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Background/Aims: This study was to determine the test-retest repeatability in quantifying macular capillary perfusion density
(CPD, expressed as fractal dimension) using optical coherence tomography angiography (OCTA) in a multi-center setting.
Methods: OCTA data were obtained in self-reported healthy subjects from Bascom Palmer Eye Institute at the University of Miami
(UM, N = 18) and the University of Pennsylvania (UPenn, N = 22). The right eye of each subject was imaged twice at the first visit
and then again at an interval of one week to assess intra-visit and inter-visit repeatability. The macular area of the OCTA-derived
capillary perfusion density (OCTA-CPD) was analyzed by custom-made image processing and fractal analysis software. Fractal
analysis was performed on the skeletonized microvascular network to yield OCTA-CPD by box-counting to the fractal dimension
(Dbox) in the superficial vascular plexus (SVP). Repeatability was assessed by three measures: within-subject standard deviation (Sw),
coefficient of variation (CoV) of repeated measures, and intraclass correlation coefficient (ICC).

Results: OCTA-CPD from both sites (UM and UPENN) showed good to excellent intra-visit repeatability, as demonstrated by the Sw
<0.004, CoVs <0.23%, and ICCs >0.61. Similarly, both sites had good to excellent inter-visit repeatability, as shown by the Sw <0.005,
CoVs <0.28%, and ICCs >0.61. The Bland-Altman plots of the intra-visit and inter-visit measurements showed excellent agreements
between the paired measurements with minimal biases.

Conclusion: Our data showed that comparable high repeatability of OCTA-CPD can be achieved in both research sites using the same
device, scan protocol, and image analysis.
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Background

Optical coherence tomography angiography (OCTA) is an ophthalmic imaging instrument used to visualize and analyze
the microvasculature of the retina and choroid." This imaging modality uses blood flow as an intrinsic contrast agent to
track movement within an image sequence; therefore, the vessel network, including the capillaries, can be visualized in
a non-invasive way without the need to inject an external dye.? In addition, OCTA produces a three-dimensional scan that
gives detailed depth information, and quantification of the vessel network can be obtained in different retinal slabs. This
advances our understanding of the vascular structure and related circulation in the retina and choroid. Since OCTA relies
on signal changes due to blood flow as the contrast agent to extract the vessel structure information, the OCTA-derived
vessel network thus mainly reflects the microvascular structure and also indicates blood flow occupation within the tissue

(ie, tissue perfusion).
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OCTA has been widely used in research and clinical settings for diagnosis and to inform treatment decisions. While
various analytic approaches are available in commercially available OCTA devices, there is no standardized analysis
protocol for research and clinical applications. Furthermore, measurements of retinal vascular density from different
OCTA device models or makes are not comparable, mainly due to different OCTA signal extraction algorithms,
segmentation techniques, and quantification methods.® It is essential to understand the repeatability and reproducibility
of OCTA data to design clinical trials, interpret and compare data, and select the optimal technique for use in clinical
practice.

In general, OCTA is repeatable with high precision when measuring retinal vessel density within each of the OCTA
devices,*'® but not reproducible among different OCTA devices (ie, different brands).> The majority of previous
repeatability studies were single-center studies that imaged healthy and/or diseased eyes using the same or different
OCTA device brands within the research site. While different OCTA devices of the same model from the same
manufacturer were found to have high reproducibility in the same site,'® this repeatability will also need to be tested
in a multicenter setting, especially using the same image protocols and analysis. A multicenter approach allows for
greater and faster subject recruitment and yields results reflecting a greater population sample. Characterizing repeat-
ability in a multicenter setting will aid future multi-center study designs. The goal of the present study was to determine
the test-retest repeatability in quantifying macular capillary perfusion density (CPD) using OCTA in a multi-center
setting.

Methods

The research project was approved by the Institutional Review Board for Human Research at the University of Miami for
both sites. A detailed description of the study was provided to each participant, who then read and signed the approved
written informed consent forms. The tenets of the Declaration of Helsinki were observed throughout the study.

A screening visit was conducted to confirm the study participant eligibility. Exclusion criteria included a history of
drug or alcohol dependence, psychiatric illness, stroke, brain tumor, cerebrovascular diseases, pregnancy, and ocular
disorders such as glaucoma, diabetic retinopathy, macular degeneration, or refractive error greater than +6 diopters (D).

Eligible participants underwent OCTA imaging twice (one week apart), using an Optovue OCTA device (AngioVue,
Optovue, Inc., Fremont, CA, USA, ver. 2018.1.0.43). The details of the Optovue OCTA system have been well
documented.'”'® Briefly, it is a spectral-domain optical coherence tomography system with a scan speed of 70,000
A-scans per second and an axial resolution of 5 um. To ensure the acquisition of high-quality angiography, images were
only included in the study if the image quality was >7/10, as determined by the Optovue software. The macula, centered
on the fovea, was imaged for each eye using angiographic retinal scan protocols (3 x 3 mm and 6 x 6 mm). Although the
poor correlation of vessel density between the right and left eyes was documented previously using other analytic
methods, high inter-eye correlation in fractal dimension has been found in normal healthy subjects with this method.” As

. . - 8.11,12,16,19,20
in previous studies,

only one eye (right eye) of each subject was scanned twice in each study visit, and eight
high-quality images (2 angio scans per eye per visit per scan protocol x 2 visits X 2 scan protocols) were obtained.

The angiographic en face slabs were exported using zero offsets of the boundaries. Only the superficial vascular
plexus (SVP) slab was analyzed. Eight en face images were exported for each scan protocol (ie, 3 x 3 mm and 6 X
6 mm). The deeper capillary plexus was not analyzed because of the shadow graphic projection artifact, which may
confound the analysis of vessel quantification.’

Custom software was developed to process the en face slab images, and quantification of the CPD was performed
using fractal analysis. Image processing has been reported previously.?'*? Briefly, the images were processed using a set
of filters, and processing approaches, including inverting, equalizing, removing background noise, and creating binary
images. Any vessels with a diameter of >25 um were removed. The software detects the center of the avascular zone
(marked as the yellow asterisk in Figure 1), which was used to define the annulus. The remaining small vessels were then
skeletonized for analysis in the annuli (0.6-2.5 mm in diameter for 3 X 3 mm scans and 0.6—5.0 mm for 6 x 6 mm scans).
The CPD was expressed as the fractal dimension (ie, Dbox) and analyzed using box-counting in fractal analysis.

Statistical analysis was performed using SPSS (version 25, IMB SPSS Inc., Armonk, NY, USA). The following
measures assessed repeatability: within-subject standard deviation (Sw), which measures how scattered data points are
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Figure | Image processing. The raw images of segmented angiographic slabs were processed using custom software to remove large vessels with a diameter > ~25 ym in
the superficial vascular plexus (SVP). The remaining small vessels were then skeletonized for analysis within the annulus with 0.6-2.5 mm in diameters for 33 mm scan and
0.6-5.0 mm in diameters for 6x6 mm scan. The software detects the center of the avascular zone (marked as the asterisk), which was used to define the annulus.

from the mean of the repeated measures within the subject; coefficient of variation (CoV), which determines the
variability of repeated measures (ie, Sw divided by mean measurements); and intraclass correlation coefficient (ICC),
to assess consistency or reproducibility of the paired measurements. Generally, CoV <10% indicates good repeatability."'
ICC was analyzed for intra-visit and inter-visit ICCs using a two-way mixed model with a 95% confidence interval on the
absolute agreement. ICC between 0.60 and 0.74 indicates good agreement of the paired measurements, and ICC between
0.75 and 1.00 indicates excellent agreement in the paired measurements.”® Bland-Altman plots were also used to show

the intra-visit and inter-visit agreements of paired measurements.

Results

A total of 40 self-reported healthy subjects were recruited at the University of Miami (UM, site 1, N = 18) and the University of
Pennsylvania (UPenn, site 1, N =22) (Table 1). There were no significant differences in age and sex between sites. The means
and standard deviations of the CPD measurements (Table 1) were similar between visits and scans (ie, first and second scans)
in both scan protocols (ie, 3 x 3 mm and 6 x 6 mm) and research sites (all P > 0.05, Table 1 and Figure 2). Of note, the
measurements of the CPD in the 3 mm scans were lower than those in the 6 mm scans in both research sites (all P < 0.05).

Both sites had good to excellent intra-visit repeatability, as shown by the CoVs <0.23% and ICCs >0.61. Both
research sites had similar repeatability of the measurements taken on the same day (ie, intra-visit). In addition, the 6 %
6 mm scan protocol yielded slightly poorer intra-visit ICCs (0.67 at Site 1 and 0.61 at Site 2) than that of the 3 x 3 mm
scan protocol (0.88 at Site 1 and 0.80 at Site 2), although the CoVs were similar.

Similarly, both sites had good to excellent inter-visit repeatability, as shown by the CoVs <0.28% and ICCs >0.61.
Both sites had similar repeatability in the measurements taken on different days (ie, inter-visit). In addition, the 6 x 6 mm
scan protocol yielded slightly poorer inter-visit ICCs (0.79 at Site 1 and 0.61 at Site 2) than that of the 3 x 3 mm scan
protocol (0.84 at Site 1 and 0.81 at Site 2), although the CoVs were similar.

The Bland-Altman plots of the intra-visit and inter-visit measurements showed excellent agreements between paired
measurements, with minimal biases of both scan protocols (ie, 3 x 3 mm and 6 x 6 mm) in both research sites (Figure 3).
Of note, there were only a few cases of outliers (ie, beyond 95% confidence intervals on both sides) at either research

site.

Clinical Ophthalmology 2022:16 heeps: 3071

Dove:


https://www.dovepress.com
https://www.dovepress.com

Jiang et al

Dove

Table | Intra-Visit and Inter-Visit Repeatability Measurements in Both Research Sites

Site | Site 2
3 mm 6 mm 3 mm 6 mm

n (eye/subject) 18/18 18/18 22/22 22/22
Age (mean * SD, yrs)* 26.11£3.46 30.12£10.7
Male/female* 10/8 10/12
Measurements
First visit

First scan 1.788+0.01 | 1.828+0.008 1.779+0.008 1.828+0.005

Second scan 1.787+0.01 | 1.826+0.007 1.779+0.007 1.828+0.006
Second visit

First scan 1.786+0.014 1.828+0.006 1.778+0.007 1.828+0.006

Second scan 1.788+0.012 1.827+0.007 1.778+0.008 1.827+0.005
Intra-visit

Sw 0.004 0.004 0.003 0.003

CoV (%) 0.23 0.23 0.19 0.17

ICC 0.88 0.67 0.80 0.6l
Inter-visit

Sw 0.005 0.003 0.003 0.003

CoV (%) 0.28 0.19 0.19 0.18

ICC 0.84 0.79 0.8l 0.61

Notes: *No significant difference between sites (P > 0.05). Interpretation of ICC: <0.40, poor; 0.4 ~0.59, fair; 0.60 ~ 0.74, good;
and 0.75 ~ 1.00, excellent.??
Abbreviations: Sw, within-subject SD; CoV, coefficient of variation; ICC, intraclass correlation coefficient.

Discussion

To the best of our knowledge, this is the first study to report the repeatability of OCTA-derived CPD in a multicenter
setting, which is critical for informing clinical trials involving multi-centers. The study provides evidence that good to
excellent repeatability can be achieved among research sites with the same OCTA devices, image protocol, and image
processing methods for quantifying the CPD. The intra-visit and inter-visit repeatability obtained from both sites was in
agreement with previous studies tested in a single site using the same OCTA device or different devices (Table 2).4 '
Together with the current study, the results suggest that OCTA-derived vessel density measurements have high repeat-
ability within a session (ie, same visit) and reproducibility repeated in different sessions (ie, different visits or different
devices of the same model).* ' Based on these results, we conclude that the data could be directly compared and
potentially merged for analysis if each cohort from each site shared the same demographic and clinical features.

6,20 11,13

Additional studies suggest that high repeatability can be obtained within a couple of days™ or weeks, or even

more than six months,’ provided the eye conditions remain the same. However, the measurements appeared not to be
reproducible among different OCTA devices made by different manufacturers® and among different software versions if
major modifications are made to the same OCTA model.**

The image analysis approach used in this study differs from some previous studies that mainly used the pixel counting
method (such as the proprietary OCTA software) to calculate the measurement repeatability.”'*'* In the current study
and some others,>’ fractal analysis was used to calculate the CPD. Fractal analysis has been widely used in quantifying

25,26

retinal large vessel density in vascular research for fundus photos, and retinal microvascular networks from

OCTA.2"*227729 The vascular network provides an ideal vascular distribution with a fractal dimensional value of ~1.7

25,26

for the large vessels and ~1.8 for the capillary network.?'?>*7?® The present study and a previous study’ support the

notion that fractal analysis offers highly repeatable measurements and thus provides a valuable tool in the field of

vascular research.”2!-#2:27-30
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Figure 2 Intra-visit and inter-visit repeatability in both research sites. Both sites had good to excellent intra-visit repeatability, as shown by the CoVs and ICCs (A). Both
sites had similar repeatability of the measurements taken on the same day (ie, intra-visit). In addition, the 6 mm scan protocol yielded slightly worse intra-visit ICCs in both
sites than that of the 3 mm scan protocol, although the CoVs were similar. Similarly, both sites had good to excellent inter-visit repeatability, as shown by the CoVs and ICCs
(B). Both sites had similar repeatability in the measurement taken on different days (ie, inter-visit). In addition, the 6 mm scan protocol yielded slightly worse inter-visit ICCs
in both sites than that of the 3 mm scan protocol, although the CoVs were similar.
Abbreviations: CoV, coefficient of variation; ICC, intraclass correlation coefficient.

The CoVs found in the present study ranged from 0.17 to 0.28%, which are much smaller than those using pixel
counting methods (about 10x, range 1-9%).”:!!+13:14:16.19:20 Generally, the CoV <10% can be regarded as good repeat-
ability. However, the CoV is a variability measure that is estimated and scaled by the magnitude of the measurement
itself. Therefore, these values cannot be directly compared if the measurement scales are not the same. In other words,
the CoV calculation is dependent on the mean measurements (ie, the denominator). The density based on the pixel-
counting method (ie, counting the pixels occupied by vessels over a particular area) ranges typically from 30% to 50%
for the SVP,!1"13:1416.1920 while the fractal dimensions (ie, Dbox) range from 1.4 to 1.8.72"?2273° Therefore, the
different analyses of the vessel density make it impossible to directly compare the CoVs between the present study and
previous studies using vessel occupation ratios.”'!:!31416:1920 The differences in CoVs between methods have been
reported in an earlier study by Fang et al,” who reported that the CoV of fractal dimension of the macular superficial
vascular plexus was 0.165% for the left eyes and 0.184% for the right eyes. The CoVs of the vessel density using the
pixel counting method ranged from 2.8% to 3.0% in the same cohort.” The CoVs of fractal dimension in the present
study have similar ranges compared to the CoVs of fractal dimension in the study by Fang et al.’

While the CoVs cannot be directly compared, the ICCs represent consistency or reproducibility of the measurements
in intra-visit and inter-visit fashions, which can be directly compared. The good or excellent ICCs mean that most of the
variation in vessel density quantification is due to individual differences rather than test variability. Previous studies
showed the ICCs are good to excellent in repeated measurements on the same day or different days in healthy

participants5 12,14,19,31

and slightly decreased in diseased eyes.'"'>1%3! Of note, ICCs >0.75 were used as the cut-off
to represent the excellent ICCs in some of the previous studies,®'? while other studies used ICCs >0.80 as the excellent
ICCs.” These thresholds are selected based on established guidelines.”*** In the present study, the ICCs of the 3 x 3 mm
scan protocol were greater than 0.80, which is “excellent”, while the ICCs of the 6 X 6 mm scan protocol were all greater

than 0.60, which is “good”. Most importantly, both sites shared the same ICCs and showed a similar trend in that the 3 x
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Figure 3 The Bland-Altman plots of the intra-visit and inter-visit measurements. The plots showed excellent agreements between paired measurements with minimal biases
of both scan protocols (ie, 33 mm and 6x6 mm) in both research sites. Of note, there were only a few cases of outliers (ie, beyond 95% confidence intervals on both sides)
in either research site. The intra-visit analysis included both visits between the first and second scans. Similarly, the inter-visit analysis included both visits between the first
scan of visit | and the first scan of visit 2, and between the second scan of visit | and the second scan of visit 2.

3 mm scan protocol yielded higher ICCs than the 6 x 6 mm scan protocol. This finding might be due to the different
density of the A-scans between these scan protocols. The 304 x 304 A-scans cover a 3 x 3 mm scan area with a pixel
interval of 10 pm, whereas in the 6 x 6 mm scan protocol, 400 x 400 A-scans cover a 6 x 6 mm scan area with a pixel
interval of 15 um. In addition, the scan period of the 6 x 6 mm scan protocols is slightly longer than the 3 x 3 mm scan
protocol. Such differences in repeatability between scan protocols have also been reported in previous studies.'®'"'?
Therefore, even though the scan area is small, the 3 x 3 mm scan protocol may be better suited for longitudinal and/or

multi-site clinical studies.
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Table 2 Summary of Repeatability and Reproducibility of OCTA-Derived Quantification of Macular Vascular Density

Study Subjects Measures Repeated Scan OCTA Devices Main Slabs Main Outcomes
(Subject/ Protocols Measures
Eye)

Jiang et al 40 (40) CoV, ICC 2 sites, 2 scans on Optovue RTVue XR FD SVP Intra-visit CoV <0.23%, and ICC 20.61.
the same day and Inter-visit CoVs <0.28%, and ICCs 20.61.
different days apart Multiple sites are comparable.
| week; 3 x 3 mm Repeatability of 3 X 3 mm scans was
and 6 x 6 mm better than 6 X 6 mm scans

Levine et al 27 diabetic CoR 3 times at the same Optovue Avanti SD-OCT, Carl Zeiss VD, VSD SVP, CoR of VD: 3.44-6.65%, VSD: |.35—

2020* patients visit with 3 OCTA Cirrus HD-OCT model 5000, Carl Zeiss DVP, 23.39%; VD in RVN more repeatable

(44 eyes) devices prototype Plex- Elite RVN then VSD; Swept-source OCTA had
smallest CoR values.

Yang et al 48 (96) ICC Four different Heidelberg Spectralis HRA; Optovue VD, VLD SVP, Zeiss is the best for VD (overall ICC =

2019° devices; two scans RTVue XR; Zeiss Cirrus HD- OCT 5000; DvP 0.936); Optovue is the best for VLD
on the same visit; 3 Topcon DRI OCT Triton. (6mm pattern) (ICC = 0.680, SVP; ICC =
x 3 mm and 6 X 0.700, DVP)

6 mm.

Hong et al 32 (32) ICC Four scans on the Carl Zeiss Plex- Elite 9000 prototype VD, PD SVP, For 3 3 3-mm2 scans, both MBRT and

2019'* same visit; 3 X 3 mm DvpP Gabor filters yielded very good
and 12 x 12 mm. repeatable PD and VD (both ICCs

>0.87) values. For 12 3 12-mm?2 scans,
MBRT filter produced good-to-moderate
ICC values for SVP (ICC >0.89) and DVP
(ICC >0.73) metrics.

Eastline 21 (42) ICC Two sessions apart Zeiss Flex elite 900 SS-OCT VLD, VD SVP, In 3 x 3 mm, ICC = 0.834 (VLD) and

etal 2019° 8 days, 3 x 3 mm DvP 0.269 (VD) in SVP, ICC = 0.523 (VLD)
and 12 x 12 mm and 0.532 (VD) in DVP. In wide-field

montage, ICC = 0.662 (VD) and 0.854

(total number of end vessel points).
Fang et al 33 (66) CoV, ICC 4 scans in one visit, Topcon DRI OCT Triton (SS-OCT) VD, FD, SVP ICC = 0.853-0.931, CoV = 0.165-0.301.
20197 3 x 3 mm VDI No differences between right and left

eyes.

VD had no correlation between right

and left eyes.

Lee et al 141 (141) ICC, CoV Two scans with Zeiss Cirrus HD-OCT 5000 VD, PD SVP, 6 mm scan: VD (ICC = 0.824, CV =

20198 a 5-min interval DvP 3.898%) and PD (ICC: 0.845, CV: 4.042);

| mm area: VD (ICC = 0.752, CV =
17.470%) and PD (ICC = 0.752, CV =
18.552%). Signal strength affected
repeatability.

Lee et al 104 (104) CoV, ICC 3 scans on the Zeiss Cirrus HD-OCT 5000 VD, PD SVP Short-term CV 3.89-8.1%, ICC 0.785—

2020° same day and 0.941; long-term ICC 0.598-0.867. Signal
different days apart strength affected repeatability.
>6 months, 3 x
3 mm

Zhao et al 40 (40) CoV, ICC Two visits apart | Zeiss Cirrus HD-OCT 5000 VD, VSD, SVP Intra-visit CVs < 4.2%; inter-visit CVs

2018%° week, three scans at VDI, VPI, <4.6%; interobserver ICCs 20.923.
each visit, 3 X 3 mm. VCl

Li et al 31 (60) ICC At least two scans Zeiss Cirrus HD-OCT 5000 VLD, PD SVP ICC > 0.7 (all 3 x 3 mm pattern); ICC

2018'° at the same visit, 3 x (AL 22~26mm) = 0.91 (VLD) and 0.90
3 mmand 6 X 6 mm (PD). ICC (AL 26~28 mm) = 0.75 (VLD)

and 0.81 (PD). AL and scan area affected
ICC.
(Continued)
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Table 2 (Continued).

Study Subjects Measures Repeated Scan OCTA Devices Main Slabs Main Outcomes
(Subject/ Protocols Measures
Eye)
You et al 22 patients CoV, ICC Two visits apart 2 Optovue Avanti SD-OCT VD SvpP CoV (intra-visit): 2.1-4.9% (healthy
2017"! (22); 15 weeks, two scans at eyes), 3.4-6.8% (diseased eyes); CoV
healthy each visit, 3 X 3 mm (inter-visit): 2.9-5.1% (healthy eyes), 4.0—
controls and 6 x 6 mm 6.8% (diseased eyes). ICC (3 x 3mm)
(15) (intra-visit): 0.3 (healthy), 0.8 (diseased);
ICC (6 x 6mm) (intra-visit): 0.7 (both);
ICC (3 x 3 mm) (inter-visit): 0.3
(healthy), 0.8 (diseased); ICC (6 x 6émm)
(inter-visit); 0.5 (healthy), 0.6 (diseased)
Fenner 44 (44) ICC Different visits, 3 X Topcon DRI OCT Triton (SS-OCT) VD SVPR, ICC = 0.901 (no motion artefact) vs
etal 3 mm DVP 0.419 (with motion artefact) for SVP;
2017'2 ICC = 0.943 (no motion artefact) vs
0.419 (with motion artefact) for DVP.
Image quality affect ICC in DVP, but not
in SVP. Centration and tilt did not affect
ICC in SVP and DVP in analysis of 1.5 x
1.5 mm area.
Lei et al 22 patients ICC, CoV 3 scans at the same Carl Zeiss Cirrus HD-OCT model 5000 | VD, VLD SVP Intra-device ICC: 0.82~0.98 (VLD),
2017'¢ with retinal visit with 3 same- 0.83~0.95 (PD); CoV: 2.2%~5.9% (VLD),
diseases model OCTA 2.4%~5.9% (PD); Inter-device ICC:
(22) devices, 3 X 3 mm 0.62~0.95, CoV < 6%.
2| healthy and 6 x 6 mm
controls
(42)
Manalastas 14 CoV, ICC Two visits apart 2 Optovue Avanti SD-OCT VD SVP Healthy eyes, CoV (%) 1.8-3.2 in ONH,
et al Glaucoma weeks, two scans at 2.5-9.0 in macular, glaucoma eyes,
2017" patients each visit CoV (%) 2.34.1 in ONH, 3.2-7.9 in
(14); macular; Healthy eys, ICC 0.65-0.85,
15 healthy glaucoma eyes, ICC 0.89-0.94.
controls
(15)
Venugopal 27 normal CoV, CoR, | 3 scans in one visit, Optovue Avanti SD-OCT VD SVP ICC:s (inferonasal), normal: 0.71 <
etal controls ICC 3 x3 mm glaucoma 0.93, ICCs (inferotemporal),
2018% (42), 26 normal: 0.75 < glaucoma 0.96; CoV
patients (inferotemporal, %), normal: 3.7 <
with glaucoma 6.6. In general, repeatability
glaucoma estimates were similar in normal and
(45) glaucoma eyes.
Corvi et al 18 (36) LOA 7 different OCTA Optovue Avanti SD-OCT, Heidelberg VD, FD SVPR, Comparison between devices is nearly
2018° devices at the same Spectralis HRA, Carl Zeiss Cirrus HD- DvP impossible; agreements among different
visit, 3 X 3 mm. OCT model 5000, Carl Zeiss prototype OCTA devices were not acceptable
Plex- Elite, Nidek RS-3000 Advance,
Canon OCT-HS100, and Optopol Revo
NX
Al-Sheikh 21 (41) ICC, CoR | Two scans with 5— | NIDEK RS-3000 Advance VD SVR | ICC = 0.90 (SVP), ICC = 0.83 (DVP);
etal 10 min interval, 3 x DVP CoR = 0.052 (SVP), CoR (%) = 0.02
2016" 3 mm (DVP)

Abbreviations: CoR, coefficient of repeatability; CoV, coefficient of variation; DVP, deep vascular plexus; FD, fractal dimension; ICC, intraclass correlation coefficient; VCI,
vessel complexity index; OCTA, optical coherence tomography; PD, vessel perfusion density; RVN, retinal vascular network; SVP, superficial vascular plexus; VD, vessel
density; VDI, vessel diameter density; VLD, vessel length density; VP, vessel perimeter index; VSD, vessel skeleton density; VSD, vessel skeleton density; MBRT, modified

Bayesian residual transform.
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There are some limitations in the present study. First, we did not compare the fractal analysis to other methods like
the pixel-counting method. A previous study showed similar precision and ICCs between fractal analysis and pixel-
counting based retinal vessel density.” This work focused on comparing fractal analysis of the SVP between research
sites using the same device, software version, and image analysis. Second, we did not use the same study cohorts to test
repeatability between research sites. Although there were no significant differences in age and sex between study cohorts,
unknown factors may exist between study cohorts, resulting in possible measurement bias. Indeed, we found similar
repeatability and frequencies of outliers between sites, which suggests that the experiments are comparable and similar
repeatability could be achieved. Third, we only tested healthy eyes in relatively young cohorts and did not include
patients with diseased eyes. Previous studies showed a slight decrease in repeatability in diseased eyes compared to
healthy eyes.'""'® However, those studies only ran on one research site and used vessel length and area as the density
measurements. Further studies, including diseased eyes for fractal analysis of the vessel density, are needed in multiple
site settings. Last, we did not analyze the vessel density in the partitioned region, as different regions may show different
repeatability.'®

In summary, our data showed that comparable high repeatability of OCTA-CPD can be achieved across two research
sites using the same device, scan protocol, and image analysis. Scans with the 3 X 3 mm scan protocol appeared more
repeatable than the 6 x 6 mm scans.

Ethics Statement

The research project was approved by the Institutional Review Board for Human Research at the University of Miami for
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