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ARTICLE INFO ABSTRACT

Keywords: Objective: To investigate macular and optic nerve head vessel density in healthy individuals using optical

Reti}’a ) coherence tomography angiography (OCTA), and determine their relationship with age.

;)/[pncldmk Method: This retrospective study included 153 eyes of 153 individuals aged between 20 and 80 years, who had no
acula

systemic diseases, optic disk, or retinal pathologies. The retinal (6 x 6 mm) and optic disk (4.5 x 4.5 mm) OCTA
images were evaluated for superficial capillary plexus (SCP), deep capillary plexus (DCP) and radial peripapillary
capillary plexus (RPCP) vessel density, foveal avascular zone (FAZ) area, and choriocapillaris flow area and
compared among 5 age groups.

Results: The SCP vessel density was significantly associated with age for the whole image (P = 0.001), parafovea
(P = 0.038), and perifovea (P/ce:italic>= 0.001). The DCP vessel density significantly varied with age in the
whole image (P = 0.004), parafovea (P = 0.001), and perifovea (P = 0.002). The SCP and DCP vessel densities
were significantly lower in the older age groups, and more prominently so after 50 years of age. The FAZ area
increased with age; however, this finding was not statistically significant (P = 0.660). The choriocapillaris flow
area decreased with age (P = 0.002). The RPCP vessel density in the inside disk significantly decreased with age
(P = 0.038).

Conclusion: Age should be taken into consideration when using OCTA in the diagnosis and follow-up of retinal
and optic nerve diseases. It is believed that the results here in can be used as a reference baseline for future
studies.

Optical coherence tomography angiography
Vessel density

three-dimensional assessment of ocular microcirculation [4].
FFA displays the layers of the retinal vasculature as an overlapped

1. Introduction

Many ocular diseases are associated with vascular pathologies and
examining the vascular system is very important in clinical practice [1].
Traditionally, posterior segment microvasculature has been visualized
using fundus fluorescein angiography (FFA) and indocyanine green
angiography (ICGA). These imaging methods require the intravenous
administration of fluorescein or indocyanine green dyes [2].

Optical coherence tomography angiography (OCTA) is a novel im-
aging method that generates data on the microvascular structure of the
eye by measuring and processing the motion contrast of intravascular
erythrocytes by sequential optical coherence tomography (OCT) scans of
a particular area of the retina [3]. Unlike FFA and ICGA, OCTA is
non-contact, non-invasive, and easy to use, and provides a

image. On the other hand, OCTA allows the individual visualization of
the radial peripapillary capillary network and the superficial and deep
capillary plexus. The subsequent possibilities have opened the way for
the description and quantification of retinochoroidal vascular diseases,
their pathogeneses, and the development and assessment of new treat-
ments [5].

Age is an important determinant of OCTA metrics. Therefore,we
aimed to investigate aging-related changes in retinal and peripapillary
microcirculation in healthy individuals. OCTA (RTVue XR AngioVue,
Optovue, Inc. Fremont, CA) was used to assess the retinal, choroid, and
optic nerve head vessel densities in different age groups, with the hy-
pothesis that older age groups will be associated with lower vessel
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densities.
2. Method
2.1. Patient selection

The OCTA images of patients who presented at the Necmetti-
nErbakan University Meram Medical Faculty Hospital Ophthalmology
Clinic, between January and November 2019, were retrospectively
evaluated.

A total of 250 Asian participants, between 20 and 80 years of age,
who had no systemic diseases have enrolled in this study. The best-
corrected visual acuity (BCVA), intraocular pressure, biomicroscopic
and dilated fundoscopic examination, and OCTA measurements of the
participants were reviewed. Of those, 153 participants with BCVA 20/20
and who had no optic disk or retinal pathologieswere included in this
study.

The exclusion criteria included a spherical equivalent refractive
error that was greater than +4.0D or less than —4.0D, systemic diseases
that may affect the retina or visual pathways (diabetes mellitus, hy-
pertension, etc.), any anterior or posterior segment pathology that may
affect the OCTA images (advanced cataracts, corneal opacity, vitreous
opacity, etc.) and signal strength index of the OCTA images < 7.

The study was granted ethical approval by the NecmettinErbakan
University Meram Faculty of Medicine Ethics Committee (no: 2020/
2277) and was performed in accordance with the principles of the
Declaration of Helsinki.

2.2. Optical coherence tomography angiography

OCTA scans were performed using an RTVue-XR device (Angiovue;
Optovue Inc., Fremont, CA, USA). This device uses the split-spectrum
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amplitude-decorrelation angiography (SSADA) algorithm and operates
at a wavelength of 840 nm to acquire 70,000 A-scans per second. A
volumetric A-scan image of 340 x 340 A-scan images can be acquired
within approximately 3 s. The automated segmentation by the device
software (Optovue, Version 2018.1.0.37) obtains en face images of 4
layers, namely the SPC, DPC, outer retinal layer, and choriocapillaris [2]
(Fig. 1). Optovue’s proprietary Motion Correction Technology (MCT™)
reduces motion artifact, while 3D Projection Artifact Technology greatly
improves OCTA image quality and ensures accurate measurement and
interpretation of OCTA images.

OCTA images use the internal limiting membrane, the outer border
of the inner plexiform layer, the outer border of the outer plexiform
layer, and Bruch’s membrane as reference [6]. Evaluated were 6 x 6 mm
macular and 4.5 x 4.5 mm optic disk OCTA images obtained with
AngioVue. According to the macular areas described in the Early
Treatment Diabetic Retinopathy Study (ETDRS) grid, superficial capil-
lary plexus (SCP) and deep capillary plexus (DCP) vessel densities of the
fovea, parafovea, perifovea, and the whole image were measured using
the device software. The foveal avascular zone (FAZ) area and chorio-
capillaris flow area for a fixed circle with al-mm radius were also
measured using the device software. Optic nerve head vessel density was
calculated in the 750-um-wide peripapillary region (Fig. 2). Only images
with signal strength and quality of at least 7/10 were included.

2.3. Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows 20.0 (IBM
Corp., Armonk, NY, USA). The demographic and clinical characteristics
of the participants were analyzed using descriptive statistics (mean,
standard deviation, percentage, etc.). The Kruskal Wallis h test was
performed to compare clinical characteristics between the age groups.
The independent samples t-test and the Mann Whitney U test were used
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Fig. 1. OCTA images of the superficial and deep capillary plexus, outer retinaand choriocapillaris.
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Fig. 2. OCTA images of peripapillary capillary plexus (RPCP).

for the pairwise comparison of the age groups. Chi-square analysis was
used to compare the sex ratios between the age groups. P <0.05 was
accepted as statistically significant for all of the analyses.

3. Results

The mean age of the 153 participants was 45.14 (+14.11) (range
20-73) years. Moreover, 88 (57.5%) of the participants were female and
65 (42.5%) were male. The participants were divided into 5 groups
according to age, comprising 20-29, 30-39, 40-49, 50-59, and 60-80.
Table 1 shows the age distribution and gender ratios among different
groups.

3.1. Superficial capillary plexus (SCP) vessel density

SCP vessel density increased with age in whole image (P = 0.001),
superior hemi (P = 0.005), inferior hemi (P <0.001), parafovea (P =
0.038), and perifovea (P = 0.001) readings, and decreased after the age
of 50 (Table 2). Particularly, participants who were 60-80 years of age
had a significantly lower whole-image and perifoveal SCP vessel den-
sities when compared to those who were20-29, 30-39, 40-49 years of
age, andsignificantly lower parafoveal SCP vessel densities when
compared to those who were40-49 years of age (Table 2).When we
compared the 20-29, 30-39, 40-49 age groups with each other, no
statistically significant difference was observed in all areas.

3.2. Deep capillary plexus (DCP) vessel density

DCP vessel density significantly increased with age in whole image
(P = 0.004), superior hemi (P = 0.002), inferior hemi (P = 0.008),
parafovea (P = 0.001), and perifovea (P = 0.002) readings, and
decreased after the age of 50 (Table 2). Patients who were 60-80years of
age had a significantly lower whole-image, parafoveal, and perifoveal
DCP vessel densities when compared to those who were 20-29, 40-49,

50-59 years of age (Table 2).When we compared 20-29, 30-39, 40-49
age groups with each other, only the 30-39 age group had significantly
lower parafoveal DCP vessel density than the 40-49 age group (p =
0.005).

3.3. Foveal avascular zone (FAZ) area and choriocapillaris flow area

FAZ area (mm?) and choriocapillaris flow area (mm?) values of age
groups were given in Table 4. The mean FAZ area was 0.27 (£0.10)
mm?. The FAZ area changed according to age; however,this finding was
not statistically significant (P = 0.660). The FAZ area tended to increase
with age but decreased in participants who were 60-80 years of age.

For all of the participants, the mean choriocapillaris flow area was
measured as 2.08 (+0.13) mm?. Intergroup comparison revealed that
the choriocapillaris flow area significantly changed with age (P = 0.002)
and decreased after the age of 30 (Table 3). Particularly, there was a
significant difference between participants who were 20-29 years of age
and the remaining age groups (Table 3).

3.4. Radial peripapillary capillary plexus (RPCP) vessel density

The radial peripapillary capillary plexus (RPCP) vessel density (%)
values of age groups are given in Table 6. RPCP vessel density inside the
disk significantly decreased with age (P = 0.038), starting at the age of
30 (Table 4). The RPCP vessel density in participants who were 60-80
years of age was significantly lower when compared to those who were
20-29 and 40-49 years of age (Table 4).

4. Discussion

OCTA provides high-resolution images of the foveal, parafoveal, and
perifoveal microvasculature, including the SCP and DCP, the outer
retinal layer, and layers of the choroid through segmentation [7]. OCTA
has become widely accepted due to its ability to segment the obtained
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Table 1
Average age and sex ratio by age group.
All Age Range
20-80(n = 153) 20-29(n = 29) 30-39(n = 28) 40-49(n = 35) 50-59(n = 25) 60-80(n = 36)
mean.+SD mean.+SD mean.+SD mean.+SD mean.+SD mean.+SD P
Age(years) 45.14+14.11 24.93+3.27 35.07+3.13 44.46+3.04 54.48+2.14 63.42+3.25 <0.001*
Gender 65:88 7:22 15:13 14:21 8:17 21:15 0.035"
(M:F)% (42.5:57.5) (24.1:75.9) (53.6:46.4) (40.0:60.0) (32.0:68.0) (58.3:41.7)
SD=Standard Deviations, M=Male, F=Female, a=Kruskal Wallis-H Test, b=Chi-Square Analysis.
Table 2
Comparison of SCP and DCP vessel density(%) values among age groups.
Participants20-80(n Group 120-29 Group 230-39 Group 340-49 Group 450-59 Group 560-80(n X2 P
=153) (n=29) (n=28) (n=35) (n=25) = 36)
Whole 49.79+3.84 50.49+4.20" 50.50-+2.55" 51.30+2.67%¢ 49.56+3.51°¢ 47.38+4.53%¢ 18.24 0.001
Superficial image
Capillary Superior 49.72+3.85 50.45+4.17° 50.46+2.53" 50.99+2.68" 49.68+3.49 47.384+4.71%¢ 14.76 0.005
Plexus Vessel hemi
Density (%) Inferior 49.86+3.95 50.53+4.35" 50.55+2.67" 51.59+2.80%¢ 49.45+3.66° 47.39+4.52%¢ 21.03 <0.001
hemi
Fovea 19.96+6.73 21.05+6.96 20.97+7.77 19.83+6.39 19.14+7.17 19.00+5.81 3.20 0.525
Parafovea 52.05+4.62 52.38+5.22 52.61+3.00 53.60+3.48¢ 51.83+4.22° 50.01+5.76° 10.16 0.038
Perifovea 50.48+3.99 51.18+4.30" 51.24+2.73" 52.03+2.89¢ 50.34+3.59 47.9444.68""¢ 17.73 0.001
Whole 50.56+5.52 51.54+5.92" 50.87+4.92" 52.54+4.76" 50.79+5.18° 47.44+5.55° 15.67  0.004
Deep image
Capillary Superior 50.80+5.76 51.83+6.24" 51.09+5.24" 52.97+4.86" 50.98+5.30° 47.51+5.72%¢ 16.85 0.002
Plexus Vessel hemi
Density (%) Inferior 50.31+5.50 51.25+5.79" 50.62+4.83" 52.12+4.90¢ 50.58+5.20° 47.3845.64"¢ 13.93 0.008
hemi
Fovea 37.21+7.52 38.68+7.05 38.23+8.41 37.37+7.54 36.19+9.09 35.83+5.86 4.59 0.332
Parafovea 54.78+4.39 55.91+4.63" 53.9843.96" 56.55+3.67¢ 55.23+3.83° 52.494+4.61%"¢ 18.75 0.001
Perifovea 51.82+6.01 52.82+6.55" 52.1945.38" 53.96+5.32¢ 52.18+5.35° 48.4145.97%>¢ 16.92 0.002
# Group 1 vs 5p < 0.05.
b Group 2 vs 5p < 0.05.
¢ Group 3 vs 4 p < 0.05.
d Group 3 vs 5p < 0.05.
¢ Group 4 vs 5p < 0.05.
SD=Standard Deviations, X2=Kruskal Wallis-H Test
Pairwise comparisons were made with Independent Groups t-test and Mann Whitney U test.
Table 3
Comparison of FAZ area (mm?) and choriocapillaris flow area (mm?) values between age groups.
Participants20-80(n = Group 120-29(n = Group 230-39(n Group 340-49(n Group 450-59(n Group 560-80(n X2 P
153) 29) =28) = 35) = 25) = 36)
FAZ area (mm?) 0.27+0.10 0.25+0.09 0.29+0.12 0.29£0.10 0.29+0.12 0.28+0.08 2.42 0.660
Choriocapillaris flow 2.0840.13 2.1840.15%¢¢ 2.1040.14" 2.0540.14" 2.0540.12¢ 2.0740.09¢ 19.95  0.002

area (mmz)

# Group 1 vs 2 p < 0.05.
b Group 1 vs 3p < 0.05.
¢ Group 1 vs 4 p < 0.05.
4 Group 1 vs 5 p < 0.05.
SD=Standard Deviations, X2=Kruskal Wallis-H Test

Pairwise comparisons were made with Independent Groups t-test and Mann Whitney U test.

images and providethe layer-by-layer visualization of different retinal
vascular structures [8]. OCTA was successfully used for the qualitative
assessment of diabetic retinopathy, retinal venous or arterial occlusion,
choroid neovascularization, and microvascular changes in glaucoma.
The AngioVue system provides a quantitative assessment of these
microvascular changes [9-12].

To the best of our knowledge, this study is one of the rare studies that
assess macular and optic nerve vessels using OCTA in 5 age groups,
between 20 and 80 years of age, to develop a normative database, and
perform intergroup comparisons to improve retinal and optic nerve
diagnostics.

In this study, we showed that the whole-image and perifoveal and
parafoveal SCP and DCP vessel densities peaked in participants who

were 40-49 years old and significantly decreased after the age of 50.
There was a similar decrease in the foveal vessel densities; however, this
finding was not statistically significant. Sato et al. examined the OCTA
images (3 x 3 mm) of 145 healthy individuals who were 30-74 years of
age and reported decreased whole-image and parafoveal SCP and DCP
vessel densities after the age of 40 [13]. Coscas et al. analyzed OCTA
images (3 x 3 mm) of 135 eyes of individuals who were grouped ac-
cording to their age as 20-39, 40-59, and >60 years of age, and
described a negative correlation between vessel density and age.
Moreover, they reported decreased whole-image and parafoveal SCP
and DCP vessel densities in participants who were 40 years of age or
older [14].

In our study, although the vessel densities value peaked in the 40-49
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Table 4
Comparison of RPCP vessel density (%) values between age groups.
Participants20-80 Group 120-29 Group 230-39 Group 340-49(n Group 450-59 Group 560-80 X2 P
(n=153) (n=29) (n=28) = 35) (n=25) (n = 36)
Radial Whole image 49.87+2.40 50.26+1.98 49.95+1.67 50.62+2.53¢ 49.28+2.85 49.214+2.57¢ 7.13 0.129
Peripapillary Inside disk 48.97+5.05 50.41+7.31° 49.56+4.47 49.46+4.81¢ 48.56+3.73 47.17+3.88%¢ 10.13 0.038
Capillary Peripapillary 53.00+2.75 53.01+2.27 53.08+2.12 53.79+2.67 52.54+3.24 52.52+3.21 3.34 0.503
Plexus Superior hemi 53.18+2.79 52.74+2.46 53.13+2.30 53.91+2.78 53.11+3.05 52.92+3.22 3.48 0.480
Vessel Inferior hemi 52.79+3.12 53.28+2.62 53.01+2.27 53.64+2.90" 51.89+3.84 52.05+3.54" 4.74 0.315
Density (%) Nasalsuperior 50.57+3.61 50.94+3.06 50.07+2.62 51.17+4.19 50.16+3.52 50.41+4.21 5.68 0.224
Nasalinferior 49.33+4.28 50.06+3.56 49.51+3.39 49.87+3.46 48.25+5.27 48.82+5.30 2.12 0.714
Temporalinferior ~ 53.01+4.65 53.59+4.20 52.41+3.92" 54.94+4.68" 52.18+5.05° 51.73+4.81° 864  0.071
Temporalsuperior 55.88+3.94 55.37+3.91 56.20+3.26 55.79+3.58 56.48+3.40 55.74+45.12 1.83 0.767

# Group 1 vs 5p < 0.05.
b Group 2 vs 3p < 0.05.
¢ Group 3 vs 4 p < 0.05.
d Group 3 vs 5p < 0.05.
SD=Standard Deviations, X2=Kruskal Wallis-H Test

Pairwise comparisons were made with Independent Groups t-test and Mann Whitney U test.

age group, no statistically significant difference was observed between
the 20-29 and 30-39 age groups, except for one quadrant. This
increased value was considered to be probably coincidental.The dis-
crepancies between the different studies can be ascribed to differences in
age and ethnicities across the study populations. These aging-related
changes are thought to be the result of the occlusion and atrophy of
retinal capillaries [15].

FAZ is a macular zone that features no capillary networks but is
surrounded by interconnected capillary networks. The area of the FAZ
reflects the status of the microcapillary circulation in the foveal area
[16]. In a patient group with a mean age of 41.1 + 16.46 (range 12-78)
years, Shahlaee et al. reported the superficial FAZ area to be 0.27 mm?>
and the deep FAZ area to be 0.34 mm? [17].Goker et al. reported that
among patients with a mean age of 40.85 + 15.22 (range 18-68) years,
the mean FAZ area in the entire retinal vasculature was 0.28 (40.11)
mm? [18]. In the current study, the mean FAZ area in the whole retina
was 0.27 (£0.10) mm?.

The literature presents controversial findings regarding the rela-
tionship between the FAZ area and age. Shahlaee et al. and Iafe et al.
reported an increased FAZ area in the SCP and DCP with age [17,19].
Coscas et al. showed that the FAZ area in the SCP decreased significantly
in people over 60 years of age, but that the change in the DCP was not
statistically significant [14]. Falavarjani et al. reported that the FAZ area
in the DCP increased with age [20]. On the other hand, Oh et al. did not
find any correlation between age and the FAZ area [21]. Herein, like-
wise, no correlation was found between the FAZ area in the whole retina
and age. The FAZ area tended to increase with age but decreased in
participants who were 60-80 years ofage. In numerous studies, the
measurement of the FAZ area has relied on manual data collection, and
the segmentation of the retinal layers may have varied depending on the
used devices. The software employed in this study allowed for an eval-
uation of the FAZ area in the complete retinal vasculature between the
inner limiting membrane and the outer plexiform layer.

The choroid is a highly vascularized tissue that supplies oxygen and
nutrients to the outer retina [22]. It is difficult to visualize the chorio-
capillaris using traditional methods. Fluorescein can leak from the
choriocapillaris, thus affecting visualization quality. Choroid circulation
can be assessed using ICGA; however, it can be difficult to distinguish
the choriocapillaris from the large choroidal veins [23,24].

Multiple studies have reported that aging results in decreased cho-
riocapillaris flow and choroid thickness [25,26]. Oh et al. demonstrated
that choriocapillaris blood supply and vessel density decrease with aging
[21]. In the current study, the mean choriocapillaris flow area was
measured as 2.08 mm? for a fixed circle with al-mm radius. It was found
that the choriocapillaris flow area decreased after the age of 30. There
was a significant difference between participants who were 20-29 years

of age and the remaining age groups. Yun et al. demonstrated that
choriocapillaris measurements vary depending on the OCTA device and
the image adjustment method [27]; however, no other studies have
reported similar results. Therefore, device-specific features and appro-
priate imaging settings should be taken into consideration in OCTA
studies assessing the choriocapillaris.

RPCP vessel density is an important parameter in the early diagnosis
and follow-up of glaucoma. Mammo et al. compared the glaucomatous
with normal eyes and reported decreased RPCP vessel density in glau-
coma, which was also strongly correlated with retinal nerve fiber layer
thickness [28]. A study by Koca et al. found that the average RPCP vessel
density in healthy individuals was 50.13 + 2.26% [29]. Similarly,
herein, it was found that the average RPCP vessel density was
49.87+2.40%. It was also determined that the RPCP vessel density in the
inside disk significantly decreased with age. The RPCP vessel density in
participants who were 60-80 years of age was significantly different
when compared to those who were 20-29 and 40-49 years of age. The
RPCP vessel density in other areas did not significantly change with age.

Despite the advances in OCTA technology, there were several limi-
tations to this study. Since SSADA depends on detecting blood flow, any
head or eye movement during measurement can negatively affect image
quality. This is more common in older patients. For this reason, images
with quality scores below 7 were excluded. Moreover, major SCP vessels
can create projection artifacts and produce erroneously high DCP vessel
densities. More advanced algorithms are needed to correct such arti-
facts. The strengths of thisstudy were the automated segmentation and
data analysis of the device.The limitation of this study is retrospective
data collection.

The interpretation of OCTA results can significantly improve the
diagnosis, follow-up, and treatment of diseases affecting the optic disk
and retina. Clinical applications should consider age groups. OCTA
vessel density and flow measurements vary widely between healthy
individuals. Larger prospectivestudies including healthy eyes of all ages
and ethnicities and screening guidelines are needed to identify possible
variations as early indicators of age-related secondary changes and
macular and retinal vascular diseases that often affect elderly patients.
We believe that theresults determined herein can be used as a reference
baseline for future studies.

Declaration of Competing Interest
None.
Funding

None.



R.N.

Abay et al.

Project number: Necmettin Erbakan University Meram Faculty of

Medicine Ethics Committee (no: 2020/2277)1

References

[1]

[2]

[31

[4]

[5]

[6]

[7]

[8

=

[9]

[10]

[11]

[12]

[13]

H.A. Khan, A. Mehmood, Q.A. Khan, F. Igbal, F. Rasheed, N. Khan, et al., A major
review of optical coherence tomography angiography, Expert. Rev. Ophthalmol 12
(5) (2017) 373-385, https://doi.org/10.1080/17469899.2017.1356229.

T.E. De Carlo, A. Romano, N.K. Waheed, J.S. Duker, A review of optical coherence
tomography angiography (OCTA), Int. J. Retina Vitreous 1 (2015) 5, https://doi.
org/10.1186/540942-015-0005-8.

D.M. Schwartz, R.J. Zawadzki, D.Y. Kim, J.S. Werner, S.E. Fraser, J. Fingler, et al.,
Optical imaging of the chorioretinal vasculature in the living human eye, Proc.
Natl. Acad. Sci. 110 (2013) 14354-14359, https://doi.org/10.1073/
pnas.1307315110.

C.W. Lim, J. Cheng, E.L.T. Tay, H.Y. Teo, E.P.Y. Wong, V.K.Y. Yong, et al., Optical
coherence tomography angiography of the macula and optic nerve head:
microvascular density and test-retest repeatability in normal subjects, BMC
Ophthalmol. 18 (2018) 315, https://doi.org/10.1186/512886-018-0976-y.

R.F. Spaidea, J.G. Fujimoto, N.K. Waheed, S.R. Sadda, G. Staurenghi, Optical
coherence tomography angiography, Prog. Retin. Eye Res 64 (2018) 1-55, https://
doi.org/10.1016/j.preteyeres.2017.11.003.

B. Lumbroso, D. Huang, J.C. Chen, Y. Jia, M. Rispoli, A. Romano, Interpretation of
optical coherence tomography angiography, in: D Huang, Y Jia, SS Gao (Eds.),
Clinical OCT Angiography Atlas, Jaypee, London, 2015, pp. 8-16, https://doi.org/
10.5005/jp/books/12583, 1.

J. Nemiroff, N. Phasukkijwatana, D. Sarraf, Optical coherence tomography
angiography of deep capillary ischemia, DevOphthalmol 56 (2016) 139-145,
https://doi.org/10.1159/000442806.

C. Shen, Shu Yan, Min Du, H. Zhao, L. Shao, Y. Hu, et al., Assessment of
choroidalosteoma complicating choroidal neovascularization by optical coherence
tomography angiography, Int. Ophthalmol 38 (2018) 787-792, https://doi.org/
10.1007/s10792-017-0503-9.

A. Couturier, V. Mane, S. Bonnin, A. Erginay, P. Massin, et al GaudricA, Capillary
plexus anomalies in diabetic retinopathy on optical coherence tomography
angiography, Retina 35 (2015) 2384-2389, https://doi.org/10.1097/
TAE.0000000000000859.

G. Coscas, M. Lupidi, F. Coscas, C. Cagini, E.H. Souied, Optical coherence
tomography angiography versus traditional multimodal imaging in assessing the
activity of exudative age-related macular degeneration: a new diagnostic
challenge, Retina 35 (2015) 2219-2228, https://doi.org/10.1097/
TAE.0000000000000766.

M.A. Bonini Filho, M. Adhi, T.E. de Carlo, D. Ferrara, C.R. Baumal, A.J. Witkin, et
al., Optical coherence tomography angiography in retinal artery occlusion, Retina
35 (2015) 2339-2346, https://doi.org/10.1097/IAE.0000000000000850.

F. Coscas, A. Glacet-Bernard, A. Miere, V. Caillaux, J. Uzzan, M. Lupidi, et al.,
Optical coherence angiography in retinal vein occlusion: evaluation of superficial
and deep capillary plexuses, Am. J. Ophthalmol. 161 (2016) 160-171, https://doi.
org/10.1016/j.ajo.2015.10.008.

R. Sato, H. Kunikata, T. Asano, N. Aizawa, N. Kiyota, Y. Shiga, et al., Quantitative
analysis of the macula with optical coherence tomography angiography in normal
Japanese subjects: the taiwa study, Sci. Rep. 9 (2019) 8875, https://doi.org/
10.1038/541598-019-45336-3.

! This article was written using the data form the specialty thesis called
"Evaluation Of Age Related Changes In Macula And Optic Nerve Head Param-

eter:

s By Optical Coherence Tomography And Optical Coherence Tomography

Angiography" submitted to Meram Faculty of Medicine.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Photodiagnosis and Photodynamic Therapy 37 (2022) 102624

F. Coscas, A. Sellam, A. Glacet-Bernard, C. Jung, M. Goudot, A. Miere, et al.,
Normative data for vascular density in superficial and deep capillary plexuses of
healthy adults assessed by optical coherence tomography angiography, Invest.
Ophthalmol. Vis. Sci. 57 (2016) 211-223, https://doi.org/10.1167/iovs.15-18793.
A.C. Bird, R.A. Weale, On the retinal vasculature of the human fovea, Exp. Eye Res.
19 (1974) 409-417, https://doi.org/10.1016/0014-4835(74)90050-5.

A. Fujiwara, Y. Morizane, M. Hosokawa, S. Kimura, Y. Shiode, M. Hirano, et al.,
Factors affecting foveal avascular zone in healthy eyes: an examination using swept
source optical coherence tomography angiography, PLoS ONE 12 (11) (2017),
0188572, https://doi.org/10.1371/journal.pone.0188572.

A. Shahlaee, W.A. Samara, J. Hsu, E.A.T. Say, M.A. Khan, J. Sridhar, et al., In vivo
assessment of macular vascular density in healthy human eyes using optical
coherence tomography angiography, Am. J. Ophthalmol. 165 (2016) 39-46,
https://doi.org/10.1016/j.aj0.2016.02.018.

Y.S. Goker, H. Kiziltoprak, Quantitative features of the foveal avascular zone and
macular capillary plexuses in healthy individuals: an optical coherence
tomography angiography study, Ret-Vit 28 (2019) 131-136.

N.A. Iafe, N. Phasukkijwatana, X. Chen, D. Sarraf, Retinal capillary density and
foveal avascular zone area are age-dependent: quantitative analysis using optical
coherence tomography angiography, Invest. Ophthalmol. Vis. Sci. 57 (2016)
5780-5787, https://doi.org/10.1167/i0vs.16-20045.

K.G. Falavarjani, H. Shenazandi, D. Naseri, P. Anvari, P. Kazemi,

F. Aghamohammad, et al., Foveal avascular zone and vessel density in healthy
subjects: an optical coherence tomography angiography study, J. Ophthalmic Vis.
Res 13 (3) (2018) 260-265, https://doi.org/10.4103/jovr.jovr_173_17.

J. Oh, D.J. Baik, J. Ahn, Inter-relationship between retinal and choroidal
vasculatures using optical coherence tomography angiography in normal eyes, Eur.
J. Ophthalmol. 30 (1) (2020) 48-57, https://doi.org/10.1177/
1120672118816225.

S.S. Hayreh, Segmental nature of the choroidal vasculature, Br. J. Ophthalmol. 59
(11) (1975) 631-648, https://doi.org/10.1136/bjo.59.11.631.

P.M. Bischoff, R.W. Flower, Ten years experience with choroidal angiography using
indocyanine green dye: a new routine examination or an epilogue? Doc.
Ophthalmol. 60 (3) (1985) 235-291, https://doi.org/10.1007/BF00157827.

P.A. Keane, S.R. Sadda, Imaging chorioretinal vascular disease, Eye 24 (3) (2010)
422-427, https://doi.org/10.1038/eye.2009.309.

B.A. Klien, Regional and aging characteristics of the normal choriocapillaris in flat
preparations, Am. J. Ophthalmol. 61 (1966) 1191-1197, https://doi.org/10.1016/
0002-9394(66)90243-1.

R.F. Spaide, Choriocapillaris flow features follow a power law distribution:
implications for characterization and mechanisms of disease progression, Am. J.
Ophthalmol. 170 (2016) 58-67, https://doi.org/10.1016/j.aj0.2016.07.023.

C. Yun, K.T. Nam, S. Park, S.Y. Hwang, J. Oh, Features of the choriocapillaris on
four different optical coherence tomography angiography devices, IntOphthalmol
40 (2020) 325-333, https://doi.org/10.1007/510792-019-01182-w.

Z. Mammo, M. Heisler, C. Balaratnasingam, S. Lee, D.Y. Yu, P. Mackenzie, et al.,
Quantitative optical coherence tomography angiography of radial peripapillary
capillaries in glaucoma, glaucoma suspect, and normal eyes, Am. J. Ophthalmol.
170 (2016) 41-49, https://doi.org/10.1016/j.2j0.2016.07.015.

N. Koca, K. Ayar, M.E. Can, Optical coherence tomography angiography findings in
axial spondylarthritis, Rheumatol. Int. 40 (6) (2020) 901-913, https://doi.org/
10.1007/500296-020-04553-0.


https://doi.org/10.1080/17469899.2017.1356229
https://doi.org/10.1186/s40942-015-0005-8
https://doi.org/10.1186/s40942-015-0005-8
https://doi.org/10.1073/pnas.1307315110
https://doi.org/10.1073/pnas.1307315110
https://doi.org/10.1186/s12886-018-0976-y
https://doi.org/10.1016/j.preteyeres.2017.11.003
https://doi.org/10.1016/j.preteyeres.2017.11.003
https://doi.org/10.5005/jp/books/12583
https://doi.org/10.5005/jp/books/12583
https://doi.org/10.1159/000442806
https://doi.org/10.1007/s10792-017-0503-9
https://doi.org/10.1007/s10792-017-0503-9
https://doi.org/10.1097/IAE.0000000000000859
https://doi.org/10.1097/IAE.0000000000000859
https://doi.org/10.1097/IAE.0000000000000766
https://doi.org/10.1097/IAE.0000000000000766
https://doi.org/10.1097/IAE.0000000000000850
https://doi.org/10.1016/j.ajo.2015.10.008
https://doi.org/10.1016/j.ajo.2015.10.008
https://doi.org/10.1038/s41598-019-45336-3
https://doi.org/10.1038/s41598-019-45336-3
https://doi.org/10.1167/iovs.15-18793
https://doi.org/10.1016/0014-4835(74)90050-5
https://doi.org/10.1371/journal.pone.0188572
https://doi.org/10.1016/j.ajo.2016.02.018
http://refhub.elsevier.com/S1572-1000(21)00442-7/sbref0018
http://refhub.elsevier.com/S1572-1000(21)00442-7/sbref0018
http://refhub.elsevier.com/S1572-1000(21)00442-7/sbref0018
https://doi.org/10.1167/iovs.16-20045
https://doi.org/10.4103/jovr.jovr_173_17
https://doi.org/10.1177/1120672118816225
https://doi.org/10.1177/1120672118816225
https://doi.org/10.1136/bjo.59.11.631
https://doi.org/10.1007/BF00157827
https://doi.org/10.1038/eye.2009.309
https://doi.org/10.1016/0002-9394(66)90243-1
https://doi.org/10.1016/0002-9394(66)90243-1
https://doi.org/10.1016/j.ajo.2016.07.023
https://doi.org/10.1007/s10792-019-01182-w
https://doi.org/10.1016/j.ajo.2016.07.015
https://doi.org/10.1007/s00296-020-04553-0
https://doi.org/10.1007/s00296-020-04553-0

	Normative data assessment of age-related changes in macular and optic nerve head vessel density using optical coherence tom ...
	1 Introduction
	2 Method
	2.1 Patient selection
	2.2 Optical coherence tomography angiography
	2.3 Statistical analysis

	3 Results
	3.1 Superficial capillary plexus (SCP) vessel density
	3.2 Deep capillary plexus (DCP) vessel density
	3.3 Foveal avascular zone (FAZ) area and choriocapillaris flow area
	3.4 Radial peripapillary capillary plexus (RPCP) vessel density

	4 Discussion
	Declaration of Competing Interest
	Funding
	References


