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Impact statement

In this paper, we describe the normative
trends and associations of frequently used
perfusion metrics in the far temporal region
of the retina. Recently, there has been an
increasing focus on larger fields of view in
OCT angiography (OCTA) technology.
However, to accurately measure abnormal
characteristics, it is necessary to accu-
rately characterize normative parameters.
This study provides information on the
distribution of both vessel density (VD) and
intercapillary distance (ICD) in three retinal
plexuses/complexes: the superficial vas-
cular complex, ganglion cell layer plexus,
and deep vascular complex. En face color
maps are provided to visualize the notice-
able decrease in VD and increase in ICD
towards the far temporal region.
Transverse angiographic analyses provide
meaningful information on how VD and ICD
quantitatively change with increasing dis-
tance from the fovea. This new information
will inform future studies to more accu-
rately characterize pathologic regions with
more confidence.

Abstract

A limitation of conventional optical coherence tomography angiography (OCTA) is the
limited field of view normally used in data acquisition. As the technology improves, larger
fields of view that capture information away from the macular are being explored in order to
provide an enhanced ability to detect pathology. However, normative measurements for
important OCTA metrics like vessel density and intercapillary distance are not currently
well-characterized in the peripheral retina. In this prospective study, we measured vessel
density and intercapillary distance of the superficial vascular complex, ganglion cell layer
plexus, and deep capillary plexus in montaged macular/temporal scans from 53 (33 men)
healthy volunteers. Vessel density and intercapillary distance were also compared across
different regions of the retina, including along arcs at separate distance from the fovea.
Compared to the central macular region, the temporal retina had significantly lower vessel
density, decreased thickness, and greater intercapillary distance in the superficial vascular
complex, GCLP ganglion cell layer plexus, and deep capillary plexus (Wilcoxon rank sum
test P <0.001), with each of the plexuses examined here showing a general decrease in
vessel density and an increase in intercapillary distance towards the temporal region. No
significant difference was noted comparing corresponding vessel density and intercapillary
distance regions above and below the macula, and multiple linear regression showed that
age and intraocular pressure were not associated with vessel density and intercapillary

distance in most models. Repeatability analysis reported as intraclass correlation coefficients demonstrated moderate to excel-
lent reliability of vessel density and intercapillary distance in all OCTA layers. These results should help provide an enhanced
baseline to help identify vascular pathology in the peripheral retina.
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Introduction

Optical coherence tomography angiography (OCTA) has
retinal
Numerous studies have demonstrated its utility in

become a widely wused
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identification and monitoring of many retinal diseases
including age-related macular degeneration, diabetic reti-
nopathy, and retinal vein occlusion.' The ability to objec-
tively evaluate retinal disease through quantification of

imaging modality.
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vascular metrics has generated much interest.* Of these,
vessel density®® (VD) and nonperfusion area”® (NPA) are
two of the most frequently used metrics employed to eval-
uate retinal vascular disease.”™

The majority of VD and NPA studies in OCTA have been
performed using central 3 x 3 mm centered on the macular.
This small field of view is a limitation of conventional
OCTA imaging. Wide-field OCTA can visualize more
peripheral pathologies that may be missed by smaller
fields of view and enable quantification of more vascular
changes."*"® Such quantification has the capacity to
improve OCTA-aided diagnosis, but the vasculature of a
healthy eye as seen by OCTA in peripheral regions remains
poorly characterized. While it is known that vascular den-
sity varies in different regions of the retina, normative data
of vascular metrics as measured by OCTA in the periphery
are limited. To understand VD and NPA as abnormal, it will
be helpful to establish a normative distribution of VD and
intercapillary distance (ICD, frequently used for detecting
NPA!415)

You et al.”” previously reported on the macular vessel
density in a large cohort of 1631 eyes, but the OCTA
image was centered only on the macula without informa-
tion from the temporal periphery. More recently, Lavia
et al.’” investigated a small sample of 10 eyes from 10
healthy subjects using several 3 x 3mm montages from a
swept-source OCTA (SS-OCTA) machine and reported cap-
illary density variation in four retinal sectors.

In this study, we characterize the normative perfusion
metrics from larger 6 x 6 mm scans of the retina, including
the field immediately temporal to the scan centered on the
fovea. We quantify these metrics by radial distance from the
fovea. We further angle with the horizontal by comparing
perfusion metrics along arcs. This fine-grained approach
allowed us to more fully characterize small scale variation
than previous work. We further used statistical tests to both
test for significance of observed perfusion variation and to
characterize the association of perfusion parameters with
other potentially influencing factors such as retinal thick-
ness, age, and OCT signal strength.

1.16

Materials and methods

Study population

We recruited healthy volunteer participants from Casey
Eye Institute for this study, which was approved by the
Oregon Health & Science University institutional review
board and complied with the Declaration of Helsinki and
HIPAA regulations. All participants provided written
informed consent at enrollment. They underwent a medical
history inquiry, comprehensive clinical examinations, and
ocular imaging. The clinical examinations included Early
Treatment of Diabetic Retinopathy Study (ETDRS) protocol
visual acuity, intraocular pressure, slit-lamp biomicroscopy,
and indirect binocular ophthalmoscopy. Imaging proce-
dures included dilated color fundus photography and
OCTA. The exclusion criteria were as follows: retinal
pathology, diagnosis of glaucoma, systemic disorder
impacting the eye, history of ocular surgery, or medical
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treatment for an ocular condition. Further exclusion criteria
based on image scans included signal strength index
(SSI) < 50, large motion artifacts, strong shadow artifacts
(e.g. a shadow caused by an eyelash, vitreous floaters, or
pupil vignetting), defocusing, failure to complete the scan,
and arcs with missing data from more than half of the
participants.

Data acquisition and segmentation boundaries

One eye of each healthy subject underwent high-definition
(400 x 400-pixel) 6 x 6-mm OCTA scans centered on the
fovea and temporal retina consecutively with ~0.5mm
overlap (Figure 1) using a commercially available
SD-OCTA system (Avanti RTVue-XR, Optovue Inc.).
Mean arterial pressure was calculated as 2/3 x [diastolic
blood pressure]+1/3 x [systolic blood pressure]. The
intraocular pressure was measured with Goldman
tonometry.

A guided bi-directional graph search algorithm'® was
used to segment seven retinal boundaries, from which max-
imum projection'® was used to produce en face images of
the superficial vascular complex (SVC), ganglion cell layer
plexus (GCLP), and deep capillary plexus (DCP).
Definitions of the OCTA en face angiograms were: GCLP:

Temporal retina (6x6-mm)

Central macula (6x6-mm)

Figure 1. (Top) Montaged 6 x 6-mm OCTA scans showing the fovea and
temporal retina. (Middle) Sectored map of the macular and temporal regions.
(Bottom) Definition of temporal (blue) and macular (green) regions. (A color
version of this figure is available in the online journal.)
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67% of combined ganglion cell and inner plexiform layer
(GCIPL); SVC: nerve fiber layer (NFL) and GCLP; DCP:
50% of inner nuclear layer (INL) in addition to the outer
plexiform layer (OPL, Figure 2.)* We anticipated that VD
and ICD may vary with the thickness of the layers in which
they are embedded, so the thicknesses of these layers were
also measured from the segmented retinal slabs.**° The
vascular slabs as defined above were chosen in order to
provide clean images of the plexuses in isolation.
However, they do not correspond to the anatomic regions
perfused by the retinal plexuses. The thickness measure-
ments reported here therefore are taken over the entire
associated retinal slabs instead of the fractional slabs used
for projection (i.e. the entire rather than partial GCIPL
and INL).

Image analysis

Vessel density (VD) was calculated as the percentage of
pixels with flow signal in a vascular plexus or complex.
To separate the vascular and nonvascular pixels, a thresh-
old of noise was defined as 2.33 standard deviation above
the mean decorrelation signal in the foveal avascular zone
(FAZ). Intercapillary measures capillary spacing.
Specifically, we used a Euclidean distance transform algo-
rithm to compute the ICD. This algorithm assigns the dis-
tance to the nearest flow pixel to every pixel in the en face
image.”’ We applied a deep-learning-based method to
detect the shadow-artifact-affected areas in each en face
image.”> Regions with detected shadows were excluded
from analysis.

To characterize the VD and ICD in relation to their loca-
tion in the retina, we divided the montaged macular and
temporal scans in 30° sectors centered at the fovea, number
1-12 in a counterclockwise fashion (Figure 1). Each angular
sector was subdivided into concentric arcs at 0.3 mm incre-
ments. We excluded regions within or adjacent to the FAZ,
up to 0.6 mm, to limit contribution from the inherent vari-
ation in FAZ size in a normal population.” We adjusted all
images to correct for the effect of axial length on linear
magnification. The macular region (green) was defined as
a donut ring centered on the fovea with maximum and
minimum radii of 3.0 and 0.6 mm, respectively. The tempo-
ral region (blue) was defined as the arcs in sectors 5-8

extending beyond the macular region temporally. Lastly,
we calculated the ICD and VD on the regions free of arti-
facts and analyzed the variation to their distance from the
foveal center. Furthermore, we performed multiple linear
regressions between vascular metrics (VD and ICD, sepa-
rately) of sectors against other covariates (age, MAP, IOP,
thickness, and SSI). In the sectors with significant associa-
tions to SSI, a linear correction was applied.

Statistical analysis

Wilcoxon rank sum tests were used to determine statistical-
ly significant differences (P < 0.05) in VD, ICD, and thick-
ness between the macular and temporal regions.
Additionally, Wilcoxon rank sum tests were used to com-
pare corresponding sectors in the superior and inferior
hemispheres. Multiple linear regression models were per-
formed to investigate associations of VD and ICD with
other demographic (age, MAP) and ocular (IOP, thickness,
and SSI) parameters. Pearson correlation coefficients
reported the relationship between VD and ICD against dis-
tance from the fovea. Lastly, a repeatability analysis
between the first and second measurements using a
subset of the data was conducted using intraclass correla-
tion coefficients (two-way mixed-effects model). All statis-
tical analysis was conducted in R using RStudio (RStudio
for mac, version 1.3; PBC, Boston, MA, USA).

Results

Study population

We enrolled 63 eyes from 63 healthy adults (36 men and 27
women) in total and excluded 10 eyes due to a scanning
failure where the OCT system cannot acquire valid signals
due to strong eye movements. After excluding unqualified
subjects, we included 53 eyes from 53 healthy adults (33
men and 20 women; Table 1) in this study. A total of 78
scans were obtained, and 25 scans were used for repeatabil-
ity testing.

En face color maps of vascular plexuses

ICD, VD, and thickness maps were generated to visually
portray the vessel and thickness distributions around the
macula (Figure 3). Visually, the DCP slab seems to be

Anatomic layers Vascular plexuses Vascular complexes
NFL NFLP
SvVC
GCLP
GCIPL
ICP
INL DvC
OPL DCP

Figure 2. Anatomic (OCT) and vascular (OCTA) definitions. The ganglion cell layer plexus (GCLP) is 67% of GCIPL. DCP is 50% of INL and all of OPL. DCP: deep
capillary plexus; DVC: deep vascular complex; GCIPL: combined ganglion cell and inner plexiform layer; GCLP: ganglion cell layer plexus; ICD: intercapillary distance;
ICP: intermediate capillary plexus; INL: inner nuclear layer; NFL: nerve fiber layer; NFLP: nerve fiber layer plexus; OPL: outer plexiform layer; SVC: superficial vascular

complex; VD: vessel density.



relatively uniform in both the VD and ICD maps. However,
in both the SVC and GCLP layers, a decreasing trend in VD
and an increasing trend in ICD can be noticed going
towards the temporal region. There is also overall symme-
try between the superior and inferior regions of the macula.

Regional variation in vascular plexuses

Compared to the central macular 6 x 6-mm region, the tem-
poral retina had significantly (P <0.001) lower VD and
greater ICD in the SVC, GCLP, and DCP (Table 2). As we
hypothesized, the thickness was also significantly lower in
the temporal compared to the macular region in all three
layers. Multiple linear regression showed that in the mac-
ular regions of the SVC and GCLP slabs, an increased thick-
ness was correlated with increased VD and decreased ICD
(Table 3). In the temporal region, an increase in thickness
was only associated with increased VD or decreased ICD in
the DCP, not the SVC or GCLP. The signal strength index
was not generally correlated with VD or ICD except in the
temporal DCP region. Mean arterial pressure was increased
with higher VD and lower ICD in the macular region but
not the temporal region. In most temporal and macular
slabs, age and intraocular pressure were not associated
with VD or ICD.

Table 1. Demographic and ocular characteristics of study participants.

Parameter Mean + SD Range
Participants, n 53

Eyes, n 53

Age (years) 48.2+17.5 18-78
ETDRS letters 85.7+£5.7 71-97

AL (mm) 23.7+0.9 21.9-25.8
IOP (mm Hg) 14.3+2.8 7-24

MAP (mm Hg) 89.5+9.0 71.7-109.3

AL: axial length; ETDRS: early treatment diabetic retinopathy study; IOP:
intraocular pressure; MAP: mean arterial pressure; SD: standard deviation.
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Transverse angiographic profiles of retinal vascular
plexuses showed a general decrease in VD and an increase
in ICD towards the temporal region as captured by sectors
5-8 (Table 4). Regional variation analysis comparing corre-
sponding sectors above and below the macula showed
there is no significant difference in most sectors (Table 5).

To investigate the variation of VD and ICD relative to
distance from the foveal center, we reported the Pearson
correlation coefficients for each sector (Table 6). Nasal pro-
gression in the macula (sectors 1, 2, 11, 12) corresponded to
an increase in the SVC and GCLP VD and a decrease in
ICD. In contrast, temporal progression (sectors 5-8) was
associated with a decrease in SVC and GCLP VD and an
increase in ICD. Interestingly, in the DCP, both nasal and
temporal progression away from the FAZ corresponded to
a decrease in VD and an increase in ICD.

Repeatability analysis

Repeat measurements were available in 25 eyes, and the
intraclass correlation coefficients demonstrated moderate
to excellent reliability of VD and ICD in SVC, GCLP, and
DCP layers (Table 7).

Discussion

In this cross-sectional study of healthy participants, we
generated normative reference maps to visualize the vari-
ation of VD, ICD, and retinal thickness in three major cap-
illary plexuses/complexes: the SVC, GCLP, and DCP.
Overall trends in these plexuses toward the temporal
periphery include a decrease in VD, an increase in ICD,
and a decrease in retinal thickness. Using these maps, we
analyzed the changes in these measurements in 12 different
directions away from the fovea. Notably, temporal progres-
sion in the SVC and GCLP layers corresponded to a larger
decrease in VD and increase in ICD compared to the DCP
slab. Repeatability analysis on a subset of eyes showed

DCP

o

Figure 3. Population averages in key parameters. Images shows average values vessel density (VD), intercapillary distance (ICD), and retinal thickness for the entire
study population in the three complexes/plexuses studied in this work: the superficial vascular complex (SVC), deep capillary plexus (DCP), and ganglion cell layer

plexus (GCLP). (A color version of this figure is available in the online journal.)
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Table 2. Statistically significant differences in all three layers between the macular and temporal regions.

SvC GCLP DCP

T M P value T M P value T M P value
VD (%) 0.33 0.42 <0.001 0.33 0.42 <0.001 0.21 0.29 <0.001
ICD (mm) 0.029 0.022 <0.001 0.029 0.022 <0.001 0.034 0.029 <0.001
Thickness (1m) 59.6 101.9 <0.001 39.5 68.7 <0.001 37.7 57.4 <0.001

Note: Data reported as mean measurements of temporal and macular regions with Wilcoxon rank sum test P value.
DCP: deep capillary plexus; GCLP: ganglion cell layer plexus; ICD: intercapillary distance; M: macular; SVC: superficial vascular complex; T: temporal; VD: vessel

density.

Table 3. Multiple linear regression analysis comparing temporal and macular associations to vessel density (VD) and intercapillary distance (ICD) in
three layers: superficial vascular complex (SVC), ganglion cell layer plexus (GCLP), and deep capillary plexus (DCP).

Vessel density (%)

Intercapillary distance (mm)

Region Parameter SvC GCLP DCP SvVC GCLP DCP

Temporal Age (years) —1.2¢107% —1.5¢107% —4.9¢10 % 6.8¢10°° 1.1610°° 2.0e107°
IOP (mmHg) 2.2¢1073 2.3¢107% —3.4e107* —1.9¢10 % —2.0e10 % —3.1e107°
MAP (mmHg) —3.5¢107* —4.1e107* 2.7¢107° 4.8e107° 5.2¢107° 5.8e107°
Thickness (um) 1.32 1.09 3.63* -0.17 -0.16 —0.30"**
ssl 4.4e107% 3.0e107* 2.3e1073+ —~1.00107* —8.2¢107° —1.60107*

Macular Age (years) —3.5e107° —1.1107° —1.3¢10* 4.8¢10°° 2.1e10°° 2.2¢10°°
IOP (mmHg) —1.8¢107% —1.3¢10°* —1.8¢107% 1.70107° 1.40107° 3.6e107°
MAP (mmHg) —5.601074* —5.4e10~* —6.8¢10 % 2.8e107°* 251075 411075
Thickness (um) 0.93*** 1.14% 1.24 —0.049** —0.070* —0.102
Ssl 51e107* 6.6010% 1.501073 —2.2¢107° —3.2¢107° —5.4e107°

Note: The dependent variables are the column headings. Data are displayed as slope and statistical significance: ***P < 0.001, **P <0.01, *P < 0.05. IOP: intraocular

pressure; MAP: mean arterial pressure; SSI: signal strength index.

Table 4. Mean vessel density (VD) and intercapillary distance (ICD)
among sectors.

Table 5. No statistical significance in most comparisons looking at
corresponding sectors above and below the horizontal.

VD (%) ICD (mm) VD ICD
Sectors SvC GCLP DCP SvC GCLP DCP Sectors svC GCLP DCP SvC GCLP DCP
1 0.438 0.439 0.441 0.021 0.021 0.021 1vs. 12 0.91 0.69 0.75 0.41 0.34 0.35
2 0.442 0.443 0.439 0.021 0.021 0.021 2vs. 11 0.58 0.88 0.86 0.67 0.63 0.43
3 0.438 0.441 0.442 0.022 0.021 0.020 3vs. 10 0.31 0.22 0.33 0.45 0.28 0.045
4 0.421 0.425 0.445 0.023 0.022 0.020 4vs. 9 0.98 0.55 0.37 0.52 0.28 0.065
5 0.380 0.382 0.323 0.025 0.025 0.028 5vs. 8 0.68 0.86 0.12 0.61 0.67 0.008
6 0.329 0.330 0.278 0.029 0.029 0.031 6vs. 7 0.22 0.23 0.17 0.79 0.83 0.24
7 0.333 0.334 0.273 0.029 0.029 0.031
8 0.381 0.383 0.313 0.025 0.025 0.029 IS\I:gteo:rlzata are displayed as P values from Wilcoxon rank sum tests comparing
- . (5 U —— s e DCP: deep capillary plexus; GCLP: ganglion cell layer plexus; ICD: intercapillary
10 0.435 0.436 0.436 0.022 0.021 0.021 distance; SVC: superficial vascular complex; VD: vessel density.
11 0.445 0.443 0.437 0.021 0.021 0.021
12 0.439 0.440 0.442 0.021 0.021 0.021

Note: In the sectors that include more of the temporal region (5-8), there is a
lower VD and higher ICD compared to the other sectors.

DCP: deep capillary plexus; GCLP: ganglion cell layer plexus; SVC: superficial
vascular complex.

strong test-retest reliability. To our knowledge, this is the
first study of its size to investigate the far temporal region
and provide normative OCTA data using an SD-OCTA
device.

The transverse variation in VD and ICD in the plexuses
studied here should be recognized. As the distance from
the fovea increases temporally, VD decreases and ICD
increases —agreeing with trends found in an SS-OCTA

s’cudy.17 In sectors 6 and 7, the Pearson correlation coeffi-
cients of the SVC and GCLP layers have a greater magni-
tude than that of the DCP layer —meaning that the decrease
in VD is more prominent in superficial layers (Table 6).
Alternatively, the deeper layers are more resistant to tem-
poral and nasal variation. The VD map (Figure 3) corrobo-
rates this trend visually. With this in mind, caution should
be exercised when defining the threshold for a pathologic
decrease in VD of the temporal region. Going from the
fovea towards the optic nerve head, both the SVC and
GCLP VD increase while the DCP VD decreases.

The superior and inferior variations in VD and ICD are
grossly symmetric above and below the horizontal in all
vascular layers, as shown in the VD and ICD maps
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Table 6. Regional variation analysis showing a decrease in vessel density and an increase in intercapillary distance towards the temporal region

(sectors 5-8).

Vessel density

Intercapillary distance

Sectors svc GCLP DCP svc GCLP DCP
1 0.486"* 0.405"* ~0.376"* ~0.323* ~0.293* 0.348"*
2 0471 0.347"* —0.420 ~0.276™* —0.238"* 0.376™*
3 0.300"* 0.258"* —0.4417 —0.204* —0.300"* 0.325"*
4 ~0.082 ~0.102 ~0.466™* 0.065 0.018 0.441%
5 —0.447" —0.478"* —0.370"* 0.416™* 0.438"* 0.322"*
6 —0.718"* —0.722+ ~0.399"* 0.533"* 0.545"* 0.200"*
7 —0.746™* —0.747* —0.467" 0.549"* 0.545"* 0.306"*
8 ~0.520"* —0.524* ~0.510™* 0.498"* 0.521** 0.496™*
9 0.002 ~0.015 —0.466™* 0.129 0.102 0.481"*
10 0197 0.067 —0.547" ~0.042 ~0.008 0.426™*
11 0.550"** 0.351"* —0.470"* ~0.273"* —0.201"* 0.407"*
12 0.572" 0.483"* —0.340"* —0.320 —0.269"* 0.402"*

Note: The correlations of vessel density and intercapillary distance with increasing foveal distance in sectors are reported as Pearson correlation coefficients and
statistical significance: ***P < 0.001, *P < 0.05. The dependent variables are the column headings.
DCP: deep capillary plexus; GCLP: ganglion cell layer plexus; SVC: superficial vascular complex.

Table 7. Repeatability analysis using intraclass correlation coefficients
(two-way mixed-effects model) in a subset of 25 eyes showing moderate
to excellent reliability of both vessel density (VD) and intercapillary distance
(ICD) in all layers.

ICC Cl P value

VD SvC 0.93 [0.86, 0.96] <0.001
GCLP 0.91 [0.83, 0.95] <0.001

DCP 0.84 [0.70, 0.91] <0.001

ICD SvC 0.80 [0.64, 0.89] <0.001
GCLP 0.81 [0.66, 0.90] <0.001

DCP 0.64 [0.40, 0.80] <0.001

ClI: confidence interval; DCP: deep capillary plexus; GCLP: ganglion cell layer
plexus; ICC: intraclass correlation coefficient; SVC: superficial vascular
complex.

(Figure 3). In most comparisons, there is no significant dif-
ference between the vertically symmetric sectors (Table 4).
This demonstrates that the VD and ICD remain relatively
constant in the superior and inferior directions within
6-mm of the horizontal.

Based on multiple linear regression, the SSI should be
corrected for in the DCP. This finding supports prior stud-
ies describing the impact of SSI on quantitative measures of
vessel density in OCTA.> In most of our regression
models, age was not correlated with VD or ICD despite a
similar distribution of age compared to previous reports
concluding vessel density decreased with age.***” The rela-
tionship between vessel density and blood pressures has
not been fully elucidated. However, studies have agreed
that intraocular pressures up to 20mmHg showed no
impact on macular VD.**?° This may help to explain the
intraocular and mean arterial pressure findings in the
regression models. For example, an increase in mean arte-
rial pressure correlated with a decrease in VD only in the
macular region.

As the distance from the fovea increased, all layers
became thinner (Figure 3) though the change in the DCP
was less drastic compared to both the SVC and GCLP.
Additionally, we reported that the retinal thickness in the

temporal region was significantly lower compared to that
of the macular region just as vessel density also decreased
in the temporal region, agreeing with previous studies.’**!
However, the multiple linear regression analysis only cap-
tured this relationship in some models. For example, only
in DCP in the temporal region (not the macular region) did
an increase in thickness correlate with an increase in VD
and a decrease in ICD (Table 3). In contrast, in both the SVC
and GCLP layers of the macular region only (not the
temporal region), an increased thickness was associated
with an increase in VD and a decrease in ICD.

Based on the repeatability analysis of a subset of the
data, VD measurements exhibited excellent reliability in
SVC and GCLP and good reliability in the DCP. Our VD
results agree well with previously published reports.***
ICD measurements demonstrated good reliability in SVC
and GCLP and moderate reliability in the DCP.

There are a few limitations to note in this study. We did
not examine the intermediate capillary plexus (ICP) in this
work due to inadequate image quality in a number of
images. The image resolution was also not sufficient to
show the axial capillary density profiles to visualize density
by depth in each vascular layer. Additionally, minor
vignetting of images in the maps (lower VD and higher
ICD at the corners) are present, which can have three
causes. First, at the nasal corner of the image, the slight
vignetting may cause a reduction of the flow signal in the
DCP. Second, the thickened nerve fiber layer at the corner
may lead to a weaker signal in the deeper layers, which
manifests as an increase in SVC VD and a decrease in
DCP VD. Lastly, the shadows caused by large vessels in
the superficial layers, and the shadow caused by the large
vessels may affect the signal strength of deeper capillaries.

In conclusion, we have characterized the VD and ICD
wide-field temporal/macular OCTA images in a healthy
population. The ICD increases and VD decreases towards
the temporal region — with the superficial layers exhibiting
a larger change. Based on multiple linear regression
models, SSI exhibited significant correlations to VD and
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ICD measurements in the DCP layer, and correction for this
should be considered. Lastly, we showed the moderate to
excellent reliability of both VD and ICD measurements.
These trends will hopefully provide useful normative
data for interpreting vascular metrics obtained with wide-
field OCTA.
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