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Abstract

o AIM: To assess the repeatability, interocular correlation,
and agreement of quantitative swept-source optical
coherence tomography angiography (OCTA) optic nerve
head (ONH) parameters in healthy subjects.

e METHODS: Thirty-three healthy subjects were
enrolled. The ONH of both eyes were imaged four times
by a swept-source-OCTA using a 3 mm x3 mm scanning
protocol. Images of the radial peripapillary capillary were
analyzed by a customized Matlab program, and the vessel
density, fractal dimension, and vessel diameter index
were measured. The repeatability of the four scans was
determined by the intraclass correlation coefficient (ICC).
The most well-centered optic disc from the four repeated
scans was then selected for the interocular correlation
and agreement analysis using the Pearson correlation
coefficient, ICC and Bland-Altman plots.

e RESULTS: All swept-source-OCTA ONH parameters
exhibited certain repeatability, with ICC>0.760 and
coefficient of variation (CoV)<7.301%. The obvious
interocular correlation was observed for papillary vessel
density (ICC=0.857), vessel diameter index (ICC=0.857)
and fractal dimension (ICC=0.906), while circumpapillary
vessel density exhibited moderate interocular correlation
(ICC=0.687). Bland-Altman plots revealed an agreement
range of -5.26% to 6.21% for circumpapillary vessel density.
e CONCLUSION: OCTA ONH parameters demonstrate
good repeatability in healthy subjects. The interocular
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correlations of papillary vessel density, fractal dimension
and vessel diameter index are high, but the correlation for
circumpapillary vessel density is moderate.
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INTRODUCTION

he optic nerve head (ONH) is a crucial structure in the
T central nervous system, as it is the only part that can
be observed directly during the clinical examination. The
evaluation of the ONH and its surrounding tissues provides
essential information for diagnosing and assessing various

ocular and neurological diseases, including glaucoma'?,

B3 and Alzheimer’s disease'. Initially,

optic neuritis
ophthalmoscopy was used to assess the color, cup-disc ratio,
and neuroretinal rim loss of the ONH". The introduction
of optical coherence tomography (OCT) made it possible
to quantitatively measure the thickness of the peripapillary
retinal nerve fiber layer™. More recently, optical coherence
tomography angiography (OCTA) has been applied to the
examination of the ONH. OCTA is a non-invasive, dye-free,
and fast method that provides three-dimensional imaging of
capillary plexuses. It has been shown that the health of the
ONH is closely related to its microvascular circulation”"”,

Several studies have investigated the ONH and peripapillary
vessel density measured by OCTA in both healthy and
diseased subjects, including those with glaucoma'"'"”, diabetic

131" dysthyroid optic neuropathy''®, and Behcet’s

retinopathy'
disease!'”". These studies have provided valuable insights into
the relationship between ONH metrics and various ocular and

neurological conditions.
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The human body exhibits bilateral mirror-symmetry with
paired eyes, ears, and limbs. A median sagittal plane
divides the human body into two highly similar halves. It
has been known that various binocular metrics show more
similar characteristics than those obtained from unrelated
individuals'®. Understanding interocular symmetry or
asymmetry is valuable in scientific research and clinical
practice. In scientific research, the principle of symmetry
often permits the study of just one eye, using the fellow eye

1”1 In clinical practice, previous studies have

as a “contro
suggested that excessive interocular asymmetry in intraocular
pressure, retinal nerve fibre layer and appearance of the optic

20221 Our prior

disc are important in diagnosing glaucoma
study showed an excellent interocular correlation in the foveal
avascular zone area, but poor interocular correlation in macular
vessel density"™.

The current study aims to investigate the interocular correlation
and agreement of ONH vessel density in healthy subjects.
SUBJECTS AND METHODS

Ethical Approval The study adhered to the principles of the
Declaration of Helsinki, and was approved by the Institutional
Review Board of Joint Shantou International Eye Center
of Shantou University and the Chinese University of Hong
Kong, approval number: 19-004. After an explanation of the
nature of the study, written informed consent approved by the
institutional review board was obtained from all participants.
Study Subjects This cross-sectional observational study
enrolled healthy Chinese subjects aged between 18 and
40y. All participants underwent four consecutive OCTA
examinations of both eyes using OCTA devices operated by a
single technician in the same environment. Inclusion criteria
required subjects to have a best-corrected visual acuity of
6/6 or better using the Snellen chart, intraocular pressure less
than 21 mm Hg, refractive error within +6 D, no evidence of
systemic or ocular diseases and adequate pupillary dilation.
Low image quality scans were excluded, defined as scans with
a quality index less than 60. The participants with abnormal
findings on OCTA exams or complaints of visual symptoms
were also excluded.

To ensure adequate statistical power, sample size calculations
were performed for both repeatability and agreement. For
repeatability, the formula,

1.96x %@:15%%@
was used, where S,, represents the within-subject standard
deviation, and the 95% confidence interval (CI) of S, was
set at 15% either side of the estimate of S,. The simplified
formula n=1.96/[2(m-1)x0.15] (where n is the sample size, and
m 1is the number of observation times) was used to calculate

the required sample size””. In this study, four measurements

on each of the 33 subjects were required. For agreement, the
sample size calculation was based on the formula

- log (1-p)

log (1-a)

where n represents the sample size, a is the discordance rate,
and f is the tolerance probability'®”. When a=0.05 and f=80%,
n>32. Based on these calculations, we determined that a total
of 33 subjects would provide adequate statistical power for this
study, with four measurements per subject.
Optical Coherence Tomography Angiography Imaging
This study employed a swept-source OCTA device (Topcon
DRI OCT Triton) to acquire OCTA images, using ONH
3 mmx3 mm mode with a resolution of 320x320 A-scans
protocol. The DRI-OCT Triton utilizes a tunable wavelength
ranging from 1000 to 1100 nm, a scan rate of 100 kHz and a
depth resolution of 8§ um. During the angiographic process, the
DRI-OCT uses the proprietary OCTA algorithm OCTARA™
for OCTA ratio analysis of motion contrast™*”. Based on
the automated layer segmentation algorithm, the built-in
ophthalmic data management platform, IMAGEnet6, generates
an en-face image of the superficial radial peripapillary capillary
map from the surface to 130 um below the internal limiting
membrane, which predominantly comprises capillary beds
within retinal nerve fiber layer.
Both eyes of each subject were scanned four times continuously.
The pupils were dilated with one or two drops of topical 0.5%
tropicamide, ensuring a diameter of at least 6 mm. Participants
were instructed to close their eyes between sequential scans.
The eye-tracking function was used and the images were
assessed immediately after each scan. The scans with low
image quality were eliminated, and additional scans were
performed. The OCTA image with poor quality was defined
as having a quality score below 60, motion artefacts (e.g.,
discontinuing or doubling of the retinal vessels), or inaccurate
segmentation of retinal layers.
Quantitative Assessment of Nerve Head Capillary Network
The nerve head capillary OCTA images were quantified using a
customized Matlab program (MATLAB R2017a, MathWorks,
Natick, MA, USA), which has been thoroughly described in

%% The automation of the analysis

our previous publications
process ensures objectivity and minimizes the potential for
observer bias. Additionally, the use of a masked investigator
further increases the reliability and accuracy of the results.

In this study, several metrics were used to analyze the OCTA
images. The papillary region is defined as a circle whose
boundary is fitted to the optic disc, and the circumpapillary
region is between the outline of the disc and the circle with
a diameter of 3 mm. The circumpapillary region is radially
divided into eight 45° sections. The two 45° sections in the
temporal part were combined and defined as the temporal
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Table 1 The means, standard deviation and intrasession repeatability of optic nerve head metrics for right and left eyes

Parameters Right eye Left eye
Mean+SD Sw CoV  Precision ICC Mean+SD Sw CoV Precision ICC

Temporal vessel density (%) 65.56+6.90 3.541 5.402 6.941 0.920 71.03+5.84 2,991 4.211 5.863 0.921
Temporal superior vessel density (%)  70.53+4.57 2.693 3.819 5.278 0.886 74.05+4.57 2.624 3.544 5.144 0.895
Temporal inferior vessel density (%) 71.18+4.67 2.873 4.036 5.630 0.871 73.01+5.43 3.172 4.344 6.217 0.889
Nasal superior vessel density (%) 69.50+5.26 2.586 3.721 5.069 0.928 66.76+5.10 3.838 5.749 7.523 0.760
Nasal inferior vessel density (%) 66.97+5.53 3.001 4.481 5.881 0.908 66.13+5.03 3.099 4.686 6.073 0.871
Nasal vessel density (%) 60.01+6.87 2.679 4.464  5.250 0.958  55.48%6.54 3.622 6.528 7.099 0.903
Circumpapillary vessel density (%) 67.29+3.08 1.828 2.717 3.583 0.884 67.74+3.14 2.089 3.083 4.094 0.839
Papillary vessel density (%) 54.52+4.19 1.816 3.330  3.559 0.947 54.06+4.57 1,919 3.551 3.762 0.951
Vessel diameter index (mm) 0.016+0.002 0.001 5.475  0.002 0.922 0.016x0.002 0.001 7.301 0.002 0.875
Fractal dimension 1.561+0.023 0.008 0.525 0.016 0.967 1.560+0.025 0.010 0.643 0.020 0.955

SD: Standard deviation; CoV: Coefficient of variation; ICC: Intraclass correlation coefficient; OCTA: Optical coherence tomography angiography;

S, Within-subject standard deviation.

region. And the two 45° sections in the nasal part were
combined and defined as the nasal region. The remaining
regions are defined as temporal superior, temporal inferior,
nasal superior and nasal inferior regions (Figure 1). Vessel
density was calculated as the ratio of the area occupied by
white pixels (i.e., blood vessel) to the total area in the target
region. Fractal dimension was then calculated using the box-
counting method, which is a widely accepted technique to
quantify the complexity and irregularity of a structure. In
the context of retinal vasculature, fractal dimension can be
considered as an indicator of vascular tortuosity or the degree
of branching and looping in the blood vessels. Vessel diameter
index (VDI) was the average vessel caliber in the OCTA image.
The interocular correlation and agreement analysis was
performed using the images of the optic disc with the most
centered position from the four repeated scans in each eye. The
selected images were then used to compare the vasculature
structure and metrics between the two eyes.

Statistical Analysis All the quantitative data were summarized
as meanztstandard deviation (SD). Statistical analysis was
processed using SPSS (version 21.0; SPSS, Inc., Chicago,
IL, USA). A P-value less than 0.05 was deemed statistically
significant in all analyses.

The following parameters were calculated to assess the
repeatability of four repeated measurements: within-subject
standard deviation (S,), precision (repeatability coefficient;
1.96x8S,,), coefficient of variation (CoV) (100xS,/overall
mean) and intraclass correlation coefficient (ICC).

Paired ¢-test was used to determine the significance of
interocular differences. Pearson’s correlation and ICC were
performed to assess the correlation between the two eyes. ICC
values greater than or equal to 0.9 are classified as excellent,
good for those between 0.75 and 0.9, moderate for those
between 0.5 and 0.75, and poor if less than 0.5. The Bland-
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Figure 1 Optical coherence tomography angiography image of optic

disc scans in right (A) and left eyes (B) from a normal subject Vessel
density measurements were made in the eight subfields: central
(papillary), temporal, temporal superior, temporal inferior, nasal, nasal

superior, nasal inferior, and circumpapillary regions.

Altman plots were generated to show the agreement between
the two eyes, by calculating the difference between them and
plotting it against the mean value. Horizontal dashed lines
were drawn at the 95% limits of agreement (95%LoA), defined
as the mean difference £1.96xSD of the differences.
RESULTS

In this study, 66 eyes of 33 healthy volunteers (10 men and
22 women) were enrolled. The mean age of the participants
was 24.9+2.5y (ranged from 20 to 35y). The mean spherical
equivalent of refractive error (SE) was -2.33+1.93 D (ranged
from -5.50 to +0.75 D) in the right eye and -2.27+£2.11 D
(ranged from -5.75 to +0.75 D) in the left eye. The mean image
quality index was 69.8+3.30 (ranged from 60 to 72) in the right
eye and 71.1£2.57 (ranged from 64 to 75) in the left eye. There
was no statistical significance in refractive error (P=0.666)
between the two eyes.

Table 1 shows the mean, standard deviation and repeatability
of ONH metrics for the right and left eyes. All the metrics
demonstrated good to excellent repeatability, with ICC value
greater than 0.760 and CoV values less than or equal to
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Table 2 Correlation coefficients of the OCTA optic nerve head vessel metrics between the two eyes

Intraclass correlation

Pearson correlation

Pearson correlation P

Parameters Paired t-test P
Temporal vessel density <0.001
Temporal superior vessel density <0.001
Temporal inferior vessel density 0.192
Nasal superior vessel density 0.087
Nasal inferior vessel density 0.347
Nasal vessel density <0.001
Circumpapillary vessel density 0.357
Papillary vessel density 0.529
Vessel diameter index 0.171
Fractal dimension 0.668

0.649
0.368
0.620
0.523
0.578
0.626
0.687
0.857
0.857
0.906

0.649
0.354
0.455
0.378
0.419
0.632
0.522
0.746
0.758
0.825

<0.001
0.043
0.008
0.030
0.015
<0.001
0.002
<0.001
<0.001
<0.001

OCTA: Optical coherence tomography angiography.

Table 3 Summary of the interocular agreement of the OCTA optic nerve head vessel metrics between the two eyes

Parameters Mean absolute difference Mean difference 95%Cl Range of agreement
Temporal vessel density (%) 6.05+3.60 5.04+4.96 -4.68, 14.76 19.43
Temporal superior vessel density (%) 5.36+4.18 4.71+4.93 -4.94, 14.36 19.31
Temporal inferior vessel density (%) 4.80+3.35 1.34+5.76 -9.94, 12.62 22.56
Nasal superior vessel density (%) 4.1043.08 -1.52+4.94 -11.21, 8.17 19.38
Nasal inferior vessel density (%) 4.76%3.50 -0.98+5.88 -12.50, 10.55 23.06
Nasal vessel density (%) 6.6314.42 -5.74+5.56 -16.63, 5.16 21.79
Circumpapillary vessel density (%) 2.42+1.67 0.48+2.93 -5.26, 6.21 11.47
Papillary vessel density (%) 2.44+1.97 -0.35+3.15 -6.52,5.82 12.34
Vessel diameter index (mm) 0.0010+0.0008 0.0003+0.0012 -0.0021, 0.0027 0.0048
Fractal dimension 0.0113+0.0070 -0.0010+0.0134  -0.0273, 0.0252 0.0525

OCTA: Optical coherence tomography angiography; Cl: Confidence interval.

7.301%. The temporal vessel density was found to be higher
than the nasal part in both eyes.

The paired #-test, Pearson correlation and ICC between the
two eyes are presented in Table 2. Generally, there was no
significant difference (P>0.05) between the two eyes in
papillary and circumpapillary vessel density, fractal dimension
or VDI except for the vessel density in some sectors. Papillary
vessel density (ICC=0.857, r=0.746), VDI (ICC=0.857,
7=0.758) and fractal dimension (ICC=0.906, =0.825) showed
good to excellent correlation between the two eyes. The
correlation of circumpapillary vessel density (ICC=0.687,
7=0.522) showed moderate interocular correlation, except in
the temporal superior sector. The scatter plots and correlation
analysis are also presented in Figures 2 and 3.

Table 3 and Figures 2-3 demonstrate the agreement of the
OCTA ONH vessel metrics between the two eyes. The
95%LoA was from -6.52% to 5.82% for papillary vessel
density and from -5.26% to 6.21% for circumpapillary vessel
density.

DISCUSSION

This study was conducted to assess the intraocular repeatability
and interocular symmetry of ONH OCTA metrics in healthy
subjects. The results showed that papillary vessel density

(ICC=0.857), VDI (ICC=0.857) and fractal dimension
(ICC=0.906) demonstrated good or excellent correlation
between the two eyes. Circumpapillary vessel density, with the
exception of the temporal superior sector, showed moderate
interocular correlation (ICC=0.687). Bland-Altman plots
revealed the normal range of agreement for ONH metrics.
This information can offer statistical advice to authors who are
conducting OCTA research. It assists them in selecting suitable
data from either one eye or both eyes. Additionally, in clinical
practice, this information can be valuable in determining
whether the difference between two eyes is within the normal
range.

Measurements obtained from both the right and left eyes
generally exhibit a correlation”". In scientific research, it is
crucial to carefully consider how data from one or both eyes
are collected and analyzed. In the one-eye studies, various
criteria were employed for selection, including the right eye,
left eye, a randomly chosen eye, or the dominant eye. In two-
eye studies, some researchers utilized data from one eye and
used the fellow eye as a control, while others used data from
unrelated subjects. Additionally, some employed data from
both eyes but analyzed them separately, while others combined

32

data from both eyes"”. However, a significant proportion of
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D), vessel diameter index (E, F) and fractal dimension (G, H) of the two eyes measured by Triton optical coherence tomography angiography.
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Figure 3 Scatter plots and Bland-Altman plots of different sectors of circumpapillary vessel density of the two eyes measured by Triton

optical coherence tomography angiography A, B: Temporal sector; C, D: Temporal superior sector; E, F: Temporal inferior sector; G, H: Nasal

superior sector; |, J: Nasal inferior sector; K, L: Nasal sector. OD: Oculus dextrus; OS: Oculus sinister.

studies did not describe the basic for selection criteria clearly

or used inappropriate statistical methods”'. When the two

eyes data are combined in the same group, the ignorance

of interocular correlation between the eyes of the same

subject can lead to inaccurate estimates of standard errors of

coefficients and P-values. What’s more, it is important to note

900

that using the fellow eye of the same subject as a control can

be a better choice than using an eye from a different subject

when the metrics of both eyes show good intraclass correlation

and a narrow range of agreement””. Proper statistical analysis

is essential to draw valid conclusions in such studies, ignoring

interocular correlation can lead to misleading results.
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The comparison and correlation of ONH vascular density
between the two eyes have been previously reported in the
literature. Fernandez-Vigo et al”* using Triton found no
significant differences in vessel density between the fellow eyes
of 33 subjects (P>0.139), although the Pearson coefficients
were low (ranging from -0.242 to 0.084 in different quadrants).
The current study found that the Pearson correlation
coefficients between the two eyes ranged from 0.378 to 0.649
in different sectors, and the circumpapillary vessel density
was 0.522. In addition to the Pearson correlation, this study
further investigated the ICC. The advantage of ICC is that it
provides information on the similarity, not just the correlation
between the two eyes. Papillary vessel density (ICC=0.857)
demonstrated a good or excellent correlation between eyes.
Circumpapillary vessel density showed moderate interocular
correlation (ICC=0.687), except for the temporal superior
sector. These findings suggest that the contralateral eye is a
suitable choice as a control compared to the eyes of unrelated
subjects.

For paired organs, the measurements of the fellow organs
have been shown to be significant factors in diagnosing the
selected organ™. The evaluation of ONH metrics is valuable
in assessment of various conditions, especially glaucoma®™.
Strength of interocular asymmetry can offer valuable insights
for glaucoma diagnosis. The study by Hou et al”” investigated
the inter-eye ONH vessel density asymmetry, which is defined
as the absolute difference between two eyes, in healthy
subjects, glaucoma suspects and glaucoma patients. The inter-
eye peripapillary vessel density asymmetry was found to be
1.7% (95%CI 0.8%-2.6%) in healthy subjects, 2.0% (95%CI
1.3%-4.1%) in suspect and 2.2% (95%CI 1.3%-4.3%) in
glaucoma. The area under the curve of inter-eye asymmetry
was 0.63 for both glaucoma suspects and glaucoma patients. In
the study by Xu ez al”*, the absolute difference in peripapillary
vessel density between the two eyes was 2.16%+1.74%
in healthy subjects, increased to 4.54%+3.46% in early to
moderate primary open-angle glaucoma, and 6.35%+5.18%
in total primary open-angle glaucoma. Both studies used
the Optovue device, while this study used the Triton device.
The Triton device, utilizing FastTrac technology, efficiently
tracks eye movements and rescans only areas impacted by
motion artifacts to minimize motion errors””. Optovue also
integrates an eye-tracking system in its OCTA imaging and has
introduced a software-based method in which OCTA volumes
of the same retinal area are acquired repeatedly with horizontal

[40]

and then vertical scans™. A previous study shows that the

Triton device demonstrated superior performance compared
to Optovue in terms of image artifacts, with statistically
significant differences observed in the superficial capillary

39]

layer™. Triton’s superior performance is likely due to its use

of SS-OCT technology at a 1050 nm wavelength. The longer
wavelength is less susceptible to light scattering, thereby
enhancing image quality.

In this study, the absolute difference in circumpapillary vessel
density was 2.42%=+1.67%, which is comparable to the study
of Xu et al®™ and higher than the study of Hou et al’”.
Unlike previous studies, this study analyzed not only the
mean absolute difference but also the 95%LoA. The mean
and standard deviation of absolute difference would suggest
that the difference greater than the higher limit of asymmetry
is abnormal, which is not correct. The mean difference
and 95%LoA avoid this issue. This study suggests that an
interocular difference greater than 6.21% in circumpapillary
vessel density should be considered abnormal. Figure 3B,
3D, 3F, show significant data dispersion, with many subjects
along the mark of 10 units difference in vessel density. The
interocular agreement is better for the total circumpapillary
vessel density than for vessel density in specific sectors (Table 3).
This discrepancy may result from the distribution of retinal
vessels, which is not symmetric between the two eyes.

As far as current understanding extends, no studies have
investigated the symmetry of ONH VDI and fractal dimension.
VDI is a parameter that represents the average vessel caliber
in the OCTA image. It was reported that larger peripapillary
vessels showed an increased vessel dimension index in non-
proliferative diabetic retinopathy eyes'*'"’. This study showed
a good intraclass correlation (ICC=0.857) between the two
eyes. This result suggests that the fellow eye can be used as a
control. The agreement analysis suggests that an interocular
difference of VDI greater than 0.0027 mm can be considered
abnormal.

Fractal dimension is a parameter for the complexity of
vascular morphology. A previous study found that decreased
circumpapillary fractal dimension was associated with
decreased retinal nerve fibre layer thickness in primary angle-
closure glaucoma and normal-tension glaucoma eyes"".
Another study reported no statistically significant difference
in fractal dimension between the two eyes on optic disc-
centered fundus photography in normal subjects™*”. This study
further shows an excellent ICC of fractal dimension between
the two eyes, so the fellow eye should be used as a control.
The agreement analysis suggests that an interocular difference
greater than 0.0252 should be considered abnormal.

The repeatability of OCTA ONH metrics in Triton has been
reported in the literature. Akil ef al’s"™ study also demonstrates
excellent repeatability of the optic disc region 3 mmx3 mm
scan in Triton (ICC>0.9). However, they only analyzed the
full-thickness vessel density, not the superficial vessel density.
Lei et al* reported that the ICC for the repeatability of
superficial peri-papillary capillary in Triton is 0.84. Fernandez-
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Vigo et al’s™ study found that the reproducibility coefficients
of superficial vessel density measurements were higher in the
central ONH (ICC=0.941) compared to peripapillary subfields
(ICC: 0.499-0.853) in Triton’s 6 mmx>6 mm scan. This study
reveals that Triton exhibits excellent or good repeatability
across all subfields (ICC>0.760 and CoV<7.301%)).
There are some limitations in the current study. First, because
of the shadow artifacts on the deeper layer, only the superficial
capillary plexus was selected for analysis. Second, there may
be out-of-range artifacts. When the center of the ONH is not
at the center of the image, there may be a circumpapillary
region out of the range of the scan. This may underestimate the
intraocular correlation and overestimate the range of interocular
agreement. Third, this study only investigated healthy subjects,
and further studies with patients should be conducted.

In conclusion, quantitative OCTA ONH metrics by Triton show

good repeatability in healthy subjects. There is a high inter-eye

correlation in papillary vessel density, fractal dimension and

VDI, moderate correlation in circumpapillary vessel density

in healthy subjects. This information would be valuable for

choosing proper controls in scientific research and interpreting
whether the difference between two eyes is within the normal
range.
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