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Abstract

e AIM: To investigate the choroidal vascular index (CVI) and
the choroidal structural changes beyond the subfoveal area
(analyzed across a 20 mmx24 mm scanning area) in eyes
with chronic central serous chorioretinopathy (cCSC) eyes
with macular neovascularization (MNV) using ultra-widefield
swept-source optical coherence tomography angiography
(UWF SS-OCTA).

e METHODS: This retrospective comparative study
included 46 cCSC with MNV eyes (With MNV group), 52
cCSC without MNV eyes (Without MNV group), and 40 age-
matched healthy controls. UWF SS-OCTA imaging with a 20
mmx24 mm protocol was used to quantify CVI across 9
subfields (superotemporal, superior, superonasal, temporal,
central, nasal, inferotemporal, inferior, and inferonasal). The
CVI was compared among the groups.

e RESULTS: With MNV group demonstrated significantly
older mean age than Without MNV group (56.2+6.1 vs
47.5+8.6y, P<0.001). The CVI was significantly lower in the
With MNV group than in the Without MNV group, except
in the superotemporal, superior, and temporal regions (all
P<0.05). Notably, despite MNV-associated CVI reductions,
the With MNV group maintained a higher CVI than the
control group in all 5 subfields (superior, temporal, central,
inferior, and inferonasal; all P<0.05). In the central region,

the CVI (%) in With MNV, Without MNV, and control groups
were 35.63+3.33, 37.37+2.07, and 32.67+5.00 (P<0.05),
respectively.

o CONCLUSION: CVI decreases, and choroidal structural
changes extend beyond the subfoveal area in cCSC with
MNV eyes, providing with an imaging evidence for the
important role of choroidal ischemia in the pathogenesis of
MNV in cCSC.
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INTRODUCTION

entral serous chorioretinopathy (CSC) is characterized
C by idiopathic serous neuroepithelial detachment with
defects in the outer blood-retina barrier of retinal pigment
epithelium (RPE), which occurs secondary to choroidal
abnormalities and dysfunction'’. Emerging evidence has
established a pivotal role for pachychoroid phenotypes in
CSC pathophysiology'™. First conceptualized by Warrow
et al” in 2013, pachychoroid is defined as a subfoveal
choroidal thickness (SFCT) exceeding 300 um. The current
understanding extends beyond anatomical thickening to
include pathological hallmarks, such as mid-to-large choroidal
venous dilation and choroidal capillary attenuation, which
can be accompanied by progressive RPE dysfunction and
neovascularization*”.
Macular neovascularization (MNV), a vision-threatening
complication of chronic CSC (cCSC), exhibits a heightened

prevalence in patients with a disease duration exceeding
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six months, correlating positively with disease severity!"*”".

Notably, advancements in optical coherence tomography
angiography (OCTA) have revealed an MNV incidence rate of
39.2% in cCSC cohorts™, suggesting a greater prevalence than
previously documented"””.

Pathophysiologically, patients with cCSCs demonstrate
significantly increased choroidal thickness (ChT) compared
to healthy controls, while cCSC with MNV eyes exhibit
distinct structural alterations™. Multicenter studies indicated
reduced ChT in cCSC with MNV eyes relative to cCSC
without MNV eyes, implying potential choroidal remodeling
1% However, the utility of ChT as

a dynamic biomarker is limited by confounding physiological
[11-12]

during neovascularization'

factors such as age, axial length (AL), and blood pressure
In contrast, the choroidal vascular index (CVI), quantified
as the ratio of choroidal vascular lumen volume to the total
choroidal volume, has emerged as a robust biomarker of
pachychoroid spectrum diseases. CVI’s superior stability,
independence from age, systolic blood pressure, AL, or

[13-15]

intraocular pressure , and capacity to quantify vascular

density, render it particularly valuable for CSC research!*"”.
Recent evidence suggests that elevated CVI values in patients
with CSC compared to healthy controls are attributable
to choroidal vascular dilation and hyperpermeability"®.
Nevertheless, the choroidal vascular architecture in cCSC
with MNV eyes remains underexplored, particularly the
correlation between CVI and MNV. Traditional imaging
modalities constrained by limited scan areas predominantly
focus on macular ChT measurements'”’. Breakthroughs in
ultra-widefield swept-source OCTA (UWF SS-OCTA) enable
comprehensive visualization and volumetric quantification of
the full-thickness choroidal vasculature, facilitating the three-
dimensional reconstruction of choroidal vascular networks!" ",
This study used UWF SS-OCTA to quantitatively compare
CVI parameters between cCSC with and without MNV eyes.
It will be helpful to clarify the pathological characteristics
of choroidal vessels in cCSC with MNV eyes, explore the
potential causes of MNV, and provide a new direction for
the prevention and treatment of cCSC with MNV eyes in the
future.

PARTICIPANTS AND METHORDS

Ethical Approval This cross-sectional study was conducted in
accordance with the Declaration of Helsinki and approved by
the Ethical Review Committee of the Central Theater General
Hospital (Ethics No0.[2024]015-01). The requirement for
informed consent was waived due to the retrospective nature
of this study.

Enrollment of Participants Between April 2023 and
February 2024, we consecutively enrolled 98 patients
diagnosed with cCSC. Of these, 18 exhibited bilateral
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involvement. For patients with bilateral lesions, we chose the
right eye to avoid a within-subject bias. A normal group of age-
matched right eyes with a normal fundus was also included.
CSC was diagnosed based on the presence of serous
detachment of the neurosensory retina involving the macula,
as demonstrated by optical coherence tomography (OCT), and
leakage at the RPE level on fundus fluorescein angiography
(FFA). ¢cCSC is defined as a condition in which subretinal
fluid persists for more than 3-4mo and may lead to permanent
RPE atrophy and/or photoreceptor damage. Only cCSC eyes
with AL from 22-26 mm and without anti-vascular endothelial
growth factor or photodynamic therapies were included in this
study.

Participants were excluded if they met the following criteria: 1)
presence of drusen in the macular area; 2) glaucoma, diabetic
retinopathy, exudative age-related macular degeneration
(AMD), central retinal vein occlusion, retinal detachment, or
any other eye diseases that may affect the vision of the study
eye; 3) previous retinal laser photocoagulation or vitrectomys;
4) history of cataract surgery within the past 6mo; 5) image
quality of OCT or OCTA<7; 6) images with serious artifacts
preventing accurate analyzed.

Methods All patients underwent a full ophthalmic
examination, including measurement of best-corrected visual
acuity (BCVA) converted to the logarithm of the minimum
angle of resolution (logMAR), intraocular pressure, slit-lamp
examination, indirect ophthalmoscopy, fundus photography,
UWF SS-OCT/SS-OCTA, FFA, and indocyanine green
angiography (ICGA) examination. Baseline demographic
data (sex, age, and history of hypertension) and ophthalmic
examination results were collected.

The patients were divided into cCSC with MNV (With MNV
group) and cCSC without MNV groups (Without MNV
group). MNV can be detected using a combination of OCT,
OCTA, FFA, and ICGA, although conclusive detection can be
challenging"’. Two types of MNV were identified in our study:
type 1 [also known as polypoidal choroidal vasculopathy
(PCV), as a special subtype] in the sub-RPE space, and type 2
crossing the RPE in the subretinal space.

The participants underwent imaging using a 400 kHz UWF SS-
OCTA instrument (BM400K, Towardpi Medical Technology
Co., Ltd., Beijing, China). The imaging protocol involved a
raster scan, which included 1536 (horizontal) A-scans and
1280 (vertical) B-scans. This scan covered an area of
24 mmx20 mm and a depth of 6 mm, with the fovea as the
central point of focus. The built-in software automatically
identified both the Bruch’s membrane and the choroid-sclera
interface, which were manually verified if necessary.

The CVI can be automatically measured and computed using
built-in software for 9 subfields (superotemporal, temporal,
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Figure 1 Ultra-widefield swept-source optical coherence tomography images A: An enface image; B: The choroidal vascularity index values in

9 subfields (superotemporal, temporal, inferotemporal, superior, central, inferior, superonasal, nasal, inferonasal).

Table 1 Clinical data in eyes of cCSC with/without MNV and control groups mean+SD
Characteristics With MNV group (n=46) Without MNV group (n=52) Control group (n=40) P P1 P2 P3
Male/female 40/6 41/11 32/8 0.247 - - -
Age,y 56.216.1 47.5+8.6 54.0+9.0 <0.001 <0.001° 0.164" <0.001°
Hypertension, n (%) 13 (28.3) 15 (28.8) 12 (30.0) 0.644 - - -
Duration, mo 39.849.2 15.1+4.5 - <0.001 <0.001° - -
AL, mm 23.22+1.32 23.48+1.54 23.24+1.24 0.759 - - -
BCVA, logMAR 0.38+0.18 0.29+0.07 0.10+0.08 <0.001 <0.001° <0.001° <0.001°
SFCT, um 298.22479.42 362.45+83.02 255.82+81.13 <0.001° <0.001 0.054 <0.001
Pachychoroid, n (%) 46 (100) 52 (100) 12 (30.0) <0.001  >0.05° <0.05° <0.05°
MNV type (1/2) 44/2 - - - - - -

cCSC: Chronic central serous chorioretinopathy; MNV: Macular neovascularization; SD: Standard deviation; AL: Axial length; BCVA: Best-
corrected visual acuity; logMAR: Logarithm of the minimum angle of resolution; SFCT: Subfovel choroidal thickness. P: Chi-square or analysis
of variance test. P1: With MNV group vs Without MNV group; P2: With MNV group vs control group; P3: Without MNV group vs control group.

®Post hoc pairwise comparisons were performed using Bonferroni’s method.

inferotemporal, superior, central, inferior, superonasal, nasal,
and inferonasal; Figure 1). It is worth noting that the principle
of CVI measurement is based on cross-sectional scanning
images; however, the instrument itself has an automatic
quantification function for the CVI. To better illustrate the CVI
results in different regions, we used en-face scanning images
for display, which is one of the advantages of using UWF
SS-OCTA. All image assessments were performed by two
experienced independent retinal specialists. Disagreements
regarding image interpretation were resolved by open adjudication.
Statistical Analysis All statistical analyses were performed
using SPSS software (version 25.0; IBM, Chicago, USA).
Continuous variables were compared using analysis of variance
for multiple group comparisons and Bonferroni’s method
for post-hoc pairwise comparisons when the parameters
followed a normal distribution. For parameters that did not
follow a normal distribution, the Kruskal-Wallis test was
used for multiple group comparisons and post hoc pairwise
comparisons. Categorical variables were compared using
the Chi-squared test. For the correlation of the CVI with the
SFCT and With MNV group, Spearman correlation analysis
was used. P-values of <0.05 were considered statistically

significant.

RESULTS

General Characteristics A total of 98 eyes with cCSC from
98 patients were included in this study. Among them, 46 eyes
of 46 patients were in the With MNV group (Figure 2), and 52
eyes of 52 patients were in Without MNV group (Figure 3). The
incidence of MNV in cCSC eyes was 43.10%. Forty eyes of
40 age-matched healthy subjects were included in the control
group. The demographic and clinical characteristics of the
patients were summarized in Table 1.

With MNV group were significantly older aged (56.2+6.1 vs
47.548.6, P<0.001), with worse visual acuity (0.38+0.18 logMAR
vs 0.29+£0.07 logMAR, P<0.001), longer duration (months) of
diseases (39.84£9.2 vs 15.1+4.5, P<0.001) and thinner SFCT
(298.22+79.42 vs 362.45+83.02 pm, P<0.001) than that of
the Without MNV group. There were no statistical differences
between the groups regarding the history of hypertension and AL.

All eyes with cCSC and 12 (30.0%) eyes in the control group
had a pachychoroid. In the With MNV group, 46 (95.7%)
eyes had type 1 MNV, and 2 (4.3%) eyes had type 2 MNV. No
PCV was observed in type 1 MNV in the With MNV group.
No differences in detection indices were found between the
two types of MNV; thus, they were assigned to the With MNV

group.
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Figure 2 Representative case of cCSC with MNV A 52-year-old man was diagnosed with cCSC with MNV in the right eye. Fundus photograph
shows serous retinal detachment in the central macula (A). OCT image shows subretinal neuroepithelial fluid, irregular RPE bulge, and PED
formation with SFCT of 420 um (B). FFA images in the middle (C) and late (D) stages show smoke-stack fluorescence leakage. In the middle
(E) and late (F) ICGA images, neovascular-like hyperfluorescence can be observed. OCTA images show CVI of 35% in the central region (G) and
choroidal neovascularization in the avascular layer of the retina (H). OCTA B-scan image shows blood flow signals in the PED (l). cCSC: Chronic
central serous chorioretinopathy; MNV: Macular neovascularization; OCT: Optical coherence tomography; RPE: Retinal pigment epithelium;
PED: Pigment epithelium detachment; SFCT: Subfoveal choroidal thickness; FFA: Fundus fluorescein angiography; ICGA: Indocyanine green
angiography; OCTA: Optical coherence tomography angiography; CVI: Choroidal vascular index.

Figure 3 Representative case of cCSC without MNV A 44-year-old man was diagnosed with chronic recurrent CSC in the left eye. Fundus
photograph shows serous retinal detachment in the central macula (A). OCT image shows a subretinal neuroepithelial fluid collection with
SFCT of 551 um (B). FFA images in the middle (C) and late (D) stages show smoke-stack fluorescence leakage. In the middle (E) and late (F)
ICGA images, multifocal areas of choroidal hyperpermeability are seen. OCTA image shows CVI of 43% in the central region (G). No MNV can
be observed on OCTA (H and ). cCSC: Chronic central serous chorioretinopathy; MNV: Macular neovascularization; OCT: Optical coherence
tomography; SFCT: Subfoveal choroidal thickness; FFA: Fundus fluorescein angiography; ICGA: Indocyanine green angiography; OCTA: Optical
coherence tomography angiography; CVI: Choroidal vascular index.
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Table 2 Comparisons of choroidal vascularity index in 9 subfields among cCSC with/without MNV and control eyes

%, meantSD

Subfields With MNV group Without MNV group Control group P P1 P2 P3

Superotemporal 34.74+3.96 36.50+4.01 33.18+4.41 0.001 0.086 0.417 0.001
Superior 35.85+3.41 37.31+3.70 32.13+5.34 <0.001° 0.194 0.005 <0.001
Superonasal 33.91+4.07 36.89+3.78 30.36+6.48 <0.001° 0.002 0.084 <0.001
Temporal 31.72+3.00 33.46+3.59 28.77+4.99 <0.001° 0.075 0.018 <0.001
Central 35.63+3.33 37.37+2.07 32.67+5.00 <0.001° 0.011 0.016 <0.001
Nasal 31.61+5.34 34.54+3.82 27.31+7.99 <0.001° 0.011 0.054 <0.001
Inferotemporal 30.85+4.98 34.07+2.97 28.77+5.82 <0.001° 0.006 0.074 <0.001
Inferior 32.67+5.53 36.33+4.30 29.21+6.45 <0.001° 0.004 0.047 <0.001
Inferonasal 26.24+5.83 31.89+5.50 21.26+7.39 <0.001° 0.000 0.028 <0.001
Average 32.43+3.02 34.78+3.06 29.33+4.94 <0.001° 0.003 0.028 <0.001

cCSC: Chronic central serous chorioretinopathy; MNV: Macular neovascularization; SD: Standard deviation. *Kruskal-Wallis test; Post hoc

pairwise comparisons were performed using Kruskal-Wallis test for parameters with nonnormal distribution. P1: With MNV group vs without

MNV group; P2: With MNV group vs control group; P3: Without MNV group vs control group.

Table 3 Correlation of CVI of the central region with SFCT and with MNV group

Groups CVI SFCT r P

All subjects (n=139) 35.47+3.97 309.11+85.37 0.657 <0.001
With MNV group (n=46) 35.63%3.33 302.07+78.36 0.625 <0.001
Without MNV group (n=52) 37.37+2.07 353.28+77.64 0.245 0.047
Control group (n=40) 32.67+5.00 256.26+71.34 0.839 <0.001
With MNV group (Without MNV group=0, With MNV group=1) - - -0.310 <0.001

CVI: Choroidal vascularity index; SFCT: Subfoveal choroidal thickness; MNV: Macular neovascularization.

Comparison of CVI Among Groups Table 2 summarized the
comparisons of the CVI in the With MNYV, Without MNV, and
control groups. The With MNV group showed significantly
higher CVI values than the control group for all 9 subfields
(all P<0.05). The CVI was significantly lower in the With
MNV group than in the Without MNV group, except in the
superotemporal, superior, and temporal regions (all P<0.05).
However, in the superior, temporal, central, inferior, and
inferior nasal regions, the CVI in With MNV group remained
higher than that in the control group (all P<0.05). Among the
9 subfields in the 3 groups, the CVI was relatively lower in the
inferonasal region.

Furthermore, the CVI (%) of the central region in With
MNYV, Without MNV, and control groups were 35.63+3.33,
37.3742.07, and 32.67+5.00 (P<0.001; Table 2). The CVI in
the Without MNV group was approximately 14.4% higher
than that in the control group, and that in the With MNV
group was approximately 4.7% lower than that in the Without
MNV group. However, the CVI of the With MNV group was
approximately 9.1% higher than that of the control group.
Correlation of CVI of the Central Region with SFCT
and With MNV Group Table 3 represented the correlation
between the CVI of the central region and the SFCT and With
MNV group. The CVI of the central region was significantly
correlated with the SFCT in all subjects (=0.657, P<0.001),
With MNV (»=0.625, P<0.001), Without MNV (r=0.245,

P<0.001), and control groups (#=0.839, P<0.001). Further
analysis of the correlation between the CVI of the central
region and the With MNV groups (Without MNV group=0,
With MNV group=1) showed that the CVI in the central region
was related to the With MNV group (r=-0.310, P<0.001).
DISCUSSION

This retrospective study analyzed choroidal vascular
characteristics in 98 eyes with cCSC, and revealed significantly
lower CVI in ¢CSC eyes with MNV(With MNV group) than in
those without MNV (Without MNV group). Notably, structural
alterations extend beyond the subfoveal region, a finding that
not only corroborates but also substantially expands upon previous
small-scale studies. Crucially, our quantitative CVI measurements
provide compelling evidence for the pivotal role of choroidal
ischemia in MNV development secondary to cCSC.

The marked reduction in CVI in the With MNV group suggests
a direct association between diminished choroidal vascular
components and MNV pathogenesis. Of particular significance,
our study identified diffuse choroidal structural remodeling
in eyes with MNV, exceeding previously reported macular-
confined changes'"”. The implementation of 24 mmx20 mm
widefield imaging provided novel insights into pan-choroidal
alterations in cCSC with MNYV, offering a more comprehensive
perspective than conventional macular-focused assessments.
While these findings parallel the CVI reduction observed in
exudative AMDP'*? the ischemic etiology of cCSC with
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MNYV remains pathologically unverified and requires further
histopathological validation.

Our findings reinforce the “pachychoroid-driven pathogenesis”
hypothesis in cCSC with MNV eyes. As a key component
of the pachychoroid disease spectrum, cCSC manifests
pathological hallmarks, including outer choroidal vascular
dilation with concomitant capillary layer atrophy™'. Chronic
ischemia resulting from such structural derangements may
trigger compensatory neovascularization”. The observed
pan-choroidal CVI reduction not only substantiates choroidal
hypoperfusion, but also implies that vascular alterations may
precede MNV formation and perpetuate disease progression.
This mechanism complements Bruch’s membrane rupture
theory, wherein prolonged RPE detachment and subretinal
fluid accumulation synergistically promote MNV through
mechanical barrier disruption and hypoxic microenvironmental
changes™ %

Notably, while all cCSC groups exhibited elevated CVI
compared with healthy controls, reflecting inherent choroidal
venous stasis and vascular dilation™ ' and the With MNV
group demonstrated significantly lower CVI than the Without
MNYV group. This suggests that MNV-associated vascular
remodeling exacerbates pathological changes, though it is
insufficient to fully counteract primary choroidal dilatation in
the central regions. Furthermore, CVI’s superior clinical utility
of CVI over SFCT is evident through its strong MNV correlation

and reduced susceptibility to confounding factors®™*"

, making it
a promising biomarker for cCSC-MNV assessment.

Our study has some limitations. The single-center retrospective
design and modest sample size may have limited the
generalizability of the results. This cross-sectional nature
precludes the determination of temporal relationships between
CVI changes and MNV formation. Future multicenter
longitudinal studies should investigate: 1) dynamic CVI
evolution during cCSC-to-MNV progression, 2) CVI response
patterns post-MNYV treatment, 3) regional CVI gradient
characteristics. Such investigations could establish CVI’s
prognostic value of the CVI in clinical practice.

In conclusion, through wide-field quantitative choroidal
analysis, this study demonstratesd extensive extramacular
CVI reduction in cCSC-MNV eyes, providing critical imaging
evidence for the central role of choroidal ischemia in MNV
pathogenesis. These findings advance our understanding of the
pachychoroid disease mechanisms and highlight the potential
of CVI as a novel biomarker for early MNV detection.
ACKNOWLEDGEMENTS

Foundations: Supported by General Program of National
Natural Science Foundation of China (No0.82471110);
National Key Research and Development Program of China
(N0.2022YFC2502805); Postdoctoral Foundation of General

858

Hospital of Central Theater Command (No.20210517KY04).

Conflicts of Interest: Zhang XG, None; Deng ZD, None;

Hui YN, None; Huang Z, None; Ye Y, None; Yan M, None;

Song YP, None.

REFERENCES

1 Feenstra HMA, van Dijk EHC, Cheung CMG, et al. Central serous
chorioretinopathy: an evidence-based treatment guideline. Prog Retin
Eye Res 2024;101:101236.

2 Wong WM, Sun W, Vyas C, et al. Analysis of the pachychoroid
phenotype in an Asian population: methodology and baseline study
population characteristics. Br J Ophthalmol 2023;107(5):698-704.

3 Warrow DJ, Hoang QV, Freund KB. Pachychoroid pigment
epitheliopathy. Retina 2013;33(8):1659-1672.

4 Siedlecki J, Schworm B, Priglinger SG. The pachychoroid disease
spectrum-and the need for a uniform classification system. Ophthalmol

Retina 2019;3(12):1013-1015.

5 Hua R, Duan JN, Zhang MX. Pachychoroid spectrum disease:
underlying pathology, classification, and phenotypes. Curr Eye Res
2021;46(10):1437-1448.

6 Caplash S, Surakiatchanukul T, Arora S, ef al. Multimodal imaging
based predictors for the development of choroidal neovascularization
in patients with central serous chorioretinopathy. J Clin Med
2023;12(5):20609.

7 Shiragami C, Takasago Y, Osaka R, et al. Clinical features of central
serous chorioretinopathy with type 1 choroidal neovascularization. Am
J Ophthalmol 2018;193:80-86.

8 Savastano MC, Rispoli M, Lumbroso B. The incidence of
neovascularization in central serous chorioretinopathy by optical
coherence tomography angiography. Retina 2021;41(2):302-308.

9 Kaye R, Chandra S, Sheth J, ef al. Central serous chorioretinopathy: an
update on risk factors, pathophysiology and imaging modalities. Prog
Retin Eye Res 2020;79:100865.

10 Guo JL, Tang WY, Liu W, et al. Clinical features of flat irregular
pigment epithelial detachment associated with choroidal
neovascularization in chronic central serous chorioretinopathy. Retina
2021;41(1):199-207.

11 Spaide RF. The ambiguity of pachychoroid. Retina 2021;41(2):231-237.

12 Zhang XG, Yan M, Huang Z, et al. Quantitative assessment of
choroidal parameters in type 1 macular neovascularization linked to
central serous chorioretinopathy and neovascular age-related macular
degeneration. Photodiagnosis Photodyn Ther 2024;49:104324.

13 Kim RY, Chung DH, Kim M, et al. Use of choroidal vascularity index
for choroidal structural evaluation in central serous chorioretinopathy
with choroidal neovascularization. Retina 2020;40(7):1395-1402.

14 Betzler BK, Ding JB, Wei X, et al. Choroidal vascularity index:
a step towards software as a medical device. Br J Ophthalmol
2022;106(2):149-155.

15 Agrawal R, Gupta P, Tan KA, et al. Choroidal vascularity index as a
measure of vascular status of the choroid: Measurements in healthy

eyes from a population-based study. Sci Rep 2016;6:21090.



Int J Ophthalmol, Vol. 18, No.S5S, May 18, 2025
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

16 Zeng QZ, Luo L, Yao YO, et al. Three-dimensional choroidal
vascularity index in central serous chorioretinopathy using ultra-
widefield swept-source optical coherence tomography angiography.
Front Med (Lausanne) 2022;9:967369.

17 Kaye RA, Peto T, Hogg R, et al. Choroidal vascularity in chronic
central serous chorioretinopathy and its association with risk single-
nucleotide polymorphisms. Retina 2024;44(5):837-843.

18 Agrawal R, Chhablani J, Tan KA, et al. Choroidal vascularity index in
central serous chorioretinopathy. Retina 2016;36(9):1646-1651.

19 Yang JY, Zhang BL, Wang EQ, et al. Ultra-wide field swept-
source optical coherence tomography angiography in patients with
diabetes without clinically detectable retinopathy. BMC Ophthalmol
2021;21(1):192.

20 Niederleithner M, de Sisternes L, Stino H, et al. Ultra-widefield OCT
angiography. /EEE Trans Med Imaging 2023;42(4):1009-1020.

21 Koh LHL, Agrawal R, Khandelwal N, et al/. Choroidal vascular
changes in age-related macular degeneration. Acta Ophthalmol
2017;95(7):¢597-¢601.

22 Wei X, Ting DSW, Ng WY, et al. Choroidal vascularity index: a
novel optical coherence tomography based parameter in patients with
exudative age-related macular degeneration. Retina 2017;37(6):
1120-1125.

23 B Brown R, Mohan S, Chhablani J. Pachychoroid spectrum disorders:
an updated review. J Ophthalmic Vis Res 2023;18(2):212-229.

24 Cennamo G, Comune C, Mirra F, et al. Choriocapillary vascular

density in central serous chorioretinopathy complicated by choroidal

neovascularization. Photodiagnosis Photodyn Ther 2020;29:101604.

25 Loo RH, Scott IU, Flynn HW Jr, ef al. Factors associated with reduced
visual acuity during long-term follow-up of patients with idiopathic
central serous chorioretinopathy. Retina 2002;22(1):19-24.

26 Fung AT, Yannuzzi LA, Freund KB. Type | (sub-retinal pigment
epithelial) neovascularization in central serous chorioretinopathy
masquerading as neovascular age-related macular degeneration. Retina
2012;32(9):1829-1837.

27 Zarnegar A, Ong J, Matsyaraja T, ef al. Pathomechanisms in central
serous chorioretinopathy: a recent update. I/nt J Retina Vitreous
2023;9(1):3.

28 Kanda P, Gupta A, Gottlieb C, ef al. Pathophysiology of central serous
chorioretinopathy: a literature review with quality assessment. Eye
(Lond) 2022;36(5):941-962.

29 Spaide RF, Gemmy Cheung CM, Matsumoto H, ef al. Venous
overload choroidopathy: a hypothetical framework for central
serous chorioretinopathy and allied disorders. Prog Retin Eye Res
2022;86:100973.

30 Xia YH, Li XD, Zhang JQ, et al. Choroidal vascularity index in
different types of central serous chorioretinopathy: a meta-analysis.
PLoS One 2023;18(7):¢0289186.

31 Jhingan M, Cavichini M, Amador M, et al. Choroidal imaging
biomarkers to predict highly responsive and resistant cases
treated with standardized anti-vascular endothelial growth factor
regimen in neovascular age-related macular degeneration. Retina

2021;41(10):2115-2121.

859



