative or minimally active. Moreover, about two-thirds of neovascular fronds detected by OCT
angiography were either immature CNV (51.5%) or poorly delineated CNV (12.1%). CNV features in OCT
angiography needed meticulous adjustment of OCT slabs and careful interpretations. The significant
correlation between CNV and SRF area (p = 0.039) may indicate a potential link between persistent fluid
and neovascular proliferation. These findings are consistent with various studies by Mousa et al.,
Costanzo et al., and Huang et al., that reported CNV detection rates of 30—60% in chronic CSCR using
OCT-A. 1822 30 Notably, we also found a statistically significant correlation between CNV area and SRF
area, suggesting a potential pathophysiological interplay in which persistent exudation may stimulate
angiogenesis through chronic RPE stress and hypoxia.

OCT-A diagnostic performance in the current study supports its growing participation as a critical tool
for retino-choroidal vascular assessment. Numerous large-scale studies, including those by Bonini Filho

et al. 3! and Hagag et al. 32, have confirmed that OCT-A offers higher sensitivity and specificity than FA or
ICGA for detecting CNV, particularly in non-leaking forms. The current findings reinforce this advantage
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within the context of CSCR, where FI-PED and ambiguous fluid patterns often obscure the clinician’s
ability to distinguish inflammatory or degenerative changes from neovascular pathology. OCT-A
overcomes this challenge by providing high-resolution, depth-resolved visualization of vascular flow,
even in the absence of leakage. Our findings further substantiate the premise that OCT-A reveals
neovascular changes that are often missed by FA or structural OCT. This is particularly critical in non-
leaking or type 1 CNV, where absence of leakage on dye angiography may delay diagnosis and
treatment. The identification of CNV at a pre-exudative stage enables earlier initiation of anti-VEGF
therapy or photodynamic therapy (PDT), potentially preserving vision and preventing chronic damage.
(Table 4)

While current cross-sectional design enabled detailed comparative analysis across disease stages, it
precludes assessment of longitudinal progression. Future prospective studies could determine whether
HRF density, CC perfusion deficits, or CNV area on OCT-A predict anatomical or visual outcomes over
time. Additionally, although swept-source OCT-A minimized artifacts, segmentation errors and
shadowing from SRF remain potential confounders in quantitative vascular analysis. However, the
consistency of findings across subgroups and the strong concordance with prior literature mitigate this
concern.

Conclusion

The findings of the current study confirm the clinical utility of OCT and OCT-A in delineating structural
and vascular changes across CSCR subtypes. The OCT & OCT-A findings regarding HRF, CC perfusion,
and CNV highlight the importance of incorporating OCT-A in routine CSCR evaluation for early
identification of disease progression and complications. The presence of high reflective foci and their
density is associated with a longer duration of sub-retinal fluid in persistent CSCR. In most cases,
choriocapillaris hypoperfusion was observed with diverse distribution among different CSCR sub-types.
Choroidal vessels revealed obvious dilatation. Most of CNV related to FI-PED had an immature
neovascular frond. We propose that OCT-A should be adopted as a routine adjunct to structural OCT in all
patients with persistent or chronic CSCR, especially in cases with flat irregular PEDs or unexplained
visual decline. Early detection of CNV and characterization of perfusion deficits may not only clarify
diagnosis but also guide timely therapeutic interventions, potentially preserving vision and altering
disease trajectory.
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Table 1: Baseline demographic and clinical characteristics
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Acute (n=38) Persistent (n=58)  Chronic (n=50)

Age (years) 48.2 7.1 52.1+9.4 53.6 + 8.9
Gender (M/F) (20/18) (37/21) (22/28)

BCVA (Decimal) 0.6 +0.09 0.4+0.12 0.3+0.16
Duration of symptoms (months) 28+1.3 9.3+2.1 16.1+5.2

Pattern of symptoms

Decreased vision 15 (39.5%) 18 (31.1%) 47 (94.0%)
Metamorphopsia 25 (65.9%) 38 (65.5%) 13 (26.0%)
Micropsia 12 (31.6%) 9 (15.5%) 11 (22.0%)

Subfoveal choroidal thickness (um)
Subfoveal choroidal thickness (um) 538 528 437
High reflective foci (HRF)

HRF (n, %) 0 49/58 (84.5%) 11/50 (22%)
FI-PED

Present (n, %) 0 19/58 (32.8%) 44/50 (88.0%)
CNV by OCT-A (n, %) 0 4/58 (6.9%) 29/50 (58.0%)

CNV; Choroidal neovascular membrane, FI-PED; Flat irregular PED, High reflective Foci; HRF

Table 2: CNV Characteristics in Eyes with Flat Irregular PED

CNV Parameter

CNV detected by OCT-A (n,%)  33/108 (30.1%)

Mean CNV area (mm?) 0.289 +0.394
CNV area range (mm?2) 0.193 - 0.779
Correlation with SRF area r=0.428,p =0.039

Pearson correlation coefficient

CNV morphology

Branching 12 eyes (36.4%)
Immature 17 eyes (51.5%)
Poorly defined 4 eyes (12.1%)
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CNV; Choroidal neovascular membrane

Table 3: Evidence supporting HRF relation to SRF and disease duration

Study
(Year)

Spaide RF
(2018)

Bianchi M
(2019)

de Carlo
TE (2015)

Matet A
(2019)

Sample
Size (Eyes)

67

34

50

72

Prevalence

Study Conclusion

72% in persistent CSCR HRF density increases with longer SRF

duration; associated with inflammatory cell
accumulation.

68% in HRF presence and coarse morphology
persistent/chronic suggest degenerative or phagocytic
CSCR activity.

80% in eyes with SRF > HRF may represent lipofuscin or

3m months

65.4% overall

macrophages, linked with chronic leakage.

Strong link between HRF granularity and
chronicity markers like PED or thinning.

Table 4. Studies Supporting OCT/OCT-A role in detection of CNV in CSCR

Study Sample Size  Prevalence Key Findings
(Eyes)

Huan 102 43% OCT-A identified CNV in 43% vs 21% with FA; improved

(2014 detection of non-leaking CNV.

Bonini 27 30% OCT-A detected 100% of CNV lesions featured in FFA

(2015)

Costanzo 66 33% OCT-A outperformed FA/ICGA in detecting subclinical

(2015) CNV; earlier treatment potential.

Mousa 60 8% Foveal thinning, irregular flat PED, and increased

(2017) choroidal thickness are risk factors for CNV
development.

Spaide 89 38% Branching CNV networks detected in cases

(2018) misclassified by FFA.

Haggag 163 33% Hyperreflective space beneath PED indicates a higher

(2022) risk of CNV detection than Double layer sign in OCT

Figures
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Figure 1

High Reflective Foci (HRF) morphology in various subtypes of CSCR. In Acute CSCR, HRF were not
detected in any patient (a). On the other hand, mixture of fine dispersed & coarse HRF were found in
persistent CSCR (b, c¢). In chronic CSCR, only fine pattern HRF were detected (d-f).
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Figure 2

Distribution of Choriocapillaris (CC) hypoperfusion in different CSCR subtypes. In acute and persistent
CSCR, patchy areas of CC hypoperfusion were confined to areas of subretinal fluid (a, b). On the contrary,
patchy CC hypoperfusion extended diffusely in the choroid (c).
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Figure 3

OCT Angiography characterization of CVN morphology in CSCR. Three patterns were identified in OCT-A
slabs under FI-PED, poorly-defined pattern (a), branching pattern (b), and immature pattern (c).
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