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[Abstract] Objective To quantitatively analyze the retinal 

and choroidal vessel density in the macular region, the 

foveal avascular zone (FAZ) area, and other parameters in 

patients with untreated central serous chorioretinopathy 

(CSC) and polypoidal choroidal vasculopathy (PCV) using 

optical coherence tomography angiography. Correlations 

with retinal and choroidal thickness were also examined.  

Methods In this cross-sectional study, 20 eyes of  20 

patients with untreated CSC, 16 eyes of  16 patients with 

untreated PCV, and 19 eyes of  19 healthy people were 

enrolled from January 2018 to June 2021 in Shenzhen Aier 

Eye Hospital Affiliated to Jinan University. In all subjects, 

6 mm×6 mm Optovue optical coherence tomography 

angiography scanning was carried out. The superficial 

retinal vessel density (SRVD), deep retinal vessel density 

(DRVD), outer retinal vessel density (ORVD), choroidal 

capillary vessel density (CCVD), FAZ area, FAZ perimeter, 

and vessel density in a 300-μm-wide annular region around 

the FAZ were measured by Optovue ReVue software. 

Pearson linear correlation analysis was used to evaluate the 

correlations among CFT, SFCT, retinal and choroidal 

vessel density, and FAZ-related parameters in CSC and 

PCV eyes. This study adhered to the Declaration of  

Helsinki. The protocol was approved by the Ethics 

Committee of  Shenzhen Aier Eye Hospital Affiliated to 

Jinan University (No. AIERKY6236-1). Written informed 

consent was obtained before each subject was entered into 

the study groups.  

Results There were significant differences in the foveal, 

parafoveal, and perifoveal SRVD among the three groups 

(F=6.344, 9.006, 5.617; all P<0.01). Compared with the 

healthy control group, the foveal, parafoveal, and 

perifoveal SRVD in the CSC group, as well as the foveal 

SRVD in the PCV group, were significantly higher (all 

P<0.01). Compared with the CSC group, the parafoveal 

and perifoveal SRVD were significantly lower in the PCV 

group (both P<0.01). There were significant differences in 

the parafoveal DRVD among the three groups (F=3.383, 

P<0.05). Compared with the healthy control group, the 

parafoveal DRVD of  the CSC and PCV groups was higher 

(both at P<0.05). There were significant differences in the 

ORVD and CCVD among the three groups (F=16.931, 

19.412; both P<0.001). Compared with the healthy control 

group, the ORVD and CCVD in the CSC group, and the 

CCVD in the PCV group, were significantly lower (all 

P<0.001). Compared with the PVC group, the ORVD was 

significantly lower in the CSC group (P<0.001). The CFT 

significantly differed among the three groups (F=20.495, 

P<0.001). Compared with the healthy control and PCV 

groups, the CFT was significantly higher in the CSC group 

(both P<0.001). There was no statistically significant 

difference in SFCT, FAZ area, FAZ perimeter, and vessel 

density of  the 300-μm-wide annular region around the 

FAZ among the three groups (F=1.083, 0.906, 0.819, 

1.530; all P>0.05). Parafoveal DRVD and ORVD were 

negatively correlated with CFT in the CSC group 

(r=-0.555, -0.516; both P<0.05), and ORVD and CFT 

were negatively correlated in the PCV group (r=-0.585, 

P<0.05). There were no statistically significant correlations 

between retinal and choroidal vessel density (SRVD, 

DRVD, ORVD, and CCVD), FAZ parameters (FAZ area, 

FAZ perimeter, and vessel density of  the 

300-μm-wideannular region around the FAZ), and SFCT 

in the three groups (all P>0.05).  

Conclusions Superficial capillary hyperemia in the 

macular fovea and choroidal capillary atrophy may be the 

common pathogenesis in the early stages of  CSC and PCV. 

The outer retinal vessel density is the main influencing 

factor of  CFT changes in these two diseases. 
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Hypertrophic choroidal disease is a spectrum of  

diseases characterized by choroidal thickening and choroidal 

vasodilation. It is accompanied by various degrees of  

atrophy of  the choroidal capillary layer, retinal pigment 

epithelium dysfunction, and choroidal neovascularization, 

and includes central serous chorioretinopathy (CSC) and 

polypoid choroidal vascular disease (PCV). These diseases 

are thought to have a common pathogenesis. Intraocular 

pressure, local choroidal osmotic pressure, choroidal venous 

pressure, number and size of  choroidal capillary windowing 

deformities, abnormal function of  the choroidal 

capillary-vitreous membrane-retinal pigment epithelial 

complex, uveoscleral shunt, and other factors may interact 

with each other, leading to the occurrence and development 

of  the disease 1-10. The specific relationship between PCV 

and CSC has attracted increasing research attention 11-14. 

Similar choroidal vascular changes in eyes with PCV and 

CSC suggest a potential relationship between them. Optical 

coherence tomography angiography (OCTA) can not only 

objectively measure the vessel density of  the retina, choroid, 

and foveal avascular zone (FAZ) area of  the macular fovea, 

allowing the quantitative analysis of  related indicators 15, but 

also clearly displays the abnormal branching vascular 

network and polypoid lesions in PCV. Previous studies have 

shown that changes in vessel density and the FAZ are related 

to the course and prognosis of  some retinal diseases 16-23. 

Exploring the retinal choroidal vascular abnormalities of  

CSC and PCV is of  great importance in revealing their 

pathological mechanisms and the relationship between them. 

To date, changes in the retinal choroidal hemodynamics of  

CSC and PCV have not been fully clarified, and there are still 

few relevant studies. The purpose of  this study was to 

analyze the changes in retinal choroidal vessel density in the 

macular of  patients with untreated monocular PCV and 

monocular CSC, and to explore their relationship with 

retinal thickness and choroidal thickness, in order to 

determine the correlation between the pathogenesis of  CSC 

and PCV. 

1 Materials and methods 

1.1 General information 

This cross-sectional study included 20 patients (20 eyes) with 

untreated monocular CSC and 16 patients (16 eyes) with 

monocular PCV patients diagnosed at Shenzhen Aier Eye 

Hospital affiliated to Jinan University between January 2018 

and June 2021. At the same time, 19 eyes of  19 healthy 

controls were also analyzed. Comparison of  baseline 

characteristics among the three groups is shown in Table 1. 

CSC diagnosis was based on multimodal imaging findings 24 

and PCV diagnosis was based on EVEREST-2 research 25. 

Inclusion criteria for patients with CSC and PCV were as 

follows: (1) CSC or PCV confirmed by fluorescein fundus 

angiography, indocyanine green angiography, (ICGA) and 

OCT, (2) monocular disease, and (3) disease within 1 month 

of  onset. Exclusion criteria for CSC and PCV patients 

comprised: (1) patient had received retinal interventional 

therapy, such as retinal laser photocoagulation, 

photodynamic therapy, glucocorticoid injection, or 

anti-vascular endothelial growth factor vitreous injection, etc., 

(2) occurrence of  other eye diseases that may affect retinal 

and choroidal blood flow or vessel density measurement, 

including age-related macular degeneration, diabetic 

retinopathy, premacular membrane, high myopia 

(diopter >-6.0 D or axial length >26 mm), glaucoma, 

moderate or severe cataract, retinal detachment, or uveitis, 

etc., (3) previous history of  vitreoretinal surgery, (4) 

choroidal neovascularization or cystoid macular degeneration 

secondary to other causes, (5) poor quality of  OCTA images, 

such as PCV with interlamellar hemorrhage leading to local 

signal shadow, (6) diagnosed with systemic diseases that may 

affect fundus blood flow, such as diabetes, severe 

hypertension, and nephropathy, etc., and (7) poor patient 

condition rendering them unable to complete the 

examination. Inclusion criteria for healthy controls were as 

follows: (1) matched with age and sex in the CSC and PCV 

groups and (2) eye diseases excluded after systematic 

examination. Exclusion criteria for healthy controls 

comprised: (1) systemic diseases such as diabetes and 

hypertension, and (2) patient could not complete the 

examination. This study followed the Declaration of  

Helsinki and was approved by the Ethics Committee of  

Shenzhen Aier Eye Hospital affiliated to Jinan University 

(approval number: AIERKY6236-1). All patients understood 

the purpose and methods of  the study, and voluntarily 

signed the informed consent form before being entered into 

the study groups. 

Table 1 Comparison of  demographics among the three 
groups 

Group Cases/N Age*(x±s, years) Sex# (M/F, n)

Healthy controls 19/19 45.16±11.87 a 6/13 
CSC  20/20 45.15± 9.07a 5/15 
PCV 16/16 58.69±13.14 3/13 

2/F  8.078 0.776 

P  0.001 0.632 
Note: Compared with the PCV group, aP<0.05 (*: one-way 

analysis of  variance, least significant difference test; #: 2 test) 
CSC: central serous chorioretinopathy; PCV: polypoidal choroidal 
vasculopathy; N: total number  

1.2 Methods 

1.2.1 Ophthalmic examination  

Standardized medical history collection was taken at the 

first visit for all patients. The frequency domain OCT 

(Cirrus HD-OCT 4000, Carl Zeiss Meditec, USA) was 

used to scan a 6 mm×6 mm macular area, and the 

cross-sectional and B-mode images were observed. On the 

same day, the Heidelberg laser confocal imaging system 

(Spectralis HRA, Heidelberg Engineering, Germany) was 

used for fluorescein fundus angiography and indocyanine 

green angiography to observe abnormal manifestations of  

macular lesions. 

1.2.2 Evaluating macular blood flow-related indexes 

using OCTA 

The OCTA examinations were performed by the same 
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control group. This suggests that choroidal ischemia may 

occur in the early stage of  these diseases, resulting in a 

compensatory increase of  retinal vessel density to supply 

sufficient oxygen and nutrition to the retina.  

A cross-sectional study by Luo et al. 26 used OCTA to 

evaluate changes in CCVD in the contralateral eyes of  38 

patients with early monocular PCV and 36 patients with 

early monocular wet age-related macular degeneration, and 

compared these with 36 healthy controls. There was no 

significant difference in capillary vessel density reported 

between the PCV and healthy control groups. In the 

OCTA study of  Roberta et al. 27, which included 40 eyes 

with CSC and 13 eyes of  healthy controls, the SRVD, 

DRVD, and CCVD of  the CSC group all showed 

attenuation of  vessel density signals. Martins et al. 28 used 

OCTA to study the early and middle stages of  age-related 

macular degeneration (30 eyes), PCV contralateral eye (7 

eyes), and PCV (10 eyes), compared with a healthy control 

group (44 eyes). They found that the SRVD and CCVD in 

the PCV group were significantly lower than in the healthy 

control group, but there was no significant difference in 

DRVD. Yuan et al. 29 reported a significantly higher SRVD, 

DRVD, and CCVD in a CSC group compared to a PCV 

group, but did not compare these with healthy controls. 

Guo Jingli et al. 30 found that the SRVD and DRVD of  a 

CSC group were significantly lower compared with a 

healthy control group. Yu et al. 31 reported that the SRVD 

and DRVD within a 3-mm area around the fovea in CSC 

eyes within 1 month of  onset were significantly lower than 

in healthy controls, and both SRVD and DRVD were 

positively correlated with best corrected visual acuity. Mao 

et al. 16 divided a CSC group into acute and chronic stages, 

and observed that the SRVD and DRVD of  CSC eyes in 

the acute stage did not change significantly compared with 

healthy controls.  

There has been relatively few studies investigating the 

retinal and choroidal vessel density in patients with PCV 

and CSC, and they have mostly involved a small sample 

size, with results varying among them. Therefore, 

verification is required by multicenter and large sample 

studies in the future. All patients with CSC enrolled in the 

present study were consistent with the manifestations of  

the acute exacerbation phase; however, the retinal and 

choroidal vascular abnormalities in the chronic phase were 

not studied. In addition, for patients in the PVC group 

with large polyps and high pigment epithelial detachment, 

the OCTA inbuilt software system would have been 

blocked by the suprachoroidal lesions and produced a 

black area (with no blood flow signals). Therefore, all cases 

with an obvious macular shadow, and whose black area 

was over a quarter of  the area analyzed were excluded. 

Furthermore, based on previous literature, the examining 

doctor manually adjusted the layer line until a relatively 

satisfactory CCVD analysis image was obtained 29-32. 

Moreover, previous studies have involved different 

descriptions of  SFCT changes in eyes with CSC and PCV. 

Yuan et al. 29 divided PCV into thick and thin choroid 

types. The proportion of  Haller’s layer thickness of  PCV 

and CSC was analyzed by binarization of  subfoveal 

choroidal cross section images from enhanced depth 

imaging (EDI)-OCT. The results showed that the 

thickness ratio of  Haller’s layer decreased from thick 

choroidal PCV to thin choroidal PCV and CSC. However, 

Imanaga et al. 33 observed 158 cases of  CSC and found 

that the SFCT of  CSC eyes with choroidal effusion was 

significantly thicker than in those without choroidal 

effusion. Venkatesh et al. 34 divided the SFCT-based data 

of 63 untreated PCV eyes in the EVEREST-2 study into 

three groups: thin, medium, and thick, and the 

demographics, clinical data, imaging features, and 

treatment results were analyzed and compared. Results 

showed that there was no significant difference in SFCT 

among the three groups, suggesting that the baseline 

choroid thickness of PCV eyes may vary widely. 

Ravenstijn et al. 35 found that SFCT in eyes with CSC with 

low myopia (diopter ≤-3.0 D) was significantly thinner 

than that in eyes with simple CSC.  

Zhang et al. 36 analyzed the SFCT of 446 eyes from 230 

healthy subjects to define the diagnostic value of the 

hypertrophic choroid. They found that there were 

significant differences in the distribution of hypertrophic 

choroid among different ages, indicating that age and 

diopter were independent influencing factors of SFCT. In 

the present study, the CFT of  the CSC and PCV groups 

was significantly thicker than that of  the healthy control 

group, but there was no significant difference in SFCT 

among the three groups. This may have been due to the 

small sample size and potential effect of  differences in the 

age distribution. Age grouping should be considered when 

analyzing the influencing factors of  SFCT measurements 

in eyes with CSC and PCV in the future. In addition, 

limited by the resolution of  the instrument, the error 

between multiple SFCT measurements is large, even 

multiple measurements to obtain the mean value do not 

reduce the measurement error. Therefore, EDI-OCT 

inspection equipment should be updated in the future to 

achieve more accurate measurements of  SFCT and 

increase the validity of  findings on related influencing 

factors. 

There have been relatively few studies investigating the 

correlation between retinal and choroidal vessel density, 

and FAZ-related parameters, measured by OCTA, and 

CFT and SFCT in eyes with CSC and PCV. Baek et al. 37 

found the SFCT was positively correlated with choroidal 

vessel density in eyes with CSC and PCV, and the 

existence of choroidal hypertrophic vessels was closely 

related to a thicker SFCT and increased choroidal vessel 

density. In the present study, there was a negative 

correlation between DRVD, ORVD, and CFT in the 

fovea area of the eyes with CSC, and a negative correlation 
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between ORVD and CFT in the eyes with PCV. The 

correlation between SFCT and the macular blood density 

of OCTA is not clear. Besides, simple CFT cannot reflect 

the degree of the lesion. In the future, quantifying the 

three-dimensional morphology of the lesion and 

calculating the proportion of the cross-sectional area of 

the lesion in EDI-OCT should be performed to 

comprehensively analyze the corresponding relationship 

between the lesion and vessel density. Moreover, Roberta 

et al. 27 reported six different morphological patterns in the 

choriocapillary layer and established more detailed 

grouping using newer OCTA equipment, which may be 

related to the different degrees of choroidal hyporeflection 

signals on OCTA images. Therefore, updating the 

inspection equipment can also further optimize the 

grouping, improve the SFCT measurement method, and 

reduce measurement errors. This will help to further 

clarify the correlation between OCTA-related 

measurement indicators and SFCT. 

This study has some limitations. Due to its small-sample 

sample, it was not possible to observe the changes of 

OCTA during follow-up, and multiple equipment 

measurement verifications for the results were lacking. In 

addition, blood lipids, liver and kidney functions, and 

other factors may affect the fundus blood flow. In the 

future, it is necessary to increase the sample size, as well as 

optimize the inclusion and exclusion criteria. Furthermore, 

it is necessary to expand on the research of Zhang et al. 36 

to further group patients with CSC and PCV, and healthy 

controls, based on different ages to achieve a more 

detailed stratification of  multiple factors. At the same time, 

further follow-up should be performed to observe the 

OCTA characteristics, vessel density, and SFCT changes 

of  eyes with CSC and PCV. 
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