
Photodiagnosis and Photodynamic Therapy 37 (2022) 102652

Available online 24 November 2021
1572-1000/© 2021 Elsevier B.V. All rights reserved.

Original article 

Factors effecting the choroidal vascularity index in children with mild to 
moderate myopia 
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A R T I C L E  I N F O   

Keywords: 
Binarization 
Choroidal area 
Choroidal vascularity index 
Myopia 
Pediatric population 
Optical Coherence Tomography 

A B S T R A C T   

Purpose:  To measure the choroidal structural parameters in a population of myopic children and determine the 
factors effecting the choroidal vascularity index (CVI). 
Methods: :In total, 200 eyes of 200 children (100 females, 100 males) with a mean age of 11.5 ± 1.6 years were 
included in the study. Macular imaging was performed using EDI mode of spectral domain-optical coherence 
tomography. Binarization of the choroidal area was performed with ImageJ software. Total choroidal area, 
luminal area (LA), stromal area (SA), and CVI were automatically calculated. 
Results:  The mean choroidal, stromal and luminal areas were measured as 0.952 ± 0.127 mm2, 0.626 ± 0.103 
mm2 and 0.325 ± 0.076 mm2, respectively. The mean CVI was 65.81% ± 6.56. Age and the axial length (AL) of 
the participants were not found to be associated with the LA and the CVI. (r=-0.078, p=0.274, r=0.017, 
p=0.808, and r=0,051, p=0.474 and r=-0.128, p=0.071, respectively). There was a statistically significant 
strong association between the LA and CVI measurements and SE of the participants (r=0.736, p=0.001, and r=- 
0.605; p=0.001). 
Conclusion:  Age and AL were not associated with the CVI, but SE was significantly associated with the CVI.   

1. Introduction 

Myopia is the most common refractive error that usually develops 
during childhood. The global prevalence has been reported to be as high 
as 80% in Asia and 22.9% in other parts of the world.[1–3] Therefore, it 
is critical to control the development and progression of myopia and 
investigate the underlying mechanisms of myopia that are not yet fully 
clarified .. 

In addition to nourishing the retina, the choroid has an essential role 
in the refraction of the eye through the modulation of its thickness as 
shown by Wallman et al.[4] Moreover, it delivers retinal signals to the 
sclera to affect ocular size that leads to refraction changes.[5] A number 
of studies have demonstrated subfoveal choroidal thinning in patients 
with varying degrees of myopia.[6–19] There were significant associa
tions between the choroidal thickness (CT) and age, refractive error, 
axial length (AL), and gender, in both adults and children.[9, 11, 14-19] 

In recent years, the choroidal vascularity index (CVI) has been of 
great interest for researchers as an objective marker of the choroidal 
vasculature. Previous imaging techniques were limited to a two- 
dimensional visualization of the choroid, and only large vessels could 

be quantified.[20–23] The enhanced-depth imaging (EDI) optical 
coherence tomography (OCT) enabled the visualization of 
three-dimensional choroidal vasculature with more clear 
images.[24–27] To date, only two studies evaluated the choroidal 
structure and its associations in myopic school-aged children with 
conflicting results.[28,29] 

In this study, our objective was to measure the choroidal structural 
parameters in a population of myopic children and determine the factors 
affecting the CVI. 

2. Materials and methods 

This prospective cross-sectional study included children recruited 
from the outpatient clinic of the Ophthalmology Department between 
February 2021 and June 2021. It was approved by the institutional re
view board and adhered to the tenets of the Declaration of Helsinki. A 
signed informed consent form was obtained from the parents of each 
participant. 

The inclusion criteria were; age between 10 and 15 years, low to 
moderate myopia (spherical equivalent (SE) refraction at least − 1.00 
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diopter (D) and diopter of spherical within − 0.50 D to − 5.50 D in 
either eye), myopic astigmatism ≤ − 1.50 D and anisometropia of less 
than 1.50 D. 

The exclusion criteria were as follows: best-corrected visual acuity 
(BCVA) < 20 / 25, high myopia; wearing contact lenses within 3 days of 
the examination, intraocular pressure (IOP) ≥ 21 mmHg, axial length 
(AL) ˂ 22 mm and > 26 mm, history of any systemic disease as diabetes 
or hypertension; any ophthalmic disease, history of intraocular surgery, 
use of anticholinergic and cholinergic drugs. 

Each participant underwent a complete ophthalmic examination, 
including measurement of BCVA, IOP using non-contact tonometry, 
refraction and AL, slit-lamp biomicroscopy and dilated fundoscopy. 

Macular imaging was performed using EDI mode of spectral domain- 
OCT (software version 6.3.3.0, Heidelberg Engineering Inc., Heidelberg, 
Germany). The OCT device contains a superluminescent diode with a 
wavelength of 870 nm and could obtain 40.000 scans per second. The 
axial and transverse resolutions are 7 and 14 µm, respectively. Two high- 
quality horizontal line scans are obtained through the fovea using a 1 ×
30-degree area. We averaged 100 scans for each section. The automatic 
real-time averaging mode that maximizes the signal-to-noise ratio was 
used to ensure high-quality images. In the EDI mode, the device moves 
closer to the patient to focus on the posterior part of the eye and observe 
the choroidal tissue more in detail. Eye tracking, EDI, and follow-up 
modes were enabled to reduce motion artifacts, enhance the visibility 
of the choroid and ensure a constant scanning area throughout all scans. 
Before recording the images, keratorefractive values of the subjects were 
entered into the software of the OCT device to estimate optical magni
fication. All OCT images were captured between 9:00 am and 12:00 pm 
under dim light conditions by the same technician after dilation of the 
pupils with topical 0.5% tropicamide. 

The examined choroidal area was determined for a large 3000-μm- 
width area. After recording of the EDI-SD OCT images, the best image 
was displayed on a computer screen and evaluated by the 2 masked 
ophthalmologists (ET and NA) independently. The OCT scans with a 
signal strength of at least six or above and good reliability were included 
in the analysis. Only one eye per subject was selected. When the 2 
ophthalmologists determined that the choroidal image was clearly 
distinguishable, the image was considered acceptable and used for the 
following analyses. 

The upper margin of the region of interest (ROI) was the RPE line and 
the lower margin was the chorioscleral border in the EDI-SD OCT im
ages. The nasal margin was the edge of the optic nerve head and the 
temporal margin was 3000 μm temporal from the edge of the optic nerve 
head. The distance was determined by the auto adjust function 
embedded in the OCT device. 

Binarization of the choroidal area was performed with ImageJ 
(Version 1.50a, National Institutes of Health, Bethesda, Maryland, USA; 
available at imagej.nih.gov/ij/). An ROI was selected and set by the ROI 
manager in the OCT image. Then, three choroidal vessels with lumens 
larger than 100 μm were randomly selected by the oval selection tool of 
the tool bar, and the average reflectivity of these areas was determined 
by the software. The average brightness was set as the minimum value to 
minimize the noise in the OCT image. Then, the image was converted to 
8 bits and adjusted by the auto local threshold of Niblack. The binarized 
image was reconverted to an RGB image, and the luminal area was 
determined using the threshold tool. After the data for the distance of 
each pixel were added, the total choroidal area, luminal area (LA), and 
stromal area (SA) were automatically calculated. The light pixels were 
defined as the stromal choroid or choroidal interstitial area and the dark 
pixels were defined as the luminal area. The CVI was calculated as the 
ratio between the LA and choroidal area. (Fig. 1) 

NCSS (Number Cruncher Statistical System) 2007 (Kaysville, Utah, 
USA) program was used for statistical analysis. Descriptive statistical 
methods (mean, standard deviation) were used when evaluating study 
data. The conformity of the quantitative data to the normal distribution 
was tested with the Shapiro-Wilk test and graphical examinations. 
Linear logistic regression analysis was used in multivariate evaluations. 
Agreement between intra-observer and inter-observer measurements 
were assessed using the intraclass correlation coefficient. Statistical 
significance was evaluated at the 0.05 level. 

3. Results 

In total, 200 eyes of 200 children (100 females, 100 males) with a 
mean age of 11.5 ± 1.6 years were included in the study. The mean total 
AL was 24.1 ± 1.08 mm (ranging from 22 to 26 mm) and the mean total 
SE was − 2.68 ± 1.48 D (ranging from − 0.50 D to − 5.50 D). The mean 
IOP was 13.61 ± 2.23 mmHg (ranging from 10 to 16 mmHg). 

The demographic and clinical characteristics of the participants are 
listed in Table 1. 

The mean choroidal, stromal and luminal areas were measured as 
0.952 ± 0.127 mm2, 0.626 ± 0.103 mm2 and 0.325 ± 0.076 mm2, 
respectively. The mean CVI was 65.81% ± 6.56. 

The LA was 0,31±0,08 mm2 in the female group and 0,34±0,07 mm2 

in the male group (p = 0,017). The CVI was significantly increased in 
female participants (0,67%±0,07) compared with male participants 

Fig. 1. Optical coherence tomographic images of choroid converted to binar
ization images. The area of interest of the choroid is demarcated (top). The 
image is converted to a binary image using ImageJ. The luminal area and the 
stromal area are visible (bottom). 

Table 1 
The demographic and clinical characteristics of the participants.  

Participants / Eyes (n) 200 / 200 

Age (years) (Range) 11.5 ± 1.6 (10-15) 
Female / Male 100 / 100 
Intraocular pressure (mmHg) (Range) 13.61 ± 2.23 (10-16) 
Axial length (mm) (Range) 24.1 ± 1.08 (22.0-26.0) 
Spherical equivalent (Range) − 2.68 ± 1.48 (− 0.50 to - 5.50)  
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(0,64% ± 0,06) (p = 0.001). 
The age and AL of the participants were not associated with the LA 

and the CVI. (r = - 0.078, p = 0.274, r = 0.017, p = 0.808, and r = 0,051, 
p = 0.474 and r = - 0.128, p = 0.071, respectively). 

There was a statistically significant strong association between the 
LA and CVI measurements and SE of the participants (r = 0.736, p =
0.001, and r= - 0.605; p = 0.001) (Figs. 2, 3). 

A multiple regression analysis was performed to determine the 

Fig. 2. There was a statistically significant strong association between the LA and SE of the participants (r=0.736, p=0.001).  

Fig. 3. There was a statistically significant strong association between the CVI and SE of the participants (r=-0.605; p=0.001).  
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effects of the gender, the CVI, the choroidal area, and the SE measure
ments on the LA. We found that the choroidal area and SE had a sig
nificant effect on the LA (Table 2). Gender did not have a significant 
effect on the LA (p>0,05). 

Backward regression analysis to determine the risk factors affecting 
the LA was statistically significant (F=8874,993; p=0.001; p<0.01). 
There was a relationship between the choroidal area and the CVI as the 
determinants of the LA. With these variables, the LA disclosure rate was 
98.9%, which was at a strong level. While choroidal area value increased 
the luminal area (β: 0.611); CVI, on the other hand, decreased the LA 
(β:-0.943). Gender was not found to be effective on the LA (p>0.05). 

A multiple regression analysis was performed to determine the ef
fects of the gender, SA, LA, and SE measurements on the CVI. As a result 

of the analysis, it was found that the SA, LA, and SE measurements had a 
significant effect on the CVI (Table 3). 

(Table 4) 
Backward regression analysis to determine the risk factors affecting 

CVI measurements was statistically significant (F=4080,582; p=0.001; 
p<0.01). There was a relationship with the SA, LA, and SE as the de
terminants of the CVI measurements. The CVI disclosure rate with these 
variables was 98.4%, which was at a strong level. The SA and SE values 
increased the CVI (β: 0.357; β:0.002, respectively), and the LA decreased 
the CVI (β:-0.657). Gender was not found to be effective on the CVI 
(p>0.05). 

When inter-observer reproducibility for all measurements between 
the 2 examiners was assessed, there was an excellent agreement. When 
the intra-observer repeatability was evaluated, all measurements were 
found to have high repeatability for both examiners. Repeatability and 
reproducibility of all measurements were shown in Table 2. 

4. Discussion 

The study demonstrated that the age and AL were not associated with 
the CVI in myopic children. There was a significant association between 
the CVI and SE of the participants. Gender did not reveal a significant 
effect on the CVI. 

Positioned between the sclera and the retina, the highly vascularized 
choroid is essential for maintaining normal vision and ocular function. 
Besides these primary roles, it is also thought to play a critical role in the 
mechanisms underlying the control of ocular growth and the develop
ment of refractive errors like myopia.[4,29] Although the exact mech
anisms of myopia development are unknown, growing evidence suggests 
that choroid may contribute to the myopic pathogenesis. 

Several studies have shown the characteristics of choroidal thickness 
(CT) changes and the associated factors in myopic children. Choroidal 
thickness reflects the total choroidal vasculature without any distinc
tions between the stromal and luminal vascular components. In 2013, 
Branchini et al. firstly devised an automated software to calculate the 
area of dark and light pixels corresponding to luminal and stromal areas 
of the choroid.[30] Later, Sonoda et al. and Agrawal et al. improved the 
method using the EDI-OCT scans.[31,32] In the recent years, the CVI 
defined as the ratio of LA to total choroidal area, has been used as one of 
the biomarkers to evaluate the vascular status of the choroid. Previous 
reports have suggested the role of the CVI in various disease entities 
including central serous chorioretinopathy, polypoidal choroidal vas
culopathy, panuveitis, Vogt-Koyanagi-Harada disease, and age-related 
macular degeneration.[33–37] 

Read et al. measured the CT in myopic and non-myopic children and 
found that the refractive error and age were significantly associated with 
the subfoveal CT, with the refractive error appearing to be the stronger 

Table 2 
Repeatability and reproducibility of all measurements.   

Cronbach’s 
Alpha 

Intraclass 
correlation 
coefficient 

95% CI 
Lower Upper 

Choroidal area  
Repeatability 

Examiner 1 
0.998 0.998 0.997 0.999 

Repeatability 
Examiner 2 

0.998 0.998 0.997 0.999 

Reproducibility 
Examiner 1 versus 
Examiner 2 

0.998 0.998 0.997 0.999 

Luminal area  
Repeatability 

Examiner 1 
0.997 0.997 0.995 0.998 

Repeatability 
Examiner 2 

0.998 0.998 0.997 0.999 

Reproducibility 
Examiner 1 versus 
Examiner 2 

0.998 9.998 0.997 0.999 

Stromal area  
Repeatability 

Examiner 1 
0.998 0.998 0.997 0.999 

Repeatability 
Examiner 2 

0.997 0.997 0.995 0.998 

Reproducibility 
Examiner 1 versus 
Examiner 2 

0.998 0.998 0.997 0.999 

Choroidal vascularity 
index  

Repeatability 
Examiner 1 

0.997 0.997 0.995 0.998 

Repeatability 
Examiner 2 

0.998 0.998 0.997 0.999 

Reproducibility 
Examiner 1 versus 
Examiner 2 

0.988 0.988 0.981 0.992  

Table 3 
Linear Regression Analysis of Risk Factors Affecting Luminal Area  

The dependent variable Independent variable ß T p F Model (p) R2 

Luminal Area Fixed 0,611 85,438 0,001** 8874,993 0,001 0,989 
Choroidal area 0,352 78,455 0,001** 
CVI -0,943 -108,209 0,001** 

**p<0,01  

Table 4 
Linear Regression Analysis of Risk Factors Affecting CVI  

The dependent variable Independent variable ß T p F Model (p) R2 

CVI Fixed 0,653 137,993 0,001** 4080,582 0,001 0,984 
Stromal area 0,357 55,020 0,001** 
Luminal area -0,657 -67,363 0,001** 
SE 0,002 3,128 0,002** 

**p<0,01  
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predictor.[11] In 3001 Chinese school children, aged 6 to 19 years, 
Xiong et al. reported a rapid thinning of the choroid among newly 
developed myopic patients.[17] The results showed that age was posi
tively related to CT for emmetropes and mild myopes greater than −
2.00 D. However, there was no significant relationship between age and 
the CT in children with spherical equivalent less than − 2.00 D. Jin et al. 
observed choroidal thinning during the myopic shift in 118 children 
aged 7 to 12 years.[19] Longer AL and central foveal choroidal thinning 
were associated with myopic shift, but AL increase was not significantly 
related to choroidal thinning. They suggested that lack of an association 
between AL and CT shows the presence of different mechanisms during 
the development of myopia, and decreased CT may not be a mechanical 
sequela of globe elongation. 

In 96 myopic children (57 girls and 39 boys) between 8 to 15 years, 
Li et al.[28] were the first to report the factors affecting the choroidal 
structural parameters obtained from the EDI-OCT images. The authors 
found an association between the LA and AL, and the SA and age. There 
was no significant association between SE and any choroidal parameter 
in their study. Wu et al. reported that, in pediatric anisomyopes, eyes 
with longer AL tend to have decreased choroidal vascularity and cho
riocapillaris perfusion than the contralateral eyes with shorter AL.[29] 
They included 70 children, 10 to 17 years old; 43 were boys and 27 were 
girls, and the mean age was 13.1 ± 1.9 years. 

In this study, we measured the choroidal structural parameters in 
200 myopic children (100 females, 100 males) with a mean age of 11.5 
± 1.6 years. According to the results, contrary to Li et al.[28], age and AL 
were not associated with the LA and the CVI, but SE was significantly 
associated with the LA and CVI. The disparity between the two studies 
may be due to the number of patients, age interval, and gender differ
ences, and should be clarified further. Although the exact mechanism of 
the choroidal changes according to the refractive status is not fully un
derstood in children, the results of our study suggest that refractive error 
of this age group seems to have a more prominent effect on the vascular 
structure of the choroid than age-related changes or axial elongation of 
the eye. 

The study had some limitations. It had a cross-sectional design, 
therefore longitudinal studies should investigate the factors affecting the 
choroidal structure further. In addition, choroidal blood flow was not 
measured in the study, therefore combining the technique with OCT- 
angiography may show more characteristics of the choroidal changes. 
Changes in choroidal vasculature in myopic children should also be 
evaluated in different age groups. The strength of our study is the 
evaluation of the associated factors affecting the choroidal structural 
parameters and the CVI in a large population of patients with mild to 
moderate myopia. 

The current study demonstrated the structural characteristics of the 
choroid and their associations in a substantial population of myopic 
children, which was different from the results of the previous studies. 
Further studies are needed to support the results of the current study and 
to elucidate the factors affecting the choroidal structural parameters in 
myopic children. 
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