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Purpose: To establish normative data on morphological characteristics and quantitative parameters of Foveal Avascular Zone (FAZ) 
as well as their systemic and ocular associations using OCT angiography (OCT-A) in healthy Nepalese subjects.
Patients and Methods: A prospective, cross-sectional, population-based study recruiting 210 healthy samples (420 eyes) aged 10 to 
70 years was conducted. All the samples underwent detailed comprehensive eye examination followed by Optical Coherence 
Tomography Angiography (OCTA) and Enhanced Depth Imaging performed in each eye using Spectral Domain Optical Coherence 
Tomography. Foveal avascular zone area and vessel density in superficial and deep retinal plexus and Sub foveal Choroidal Thickness 
(SFCT) were evaluated. Ocular and systemic associations of these parameters were also studied in a multivariate analysis utilizing 
linear regression.
Results: The mean superficial and deep FAZ area was 459.96 ± 124.75 μm (95% confidence interval [CI], 443.08–476.83) and 589.0 
± 141.39 μm (95% CL, 570.77–609.02), respectively. The vessel density in superficial capillary plexus was 54.03 ± 9.34% (95% CL, 
53.98–54.11) while the vessel density in deep capillary plexus was 25.91 ± 38% (95% CL, 25.85–25.96). The mean SFCT in this study 
was 308.89 ± 68.87μm (95% CL, 299.64–318.14 μm). There was no statistically significant inter-eye difference in the FAZ parameters. 
Myopic eyes had smaller FAZ, lesser vessel density and thinner SFCT. Association was observed between superficial FAZ area and 
systolic blood pressure, and deep FAZ area and diastolic blood pressure.
Conclusion: This study reports the normative data on FAZ parameters in healthy Nepalese subjects which can serve as references for 
interpreting these parameters in different retinal-choroidal diseases.
Keywords: choroidal thickness, EDI-OCT, foveal avascular zone, healthy eyes, OCT-angiography

Introduction
The foveal avascular zone (FAZ) and choroid of the eye are important structures highly involved in any pathological 
events of retina and choroid. FAZ is an avascular area of the central macula. Though large variations in shapes and size of 
FAZ have been described, irregularities of FAZ have been long established as an indicator of vascular changes in the 
retina. The irregularities may appear either in the form of enlargement of FAZ as seen in retinal ischemia like vascular 
obstruction,1 normal tension glaucoma,2 and diabetic retinopathy,3 or reduction of FAZ as seen in retinopathy of 
prematurity,4 or reduction in FAZ circularity as seen in glaucoma,2 and diabetic retinopathy.3 Abnormalities of FAZ 
also may appear in the form of vascular changes such as increased VDI as seen in retinal vascular occlusion,1 diabetic 
retinopathy,3 and decreased vessel density in glaucoma.2

Previously, invasive procedures like indocyanine green and fundus fluorescein angiography (FFA) were used to 
visualize choroido-retinal structures and vasculatures. Although quantitative analysis of FAZ can be done by FFA, it only 
allows visualization of superficial FAZ, with little to no information on inter-capillary plexus, deep FAZ and avascular 
component of FAZ. This led to the advent of OCTA which is a non-invasive, dye-less imaging technique that allows the 
visualization of retinal and choroidal microvasculature in vivo, providing a more in-depth evaluation of FAZ. OCTA is 
non-invasive and provides static volumetric angiographic information depicting a snapshot in time of blood flow. OCTA 
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provides highly detailed images of flow in the superficial retinal capillary plexus in addition to the intermediate and deep 
retinal capillary plexuses, the radial peripapillary network and choriocapillaris.

Despite being an important functional structure of the eye, whose pathologic changes lead to various sight- 
threatening conditions of the eye, very limited studies have been performed on FAZ. Information about the morphology 
of FAZ and its parameters, could be useful in many clinical situations for decision-making regarding diagnosis, 
management, and monitoring of disease progression. It is, therefore, imperative to have normative data for FAZ 
morphology and parameters. The main aim of this study was to establish a normative data on morphological character
istics of FAZ, particularly the area and vessel density in superficial and deep capillary plexus. To our knowledge, there is 
no published report on detailed FAZ parameters from Nepal. Measurement of FAZ parameters will establish a baseline 
for normative value in Nepalese population. This study also aimed to analyze the correlation FAZ parameters with 
ocular, demographic and systemic factors. Since, in Nepal understanding of the FAZ using non-invasive imaging 
techniques like OCTA and EDI has been limited, this study can be ventured as a benchmark for more studies on retinal- 
choroidal health.

Materials and Methods
A prospective, cross-sectional, population-based study including 210 (420 eyes) healthy Nepalese subjects aged 10–70 
years attending OPD of Nepal Eye Hospital from March 2022 to July 2022 was enrolled. The study was conducted 
following ethical approval by Institutional Review Board (IRB) of National Academy of Medical Sciences (NAMS) 
(Reference number: 148312078179). All the methods adhered to the tenets of The Declaration of Helsinki. Informed 
consent was obtained from the subjects and assent was obtained from all children below 16 years of age along with 
written consent from their guardians prior to their enrollment in the study. The inclusion criteria consisted of patients 
between the age range of 10 to 70 years without ocular pathology during present examination and no self-reported history 
of systemic pathology (affecting FAZ parameters and choroid), referred to as “healthy patients”. The exclusion criteria 
were: i) history of ocular trauma and surgery (except cataract surgery), ii) history of hypertension, diabetes, coagulo
pathies, iii) known Pregnancy, iv) amblyopia or poor fixation and v) history of AMD, PCV, CSR, VKH disease, or other 
conditions affecting FAZ and choroid.

All the enrolled samples underwent a detailed comprehensive medical eye examination which included a detailed 
medical and ophthalmic history of information on systemic disease, ocular trauma, and ocular surgery, followed by 
ocular imaging. Presenting Visual acuity (PVA) and best corrected visual acuity (BCVA) in each eye with LogMAR chart 
at 4 meter was measured; static retinoscopy was performed at 50 cm distance in moderately illuminated room light with 
streak retinoscope (BETA 200 LED Streak Retinoscope, Heine Optotechnik GmbH & Co. KG, Germany) and lens bar 
and the finding was recorded after deducting the working distance of +2.00 D; subjective refraction was carried out to 
find out the best correction which was determined by the optimal visual acuity improvement with the refractive 
correction; anterior segment examination was performed using slit-lamp biomicroscopy; funduscopy was performed 
using +90D condensing lens in undilated pupil; blood pressure (BP) was recorded in the right arm in sitting position after 
5 minutes of rest using a mercury sphygmomanometer; body weight was measured using standard weighing device; 
Intraocular Pressure (IOP) was measured using non-contact tonometry (NT-530/510 Non Contact Tonometer, Nidek Co., 
Ltd Japan) and axial length and Keratometry readings was measured using Optical Biometer (Nidek Inc., USA). OCT-A 
was performed for each eye using OCT Spectralis (Heidelberg Engineering, Germany). Data from OCT were corrected 
for the AL-related magnification using built-in software to take into account the FAZ area and Vascular Density 
measurement error due to image magnification. OCT-A images were analyzed and the findings were quantified using 
an automated image analysis technique by Image J software (version 1.51j8; National Institute of Health, Bethesda, 
MD).5 The border of the FAZ was manually measured in each patient using Image J software by two independent 
experienced graders (R.S and P.B). The inter-rater agreement for Image J measurement was summarized as intra-class 
correlation (ICC). FAZ area and vessel density in both the superficial capillary plexus (SCP) and deep capillary plexus 
(DCP) layers were separately evaluated. A 3 × 3-mm square was derived as a region of interest from an OCTA image. 
The 3 × 3-mm OCTA in SCP and DCP were binarized according to Niblack’s method with ImageJ (Figure 1). Measured 
FAZ parameters are illustrated in Figure 2.
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The EDI images were acquired using horizontal raster pattern scans, which were obtained via a 10 × 10-degree. From 
the EDI scan, the choroidal thickness was measured manually using the caliper tool at the foveal center from the outer 
portion of the hyper reflective line corresponding to the RPE to hypo reflective line or margin corresponding to the 
chorio-scleral junction (Figure 3). The retinal thickness in the nine Early Treatment Diabetic Retinopathy Study 
(ETDRS) subfields were analyzed by the Retinal Thickness map analysis protocol, but recording was made for the 
central field only as central retinal thickness (CRT). Refractive errors were determined by the spherical equivalent 
refraction (SER) calculated as sphere plus the half of the cylindrical error referred to as “mean spherical equivalent”. In 
accordance with international recommendations, myopia was defined as myopic refractive error when SER of ≤-0.50 D.6 

Figure 1 OCTA-Image Processing in Image-J. (A) Transverse image of superficial capillary plexus (SCP); (B) Binarized Image of SCP; (C) Ni-black thresholding for Binarized 
Image; (D) FAZ area (yellow line) in SCP; (E) FAZ area (yellow line) in deep capillary plexus (DCP).

Figure 2 FAZ parameters measurement in SCP: FAZ area (yellow line), maximum horizontal and vertical FAZ diameter (dashed black double headed arrow), maximum and 
minimum vessel to vessel intervening distance (red lines), and number of terminal vessels (sky blue asterisks).
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Refractive errors of ≥ +1.00 D were classified as hyperopia. Thus, emmetropia was defined as SER in the range −0.50 
D < SER < + 1.00 D. All the measurements were taken between 11 am and 1 pm to prevent the undue effect of diurnal 
variation.

All the statistical analysis was performed using SPSS Software (version 18).7 All the analyzed variables were 
reported as a mean ± standard deviation (mean ± SD). The significance of the study was evaluated by calculating the 
confidence limits of the observed rate with 95% confidence band. The significance of associations between analyzed 
variables and various factors was evaluated by the use of the Karl Pearson correlation coefficient (age, refractive error, 
axial length, etc), provided the relationship sought is roughly linear. Linear regression analysis and stepwise multiple 
regression analysis were conducted using FAZ parameters and SFCT as outcome variable and age, ocular factors 
(refractive error, keratometry, axial length, SFCT, central retinal thickness) and systemic factors (blood pressure, body 
weight, smoking history and quantity) and various demographic factors as predictors. p- value of less than 0.05 was 
considered statistically significant.

Results
Clinico-Demographic Features of Enrolled Subjects
Four hundred and twenty eyes of 210 healthy subjects (99 males and 111 females) were included in the study. The clinic- 
demographic features of enrolled subjects are shown in Table 1. The mean age of the enrolled subjects was 38.99 ± 17.24 
years (range 10 to 70 years; Male: 40.33 ± 17.24 years; Female: 37.79 ± 17.23 years). The patients were divided into 6 
cohorts based on age group at an equal interval of 10 years (10–20, 20–30 to 60–70). Each cohort consistent 35 patients.

Most of the enrolled participants were emmetropic (31.42%), followed by myopic (42.6%), and then hyperopic 
(25.98%). The distribution of the inter-eye refractive status of the eye was statistically insignificant (p = 0.798). The 
ocular characteristics of the enrolled subjects are shown in Table 1. There was a statistically significant inter eye- 
difference in terms of mean spherical error (t (209) = −2.252, p = 0.025) and mean average keratometry reading (t (209) 
= 5.132, p < 0.001). There was statistically insignificant inter-eye difference in terms of BCVA (t(209) = −0.289, p = 

Figure 3 Measurement of SFCT using EDI-OCT from hyper-reflective line corresponding to the RPE to hypo-reflective line or margin corresponding to the chorio-scleral 
junction using inbuilt caliper.
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0.773), mean IOP (t (209) = −1.301, p = 0.195), mean axial length (t (209) = −1.301, p = 0.193) and mean central 
retinal thickness (t(209) = 0.150, p = 0.881). The mean Subfoveal Choroidal Thickness in this study was 309.47 ± 
68.39 μm and 308.31 ± 69.36 μm (in right eye and left eye, respectively, with an average of 308.89 ± 68.87μm (95% 
CL, 299.64–318.14 μm)). The inter-eye difference of SFCT was statistically insignificant (t (209) = 0.520, p = 0.603).

Foveal Avascular Zone (FAZ) Parameters
Analysis of the images of both superficial and deep retinal plexus revealed that the configuration of both layers is 
different. In superficial retinal plexus, the border of the FAZ is well delineated, and vascular network distribution is 
coarse and related to retinal blood vessel distribution. Meanwhile, the border of FAZ in deep retinal plexus is indistinct 
with a fine and compact distribution of its vascular network.

The inter rater ICC for FAZ area and vascular density in superficial and deep plexus (average measure) was 0.689 
(good), 0.777 (excellent), 0.866 (excellent) and 0.695 (good), respectively, indicating overall good to excellent reliability 
as defined by Cichetti et al8 (less than 0.4-poor; 0.4 to 0.59 – fair; 0.60 to 0.74- good and 0.75 to 1.00 – excellent). The 
mean value of two independent observers was considered for analysis.

The FAZ parameters of enrolled subjects are shown in Table 2. The mean superficial and deep FAZ area was 459.96 ± 
124.75 μm2 (95% confidence interval [CI], 443.08–476.83) and 589.0 ± 141.39 μm2 (95% CL, 570.77–609.02), 
respectively. The vessel density in superficial capillary plexus was 54.03 ± 9.34% (95% CL, 53.98–54.11) while the 
vessel density in deep capillary plexus was 25.91 ± 38% (95% CL, 25.85–25.96). The most common FAZ pattern was 
vertical oval, followed by round shape and horizontal oval (Figure 4).

There was a statistically significant difference between inter-eye FAZ parameters in terms of Minimum vessel to 
vessel intervening distance (p = 0.018), Vertical Diameter of FAZ (p = 0.004), Horizontal Diameter of FAZ (p = 0.007), 
and area of FAZ in deep plexus (p = 0.003). There was no statistically significant difference between inter-eye FAZ 
parameters in terms of Vascular Density in Superficial Capillary plexus (SCP) (p = 0.605), Vascular Density in Deep 

Table 1 Clinico-Demographical Features of Enrolled Subjects

Characteristics Mean or Frequency

Age (Years) 38.99 ± 17.24 years

No of Eyes 420 eyes

Gender (Male/ Female) 99/111

Body Weight (kilograms) 55.12 ± 9.90

Systolic Blood Pressure (mm of Hg) 114.38 ± 43.16

Diastolic Blood Pressure (mm of Hg) 73.27 ± 9.98

Ocular Features Right Eye (Mean ± SD) Left Eye (Mean ± SD)

BCVA (LogMAR) 0.22 ± 0.72 (0.00 to 0.36) 0.23 ± 0.83 (0.00 to 0.60)

Spherical Equivalent (Diopters) −0.67 ± 1.42 (−11.50 to +3.00) −0.55 ± 1.60 (−11.25 to +5.50)

Intra-Ocular Pressure (mm of Hg) 14.21 ± 3.28 (8 to 22) 14.40 ± 3.10 (9 to 22)

Axial Length Measurement (mm) 23.42 ± 0.94 (21.48 to 28.04) 23.36 ± 0.90 (21.48 to 26.68)

Average Keratometry (mm) 7.74 ± 0.27 (7.11 to 8.30) 7.71 ± 0.28 (7.03 to 8.35)

Central Retinal Thickness (CRT) (μm) 248.92 ± 21.76 (213 to 252) 248.74 ± 19.19 (208 to 304)

Sub-Foveal Choroidal Thickness (SFCT) (μm) 309.47 ± 68.39 (192 to 417) 308.31 ± 69.36 (196 to 420)

Abbreviations: BCVA, Best Corrected Visual Acuity; CRT, Central Retinal Thickness; mm, millimeter; mm of Hg, millimeters of mercury; SD, Standard 
Deviation; SFCT, Sub-Foveal Choroidal Thickness; μm, microns.
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Capillary plexus (DCP) (p = 0.556). As the outcome variables as well as the independent variables in our study did not 
show statistically significant inter-eye difference in paired t-test in adjusted p-value for multiple testing, data from either 
eyes were randomly selected for further analysis There was a statistically significant difference between the horizontal 
and vertical diameter of FAZ (t (209)= 2.702, p = 0.007). There was a statistically significant difference between the 
superficial and deep FAZ area (t (209)= −12.83, p < 0.001). Vascular density in superficial capillary plexus correlated 

Table 2 FAZ Parameters of Enrolled Subjects

FAZ Parameters RE LE P- value

Number of terminal vessels in superficial capillary plexus (SCP) 7 to 11 7 to 11 N/A

Vascular density in superficial capillary plexus (SCP) (%) 54.03 ± 9.46 54.07 ± 9.23 0.605

Vascular density in deep capillary plexus(DCP) (%) 26.52 ± 5.23 25.29 ± 5.53 0.556

Maximum vessel to vessel intervening distance (μm) 680.38 ± 132.54 681.84 ± 133.94 0.895

Minimum vessel to vessel intervening distance (μm) 361.60 ± 105.83 341.46 ± 102.51 0.018*

Max horizontal diameter (superficial) (μm) 709.20 ± 127.09 733.10 ± 129.18 0.007**

Max vertical diameter (Superficial) (μm) 737.02 ± 131.85 721.27 ± 139.56 0.004**

Mean superficial FAZ area (μm2) 452.69 ± 123.76 467.23 ± 125.74 0.084

Mean deep FAZ area (μm2) 587.15 ± 144.75 590.85 ± 138.045 0.003**

Superficial/ deep FAZ area ratio 0.977 ± 0.26 0.995 ± 0.35 0.788

Note: *p-value <0.05; **p-value <0.01 (Paired t-test; p-value adjusted for multiple testing). 
Abbreviations: FAZ, Foveal Avascular Zone; DCP, Deep Capillary Plexus; LE, left eye; Max, Maximum; N/A, Not Applicable; RE, Right eye; SCP, 
Superficial Capillary Plexus; μm, microns; μm2, microns square; %, percentage.

Figure 4 Distribution of FAZ pattern in SCP of healthy Nepalese eyes.
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significantly with vascular density in deep capillary plexus (r = 0.498, p < 0.001). There was no statistically significant 
difference between genders in FAZ parameters.

FAZ Parameters and SFCT vs Age Group, and Refractive Status
The mean FAZ area in both superficial and deep capillary plexus demonstrated a positive correlation with age (Figure 5) 
(r = 0.184, p = 0.007 and r = 0.355, <0.001 respectively). Mean highest superficial FAZ area was observed in age group 
60–70 years (523.51 ± 93.10 μm2) and lowest in age group 10–20 years (431.77 ± 127.95 μm2) (Table 3). Mean highest 
deep FAZ area was observed in age group 60–70 years (634.16 ± 128.49 μm) and lowest in age group 10–20 years 
(595.88 ± 150.22μm2). There was a statistically significant negative correlation of vascular density with age in superficial 
FAZ (r = −0.142, p = 0.016). The mean vascular density in superficial capillary plexus was highest in age 10–20 years 
and least in age 60–70 years (62.15 ± 5.23 and 48.26± 8.26 respectively). In the stepwise line regression analysis, the 
superficial FAZ area was found to enlarge by 1.321 μm2 per year (p = 0.007); in each decade of life, approximately 13.21 
μm2 enlargement in superficial FAZ area was observed. Similarly, the vessel density in the superficial plexus was found 
to decrease approximately by 0.216% per year (p < 0.001). In each decade of life, approximately 2.16% reduction in 
superficial vessel density was observed.

Similarly, the highest SFCT was observed in age group 10–20 years (RE: 378.51 ± 24.87 μm and LE: 379.65 ± 25.36 μm) 
and lowest in age group 60–70 years (RE: 234.03 ± 20.03 μm and LE: 232.45 ± 21.92 μm) (Table 3). There was a statistically 
significant negative co-relation between age and SFCT (r = −0.776, p < 0.001). In the stepwise linear regression analysis, 

Figure 5 Scatter plot of FAZ area and vessel density in SCP and SFCT with age. (A) FAZ area in SCP vs age; (B) vessel density in SCP vs age; (C) SFCT vs age.
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SFCT was found to decrease by 3.077 μm per year (Figure 5). In each decade of life, approximately 30 μm choroidal thinning 
is observed.

There was a statistically significant correlation between refractive status and superficial FAZ area (p = 0.008,) deep 
FAZ area (p = 0.049) and vascular density in deep plexus (p = 0.007) (Table 3). Compared to emmetropia, the myopes 
had smaller superficial FAZ area and the hyperopes had larger superficial FAZ area (p = 0.008). Compared to 
emmetropia, the myopes had a lesser vessel density in deep plexus (p = 0.007). Besides that, SFCT was also thinner 
in the myopic eyes and thicker in the hyperopic eyes in comparison to the emmetropic eyes (p = 0.036).

Variation FAZ Parameters with Ocular and Systemic Parameters
There was no statistically significant correlation of FAZ area and vessel density with ocular parameters in terms of IOP, 
axial length, average K reading and central retinal thickness. Mean SFCT demonstrated a negative correlation with axial 
length (r = −0.34, p = 0.039) (Table 4).

The mean superficial FAZ area showed a positive correlation with mean systolic blood pressure (r = 0.137, p = 0.048), 
while the mean deep FAZ area showed a negative correlation with mean diastolic blood pressure (r = −0.200, p = 0.004). 
There was no significant correlation of vessel density with systemic parameters in terms of BP, Diastolic BP and Body 

Table 3 FAZ Parameters, Vessel Density and SFCT in Various Age Groups and Refractive Status

Groups Mean 
Superficial 
FAZ Area  
(in Microns)

Mean Deep FAZ 
Area (in Microns)

Vessel Density in 
Superficial Retinal Plexus 
(in %)

Vessel Density in Deep 
Retinal Plexus (in %)

SFCT  
(in Microns)

Age Groups

10–20 (N = 35) 

(15.54 ± 3.04)

431.77 ± 127.95 595.88 ± 150.22 62.15 ± 5.23 33.26 ± 5.33 378.51 ± 24.87

20–30 (N = 35) 
(22.68 ± 2.45)

446.89 ± 123.53 596.31 ± 142 60.58 ±7.56 28.12 ± 6.25 350.43 ± 27.05

30–40 (N = 35) 
(33.49 ± 2.63)

456.91 ± 135.35 606.37 ± 106.44 59.56 ±9.81 26.66 ± 5.66 324.06 ± 28.76

40–50 (N = 35) 
(44.34 ± 2.77)

473.78 ± 121.23 623.85 ± 129.37 55.98 ± 6.32 23.63 ± 5.63 313 ± 15.57

50–60 (N = 35) 
(54.34 ± 2.42)

486.15 ± 115.81 624.85 ± 95.84 53.15± 6.23 19.56 ± 4.88 276.05 ± 24.84

60–70 (N = 35) 
(64.82 ± 2.67)

523.51 ± 93.10 634.16 ±128.49 48.26± 8.26 16.26 ± 4.23 234.03 ± 20.03

P-value p = 0.007** p <0.01** p = 0.016* p = 0.331 p = <0.01**

Refractive Status

Emmetropic 

eyes

453.92 ± 114.60 650.60 ± 107.84 58.89 ± 8.26 27.34 ± 4.51 315.78 ± 51.37

Myopic eyes 399.07 ± 123.49 457.19 ± 109.85 59.53 ± 6.23 21.66 ± 6.46 291.28 ± 64.79

Hyperopic eyes 505.09 ± 125.74 660.71 ± 102.93 56.95 ± 8.19 26.38 ± 4.75 322.94 ± 56.51

P-value p = 0.008** p = 0.049* p = 0.149 p = 0.007** p= 0.036*

Note: *p-value <0.05; **p-value <0.01 (p-value adjusted for multiple testing). 
Abbreviations: FAZ, Foveal Avascular Zone; N, number of cohort; SFCT, Sub-foveal choroidal Thickness; %, percentage.
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Weight. There was a statistically significant negative correlation of SFCT with body weight (r = −0.417, p < 0.001) 
(Table 4).

Correlation of FAZ Parameters with SFCT and CRT
There was a statistically significant negative correlation of the superficial FAZ with SFCT (r = −0.205, p = 0.003). The 
mean SFCT did not correlate with the vessel density in both Superficial and deep plexus as well as Deep FAZ area did 
not correlate with SFCT (Table 5).

There was a statistically significant negative co-relation of CRT with Superficial and deep FAZ (r = −0.141, p = 0.014 
and r = −0.142, p = 0.039). The mean CRT did not correlate with Vascular Density (Superficial), Vascular Density 
(Deep), Superficial to Deep FAZ area ratio and FAZ pattern (Table 5).

Discussion
The foveal avascular zone (FAZ) is a capillary-free area in the central macula with high photoreceptor density and 
metabolic activity. To the best of our knowledge, this is the first study to report details on quantitative parameters of FAZ 

Table 4 Variation of SFCT, CRT and FAZ Area and VD with Ocular Systemic Parameters

Parameters SFCT CRT Superficial FAZ Deep FAZ Superficial Vessel Density Deep Vessel Density

Mean IOP r = 0.76 r = 0.129 r = −0.0.75 r = 0.30 r = −0.095 r = −0.108
p = 0.138 p = 0.061 p = 0.279 p = 0.668 p = 0.172 p = 0.118

Mean Axial Length r = −0.34 r = −0.31 r = −0.27 r = −0.180 r = 0.058 r = −0.040
p = 0.039* p = 0.660 p = 0.649 p = 0.009 p = 0.403 p = 0.566

Mean Keratometry r = 0.114 r = 0.45 r = 0.53 r = −0.27 r = 0.131 r = −0.092
p = 0.313 p = 0.515 p = 0.446 p = 0.696 p = 0.59 p = 0.184

Mean Systolic BP r = −0.045 r = −0.008 r = 0.137 r = −0.002 r = −0.033 r = −0.028
p = 0.514 p = 0.909 p = 0.048* p = 0.979 p = 0.639 p = 0.690

Mean Diastolic BP r = −0.092 r = 0.022 r = 0.026 r = −0.200 r = −0.038 r = 0.014
p = 0.184 p = 0.755 p = 0.712 p = 0.004* p = 0.581 p = 0.835

Mean Body Weight r = −0.417 r = 0.081 r = 0.069 r = −0.128 r = −0.127 r = −0.126
p <0.001** p = 0.242 p = 0.321 p = 0.063 p = 0.068 p = 0.068

Note: *p-value <0.05; **p-value <0.01. 
Abbreviations: BP, Blood Pressure; CRT, Central Retinal Thickness; FAZ, Foveal Avascular Zone; IOP, Intraocular Pressure; p- value, level of significance; r, Pearson co- 
relation coefficient; SFCT, Sub-foveal Choroidal Thickness; VD, Vessel density.

Table 5 Correlation of SFCT and CRT with FAZ Parameters (Karl Pearson Correlation)

SFCT vs FAZ Parameters CRT vs FAZ Parameters

Pearson Correlation Coefficient P-value Pearson Correlation Coefficient P-value

Vascular Density (Superficial) 0.072 0.302 0.019 0.779

Vascular Density (Deep) −0.024 0.726 −0.091 0.191

Superficial FAZ −0.205 0.003** −0.141 0.014*

Deep FAZ 0.067 0.332 −0.142 0.039*

Superficial to Deep FAZ area ratio −0.036 0.605 −0.078 0.261

FAZ pattern −0.002 0.972 0.002 0.980

Note: *p-value <0.05; **p-value <0.01. 
Abbreviations: CRT, Central Retinal Thickness; FAZ, Foveal Avascular Zone; SFCT, Sub-Foveal Choroidal Thickness.
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in healthy Nepalese subjects and factors affecting it. In our study, the number of terminal vessels in superficial FAZ was 
variable, ranging from 7 to 11 terminal vessels in either eyes. This is comparable to findings by Eldaly et al.9 We 
measured the vessel density in SCP and DCP across the entire image using vessel analysis plugin of ImageJ software. We 
found no statistically significant difference between inter-eye Vessel density in Superficial Capillary plexus (SCP) (p = 
0.605) and in Deep Capillary plexus (DCP) (p = 0.556). Falavarjani et al have reported a mean SCP vessel density of 
51.5 ± 4.2 (range, 38.4–58.1) % in the whole image, which is in accordance with our study, but in the same study DCP 
vessel density was 57.4 ± 3.1% which is comparatively greater than our finding.10 In our study, the vessel density in SCP 
was almost 2.16 times that of DCP. This is consistent with findings from Yanan Dong’s study in which the mean VD in 
SVC was 49.70%, and the mean DVC was 20.90% in Washington County participants.11 The vessel density noted in our 
study is comparatively greater than other reported studies, and this may be attributed to the fact that we analyzed the 
vascular density across the entire OCTA image, not just the fraction of the image. However, studies have speculated that 
the vessel density analyses in the superficial and deep retinal vascular plexus need to be a local rather than an average of 
the whole image.11 In this study, the FAZ area in the deep plexus was significantly greater than the superficial plexus and 
the superficial FAZ area had no statistically significant inter-eye difference, but FAZ area in deep plexus was statistically 
significant for inter eye variation. Foveal avascular zone of superficial (0.35 ± 0.013 mm2) and deep (0.49 ± 0.012 mm2) 
retinal vascular plexus have been reported by Gadde et al, this is consistent with our finding that the deep FAZ area is 
larger than the superficial FAZ area.12 The superficial FAZ area of 0.47 mm2 has also been found by Di et al which is 
consistent with our finding.13 Like SFCT, the FAZ area and vascular density are also associated with age. By enrolling 
subjects across various age group 10–70 years with a mean age of 38.99 ± 17.24 years, we have attempted to delineate 
the age factor on FAZ parameters. Our study showed a positive correlation of both superficial and deep FAZ area with 
age, meaning that FAZ enlarges with advancing age. Similarly, we also noted an age-related decline in the vessel density 
in both superficial and deep capillary plexus. In our study, within age group of 10–20, the mean minimum FAZ area and 
mean maximum vessel density were observed, and within the age group of 60–70 years, the mean maximum FAZ area 
and mean minimum vessel density were observed indicating that the advancing age is accompanied by the age-related 
decline in vessel density in FAZ leading to involutional senile FAZ enlargement. In each decade of life, our study found 
approximately 13.21 μm2 enlargement in superficial FAZ area and 2.16% reduction in superficial vessel density. 
Enlargement of FAZ is also attributed to tissue loss and relative reduction on oxygen and nutrient demand that leads 
to reduce vascular supply thereby causing shrinkage of vessel density. This finding is similar to that reported by Yu et al, 
Wei et al and Park et al.14–16 We have noted a significant variation of FAZ pattern based on refractive status of the eye. 
This biological association between FAZ parameters and refractive has already been reported in various studies.17–20 

Although we have made corrections for AL-related magnification to take account of FAZ parameters, these variations 
alone may not have been the effect of biological associations.

In our study, the mean SFCT was 309.47 ± 68.39 μm (Range: 192 to 417 μm) and 308.31 ± 69.36 (Range: 196 to 420 
μm), respectively, in right eye and left eye with a mean SFCT between two eyes of 308.89 ± 68.87 μm. This finding is 
consistent with the previously reported sub-foveal choroidal thickness in healthy Nepalese subjects from Nepal by 
Gyawali et al in which an average SFCT of 310.31 ± 75.70 μm for both eyes has been reported.21 The mean SFCT of the 
Nepalese population was found to be closer to the reported SFCT thickness in the Indian population (307±79 μm),22 

Spanish population (301.89 ± 80.53 μm),23 and Chinese population (328.8 μm).24 SFCT was found to decrease by 3.077 
μm per year in our study.

Our study has also evaluated the association between FAZ parameters with various systemic and ocular factors. In this 
study, we did not find significant co-relation between FAZ area (SCP and DCP) and vessel density with mean IOP, mean 
average keratometry and mean axial length.

In our study, the superficial FAZ area was correlated with systolic blood pressure while the deep FAZ area was co- 
related with diastolic blood pressure. Studies have also established vessel measurement with OCTA as a means to assess 
cardiovascular risk factor. The inner vascular density measured with OCT-A has been reported to be associated with the 
cardiovascular risk profile.25 We did not find any relation of vessel density with body weight and blood pressure. 
However, studies have reported a positive correlation between FAZ area and hypertension. Dantas de et al found that the 
superficial FAZ area was significantly larger in hypertension group in comparison to control group.26 Foveal avascular 
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zone is larger in patients with diabetes mellitus associated with essential hypertension.27 In our study, we found 
a significant negative correlation of SFCT with Superficial FAZ area. Larger FAZ is associated with thinner SFCT in 
both the univariate and multivariate regression analyses, thus indicating a possible relation between SFCT and FAZ, 
which has been demonstrated by previous studies.28 A strong correlation between FAZ area and CRT has been reported 
in past studies using healthy eyes.29 We did not find any significant correlation between vessel density and SFCT as 
reported by Fujiwara et al in which the retinal vascular density has been negatively correlated with FAZ area.30 We found 
a significant negative correlation between body weight and SFCT. A number of studies have consistently reported 
a negative association between SFCT and BMI measurements.31

The major strength of this study is its adequate sample. The samples were relatively heterogeneous belonging to 
different age groups which made it possible to study the ageing effect and inter-ethnic effect on retina and choroid. Our 
subjects had a wide range of clinical characteristics which could increase the accuracy of the regression analyses. We have 
studied the variation of FAZ parameters with refractive status of the eye and have assessed the possible effects of higher 
levels of myopia or hyperopia oretinal thickness the foveal microvasculature, choroidal thickness and retinal thickness. 
However, the variation may not be the effect of only biological associations but could have optical effects as well. The 
current study has provided a better and wider understanding of choroidal, retinal and FAZ parameters which can be used to 
have a better insight in understanding the disease process involving retina and choroid. A major limitation of this study 
could be the methods used to quantify choroidal thickness which is manual and may be subjected to grading bias. We have 
studied the vessel density across the entire image but vessel density analyses in the superficial and deep retinal vascular 
plexus needs to be a local rather than an average of the whole image.

Conclusion
In conclusion, this cross-sectional study is first in Nepal to report on the FAZ parameters and vessel density in healthy 
Nepalese subjects which is in accordance with reports from other parts of the world. FAZ area and vessel density exhibit 
significant variation with ocular factors, especially axial length and systemic factors, particularly age. Therefore, the 
demographic, ocular and systemic variations may be important parameters when assessing FAZ area for the diagnosis 
and follow-up of macular diseases. The normative data on qualitative and quantitative FAZ parameters can be used as 
a baseline while conducting research on similar topics. These findings are also useful in evaluating choroidal-retinal 
disease in Nepalese population.
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