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Abstract

Introduction: To characterize the peripapillary choroidal vasculature in healthy 
individuals using the choroidal vascular index (CVI), a previously established more 
robust tool of measurement of choroidal vascularity than choroidal thickness. 
Methods: The peripapillary choroid in healthy individuals was analyzed using optical 
coherence tomography. OCT B-scan were analyzed using automated binarization, a 
previously established technique. This separates the choroidal layer into the stromal 
and vascular areas. Choroidal vascular index (CVI), the vascular area/total area, was 
computed for each image over the macula and the peripapillary area of the optic disc. 
Regression analysis and generalized estimating equation (GEE) were used to analyze 
various demographics, and CVI in the macula and each quadrant of the optic disc. 
Results: 58 eyes of 29 healthy individuals were included. Mean age was 42±17 years. 
Average CVI at the macula was 0.583. Average peripapillary CVI was 0.643 (nasal), 
0.598 (temporal), 0.621 (superior) and 0.623 (inferior). Regression analysis of variables 
demonstrated there was no significant relationship between the demographic variables 
and macular CVI. However, the analysis demonstrated age and CVI of the peripapillary 
area were significantly correlated. Further stratification revealed significantly higher 
CVI in the optic disc in subjects over 45.
Conclusion: Peripapillary CVI in all quadrants is higher than macular CVI in all age 
groups. CVI significantly increases after the age of 45 in the peripapillary area but not 
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macular area. This suggests that stromal area decline is greater than the decline of the 
luminal area in the choroid at the peripapillary area as age increases.

Key words: Choroid, Peripapillary, Vascularity, Optical Coherence Tomography, 
Optic disc

Introduction
Vascular supply to the eye is provided by 
the choroid. Consisting of blood vessels and 
connective tissue, the choroid, lies between 
the retina and the sclera. Disruptions in the 
integrity of the choroid have been implicated 
in many ocular pathologies. 

Optical Coherence Tomography (OCT) has 
been instrumental in studying choroidal health. 
Computation of the choroidal thickness (CT) 
has served as a marker of its vitality and 
used to study a host of ocular diseases central 
serous chorioretinopathy, age-related macular 
degeneration, glaucoma, and including the 
study of optic neuropathy and optic disc 
pathologies. (Stanga et al, 2003; Imamura et al, 
2009; Chung et al, 2011; Koizumi et al, 2011; 
Manjunath et al, 2011) Peripapillary choroidal 
vessels help supply blood to the surface nerve 
fiber layer and prelaminar part of the optic nerve 
head (ONH). (Hayreh, 1969) Peripapillary CT 
has been used to study primary open-angle 
glaucoma, branch retinal vein occlusions, 
preterm and full-term infants, high myopic 
patients, and even in systemic disease such as 
patients with Parkinson’s disease. (Pablo et 
al, 2017; Song et al, 2017; Kang et al, 2017; 
Fiess et al, 2016; Garcia-Martin et al, 2017; 
Abdolrahimzadeh et al, 2017)

However, CT is not a true standard for the 
vascular supply, since it comprises of the 
stromal and interstitial layer along with the 
blood vessels and capillaries. Recently, we 
reported choroidal vascularity index (CVI), a 
more robust tool to study the choroid, in various 
disease such as central serous chorioretinopathy, 
AMD, high myopia, and dystrophies. (Agrawal 
et al, 2016a; Ruiz-Medrano et al, 2017b) Using 

image binarization techniques the choroidal 
area can be divided into stromal and luminal 
areas. CVI is ratio of the luminal area to the 
total choroid area. Others have adopted this 
technique to study changes at the macula and 
fovea, discovering luminal area decreases with 
increasing age, while the stromal area remains 
stable in healthy individuals. (Agrawal et al, 
2016b; Agrawal et al, 2016a; Ruiz-Medrano 
et al, 2017b) However, none have used to 
characterize the choroid around the ONH. 

Assessment of the peripapillary choroidal 
vascularity may be beneficial in evaluating 
ONH blood supply. To further study such 
diseases around the optic disc with more 
accurate measurements of choroidal vascular 
integrity around the disc, we aim to study the 
peripapillary CVI in the healthy population and 
compare it with macular CVI.

Methods

Study Population
This was a cross-section, non-interventional 
study of healthy volunteers from January 2017 
to July 2017 at Smt. Kanuri Santhamma Centre 
for Vitreo Retinal Diseases at L.V. Prasad Eye 
Institute, Hyderabad. The study was approved 
by the Institutional Review Board of the 
Institute and all the methods adhered to the 
tenets of the Declaration of Helsinki.

Both males and females were included. Inclusion 
criteria were best-corrected visual acuity 
between 20/ 20 and 20/25, spherical equivalent 
(SE) between -3 diopters (D) and +1.5D, no 
systemic or ocular diseases (other than visually 
insignificant cataracts). Eyes with poor quality 
images, peripapillary atrophy, scans with 
invisible choroidal borders throughout, and 
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eyes with any history of any retinal diseases 
in the study or fellow eye or patients with any 
systemic diseases were not included. Eyes with 
SE beyond -3 D and +1.5 D were excluded. 
All patients underwent a comprehensive 
ophthalmology exam including demographic 
details, best-corrected visual acuity assessment 
using Snellen’s chart, intraocular pressure 
assessment using applanation tonometry and 
fundus examination. 

Imaging of the choroid was obtained via 
swept-source OCT scan using DRI-OCT 
“Triton” (Topcon Corporation, Tokyo, Japan).  
The Topcon SS-OCT uses a tunable laser as 
a light source to provide a 1050nm centered 
wavelength. The device reaches a scanning 
speed of 100 000 A-scans per second, yielding 
8 and 20 μm axial and transverse resolution in 
tissue, respectively. Two horizontal and vertical 
cross-sectional high definition, 9 mm long, 
scans were obtained at the fovea and center of 
the optic disc. All images were obtained from 
9 am to 12 pm reducing the effect of diurnal 
variation.   

Image Analysis
As reported previously by our group, choroidal 
stroma and vessel area analysis involved 
automated binarization of an OCT B-scan 
and automated segmentation of the binarized 
choroid layer using a previously validated 
algorithm. The automated binarization involved 
preprocessing, exponential and nonlinear 
enhancement, and thresholding. OCT images 
were denoised using the block-matching and 3D 
filtering technique. Thresholding and choroidal 
segmentation were obtained using a recent 
method proposed and implemented by previous 
literature, which reported reproducibility and 
reliability, for multiple studies. (Ruiz-Medrano 
et al, 2017b; Vupparaboina et al, 2015; Ruiz-
Medrano et al, 2017a) 

CVI was computed as the (vascular area/total 
area). It was computed over the macula and 

the peripapillary area (1mm rim) of the optic 
disc. The area posterior to the optic disc, which 
is devoid of choroidal tissue was manually 
removed from the scans passing through the 
scans, to remove any potential bias in CVI 
measurements. Peripapillary measurements 
were computed over the four quadrants: nasal, 
temporal, superior, and inferior quadrants, 
using vertical and horizontal scans through the 
disc. Analyzed images can be seen in figure 1 
and 2. 

Regression analysis was computed for various 
demographics, and CVI in the macula and each 
quadrant of the optic disc. Next, the data was 
stratified by age and analyzed. GEE was used 
for to compensate both eyes of patients in the 
study. 

Results
A total of 58 eyes of 29 patients with healthy 
eyes were included in the study. Average age 
of patients was 42 ± 17 years (range 11 to 67). 
Mean best-corrected visual acuity was 0.04 
± 0.09 logMAR (Snellen’s equivalent 20/20) 
and mean spherical equivalent of -0.22 ± 0.89.  
None of the eyes had any previous treatment for 
ocular disease. Average CVI at the macula was 
0.583. Average peripapillary CVI was 0.643 
(nasal), 0.598 (temporal), 0.621 (superior) and 
0.623 (inferior). 

Regression analysis of variables demonstrated 
age and CVI of the peripapillary area were 
significantly correlated. Interestingly there 
was no significant relationship between the 
demographic variables and macular CVI, or 
temporal quadrant CVI of the optic disc. In 
the nasal quadrant of the optic disc, there was 
a significant relationship between CVI and 
spherical equivalent. Nasal CVI had marginally 
significant relationship with sex, with females 
having lower CVI.  In the superior quadrant, 
there was a significant relationship between 
CVI and spherical equivalent, and lastly, in 
the inferior quadrant, there was a significant 
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relationship between visual acuity and CVI. 
Results are summarized in table 1.  

Considering age was significantly correlated 
with CVI, data was stratified by age. There 

Table 1: Regression analysis and associated demographics (p-value)
Age Sex Visual Acuity Spherical Equivalent

Macular CVI -0.413
(0.001)

-0.017
(0.900)

0.165
(0.215)

-0.212
(0.111)

Nasal CVI -0.525
(0.000)

-0.260
(0.049)

-0.145
(0.278)

-0.296
(0.024)

Temporal CVI -0.290
(0.027)

0.090
(0.500)

0.180
(0.177)

-0.199
(0.133)

Superior CVI -0.498
(0.000)

0.016
(0.907)

-0.069
(0.606)

-0.329
(0.012)

Inferior CVI -0.519
(0.000)

-0.099
(0.459)

-0.299
(0.023)

-0.157
(0.240)

Table 2: Comparison of choroidal vascularity as per age 
</= 45 years old >45 years old p-value

Number of Eyes 30 28
Male: female ratio 1: 1.1 1: 2.1 0.170
Macular CVI 0.574 0.593 0.088
Nasal CVI 0.6208 0.667 0.000
Temporal CVI 0.587 0.609 0.039
Superior CVI 0.601 0.642 0.000
Inferior CVI 0.602 0.645 0.003

was a statistically significantly higher CVI in 
all quadrants of the optic disc in subjects over 
45. Macular CVI was also higher but was not a 
statistically significant finding. (Table 2) 

Figure 1: Horiztonal OCT scans where the top image is the initial OCT scan, middle image shows 
segmentation, and bottom image represents analyzed segmented image. A. OCT through Macula 
B. OCT through Nasal Peripapillary C. OCT through Temporal Peripapillary D. OCT through 
Inferior Peripapillary E. OCT through Superior Peripapillary
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Figure 2 Vertical OCT scans where the top image is the initial OCT scan, middle image shows 
segmentation, and bottom image represents analyzed segmented image. A. OCT through Macula 
B. OCT through Nasal Peripapillary C. OCT through Temporal Peripapillary D. OCT through 
Inferior Peripapillary E. OCT through Superior Peripapillary

Discussion
It is vital to understand nature of the choroidal 
vasculature, especially around the ONH. 
Peripapillary choroidal vasculature supplies 
blood to the surface nerve fiber layer and 
prelaminar part of the ONH. (Hayreh, 1969) It 
is a metabolic activity, and vasculature viability 
have been studied using CT in diseases such 
as optic neuropathy, non-arteritic ischemic 
optic neuropathy, and glaucoma. Utilizing 
CVI, a novel robust measurement of choroidal 
vascularity, we report CVI around the ONH 
and macula for healthy individuals. 

Numerous studies measuring CT, have 
demonstrated decreasing CT with age both 
around the peripapillary and the macula. 
(Mundae et al, 2017; Huang et al, 2013; Ho 
et al, 2011; Tanabe et al, 2012; Erbagci et al, 
2015; Coskun et al, 2014; Tuncer et al, 2015) 
Aggarwal et al, has previously demonstrated 
CVI to be a more robust measurement than 
CT. (Ruiz-Medrano et al, 2017b) He showed 
macular CVI demonstrated less variability 
across age than macular CT. (Ruiz-Medrano 
et al, 2017b) Our study further confirms this 
since there is no significant difference between 
macular CVI in the age groups validating our 
findings.

Previously studies have shown decreasing CT 
with age, and no change with gender, refractive 
error, IOP, BP, axial length in the peripapillary 
area. (Huang et al, 2013) However, we 
found an increase in peripapillary CVI with 
age. Correlating our results with previous 
literature, we can conclude rate of stromal 
area decline is greater than the decline of 
luminal area in the choroid in the peripapillary 
area. This correlates with the histological and 
biochemical studies have shown decrease 
in protease inhibitor, fibrillary collagen, and 
the amount of interstitial components of the 
choroid as age increases. (Friedman et al, 1963; 
Kumar et al, 2014; Sohn et al, 2014) Another 
theory for increased CVI can be explained 
secondary to increased demand. Literature 
supports hypoxic microvasculature damages 
with increasing age, which occurs from free 
radical damage. This increase in CVI may be a 
compensatory mechanism increases blood flow 
in these areas. No studies in current literature 
have demonstrated increased choroidal flow 
with age around the peripapillary area. Further 
studies need to be done to elucidate why this 
phenomenon is observed and specifically why 
it is observed in the peripapillary area but not 
the macula.  
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Previous findings have also demonstrated 
peripapillary choroid thinning greatest in the 
inferior quadrant of the optic disc. (Erbagci et 
al, 2015; Tanabe et al, 2012; Ho et al, 2011; 
Huang et al, 2013) None of the prior literature 
has established why the inferior quadrant is 
the thinnest. The proposed theory stems from 
embryological development. The optic fissure 
is located on the inferior aspect optic cup and 
is the last area of the globe to close, and hence 
may be thinner. (Ho et al, 2011; Tanabe et al, 
2012) However, this is not a sound theory as 
there are dissimilarities between the inferior 
CT and RNFL layer. We have shown CVI is 
lowest in the temporal quadrant, and not in the 
inferior quadrant. This suggests that the thin 
inferior CT seen in previous literature likely 
stems from a decrease in the stromal layer, 
and not the vascular area. Thus, perfusion at 
the inferior quadrant may still be adequately 
retained. We found temporal quadrant CVI 
to be the lowest, which could be due to the 
watershed supply of vasculature in the temporal 
quadrant. (Takahashi et al, 1996) Hence, these 
small peripheral distal capillaries may be 
contributing to the lower CVI. However, more 
studies need to be done to confirm this result. 

Some other limitations to study must be noted. 
Our study is limited to healthy eyes, can hence 
findings cannot be extrapolated any specific 
pathologies. The study was not controlled for 
any variables such as intraocular pressure, 
corneal thickness, that are subject to diurnal 
variation. However, the study included healthy 
subjects that had normal blood pressures 
and ocular pressures. Thus, these variables 
were not controlled for in our study and may 
have an effect on perfusion. Lastly, our study 
revealed CVI to be significantly greater after 
age 45; however, our sample size is limited and 
not uniformly distributed among each decade 
limiting our stratification amongst different 
ages. Further studies need to be to validate and 
expand results. 

Overall, our study reveals, CVI significantly 
increases after the age of 45 in the peripapillary 
area but not macular area in normal healthy 
subjects. Peripapillary CVI is higher in all 
quadrants than macular CVI in all age groups. 
Consider physiological changes, and previous 
literature this suggests that stromal area decline 
is greater than the decline of luminal area as 
age increases in the peripapillary choroid.
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