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Further investigation in pathologic eye is needed. 
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CHAPTER I 

INTRODUCTION 

 

1.1 Rationale 

 

The Human senses are the contact to the environment. Human have five 

senses: to see, to taste, to smell, to hear and to touch. The eye is the organ to see, 

Seeing is the most import sense of humankind. How we are seeing, when the light hits 

the object and reflects into the eyes. The light enters the eyes through the black spot in 

the middle called the pupil. The pupil can change size by the iris. After that the light 

pass through to vitreous and focus on the retina. 

The vitreous is a gelatinous material that fills intra-ocular space(1, 2). Vitreous 

composed of water, collagen, and hyaluronic acid. The vitreous body is divided into 2 

main topographic areas: the central or core and the peripheral or cortical vitreous(3). 

The anterior surface of the vitreous body is called the anterior cortical gel forming the 

ligament of the Wieger. The posterior attachment of the vitreous to the macula forms 

a space known as the bursa premacularis or the precortical posterior vitreous pocket 

(PPVP)(4, 5). Anomalous posterior vitreous detachment (PVD) is associated with 

pathologic conditions, such as macular hole, vitreomacular traction syndrome, or 

epiretinal membrane(6, 7). 

The retina is the innermost, light-sensitive layer of tissue of the eye. Center of 

the retina called macula, measure 5.5 mm in diameter and located between the optic 

disc and the temporal vascular arcades. The center 1.5 mm of the macula is called the 

fovea, which is specialized for high spatial acuity and for color vision. The fovea has 

a margin, declivity, and floor known as the foveola, 0.35 mm diameter where cones 
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are slender, elongated and densely packed. The umbo, a small depression 150 – 200 

µm, is the center of the foveola. Within the fovea is a region devoid of vessels known 

as the foveal avascular zone (FAZ). FAZ is an important landmark in fluorescein 

angiography. FAZ is a highly specialized region of the human retina for the accurate 

vision(8). The change of FAZ causing the impair of the vision(9, 10). 

Retina is stratified into ten district layers. From closest to farthest from the 

vitreous: 

I. Internal limiting membrane - basement membrane is from by footplate of 

Muller cells. 

II. Nerve fiber layer – axon of the ganglion cell nuclei. 

III. Ganglion cell layer – contains nuclei of ganglion cells. 

IV. Inner plexiform layer – contains the synapse between the bipolar cell 

axons and the dendrites of the ganglion and amacrine cells. 

V. Inner nuclear layer – contains the cell bodies of amacrine cells, bipolar 

cells, and horizontal cells. 

VI. Outer plexiform layer – contains of the synapse between rods/cones 

ending with dendrites of bipolar cells/horizontal cells. In the macular 

region, this is known as the Henle’s fiber layer. 

VII. Outer nuclear layer – contains of cell body of rods and cones. 

VIII. External limiting membrane – a network-like structure that separates the 

inner segment portions of the photoreceptors from cell nuclei. 

IX. Photoreceptor layer – contains inner segment and outer segment of rods 

and cones. 
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X. Retinal pigment epithelium – single layer of cuboidal cells. This layer is 

closest to choroid. 

Optic Nerve Head (ONH) is the point of exit for ganglion cell axon leaving 

the eye to connect primarily to the lateral geniculate body. 

Retina circulation supplies by ophthalmic artery. The ophthalmic artery 

bifurcates and supplies retina via two vascular networks, the choroidal network, 

which supplies choroid and outer retina, and the retinal network, which supplies inner 

retina. The retinal network from the central retinal artery divided into superior and 

inferior branches and then divided into nasal and temporal branches. All the major 

vessels are in the nerve fiber layer. The arterioles send precapillary branches to the 

three capillaries layers, the superficial capillaries plexus, intermediate capillaries 

plexus and deep capillaries plexus. Whereas ONH is mainly supplies by posterior 

ciliary artery (PCAs) via the peripapillary choroid and short PCAs (or the circle of 

Zinn and Haller) (11, 12). In addition, another dense layer of capillaries around the 

optic disc at the posterior pole has been described, which called the layer of radial 

peripapillary capillaries (RPCs).   

The RPCs in the human retina were first described by Michaelson (13) in 1954 

as a unique plexus of capillary bed, which are limited in distribution to the posterior 

pole and seem to be oriented parallel to the retinal nerve fiber layer. RPCs have 

received but scant attention in the past. Henkind (14) studied in Indian ink-injected 

retinae of man, rhesus monkey, cat, and pig. Henkind noted that in human retina 

RPCs were particularly dense aggregation of small vessels surrounding the optic 

nerve head and most prominent immediately around the disc and in the 

inferotemporal and superotemporal quadrant. This layer of vessels lied superficial to 
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the other retinal capillaries and run parallel along extend outwards from the optic disc. 

RPCs rarely anastomosed with each other, and after running along superficially for a 

variable distance, RPCs appeared to enter the deeper retina.  

Due to the presence of RPCs appears to be intimately tied to the highly 

metabolically active retinal ganglion cell axon(14), the function of RPCs is most 

likely to nourish the inner portion of retinal nerve fiber layer (RNFL). According to 

the unique pattern and distribution of the RPCs resemble the pattern of Bjerrum 

scotoma, so it was thought that RPCs might be more vulnerable to increase in the 

intraocular pressure (IOP) than other retinal capillaries and may play a role in the 

pathogenesis of glaucomatous visual field defect. 

In the past, studies of RPCs were limited by lack of image modality. The 

RPCs were described from histologic analysis by Michaelson in 1954(13). 

Henkind(14) published article about the RPCs based on India ink-injected eye in 

1967-1968. Fluorescein Angiography (FA) was adopted by early pioneers in medical 

retina research for studying the retinal vasculature and become the standard criterion 

for in vivo evaluation of the retinal circulation, however the RPCs do not appear to be 

image well. Adaptive optics scanning light ophthalmoscopy (AOSLO) equipped with 

FA or a non-confocal detection scheme has had the most success with imaging the 

RPCs in vivo(15). However, this technique was time-consuming and not clinically 

optimized. 

Optical Coherence Tomography (OCT) is a non-invasive, non-contact imaging 

modality that produces micrometer-resolution cross-sectional images. OCT working 

is based on imaging reflected light. The technique produces a 2-dimensional image of 

the backscattered light from different layers. From the beginning, OCT image were 
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acquired in a time-domain (TD) fashion. Time-domain OCT(TD-OCT) systems 

acquire approximately 400 A-scan per second using 6 radial slices orientate 30 degree 

apart(16). Spectral domain OCT (SD-OCT) scan approximately 20,000 – 40,000 A-

scans per second. The increased scan rate diminishes the motion artifact, enhances the 

resolution and decreases the chance of missing lesions. Currently, SD-OCT is widely 

used over the earlier TD-OCT(17). Swept-source (SS)-OCT is the latest milestone in 

OCT technology with a tunable laser operating using a longer-wavelength light 

source, 1050 nm, and a high-speed photodetector instead of a spectrometer. The scan 

speed in SS-OCT is twice than SD-OCT (100,000 A-scans per second compare with 

50,000 A-scans per second). SS-OCT provides better resolution and increasing depth 

of retinal image. 

OCT was one of the biggest advanced in ophthalmic imaging. Building on that 

platform, Optical Coherence Tomography Angiography (OCTA) provides depth 

resolved images of blood flow in the retina and choroid. OCTA is a novel technology. 

OCTA can produce images of blood flow that have unprecedented resolution of all 

the vascular layers of the retina in a rapid, non-invasive fashion. While image from 

FA obscured the deep of retinal blood vessels making only the superficial vascular 

plexus can be seen. OCTA can imaging the radial peripapillary capillary network and 

the intermediate and deep capillary plexuses(18). 

This study aims to describe the variables of RPCs in normal human retina 

using OCTA image and proposes a method to measure capillary density of RPCs 

around ONH.  
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1.2  Objectives 
 

1.2.1 Primary Objectives 

• To evaluate ONH microvasculature in healthy adult eyes using SS-

OCTA 

1.2.2 Secondary Objective 

• To evaluate macular microvascular network in healthy adult eyes using 

SS-OCTA 

• To evaluate foveal macular thickness in healthy adult eyes using SS-

OCT 

• To evaluate posterior vitreous detachment classification in healthy 

adult eyes using wide field SS-OCT 

1.3 Research question 

 

What is the quantitative analysis of ONH  microvasculature in healthy adult 

eyes when using SS-OCTA ? 

1.4 Hypothesis 

 

Normative data of quantitative analysis of ONH microvasculature in healthy 

adult eyes in King Chulalongkorn Memorial Hospital are not difference when 

compare to other previous study. 
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1.5 Variable 

 

1.5.1 Independent variables: RPCs vessel density, FAZ at superficial 

capillaries plexus (SCP) and deep capillaries plexus (DCP), foveal macular thickness 

(FMT) 

1.5.2 Dependent variables: Age, gender, smoking status, alcohol drinking 

status, refractive error 

1.6 Definitions 

 

1.6.1 Radial peripapillary capillaries density was defined as a measurement of 

unique vascular plexus in the retinal nerve fiber layer from optic nerve head 3 

mm.  

1.6.2 Foveal avascular zone was defined as a region devoid or retinal blood vessels 

within the fovea. 

1.6.3 Foveal macular thickness was defined as the layers of the retina and 

determines macular thickness by measuring the distance between internal 

limiting membrane and the inner boundary of retinal pigment epithelium. 

1.7 Scope of Study 

 

A cross sectional study of healthy adult volunteers at King Chulalongkorn 

Memories Hospital was done. The quantitative analysis of ONH microvasculature in 

healthy adult eyes using SS-OCTA was described.  
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1.8 Expected or anticipated benefit gain 

 

1.8.1 Result of the study can be further applied as reference for normative data of 

density of RPCs of Thai people. 

1.8.2 Result of the study can be further applied as reference for normative data of 

FAZ of Thai people. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE AND RESEARCH 

 

2.1 Radial peripapillary capillaries plexus 

 

Axons or nerve fibers typically conducts electrical impulses known as action 

potentials away from the nerve cell body. There are two types of nerve fibers: 

myelinated and unmyelinated nerve fibers. The nerve fiber in the retina are 

unmyelinated. Nerve fibers need large amounts of nutrients and oxygen supply to 

maintain its function. The RPCs supply oxygen and essential metabolites to the nerve 

fiber. Previous studies of the RPCs plexus had a limitation due to the abilities of 

image modality. Up to the time of OCTA era, capillary circulation of the ONH and 

the peripapillary region are well-seen.  

In 2012, Jia et al. reported a reduction of vessels density and flow index of 

RPCs plexus in pre-perimetric glaucoma patients compare to normal eyes(19). 

Leveque et al found a similar result, 20-25% reduction in ONH vessels density in a 

cohort of glaucomatous eyes compare to normal eyes(20). Many studies reported the 

different of vessels density between normal healthy eyes and glaucomatous eyes. 

Chen et al. found that the ONH vessels density reduction also correlated with visual 

field and structural OCT findings(21).  

Not only in glaucoma spectrum, OCTA has also been used in evaluate of the 

other optic nerve and central nervous system disorder. In patients with multiple 

sclerosis, Wang and colleagues reported the significant loss of the RPCs plexus in 

optic neuritis. In optic atrophy, the loss of capillaries in the region affected by the 

injury was found in many studies.  
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2.2 Foveal avascular area 

 

Macula is an oval shaped pigmented area near the center of the retina. The 

macula subdivided into the umbo, foveola, parafoveal and perifoveal. The macula 

function is responsible to the center, high-resolution, and color vision. Foveal 

microvascular network is affected in many retinal diseases. FAZ is a highly 

specialized region of the human retina for the accurate vision(8). Many imaging 

modalities focus in FAZ shape and size in normal eyes. The change of FAZ causing 

the impair of the vision(9, 10). 

The gold standard for mapping retinal vasculature is FA. FA was used to study 

of ocular vascular system abnormalities and the FAZ in many retinal vascular 

diseases. Recently, OCTA is a novel non-invasive imaging modality, allowing en face 

visualization of the retina and separately of both superficial (SCP) and deep retinal 

capillaries plexuses (DCP) (22, 23). Wylegala et al.(24) created a study to measure 

and compare the retinal vascular parameter and FAZ in Chinese and Caucasian 

population. The result shown the Chinese population had larger FAZ than the 

Caucasian population (FAZ size 0.33 ± 0.012 µm versus 0.28 ± 0.014 µm 

respectively). Falavarjani et al (25) enrolled 70 healthy subjects to report the normal 

characteristics and correlations of the foveal microvascular networks using OCTA. 

The study found that mean FAZ area was 0.32 ± 0.11 mm2 in SCP and 0.50 ± 0.13 

mm2 in DCP and central foveal subfield thickness was a major determinant of the 

FAZ size. Previous studies have reported major variation in FAZ area in healthy 

eye(15, 26, 27). Fujiwara et al. reported that central retinal thickness and retinal 

vascular density were inversely correlated with FAZ area in healthy eyes.(28) 
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2.3 Posterior vitreous degeneration (PVD) 

 

The vitreous is a gelatinous material that fills intra-ocular space.(1, 2) Vitreous 

composed of water, collagen, and hyaluronic acid. The vitreous body is divided into 2 

main topographic areas: the central or core and the peripheral or cortical vitreous(3). 

The anterior surface of the vitreous body is called the anterior cortical gel forming the 

ligament of the Wieger. The posterior attachment of the vitreous to the macula forms 

a space known as the bursa premacularis or the precortical vitreous pocket (PPVP)(4, 

5). In the past, study of vitreous structure had limitation because of the properties of 

transparent, fluid, and fragile of the vitreous. Most of information is based on post-

mortem pathologic studies(1). With the advancement of OCT fashion, SD-OCT in 

vivo imaging of the posterior vitreous can be imaged. Kim et al. reported the 

noninvasive imaging of posterior vitreous structures, such as area of Martegiani and 

bursa premacularis by using SD-OCT(29). After SS-OCT debut, high-quality vitreous 

images can be obtained due to SS-OCT’s longer wavelength and software 

enhancement(4, 30). Itakura et al. reported bursa premacularis in healthy adults had a 

mean height and width of 708.1 µm and 6,420.6 µm, respectively(30). And found that 

bursa premacularis central height increased with myopic refractive errors. Ninety-

three percent of eyes had the connection between bursa premacularis and Cloquet’s 

canal. Park et al. reported bursa premacularis detection rate was 91.5% in eyes 

without PVD, 21% in eyes with partial PVD, and 0% in eyes with complete PVD(31). 

The bursa premacularis is boat-shaped in horizontal line scan(4), and vertical-oval 

and round shape in en face image(31). 
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CHAPTER III 

RESEARCH METHODOLOGY 

 

The cross-sectional descriptive study was conducted. The main purposes of 

this study were to evaluate ONH microvasculature in healthy adult eyes using SS-

OCTA. This study was approved by the Institutional Reviews Board of Faculty of 

Medicine, Chulalongkorn University. (IRB No.492/60) 

3.1   Target population 

 

Healthy adult volunteers at eye clinic of King Chulalongkorn Memorial 

Hospital were enrolled in this study. 

3.2   Sample size 

 

 The participants of this cross-sectional study were calculate from the formula 

N =  [(Zα/2)(δ)/Ε]2  

δ= 1.4 

Ε= 0.2 

N = 188 eyes 

3.2.1 Inclusion Criteria 

• BCVA score ≥20/70 

• Refractive error from -3.0 to +3.0 D of spherical equivalent 

• Intraocular pressure ≤21 mmHg 

• Normal eye fundus 

• Normal macular OCT 
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3.2.2 Exclusion criteria 

• Previous or current history of ophthalmic diseases related to posterior 

segment 

• Any previous intraocular treatment (such as intra-vitreal injection of 

anti-VEGF/steroid or retinal LASER) 

• Any previous intraocular surgery (such as cataract surgery or retinal 

surgery) 

• Neurodegenerative diseases (such as Parkinson’s disease, Alzheimer’s 

disease) 

• Any systemic disease with ocular involvement 

• Poor collaboration of complete ophthalmic examination 

• Poor quality of OCT/OCTA image due to significant opaque media or 

poor subjects’ cooperation 

3.3   Approach to participant 

 

Informed consent was obtained from all subjects prior to enrollment in the 

study. The subjects’ demographic data including age, sex, best corrected visual acuity 

(BCVA), results of autorefraction measurements, air-puff tonometry, smoking status, 

and alcohol drinking status were recorded.  

Each subject underwent a complete ophthalmologic examination including 

best correct visual acuity determination using the standard Early Treatment Diabetic 

Retinopathy Study (EDTRS) chart at 4 meters distance, intraocular pressure 

measurement by air-puff tonometer and confirmed by Goldmann tonometer in 

subjects who air-puff greater than 21 mmHg, Slit-lamp dilated fundus examination 
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with 90D lens, and acquisition of color fundus photography of the posterior pole. SS-

OCT and SS-OCTA images were acquired with PLEX Elite 9000 (Carl Zeiss Meditec 

Inc., Dublin, California, USA) 

3.4   Research instrument 

 

• Case record form 

• EDTRS chart 

• Autorefractometer 

• Air-puff tonometer 

• Slit lamp microscope 

• SS-OCTA 

3.5   Research processing 

 

3.5.1 Data collection process 

A cross-sectional study was conducted at King Chulalongkorn Memorial 

Hospital, Bangkok, Thailand. Data collection was done after the Institutional Reviews 

Board of Chulalongkorn University, Faculty of Medicine approved the study (IRB 

No.492/60). Healthy volunteers were prospectively recruited by announcement at the 

hospital. Informed consent was obtained from all subjects prior to enrollment in the 

study. The subjects’ demographic data including age, sex, BCVA, results of 

autorefraction measurements, air-puff tonometry, smoking status, and alcohol 

drinking status were recorded.  

Each subject underwent a complete ophthalmologic examination including 

best correct visual acuity determination using the standard EDTRS chart at 4 meters 

distance, intraocular pressure measurement by air-puff tonometer and confirmed by 
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Goldmann tonometer in subjects who air-puff greater than 21 mmHg, Slit-lamp 

dilated fundus examination with 90D lens, and acquisition of color fundus 

photography of the posterior pole. SS-OCT and SS-OCTA images were acquired with 

PLEX Elite 9000 (Carl Zeiss Meditec Inc., Dublin, California, USA) 

Subjects underwent OCT and OCTA imaging using SS-OCTA after pupil 

dilatation by a trained single operator. The device was PLEX Elite 9000 (Carl Zeiss 

Meditec Inc., Dublin, California, USA). Zeiss PLEX Elite 9000 used a 1050 nm 

wavelength, with scanning speed of 100,000 A-scans/second, and image process was 

obtained through the OCT-microangiography complex algorithm (OMAG). The 

acquisition protocol performed included the following scans 

• OCTA map covering 6x6 mm optic disc 

• OCTA map covering the center 3x3 mm macular area 

• A high-definition horizontal 16 mm line scan included the fovea and ONH  

All OCTA image were automatic segmentations and manual corrections were 

applied.  

3.5.2 Data analytical process 

3.5.2.1 Radial peripapillary capillaries vessel density 

An OCTA maps covering 6x6 mm disc area was used for quantitative analysis 

of RPCs microvasculature. Peripapillary evaluation was performed at the level of 

RPCs. Quantitative analysis of RPCs plexus was vessel density using Vessel analysis 

plugin version 1.1 in ImageJ software, version 1.52a (http://imagej.nih.gov/ij/; 

provided in the public domain by National Institutes of Health, Bethesda, MD, 

USA). For RPCs evaluation all images were automatic default threshold available in 

the ImageJ software to neutralize noise of the background. The image was then 
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converted into a binarized black and white image. The binarized image was used to 

create a skeletonized image. In skeletonized image all vessels even large vessels or 

tiny vessels were turned into only one pixel wide. The skeletonized image was 

examined using vessel analysis plugin for evaluated vascular density (see Figure 1). 

To evaluate the RPCs vessel density, we divided RPCs in to 6 quadrants; 

superotemporal, superonasal, nasal, inferonasal, inferotemporal and temporal 

quadrants (see Figure 2). 

3.5.2.2 Foveal Avascular Zone 

An OCTA maps covering 3x3 mm macular area was used to evaluated the 

FAZ on both SCP and DCP. The FAZ was manually outline in SCP and DCP, the 

SCP slab was segmented between internal limiting membrane (ILM) and inner 

plexiform layer (IPL), while DCP slab extended from the IPL to the retinal 

pigment epithelium (RPE) (see Figure 3) 

3.5.2.3 Foveal macular thickness 

A linear 16 mm high-definition B-scan centered on the fovea were evaluated 

foveal macular thickness by measuring the distance between the ILM and the inner 

boundary of retinal pigment epithelium (RPE) (see Figure 4). 

3.5.2.4 Vitreous degeneration and Posterior vitreous detachment  

In this study, the SS-OCT imaging were used to evaluate PVD. The HD 

spotlight 1 protocol was used to evaluated the vitreous, consisting of 1024 A-scans 

per B-scan, covering a horizontal 16 mm wide section centered on the fovea and optic 

disc. Visualization of the vitreous was enhanced by changing the image contrast and 

exposure (Figure 5). The scans were repeated 100 times to create an OCT image. 
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 The stage of PVD was classified based on the classification system described 

by Itakura et al.(4) (Figure 6) :stage 0 – no PVD; stage 1 – parafoveal PVD; stage 2 – 

perifoveal PVD; stage 3a – vitreofoveal separation with persistent attachment to the 

optic disc and intact posterior precortical vitreous pocket; stage 3b – vitreofoveal 

separation with disrupted posterior wall of posterior precortical vitreous pocket; and 

stage 4 – complete PVD. 

The grading of vitreous degeneration was classified based on the classification 

system described by Schaal et al.(5). Briefly, Grade 0 – relatively homogeneous 

vitreous reflectivity pattern surrounding the bursa premacularis, with or without a 

more central, separate lacunar space; grade 1 – vitreoschisis in the form of peripheral 

empty cleavage plan characterized by speckled hyperreflectivity along its boarders 

without connection to the bursa premacularis; grade 2 – connection of the shallow 

empty planes with the bursa premacularis; and grade 3 – bursa premacularis and more 

central lacunae spaces have merged to form a larger posterior vitreous space. (see 

Figure 7) 

3.6 Data analysis and statistics 

 

Baseline characteristics of subjects were analyzed using descriptive statistics. 

Categorical variables were presented in number of subjects and percentage, whereas 

continuous variables were summarized in mean ± standard deviation (SD) or median 

and range as appropriated. 

Vascular density of each area, FAZ and foveal macular thickness (FMT) were 

summarized in mean ± standard deviation (SD) and 95% confidence interval (CI) 

according to eye side and age group. Comparing between right and left eye was done 

using paired t-test. 
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Factors associated with FAZ in SCP, FAZ in DCP and FMT were explored 

using univariate mixed-effect linear regression model. Multivariate analysis adjusted 

for age and gender were performed. 

Comparison of grading of vitreous degeneration and stage of posterior 

vitreous detachment between male and female in each age group were done using 

fisher’s exact test. 

 P-value less than 0.05 was consider statistically significant. All analysis was 

performed by Stata software version 15.1 (Stata Corp, College Station, Texas, USA) 

3.7 Ethical considerations 

 

This study conducted according to the principles of the Helsinki Declaration 

and in accordance with the Medical Research Involving Human Subjects Act. The 

study protocol was approved by Institutional Review Boards of Chulalongkorn 

University before it was conducted. Three fundamental ethical principles from 

Belmont report which including respect for persons and confidentially, beneficence 

and non-maleficence, and justice was applied in this study. 

3.7.1 Respect for person  

All eligible participants were informed by principle investigator in details 

about the study objectives and procedure, benefits, and risk of the study as in the 

participant’s information sheets. Eligible participants could ask any unclear 

information related to the study during the information giving process and had time 

about 15 to 30 minutes to make the decision by themselves. If they agreed to 

participate in the study, they had to sign informed consent and had the right to 

withdraw from the study at any time.  
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3.7.2 Confidentiality 

  The participants’ information were protected by using the study ID to 

identify the individuals instead of name and hospital number. All confidential data 

(i.e., hospital number, date of birth, name and surname) and contact information (i.e., 

address, telephone number, e-mail) were kept in individual participant’s log sheet 

with link coded which only the principle investigator who have password can access 

to this data. The paper documents were kept securely in the locked filling cabinet and 

electronic database was restricted access with a password protected computer. The 

data in the case record forms will be kept for 5 years and then will be destroyed by 

shredding at the end of the research project. All study data can be accessed by only 

the principle investigator and the database manager. Participants will not be identified 

in any reports/publications resulting from this research. 

3.7.3 Beneficence/Non-maleficence 

This study was conducted to find the normative data of RPCs density in 

healthy adult eyes, so the participants didn’t get the benefit from this study directly. 

However, result of this study can be further applied as reference for early diagnosis 

for optic nerve head diseases and/or retinal diseases in future. 

The possible risks of harm in this study was physical discomfort mydriatic 

agent (i.e., temporary blur vision, eye sensitive to light, eye redness) and from the 

Swept-source light. (i.e., temporary blur vision) However, physical discomfort is 

occurred for a few minutes to a few hours after the procedure. 

3.7.4 Justice  

 All participant would undergo complete ocular examination (i.e., anterior 

segment examination, intraocular pressure measurement, fundus examination) and the 
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participants will know the normal and abnormal conditions of their eyes. Furthermore, 

they received the compensation of 300 Thai Baht for losing of time and transporting 

cost. 

3.8 Risk and investigation responsibility 

 

Risk to participants was low due to all investigation, including fundus 

photography, optical coherence tomography angiography was used in common 

practice nowadays. 
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CHAPTER IV 

RESULTS 

 

The main objective of this study was to evaluate the optic nerve head 

microvasculature in healthy adult eyes. The secondary objectives were to evaluate 

macular microvascular measurement, FMT, vitreous degeneration and PVD 

classification in healthy adult eyes using SS-OCTA. All subjects in this study were 

healthy volunteers from King Chulalongkorn Memorial Hospital. Altogether, 224 

eyes from 112 healthy subjects were included in this study. The demographic data of 

all subjects were shown in Table 1. The mean age of the participants was 48.9 ± 

15.6 years. BCVA of all subjects were greater than 20/70 by standard EDTRS chart. 

Only 7 subjects were current smoking and 15% were alcohol drinking. 

4.1 Radial Peripapillary Capillaries vascular density 

 

The values of radial peripapillary capillaries vascular density in 6 quadrants 

(Superonasal, Superotemporal, Temporal, Inferotemporal, Inferonasal and nasal 

quadrant) were shown in Table 2. RPCs vessel density was the most crowded at 

inferotemporal quadrant in all age groups with mean±SD vessel density of 17.99±2.00 

(95% CI 17.62, 18.37) and 17.53±2.01 (95% CI 17.16, 17.99) for right eyes and left 

eyes, respectively. The lightest quadrant was nasal quadrant, mean±SD of RPCs 

vessel density was 14.20±1.82 (95% CI 13.86, 14.54) and 14.34±1.84 (95% CI 13.99, 

14.68) for right and left eyes, respectively. The significant differences of mean RPCs 

vessel density between right and left eye were seen in these two areas with p-value of 

0.037 and 0.041, respectively, but there were no statistically differences of RPCs 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 32 

vessel density between both eyes in superonasal, superotemporal, inferonasal and 

nasal quadrant. (see Table 2 and figure 8) 

Table 3 showed the mean±SD of RPCs vessel density according to the 

different age groups. For participants in younger age group, defined as 20 to 40 years 

of age, mean RPCs vessel density at superonasal, superotemporal, temporal, 

inferotemporal, inferonasal, and nasal quadrant for right eye were 15.12±1.39, 

16.84±1.85, 17.49±1.65, 18.04±2.13, 15.32±1.78, and 14.25±1.79, respectively, and 

15.13±1.64, 16.83±2.45, 17.55±2.06, 17.36±2.64, 15.34±1.49, and 14.88±1.51 for left 

eye, respectively. For participants in middle age group, defined as 41 to 60 years of 

age, mean RPCs vessel density at superonasal, superotemporal, temporal, 

inferotemporal, inferonasal, and nasal quadrant for right eye were 15.10±1.56, 

17.23±2.18, 17.27±1.90, 17.87±2.35, 15.35±1.70, and 14.44±1.69, respectively, and 

14.84±1.54, 17.05±2.18, 17.72±1.94, 17.69±2.17, 15.22±1.71, and 14.29±2.00 for left 

eye, respectively. For participants in older age group, defined as 61 years of age and 

older, mean RPCs vessel density at superonasal, superotemporal, temporal, 

inferotemporal, inferonasal, and nasal quadrant for right eye were 14.50±2.12, 

16.85±2.00, 16.55±2.32, 18.07±1.24, 14.49±1.83, and 13.89±1.97, respectively, and 

14.56±1.78, 17.13±1.90, 17.16±1.78, 17.16±1.74, 14.68±2.13, and 13.81±1.87 for left 

eye, respectively. 

4.2 Foveal Avascular Zone (FAZ) and Foveal Macular Thickness (FMT) 
 

The mean ± SD of SCP- FAZ were 0.31 ±0.1 mm2 (95% CI of 0.29, 0.33) and 

0.30 ± 0.1 mm2 (95% CI of 0.29, 0.32) from right eyes and left eyes, respectively. 

Mean ± SD of FAZ in DCP were 0.56 ±0.22 mm2 (95% CI of 0.52, 0.60) and 0.56 ± 
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0.21 mm2 (95% CI of 0.52, 0.60) from right eyes and left eyes, respectively. 

Thickness of FMT were 379.48 ± 37.66 µm (95% CI of 372.43,386.53) and 382.04 ± 

36.61 µm (95% CI of 375.19, 388.90) from right eyes and left eyes, respectively 

(Table 4). There was no statistically significant different of SCP-FAZ, DCP-FAZ and 

foveal macular thickness between both eyes. Table 5 showed the foveal microvascular 

measurement according to the different age groups. For participants in young age 

group, SCP-FAZ, DCP-FAZ, and FMT of right eye were 0.26 ± 0.10 mm2, 0.43 ± 

0.16 mm2, and 385.58 ± 31.28 µm, respectively, and 0.26 ± 0.09 mm2, 0.43 ± 0.15 

mm2, and 380.89 ± 31.44 µm for left eye, respectively. For participants in middle age 

group, SCP-FAZ, DCP-FAZ, and FMT of right eye were 0.31 ± 0.10 mm2, 0.55 ± 

0.22 mm2, and 382.45 ± 40.99 µm, respectively, and 0.31 ± 0.10 mm2, 0.55 ± 0.19 

mm2, and 390.63 ± 39.43 µm for left eye respectively. For participants in older age 

group, SCP-FAZ, DCP-FAZ, and FMT of right eye were 0.35 ± 0.10 mm2, 0.71 ± 

0.17 mm2, and 369.92 ± 39.27 µm, respectively, and 0.34 ± 0.11 mm2, 0.71 ± 0.17 

mm2, and 374.19 ± 37.63 µm for left eye respectively. 

The data showed that FAZ at superficial and deep capillary plexus were 

greater in elderly age group. On the other hand, the thickness of FMT was decrease in 

elderly age group. 

From univariate analysis, age was significant predictive factor of SCP-FAZ 

with beta coefficient of 0.002 (95% CI of 0.001, 0.004), p<0.001. After adjusted with 

age, sex, FMT, and smoking status in multivariate mixed-linear regression analysis, 

only age and sex were significant predictive factors associated with SCP-FAZ. The 

result showed that age had positively correlation with the area of SCP-FAZ (beta 

coefficient 0.002 (95% CI of 0.001, 0.003), p<0.001). Female had higher SCP-FAZ 
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area compared to male with beta coefficient (95% CI) of 0.035 (0.003, 0.070), p = 

0.047. (see Table 6) 

 In univariate analysis, age, sex and refractive error were significant predictive 

factor of DCP-FAZ with beta coefficient (95% CI) of 0.007 (0.005, 0.009), p<0.001, -

0.081 (-0.157, -0.005), p = 0.037 and 0.167 (0.085, 0.248), p<0.001, respectively. 

After adjusted with age, sex, FMT, refractive error and smoking status in multivariate 

mixed-linear regression analysis, only age and sex were significant predictive factors 

associated with DCP-FAZ. The result showed that age had positively correlation with 

the area of DCP-FAZ with beta coefficient (95% CI) of 0.005 (0.002, 0.008), 

p<0.001. Female had lower DCP-FAZ area compare to male with beta coefficient 

(95% CI) of -0.071(-0.136, -0.007), p = 0.029). (see Table 7) 

 For FMT, in univariate analysis, age was significant predictive factor of the 

thickness of FMT with beta coefficient (95% CI) of -0.410 (-0.801, -0.018), p<0.004. 

After adjusted with age and sex in multivariate mixed-linear regression analysis. Age 

was significant predictive factors associated with FMT. The result showed that age 

had inverse correlation with the thickness of FMT with beta coefficient (95%CI) of -

0.424 (-0.813, -0.034), p = 0.033). (see Table 8) 

4.3 Posterior Vitreous Detachment (PVD) 

 

 The vitreous degeneration was graded according to the criteria proposed by 

Schaal.(5) Using SS-OCT, there were 43 eyes that non-gradable, who had low scan 

quality or previous posterior vitreous detachment. At 20 to 40 years of age, most of 

eyes had relatively homogeneous vitreous and the percentage of eye with 

homogeneous vitreous was 71%. At 41 to 61 year of age, most of eyes had 

vitreoschisis in the form of peripheral empty cleavage plan (48%). At 61 year of age 
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and older, the premacular bursa had connected/merged to form a larger posterior 

vitreous space, the percentage of grade 3 was 17%. There was statistically significant 

correlation between age and grading of vitreous degeneration (P<0.001). (See Table 9 

and Figure 9) 

In Our study, we classified PVD into 5 groups according to the 

biomicroscopic finding as describe as above. Using SS-OCT, posterior precortical 

vitreous pocket (PPVP) were seen in all 175 eyes without complete PVD. Our study 

found that stage of posterior hyaloid status was associated with age. There was more 

advanced stage in participant in older age group. Thirty-four subjects (89%) in 

younger age group were stage 0, whereas 32 (47%) of subjects in middle age group 

were stage 1, and 40 (57%) of participants in older age group were stage 4 complete 

PVD. (See detail in Table 9 and Figure 10) 

 The staging of PVD was significantly associated with the age group (P 

<0.001). At 20 to 40 years of age, the percentage of eyes with no PVD and 

paramacular PVD was 86% and 10%, respectively, in female and 94% and 6%, 

respectively, in the male. At 41 to 60 year of age, the percentage of eyes with no PVD 

and paramacular PVD was 27% and 43%, respectively, in female and 47% and 41%, 

respectively, in the male. At 61 year of age and older, the percentage of eyes with 

complete PVD was 50% in female and 61% in the male. The staging of PVD did not 

significantly different between the female and male in all age groups. (see Figure 11) 
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CHAPTER V 

DISCUSSION, CONCLUSION AND SUGGESTIONS 

 

5.1 Discussion 

 

5.1.1 Radial Peripapillary Capillaries vascular density 

 

The objective of this study was to define clinical normative data of RPCs 

density using PLEX Elite 9000 SS-OCTA. By the advancement of SS-OCTA 

technology, the RPCs can be clearly visualized. The normative data was necessary for 

the use of SS-OCTA in clinical practice. Normative RPCs density data was needed to 

use as reference data and use to compare between healthy individuals to patients who 

had pathology of optic nerve or retina abnormalities.  

 In this study, we used the SS-OCTA device to obtain image and using ImageJ 

software to quantify RPCs density data. We found that inferotemporal quadrant was 

the most crowded quadrant of RPCs vessel density whereas nasal quandrant was the 

lightest quadrant of RPCs vessel density.  

Our study showed that the RPCs density was crowded in the arcuate regions 

(superotemporal and inferotemporal quadrant) than in other areas which similar to 

study reported by Rao et al., higher density of RPCs was seen in inferotemporal and 

superotemporal quadrant(32). In study of Bazvand et al. showed that the highest 

RPCs density was recorded in the inferotemporal quadrant(33). Fernandez-vigo et al. 

analysed RPCs in 4 quadrants (i.e., superior, inferior, temporal and nasal quadrant) 

and found that the highest RPCs was recorded in the inferior quadrant(34). 
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Mase et al. reported that the RPCs density gradually decreased from the 

peripapillary area to the peripheral area(35). Yu et al. reported that RPCs volume 

generally positively correlated with the RNFL thickness in healthy eyes(36). With the 

current reports, the thicker RNFL has a denser RPCs, suggesting that the RPCs may 

be a primarily responsible for RNFL nourishment.  

In this study, we found significant difference in RPCs density between both 

eyes in temporal and inferotemporal quadrant. (p=0.037 and 0.041, respectively). Hou 

et al. conducted study in healthy eyes, glaucoma suspected patients, and patients with 

bilateral glaucoma. Asymmetry of RPCs density between both eyes was seen in 1.7% 

of healthy individuals and 2.2% of glaucomatous patients. But no significant different 

in asymmetry of RNFL thickness were found in healthy eyes(37). 

However, the result of RPCs density from different OCTA algorithms cannot 

be compared or interchangeable use to follow-up patients because of the difference 

dimensions and the depth of the area of interest which was assessed(38). Thus, to 

compare the results across OCTA devices and techniques should be considered with 

caution. 

5.1.2 Foveal Avascular Zone (FAZ) and Foveal Macular Thickness (FMT) 

 

  FAZ is a small capillary-free area with contained of high density of 

photoreceptor. Many of studies found that the size of FAZ did not seem to affect 

visual function in healthy eyes(39-41). Some of them believes that alteration of FAZ 

could be potential markers of foveal function. 

Our study found that age and sex were significant predictive factors associated 

with the area of FAZ. Age had positively correlation with the area of SCP-FAZ and 
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DCP-FAZ.  There was different correlation of the area of FAZ between male and 

female. Female had higher SCP-FAZ area compared to male, while, male had higher 

DCP-FAZ area compared to female. For FMT, the study showed that age had 

negatively correlation with the thickness of FMT. 

In this study, the mean ± SD of SCP-FAZ were 0.31 ± 0.1 mm2 and DCP-FAZ 

were 0.56 ± 0.22 mm2. From previous study, the values of SCP-FAZ in healthy eyes 

by using OCTA ranging from 0.251 ± 0.096 mm2 to 0.474 ± 0.172 mm2 and DCP-

FAZ ranging from 0.298 ± 0.108 mm2 to 0.614 ± 0.2 mm2 (9, 26, 27, 39, 42-56). (See 

detail in Table 10) Falavarjani and colleagues reported mean SCP-FAZ and DCP-

FAZ to be 0.32 mm2 and 0.50 mm2, respectively, which is similar to our findings.(56) 

The variability of FAZ area may be explained by difference in the study population, 

study devices, and software or methods of measurements. All previous studies found 

that DCP-FAZ was larger than SCP-FAZ. A consistent finding data from previous 

studies was a larger DCP-FAZ than SCP-FAZ. The larger size of DCP-FAZ will be 

explained by the unique relationship of capillary plexus at fovea (i.e. the capillary 

plexuses intersect at the fovea). At deep capillary plexus layers, the vessels are 

moving into the inner plexiform layers (IPL)/ganglion cell layers which is anatomic 

layers narrow at the fovea. The segmentation may break down at the foveal because 

of the capillaries in DCP layers were laminar and intersect only with vertical 

connecting vessels(44). 

FAZ may influence by sex. This study found that female had higher SCP-FAZ area 

compared to male, on the other hand, male had higher DCP-FAZ area compared to 

female. Samara et al., Coscas et al. and Alnawaiseh et al. found no significant 

differences in macular microvasculature (including flow density and FAZ area) in 
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both sexes(39, 44, 57). On the contrary, Tan et al. and Yu et al. reported a larger FAZ 

area in female than in male(26, 53). Yu et al., conducted study in Chinese population, 

reported that the capillary free zone area is significant larger in females than in male 

(0.52 mm2 versus 0.42 mm2, p = 0.012). (53) Gomez-Ulla and colleagues found that 

the FAZ area in female is significant larger (mean 0.297 mm2) than in male (mean 

0.254 mm2)(55). As we know that the estrogen, androgen and progesterone receptors 

are present in the eyes and these steroid hormones are produced in ocular tissues. Sex 

hormones may play a role on the retina and ocular blood flow. In agreement with 

previous studies, our results also show that FAZ areas influenced by sex. Our studies 

found that female had larger SCP-FAZ area than male. While female had lower DCP-

FAZ compare to male. Different OCT-A devices and measurement method may be 

the cause of these discrepancies.  

Age was a crucial factor that effect in anatomical changes in the macular 

region. Our study shown that age was significant predictive factors associated with 

SCP-FAZ, DCP-FAZ, and FMT. For SCP-FAZ and DCP-FAZ, age had positively 

correlation, while negatively correlation with the thickness of FMT. Nowadays, the 

influence of age on FAZ area are unclear. Samara et al. and Wang at al. found no 

relationship between age and FAZ area with similar to the reported from Tan et al. 

and Linderman et al.(26, 39, 49, 58). Whereas some of studies found relationship 

between age and FAZ. Wu et al. using FA to study FAZ in normal eyes, found a 

positive correlation between FAZ and age.(59) Study in Chinese population by Yu et 

al. showed that FAZ area increased by average 1.48% per year accompanied by 

decrease in vascular density by 0.4% per year(53). Coscas and colleague conducted 

study in 135 eyes in three age groups, 20-39 years, 40-59 years, and 60 years or older. 
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They found that the SCP-FAZ area was significantly smaller in older subjects.(44) 

Song et al. analysed images from OCT and reported that retinal thickness declines 

with age(60). However, Adhi et al. and Sull et al. reported that no relationship 

between age and foveal thickness(61, 62). In this study, we found that the FMT was 

decrease in elderly participants. There was few studies evaluated the effect of FMT on 

FAZ area(39, 52). We found no significant correlation between FMT and FAZ area, 

both SCP-FAZ and DCP-FAZ. Ghassemi et al. reported that SCP-FAZ and DCP-FAZ 

had an inverse relationship with FMT after adjusting with age and gender.(63) While 

Samara et al. reported that FMT was inversely correlated with both SCP-FAZ and 

DCP-FAZ, but not correlated with age and gender.(39) Tan et al. reported that the 

FAZ area was affected by FMT and gender only.(26) So, the relationship between 

FMT and FAZ could not be concluded. 

5.1.3 Posterior Vitreous Detachment (PVD) 

 

PVD is a condition of the eye that has been thought to be an liquefied fluid run 

through a break in the vitreous cortex into the retrohyaloid space(4). According to the 

advances in technology, SS-OCT offer a high-quality vitreous image that can revealed 

more detail in various vitreous spaces (premacular bursa, Cloquet’s canal, and 

prevascular fissures and cisterns). 

This study used the SS-OCT and found that higher PVD stage was significant 

associated with increasing age. Our study found that subjects in younger age group 

(20-40 years) had lower stage of PVD, 97% had no PVD and paramacular PVD. 

While 19% of subjects in older age group (≥ 61 years) had no PVD and paramacular 

PVD. The frequency of complete PVD was highest in subjects in older age group 

(≥61 years), 53%, compared to none in younger age group (20-40 years). In our study, 
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we found that there was not significantly different of PVD stage between male and 

female in all age groups. 

Previously studies on the vitreous studies, chuo et al. and Shen et al. studied 

about prevalence and risk factors of PVD using indirect retinoscopy(64, 65). The 

result showed that the prevalence of PVD was greater in female than in male. More 

recent study, Schwab et al. used SD-OCT and ultrasound B-scan to studied stage of 

OVD in healthy eye, reported that no significant difference in the PVD stage between 

male and female(66). Hayashi et al. used SS-OCT to demonstrate factors associated 

with the progression of PVD staging, the result showed that PVD significantly 

progressed with increasing age in both genders and occurred significantly faster in 

female than in male at 60 years of age and older.(67) Our study had similar result to 

Hayashi’s study, we found that lower PVD stage was significantly higher in younger 

subjects while higher PVD stage was seen in older subjects, but there was no 

significant difference between male and female. To our knowledge some of retinal 

diseases associated with the progression of PVD, including retinal break/tear, macular 

holes, vitreomacular traction syndrome, rhegmatogeneous retinal detachments(68-71). 

The incidence of macular hole occurred more frequently in women than in men(72-

75). The studies from Itakura et al. and Kakehashi et al. reported that a perifoveal 

PVD was seen frequently in cases of idiopathic macular holes(4, 76). Our study found 

that the frequency of perifoveal PVD was about 3 times higher in female than male. 

(74% versus 26%).  

Schaal et al. described the anatomical features seen with the posterior vitreous 

and proposed a grading of vitreous degeneration based on the premacular bursa and 

its relationship to various lacunae and degenerative clevage/plans within the 
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vitreous(5). In our study, 23 eyes were non-degradable for vitreous degeneration 

grading. This study found that 71% and 0% of relative homogeneous vitreous 

reflectivity pattern surrounding the premacular bursa at 20 to 40 years of age and at 

61 years of age and older, respectively. While vitreoschisis was found 83% and 100% 

at 40 to 60 years of age and at 61 year of age and older, respectively. This study 

revealed the progression of vitreous degeneration grading significantly with 

increasing age. These finding suggested that vitreous degeneration generally begin to 

progress at 40 year of age and gradually progress with increasing age. This result was 

similar to previous studies, Itakura and colleague and Hayashi et al. reported that 

vitreous degeneration generally begins to progress at 40 years of age(4, 67).  

5.2 Conclusion 

 

5.2.1 Radial Peripapillary Capillaries vascular density 

 

SS-OCTA imaging can clearly visualized the expansion of the RPCs, which 

distributed to the superficial peripapillary retina. Density of the RPCs in healthy eyes 

from our study can be considered as a standard map of the RPCs and compare to 

those eyes with retina vascular disorders. 

5.2.2 Foveal Avascular Zone (FAZ) and Foveal Macular Thickness (FMT) 

 

In our study, we demonstrated SCP-FAZ, DCP-FAZ, and FMT in healthy 

Thai population. The data shown that SCP-FAZ was larger than DCP-FAZ. Age 

influenced on the size of FAZ area, both SCP-FAZ and DCP-FAZ were larger in 

older subjects than young subjects. For FAZ, female had higher SCP-FAZ area 

compared to male, while, male had higher DCP-FAZ area compared to female. For 
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FMT, the thickness of FMT had significant inverse correlation with age. We found no 

significant correlation between both FAZ area and FMT. 

5.2.3 Posterior Vitreous Detachment (PVD) 

 Advance OCT technology, SS-OCT imaging revealed the variable 

morphology of posterior vitreous structures and the progression of PVD. PVD 

progression was significantly with increasing age regardless of gender.  

5.3 The strengths of this study 

 

 This study was the first study that used the Zeiss PLEX Elite 9000 SS-OCT to 

assess the normative data in Thai healthy eyes. The Zeiss PLEX elite 9000 provided 

the SS-OCT resolution and the clear image of the posterior structure of the eyes 

among other currently available OCTs devices.  

5.4 The limitation of this study 
 

This study had some limitaions. First, a cross-sectional design without follow-

up data limits our ability to draw conclusion about the effect of increasing age on 

study variables. Further follow-up of patients is necessary to assess the longitudinal 

changes in radial peripapillary capillaries vascular density, FAZ, FMT, and PVD 

stage as subjects age increase. Second, only subjects with small refractive errors (-3 to 

+3 diopters) were included, so the effects of high level of myopia or hyperopia on the 

foveal microvasculature were not evaluated. Third, axial length, foveal morphology, 

and foveal vascular density were not included in this study.  
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5.5 Suggestion 

 

 Our study gives the SS-OCT/OCTA normative database using the PLEX Elite 

9000 device of RPCs density, FAZ area, FMT thickness and PVD staging in healthy 

eyes of Thai people. This baseline database of healthy eyes may used to help for 

detect, early diagnosis or monitor in the pathologic eyes. Further investigation in 

pathologic eye is needed. 
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Figure 1 Acquisition image 
 

 

 

 

Figure 2 Quadrant of RPCs 
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Figure 3 An OCTA maps 3*3 mm macular area (A–SCP, B–DCP) 
 

 

 

 

Figure 4 A linear 16 mm high-definition B-scan centered on the fovea for foveal 

macular thickness evaluation 
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Figure 5 The SS-OCT imaging used for PVD evaluation 
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Figure 6 Stage of PVD Development 
 

Stage 0: no PVD 

 

Stage 1: paramacular PVD 

 

Stage 2: perifoveal PVD 

 

Stage 3a: vitreofoveal separation 

with persistent attachment to the 

optic disc and intact posterior 

precortical vitreous pocket 
 

Stage 3b: vitreofoveal separation 

with disrupted posterior wall of 

posterior precortical vitreous 

pocket 
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Stage 4: complete PVD 
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Figure 7 Grading of vitreous degeneration 
 

Grade 0: relative homogeneous 

vitreous reflectivity pattern 

surrounding the premacular 

bursa 

 

Grade 1: vitreoschisis in the 

form of peripheral empty 

clevage plane characterized by 

speckled hyperreflectivity along 

its boarders without connection 

to the premacular bursa  

Grade 2: connection of these 

shallow empty planes with the 

premacular bursa 
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Grade 3: premacular and more 

central lacunar spaces have 

emerged to form a larger 

posterior vitreous space 
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Table 1 Baseline demographic data of the 112 subjects 
 

Characteristics (n, %)  Total (n=112)  

Sex     

   Male  51 (45.5)  

   Female   61 (54.5)  

Age (mean ± SD, yrs.)  48.9 ± 15.6  

Age group (yrs.)     

   20-40  38 (33.9)  

   40-60  38 (33.9)  

   ≥61  36 (32.2)  

VA     

   >20/70  112 (100.0)  

Refractive error     

   Myopia   26 (23.2)  

   Normal   53 (47.3)  

   Hyperopia   3 (29.5)  

Smoking status     

   Yes   7 (6.3)  

   No   105 (93.7)  

Alcohol drinking status    

   Yes   17 (15.2)  

   No   95 (84.8)  
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Table 2 Vascular density between Rt and Lt eye 
 

Area  

(mean ± SD, 95% CI) 

Vascular density p-value 

OD OS 

Superonasal 14.91 ± 1.72 

(14.59, 15,24) 

14.85 ± 1.66 

(14.54, 15.16) 

0.717 

Superotemporal 16.98 ± 2.01 

(16.60, 17.35) 

17.00 ± 2.18 

(16.59, 17.41) 

0.914 

Temporal  17.11 ± 1.99 

(16.74, 17.49) 

17.48 ± 1.93 

(17.12, 17.84) 

0.037 

Inferotemporal 17.99 ± 2.00 

(17.62, 18.37) 

17.53 ± 2.01 

(17.16, 17.99) 

0.041 

Inferonasal  15.21 ± 1.76 

(14.88, 15.54) 

15.15 ± 1.81 

  (14.81, 15.49) 

0.753 

Nasal  14.20 ± 1.82 

(13.86, 14.54) 

14.34 ± 1.84 

(13.99, 14.68) 

0.444 

*Paired t-test 
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Table 3 Normative data of vascular density 
 

Area  

(mean ± SD) 

Age group (yrs.) 

20-40 41-60 ≥61 

Superonasal OD 15.12 ± 1.39 15.10 ± 1.56 14.50 ± 2.12 

OS 15.13 ± 1.64 14.84 ± 1.54 14.56 ± 1.78 

Superotemporal OD 16.84 ± 1.85 17.23 ± 2.18 16.85 ± 2.00 

OS 16.83 ± 2.45 17.05 ± 2.18 17.13 ± 1.90 

Temporal  OD 17.49 ± 1.65 17.27 ± 1.90 16.55 ± 2.32 

OS 17.55 ± 2.06 17.72 ± 1.94 17.16 ± 1.78 

Inferotemporal OD 18.04 ± 2.13 17.87 ± 2.35 18.07 ± 1.42 

OS 17.36 ± 2.64 17.69 ± 2.17 17.16 ± 1.74 

Inferonasal  OD 15.32 ± 1.78 15.35 ± 1.70 14.49 ± 11.83 

OS 15.34 ± 1.49 15.22 ± 1.71 14.68 ± 2.13 

Nasal  OD 14.25 ± 1.79 14.44 ± 1.69 13.89 ± 1.97 

OS 14.88 ± 1.51  14.29 ± 2.00 13.81 ± 1.87 
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Figure 8 Box plot of vascular density between Rt and Lt eye 
 

 

 

Table 4 Mean foveal avascular zone and foveal macular thickness according to eye 

side 
 

 (mean ± SD, 95% CI) Side p-value 

OD OS 

SCP-FAZ (mm2) 0.31 ± 0.10 

(0.29, 0.33) 

0.30 ± 0.10 

(0.29, 0.32) 

0.698 

DCP-FAZ (mm2) 0.56 ± 0.22 

(0.52, 0.60) 

0.56 ± 0.21 

(0.52, 0.60) 

0.936 

FMT (µm) 379.48 ± 37.66 

(372.43, 386.53) 

382.04 ± 36.61 

(375.19, 388.90) 

0.389 
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Table 5 FAZ and FMT in different age groups 
 

 (mean ± SD) Age group (yrs.) 

20-40 41-60 ≥ 61 

SCP-FAZ (mm2) OD 0.26 ± 0.10 0.31 ± 0.10 0.35 ± 0.10 

OS 0.26 ± 0.09 0.31 ± 0.10 0.34 ± 0.11 

DCP-FAZ (mm2) OD 0.43 ± 0.16 0.55 ± 0.22 0.71 ± 0.17 

OS 0.43 ± 0.15 0.55 ± 0.19 0.71 ± 0.17 

FMT (µm) OD 385.58 ± 31.28 382.45 ± 40.99 369.92 ± 39.27 

OS 380.89 ± 31.44 390.63 ± 39.43 374.19 ± 37.63 
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Table 9 Correlation between vitreous structure and age groups 
 

Category  

n (%) 

Age groups (years) Mean Age 

(mean±SD) 20-40  41-60 ≥61 

Vitreous degenerationa     

  0 54 (71%) 12 (17%) 0 35.0±9.5 

  1 18 (23%) 35 (48%) 5 (7%) 52.5±10.6 

  2 2 (3%) 13 (18%) 14(19%) 59.8±9.1 

  3 2 (3%) 10 (14%) 12 (17%) 61.5±10.6 

  Non-gradableb 0 2 (2%) 41 (57%) 65.9±6.5 

PVD stagingc     

  0 68 (89%) 17 (26%) 1(1%) 33.7±10.9 

  1 6 (8%) 32 (47%) 13 (18%) 46.5±11.9 

  2 2 (3%) 11 (17%) 14 (19%) 55.8±9.6 

  3a 0 0 3(4%) 58.2±9.6 

  3b 0 1 (2%) 1 (1%) 57.8±8.5 

  4 0 5 (8%) 40 (57%) 63.3±6.8 

a Grading of vitreous degeneration: 0 – Premacular bursa without neighboring spaces in its 

vicinity; 1 – Shallow neighboring spaces with no connection to the bursa; 2 – Connection to 

the neighboring shallow spaces; 3 – Connection between bursa and larger anterior lacuna 

b Non-gradable eyes were anyone who had a previous posterior vitreous detachment 

cPVD staging: stage 0 – no PVD; stage 1 – paramacular PVD; stage 2 – perifoveal PVD; 

stage 3a – vitreofoveal separation with persistent attachment to the optic disc and intact 

posterior precortical vitreous pocket; stage 3b – vitreofoveal separation with disc disrupted 

posterior wall of the posterior precortical vitreous pocket; stage 4 – complete PVD 
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Figure 9 Bar chart showing a comparison of the distribution of the vitreous 

degeneration grading among the 3 age groups 
 

 
 

Figure 10 Bar chart showing a comparison of the distribution of the PVD staging 

among the 3 age groups 
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Figure 11 Bar chart showing a comparison of the distribution of the PVD staging 

between male and female eyes in 3 age groups 
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Table 10 FAZ area measured by OCTA of healthy eyes in different studies 
 

Authors Yea

r 

Subject

s 

Eye

s 

Age SCP-FAZ 

(mean±SD

, mm2) 

DCP-FAZ 

(mean±SD

, mm2) 

Device 

de Carlo et 

al. 

2015 28 22 54.0 

± 

11.6 

0.288 ± 

0.136 

 AngioVue

, Optovue 

Kuehlewein 

et al. 

2015 19 13 31 ± 

5 

0.304 ± 

0.132 

0.486 ± 

0.162 

Angioplex

, Cirrus 

Samara et al. 2015 67 70 42 0.266 ± 

0.097 

0.495 ± 

0.227 

AngioVue

, Optovue 

Takase et al. 2015 N/A 19 62.8 

± 

11.3 

0.250 ± 

0.060 

0.380 ± 

0.110 

AngioVue

, Optovue 

Yu et al. 2015 45 76 36 ± 

11 

0.474 ± 

0.172 

 AngioVue

, Optovue 

Carpineto et 

al. 

2016 60 60 28.9 

± 7.6 

0.251 ± 

0.096 

 AngioVue

, Optovue 

Coscas et al. 2016 70 135 48.3 

± 

17.5 

0.280 ± 

0.100 

0.370 ± 

0.120 

AngioVue

, Optovue 

Gadde et al. 2016 N/A 52 20 to 

67 

0.350 ± 

0.013 

0.490 ± 

0.012 

AngioVue

, Optovue 
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Authors Yea

r 

Subject

s 

Eye

s 

Age SCP-FAZ 

(mean±SD

, mm2) 

DCP-FAZ 

(mean±SD

, mm2) 

Device 

Iafe et al. 2016 70 113 48 ± 

20 

0.289 ± 

0.11 

0.614 ± 

0.20 

AngioVue

, Optovue 

Linderman et 

al. 

2016 116 116 30.5 

± 

14.5 

0.257 ± 

0.104 

 AngioVue

, Optovue 

Lupidi et al. 2016 47 47 39 0.28 ± 

0.11 

0.30 ± 

0.10 

Spectralis 

OCT2, 

Heidelber

g 

Magrath et 

al. 

2016 25 50 33 0.274 0.364 AngioVue

, Optovue 

Shahlaee et 

al. 

2016 17 34  0.270 ± 

0.101 

0.340 ± 

0.116 

SS-OCTA 

Tan et al. 2016 117 117 22.5 0.240 0.380 AngioVue

, Optovue 

Wang et al. 2016 105 105 35.9 

± 

13.8 

0.35 ± 

0.12 

 AngioVue

, Optovue 

Choi et al. 2017 52 52 52.1 

± 

0.350 ± 

0.110 

 Angioplex

, Cirrus 
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Authors Yea

r 

Subject

s 

Eye

s 

Age SCP-FAZ 

(mean±SD

, mm2) 

DCP-FAZ 

(mean±SD

, mm2) 

Device 

14.7

9 

Ghassemi at 

al. 

2017 112 224 37.0 

± 

11.2

7 

0.27 ± 

0.11 

0.35 ± 

0.12 

AngioVue

, Optovue 

Goudot et al. 2017 22 22 51 ± 

17 

0.285 ± 

0.150 

0.398 ± 

0.138 

AngioVue

, Optovue 

Guo et al. 2017 22 25 55 0.373 ± 

0.109 

 Angioplex

, Cirrus 

Mastropasqu

a et al. 

2017 64 64 34.4 

± 

10.9 

0.269 ± 

0.092 

 DRI 

Triton, 

Topcon 

Falavarjani 

et al. 

2018 70 70 42.8 

± 

17.2 

0.32 ± 

0.11 

0.50 ± 

0.13 

AngioVue

, Optovue 

Gomez-Ulla 

F et al. 

2019 120 240 39.2 

± 

17.4 

0.275 ± 

0.106 

0.298 ± 

0.108 

DRI 

Triton, 

Topcon 

Hayati et al. 2019 128 128 46 0.33 ±  RS-3000, 
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Authors Yea

r 

Subject

s 

Eye

s 

Age SCP-FAZ 

(mean±SD

, mm2) 

DCP-FAZ 

(mean±SD

, mm2) 

Device 

0.12 Nidek 

This study 2020 112 224 48.8 

± 

15.6 

0.31 ± 0.1 0.56 ± 

0.22 

Plex elite, 

Zeiss 
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