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Abstract

Background/Aims: To assess and compare long-term reproducibility of optic nerve head
(ONH) and macula optical coherence tomography angiography (OCTA) vascular parameters and
optical coherence tomography (OCT) thickness parameters in stable primary open angle glaucoma
(POAG), glaucoma suspect, and healthy eyes.

Methods: Eighty-eight eyes (15 healthy, 38 glaucoma suspect, and 35 non-progressing POAG)
of 68 subjects who had at least 3 visits within 1 to 1.5 years with OCTA and OCT imaging
(Angiovue; Optovue Inc., Fremont, CA) on the same day were included. A series of vascular and
thickness parameters were measured including macular parafoveal vessel density (pfVD), ONH
circumpapillary capillary density (cpCD), macular parafoveal ganglion cell complex (pfGCC), and
ONH circumpapillary retinal nerve fibre layer (cpRNFL). A random effects analysis of variance
model was used to estimate intraclass correlation (ICC) coefficients and long-term variability
estimates.

Results: ICC was lower for OCTA (pfVD 0.823 (95% confidence interval: 0.736, 0.888) and
cpCD 0.871 (0.818, 0.912)) compared to OCT (pfGCC 0.995 (0.993, 0.997) and cpRNFL 0.975
(0.964, 0.984)). Within-subject test-retest standard deviation was 1.17 and 1.22 % for pfvD and
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cpCD, and 0.57 and 1.22 um for pfGCC and cpRNFL. Older age and lower SSI were associated
with decreasing long-term variability of vessel densities.

Conclusions: OCTA-measured macula and ONH vascular parameters have good long-term
reproducibility, supporting the use of this instrument for longitudinal analysis. OCTA long-term
reproducibility is less than OCT-measured thickness reproducibility. This needs to be taken into
consideration when serial OCTA images are evaluated for change.

Synopsis—OCTA-measured vascular parameters have good long-term reproducibility,
supporting the use of this instrument for monitoring of glaucoma.

Keywords

long-term reproducibility; optical coherence tomography; optical coherence tomography
angiography; glaucoma

Introduction

Glaucoma is a progressive optic neuropathy caused by loss of retinal ganglion cells and
their axons with characteristic visual field (VF) defects.[1 2] Optical coherence tomography
(OCT) is a widely accepted method for monitoring retinal nerve fibre layer (RNFL) thinning
and optic nerve head (ONH) changes over time in glaucoma patients and glaucoma suspects.
[3] Optical coherence tomography angiography (OCTA) has emerged recently as a non-
invasive modality for imaging retinal and choroidal vasculature, and studies have suggested
that OCTA may be useful in glaucoma monitoring and management.[4 5] However, studies
on the long-term reproducibility of this modality are lacking.

Detecting glaucoma progression relies on the ability to distinguish true change from test-
retest variability. Since glaucoma is typically a chronic progressive disease, true change is
not expected to occur in a relatively short timeframe. Though characterizing the short-term
reproducibility of OCTA is important,[6-9] it does not assess the long-term reproducibility
which is one of the important criteria for a reliable glaucoma diagnostic test with regard

to monitoring progression of the disease. Determining long-term variability by repeatedly
testing glaucoma eyes — usually within a short period of several months has been used to
calculate the confidence limits or tolerance intervals of variability for detection of visual
field progression,[10 11] and structural change over time.[12-14]

Previously, Urata et al. reported that the long-term variability of OCT is higher than
short-term variability in 43 glaucoma subjects using Spectralis spectral domain OCT
imaging system. The average standard deviation of the residuals — used as a measure of
variability — was significantly higher with annual long-term testing compared to weekly
short-term testing for cpRNFL thickness.[13] Some studies have evaluated the short-term
reproducibility of OCTA-measured vessel densities of the ONH[6-8 15 16] and the
macular[6 7] regions. Manalastas et al. reported that short-term CV of intravisit and
intervisit vessel density measurements ranges from 2.3 to 4.1 % for ONH and 3.2to 7.9
% for macula in 14 glaucoma subjects using Avanti Angiovue imaging system.[6] Liu et al
reported the short-term reproducibility of cpCD in 12 normal and 12 glaucoma eyes using
Avanti Angiovue imaging system and reported a CV of 1.9 % and 4.0 %, respectively.[17]

Br J Ophthalmol. Author manuscript; available in PMC 2023 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nishida et al.

Methods

Participants

Page 3

In their reports, the short-term reproducibility of OCTA ONH and macular vessel density
measurements is good, but as our results suggest, often worse than OCT. To the best of
our knowledge, the long-term reproducibility of OCTA in glaucoma patients has not been
reported.

In this study, the long-term variability of the OCT ONH and macula thickness parameters
and OCTA vessel density in primary open-angle glaucoma (POAG) eyes were assessed and
compared using Avanti Angiovue imaging system.

This was a longitudinal study of healthy, glaucoma suspect, and POAG patients enrolled

in Diagnostic Innovations in Glaucoma Study (DIGS)[18 19] who underwent OCTA
(Angiovue; Optovue Inc., Fremont, CA) from January 2015 to August 2019. All participants
from the DIGS study who met the inclusion criteria described below were enrolled.
Informed consent was obtained from all participants. The University of California San
Diego Human Subjects Committee approved all protocols (NCT00221897), and the methods
described adhered to the tenets of the Declaration of Helsinki.

Healthy subjects were defined as having intraocular pressure (I0P) of 21mmHg or lower,
without history of elevated IOP; normal-appearing optic discs, intact neuroretinal rims and
retinal nerve fibre layer; and normal visual field test results, defined as pattern standard
deviation (PSD) within the 95% confidence limits and glaucoma hemifield test (GHT)
result within normal limits. Glaucoma suspects were defined as having suspicious-appearing
optic discs without the presence of repeatable glaucomatous visual field damage. POAG
was defined as the presence of repeatable and reliable (fixation losses and false negatives

< 33% and false positives < 15%) abnormal standard automated perimetry tests using

the 24-2 Swedish Interactive Thresholding Algorithm with either a PSD outside the 95%
normal limits or a GHT result outside the 99% normal limit. Glaucoma disease severity was
classified as early (24-2 VF MD>-6 dB), moderate (-6 dB=24-2 VF MD>-12 dB), and
advanced (24-2 VF MD<-12 dB).

Healthy subjects and clinically stable glaucoma suspect and POAG patients who met the
following criteria were included: (1) older than 18 years of age, (2) open angles on
gonioscopy, (3) best-corrected visual acuity of 20/40 or better, and (4) at least 2 years

of follow-up with a minimum of four follow-up OCTA scanning sessions. Exclusion
criteria were: (1) history of trauma or intraocular surgery (except for uncomplicated cataract
surgery or glaucoma surgery), (2) coexisting retinal disease including diabetic retinopathy,
(3) uveitis, or (4) non-glaucomatous optic neuropathy. Participants with the diagnosis

of Parkinson’s disease, Alzheimer’s disease, dementia, or a history of stroke were also
excluded. Eyes with an axial length of more than 26 mm or spherical equivalent of less than
-6 dioptre were also excluded.
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Glaucoma Stability Assessment

Imaging

Clinically-stable glaucoma suspects and POAG patients who met eligibility criteria were
included for longitudinal reproducibility. Clinical stability was determined on the basis

of serial stereo optic disc photographs and VVF progression analysis assessments by the
independent masked observers (T.N. and S.M.). The presence of changes or functional
changes in the glaucomatous disc and/or RNFL was confirmed by consensus between the
two observers. All colour stereophotographs were taken using a Nidek Stereo Camera Model
3-DX (Nidek Inc, Palo Alto, CA) after maximal pupil dilation. Glaucomatous structural
progression included progressive optic disc changes — such as focal or diffuse narrowing or
notching of the neuroretinal rim, increased cup-to-disc ratio, adjacent vasculature position
shift, or optic disc haemorrhage — and progressive RNFL changes, including an appearance
of a new defect or worsening of an existing defect.[20] In cases of disagreement on
progression status, consensus between the observers was obtained.

Functional progression was based on serial evaluation of visual fields using event-based
and trend-based methods. Event-based analysis determines whether significant visual field
progression has occurred, and this method is employed by the commercially available
Guided Progression Analysis (GPA) software from the Humphrey Field Analyzer (Carl
Zeiss Meditec, Dublin, CA). Using the GPA, “possible progression” or “likely progression”
was identified if three or more test points showed a change exceeding variability limits
expected based on two consecutive baseline measurements. Trend-based analysis provides
estimates of rates of visual field progression based on linear regression analysis of the
visual field index. In this method, visual field progression was defined as a rate showing
significantly negative slope (p< 0.05). In this study, POAG eyes were included if they had
at least 5 years of follow-up and 6 visual fields before the last OCTA, without GPA-based
possible or likely progression or a statistically significant visual field index slope.

Subjects were enrolled who had at least 3 visits within 1 to 1.5 years and both OCTA

and OCT (Optovue Inc, Fremont, California, USA) imaging on the same day. The
diagnosis of healthy, glaucoma suspects, or POAG was defined at the time of baseline

visit for the OCTA and OCT scan extracted with the aforementioned criteria. Macula and
ONH microvasculature were evaluated using the AngioVue OCT system (software version
2018.1.0.43). This system has been described previously.[21] Macula 3 x 3-mm?2 scans
(304 B-scans x 304 A-scans per B-scan) centered on the fovea and ONH 4.5 x 4.5-mm?
scans (304 B-scans x 304 A-scans per B-scan) centered on the ONH were obtained with
this system. Vessel density was automatically calculated as the proportion of measured

area occupied by flowing blood defined as pixels having decorrelation values acquired by
the split-spectrum amplitude-decorrelation angiography algorithm above the threshold level.
Image quality review was done on all scans according to the University of California,

San Diego, Imaging Data Evaluation and Analysis Reading Center standard protocol.
Trained graders reviewed scans and excluded poor-quality images. The detail of the review
previously has been published.[22] In brief, poor quality images were defined as images
with: (1) a signal strength index of less than 48; (2) defocus (decrease in reflective intensity
and clear visualization of the details of small vessels on the angiogram; (3) eye movement
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artifacts visible as irregular vessel pattern or disc boundary on the en face angiogram, (4)
shadow (decreased intensity of retinal layers in isolated areas, often due to vitreous floaters
or corneal opacities; (5) segmentation errors that could not be corrected. The location of
the disc margin in the ONH and macula scans was reviewed for accuracy and was adjusted
manually if required. The location of the disc margin in the ONH and macula scans was
reviewed for accuracy and was adjusted manually if required.

A series of vascular and thickness parameters were measured including macula whole
image vessel density (wiVD), macula parafoveal vessel density (pfVD), ONH whole image
capillary density (wiCD), ONH circumpapillary capillary density (cpCD), macular whole
image ganglion cell complex (wiGCC), macular parafoveal ganglion cell complex (pfGCC),
and ONH circumpapillary retinal nerve fibre layer (cpRNFL).

Statistical analysis

Results

Patient and eye characteristics data were presented as mean (95% confidence interval (Cl))
for continuous variables and count (%) for categorical variables. To determine long-term
variability of OCTA and OCT measurements, a linear random effects analysis of variance
model was used to estimate the intraclass correlation coefficient (ICC), root mean squared
error (RMSE), within-subject test-retest standard deviation (Sw), and coefficient of variation
(CV).[7 13 23] The ICC summarizes the reproducibility of a measurement for a group of
subjects based on the variance between subjects divided by total random effect and error
variation.[24] A cutoff value of 0.70 for ICC is considered acceptable,[25] with larger
values demonstrating better reproducibility. The Sw was calculated as the square root of
the within-subject mean square for error (the unbiased estimator of the component of
variance due to random error) in a mixed-effects model. The CV (%) was calculated as
100 x (Sw / overall mean). Comparison of rates of change in OCTA and OCT parameters
for each diagnosis group was performed using a linear mixed model to take into account
within-subject variability.[26-28] To see the effect of age, SSI, 24-2 VF MD, and IOP on
the repeatability of OCTA and OCT measurements, regression estimates were calculated
using linear mixed effects models. Time-dependent values rather than baseline values were
used to see if there was any variability due to changes in the variables. Statistical analyses
were performed using Stata version 15.1 (StataCorp, College Station, TX), and R version
3.6.3. P values of less than 0.05 were considered statistically significant for all analyses.

A total of 88 eyes (15 healthy, 38 glaucoma suspect, and 35 non-progressive POAG) of 68
subjects were enrolled in this study. Demographics and baseline clinical characteristics are
summarized in Table 1. Macula cohort included 9 healthy, 17 glaucoma suspects, and 17
POAG eyes of 42 subjects, and ONH cohort included 13 healthy, 30 glaucoma suspects, and
30 POAG eyes of 60 subjects. The mean follow-up (95% CI) was 1.2 (1.2, 1.2) years, and
the mean number of visits (95% CI) was 3.1 (3.0, 3.2) for the macula cohort and 3.0 (3.0,
3.1) for the ONH cohort. The mean age (95% CI [range]) was 68.8 (65.9, 71.6 [37.3-88.9])
years, and the mean baseline 24-2 VF MD (95% CI) was -0.82 (-1.17, —0.46) dB. For the
macula cohort, the average wiVD, pfVD, wiGCC, and pfGCC (95% CI) were 45.4 (44.2,
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46.6) %, 48.3 (47.1, 49.4) %, 97.3 (94.2, 100.5) um, and 102.7 (99.4, 106) um, respectively.
For the ONH cohort, the average wiCD, cpCD, and cpRNFL (95% CI) were 44.7 (43.7,
45.6) %, 46.5 (45.4, 47.5) %, and 90.8 (87.2, 94.3) um, respectively.

No significant pfVD or cpCD loss, or cpRNFL thinning (95% CI) was observed (-0.45
(-0.98, 0.08) %/year; p=0.094, —0.37 (—0.85, 0.12) %l/year; p=0.137, and 0.51 (-1.18,
0.16) um/year; p=0.137, respectively), while wiVD or wiCD loss, and wiGCC or pfGCC
thinning was detectable over time (-0.55 (-1.06. —0.03) %/year; p=0.037, —0.60 (-1.04,
-0.15) %/year; p=0.009, —-0.77 (-1.00, —0.54) um/year; p<0.001, and —0.69 (-0.90, —-0.47)
um/year; p<0.001, respectively, Supplemental table 1). However, no statistically significant
differences were found in rates of vessel density and thickness change among healthy,
glaucoma suspects, and POAG groups (p>0.05) (Supplemental table 1). ICC among healthy,
glaucoma suspects, and POAG groups was shown in Supplemental table 2. Table 2 shows
the repeatability estimates of the macula and ONH parameters. ICC (95% CI) was lower
for OCTA (wiVD 0.839 (0.758, 0.899), pfVD 0.823 (0.736, 0.888), wiCD 0.861 (0.804,
0.905), and cpCD 0.871 (0.818, 0.912)) compared to OCT (wiGCC 0.994 (0.991, 0.996),
pfGCC 0.995 (0.993, 0.997), and cpRNFL 0.975 (0.964, 0.984)). RMSE was between 1.34
and 1.43 % for OCTA, and 0.70, 0.65, and 2.00 pm for wiGCC, pfGCC, and cpRNFL. Sw
was between 1.17 and 1.22 % for OCTA, and 0.61, 0.57, and 1.63 pm for wiGCC, pfGCC,
and cpRNFL. Long-term test-retest variability was between 2.29 and 2.39 % for vascular
parameters. CV was higher for OCTA parameters (between 2.48 and 2.62 %) compared

to OCT parameters (WiGCC 0.63, pfGCC 0.56, and cpRNFL 1.79 %). Figure shows the
standard deviation of residuals of macula and ONH parameters. There was a greater spread
in the distribution of the standard deviation of residuals for coRNFL compared to pfGCC,
while the result of cpCD and pfVD was similar.

Tables 3 and 4 show the effect of age, SSI, 24-2 VF MD, and 0P on the repeatability

of OCTA and OCT measurements for macular and ONH parameters from univariable

mixed models. The significant negative coefficients associated with age indicated that the
variability of vessel density and thickness parameters increased significantly with older age
(all p<0.05, except for pfGCC (p=0.05)). Additionally, the significant positive associations
between SSI and vessel density were found in wiVD (r-squared (95% CI): 0.35 (0.23, 0.46),
p<0.001), pfvD (0.29 (0.18, 0.41), p<0.001), and wiCD (0.05 (0.01, 0.12), p=0.002), except
for cpCD (p=0.247).

Discussion

The present study finds that both OCTA-measured macula and ONH vascular parameters
have good long-term reproducibility using Avanti Angiovue imaging system, although it is
generally worse than the OCT reproducibility. Our results indicate that measurements over
an average of 1.2 years are reproducible, supporting the use of the OCTA as an additional
tool in the long-term follow up of glaucoma patients.

In order to interpret a change in serial OCTA or OCT as true glaucomatous progression,
it is essential to differentiate a true change from long-term variability. One of the purposes
of this longitudinal study was to determine a cutoff value for variation, which may help
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in the early detection of progression. Our results suggest that glaucomatous progression
may be identified when the change in vascular parameters is greater than the long-term
test-retest variability of 1.9% in one year. While the ICCs of OCTA-measured vascular
parameters were above the threshold for acceptability, they were lower than those of OCT-
measured thickness parameters. One possible explanation for this finding is that OCTA
may be more sensitive to image quality than OCT, as preprocessing and postprocessing
signals of OCTA are different,[29] and postprocessing signal in OCTA may relatively more
impacted by signal strength compared with OCT.[30] Venugopal et al evaluated short-term
reproducibility in 42 eyes of 27 normal subjects and 45 eyes of 26 glaucoma patients, and
reported significant positive associations between SSI and better reproducibility of vessel
densities for vessel density parameters.[7] In our study of long-term reproducibility, we
found similar associations between higher SSI and better reproducibility of vessel densities
for most vessel density parameters, while for OCT only pfGCC is correlated with SSI.
Even in the current study when only good quality scans were included, higher SSI was
associated with better reproducibility. In addition, our study focused on averaged global
values from OCTA over sectoral values. It has been reported parameters from regions
vulnerable to glaucomatous progression such as the inferotemporal area have a higher
diagnostic accuracy for glaucoma compared to the global average, though localized sectors
may demonstrate greater variability.[31 32] Further study is needed to investigate the long-
term reproducibility of sectoral parameters.

In this study, our goal was to evaluate clinically-stable POAG patients. As such, we chose

to designate a follow-up period of 1.5 years in order to limit the possibility of age-related
changes and glaucomatous progression that may have been a more significant factor in a
longer study.[12] Although we reviewed the VF and photos taken over 5 years prior to
study inclusion to exclude eyes with disease progression, we may not have been able to
fully rule out progression given the chronic nature of the disease. However, if we take into
account that the present study may include some eyes with potential progression, then the
results may overstate the variability of the OCTA and OCT measurements and the long-term
reproducibility of OCTA and OCTA in truly stable subjects may be better.

Of note, in comparing OCTA and OCT reproducibility, care should be taken when
evaluating the RMSE and Sw from this study. The RMSE and Sw are not comparable
between OCTA and OCT as they depend on the magnitude of the mean value. Therefore, the
ICC and CV are more appropriate for comparing the reproducibility of the two modalities.
For this reason, we included ICC as comparing OCTA and OCT reproducibility.

With good long-term reproducibility, OCTA is suitable for the monitoring and management
of glaucoma. However, our study has a few limitations. First, a significant number of OCTA
scans were excluded due to poor quality. Prior studies have reported a high number of
poor-quality images using OCTA[152233] |n the clinical setting, consistent high-quality
images may not always be attainable — thus, greater variability may be seen than in this
study. Second, our study did not evaluate high-density mode (400 B-scans x 400 A-scans per
B-scan) OCTA, which may improve OCTA scan reproducibility and may be an interesting
future direction of study. Third, we used 3 x 3-mm? scans for macula and the software
version 2018. Previously, You et al. showed that 6 x 6-mm? scans showed significantly
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higher diagnostic accuracy than the 3 x 3-mm? scans for glaucoma.[34] Further study is
needed on reproducibility for different scan sizes with newer software versions. Fourth,
this study includes many cases of glaucoma in relatively early stages. Caution should be
exercised when extrapolating the results to moderate-to-severe stages of glaucoma. Finally,
our results were obtained from OCTA and OCT scans performed with Optovue. The results
may not be generalizable to other platforms and algorithms.

Although serial measurements of OCTA macula and ONH vascular parameters are not

as high generally as the reproducibility of OCT parameters, our results demonstrate their
good long-term reproducibility and support their use for longitudinal analysis. Additional
studies are needed to determine whether they are complementary to OCT, VVF, and fundus
photographs in the monitoring and management of glaucoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Distribution of the within-subject test-retest SD for optic nerve head (left) and macula

T
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(right), and vessel density (upper) and thickness (lower). cpCD, circumpapillary capillary
density; cpRNFL, circumpapillary retinal nerve fibre layer; pfVD, parafoveal vessel density;

pfGCC, parafoveal ganglion cell complex.
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Table 1.

Demographics and Baseline Characteristics of Subjects

Page 12

Macula Cohort (n =42, 49
Eyes)

ONH cohort (n = 60, 73 Eyes)

Combined Cohort (n =

68, 88 Eyes)

Age (years)

Gender (M/F)

Race

African Descents (%)

European Descents (%)

Others (%)

Axial Length (mm)

CCT (um)

Spherical Equivalent (D)

Baseline IOP (mmHg)

Diagnosis by subject
Healthy, n (%)
Glaucoma suspect, n (%)
Glaucoma, n (%)

Baseline 24-2 MD (dB)

Average SSI

Average wiVD (%)

Average pfVD (%)

Average wiGCC (um)

Average pfGCC (um)

Average wiCD (%)

Average cpCD (%)

Average cpRNFL (um)

Follow-up for OCTA (years)

Visits

Visual field follow-up period for glaucoma

patients

Visual field follow-up period for glaucoma

suspect subject

66.6 (62.6, 70.6)
15/27

11 (26.2%)
24 (57.1%)

7 (16.7%)
24(23.8,24.3)
539.4 (529.9, 548.8)
-0.95 (-1.41, —0.49)
15.0 (13.8, 16.2)

9 (18.4%)
23 (46.9%)

17 (34.7%)
-0.47 (~0.85, —0.08)
70.1(68.1, 72.1)
44.8(43.7, 46.0)
47.8 (47.0, 48.9)
97.0 (93.7, 100.1)
102.3 (98.9, 105.6)

12(1.2,1.2)
3.1(3.0,3.2)

8.7 (6.0, 11.5)

9.7 (7.2,12.3)

68.8 (65.7, 71.9)
23/37

16 (26.7%)
37 (61.7%)
7 (11.7%)

24.0 (23.8, 24.3)
539.6 (530.1, 549.1)
-0.73 (-1.13, -0.32)

14.7 (135, 15.8)

13 (17.8%)
30 (41.1%)
30 (41.1%)
-0.85 (~1.25, -0.45)
64.2 (62.4, 66.1)

44.7 (43.7, 45.6)

46.5 (45.4, 47.5)

90.8 (87.2, 94.3)
12(1.2,1.2)
3.0(3.0,3.1)

10.1 (8.5, 11.7)

9.6 (7.1,12.0)

68.8 (65.9, 71.6)
25/43

19 (27.9%)
39 (57.4%)

10 (14.7%)
24.0(23.8,24.2)
537.1 (528.6, 545.6)
-0.79 (-1.15, —0.43)
15.1 (14.0, 16.1)

15 (17.0%)

38 (43.2%)

35 (39.8%)
-0.82 (~1.17, —0.46)

CCT = central corneal thickness; CD = capillary density; cp = circumpapillary; D = diopter; F = female; GCC = ganglion cell complex; IOP =
intraocular pressure; ONH = optic nerve head; pf = parafoveal; RNFL = retinal nerve fiber layer; SSI = signal strength index; VD = vessel density;
wi = whole image; M = male; MD = mean deviation. Values are shown in mean (95% confident interval), unless otherwise indicated.
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Table 2.
ICC, RMSE, within-subject test-retest standard deviation, and CV for Macula and ONH parameters

ICC(95% Cl)  RMSE (%/um) Sw (%/um) CV (%)

Macula
wiVD 0.839 (0.758, 0.899) 1.39 117 2.62
pfvVD 0.823 (0.736, 0.888) 1.43 1.18 2.48
wiGCC 0.994 (0.991, 0.996) 0.70 0.61 0.63
pfGCC 0.995 (0.993, 0.997) 0.65 0.57 0.56
ONH
wiCD 0.861 (0.804, 0.905) 1.34 1.17 2.61
cpCD 0.871 (0.818, 0.912) 1.41 1.22 2.61
cpRNFL  0.975 (0.964, 0.984) 2.00 1.63 1.79

ClI = confidence interval; CD = capillary density; cp = circumpapillary; CV = coefficient of variation; GCC = ganglion cell complex; ICC =
intra-class correlation; ONH = optic nerve head; pf = parafoveal; RMSE = root mean squared error; RNFL = retinal nerve fiber layer; Sw =
within-subject test-retest standard deviation; VD = vessel density; wi = whole image.
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Table 3.
Effect of age, SSI, 24-2 VF MD, and IOP on the repeatability of OCTA and OCT measurements for macular

1duosnuey Joyiny

1duosnuen Joyiny

parameters

Coefficient, 95% CI  R-squared, 95% CI  p value

wivVD

Age -0.18 (-0.26, -0.11)  0.48 (0.37, 0.58) <0.001

Ssl 0.21 (0.15, 0.26) 0.35 (0.23, 0.46) <0.001

24-2 VF MD 0.56 (0.00, 1.12) 0.08 (0.02, 0.18) 0.072

0P 0.00 (-0.26, 0.25) 0.00 (0.00, 0.04) 0.975
pfvD

Age -0.17 (-0.25, -0.09) 0.43 (0.32, 0.54) <0.001

ssl 0.19 (0.13, 0.25) 0.29 (0.18, 0.41) <0.001

24-2VFMD  0.36 (-0.20, 0.92) 0.04 (0.00, 0.12) 0.228

10P -0.05 (~0.30, 0.20) 0.01 (0.00, 0.06) 0.681
wiGCC

Age -0.28 (-0.54,-0.02) 0.70 (0.63, 0.76) 0.041

Ssl 0.04 (0.00, 0.08) 0.02 (0.00, 0.08) 0.054

24-2 VF MD 2.85(1.92,3.78) 0.75 (0.69, 0.80) <0.001

10P 0.13 (-0.62, 0.87) 0.05 (0.00, 0.14) 0.743
pfGCC

Age -0.28 (-0.56, —0.01)  0.72 (0.65, 0.78) 0.050

Ssl 0.04 (0.0, 0.08) 0.02 (0.00, 0.09) 0.022

242VFMD  2.65 (1.65, 3.65) 0.73(0.67,0.79)  <0.001

0P 0.12 (-0.65, 0.89) 0.05 (0.00, 0.14) 0.765

1duosnuey Joyiny

1duosnuen Joyiny

CD = capillary density; CI = confidence interval; cp = circumpapillary; GCC = ganglion cell complex; IOP = intraocular pressure; MD = mean
deviation; OCT = optical coherence tomography; OCTA = optical coherence tomography angiography; pf = parafoveal; SSI = signal strength
index; VD = vessel density; VF = visual field; wi = whole image. Values are shown in B coefficient (95% confident interval). Negative coefficient
demonstrates that reproducibility decreased with increasing the values of the putative factor. Statistically significant p value is shown in bold.
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Effect of age, SSI, 24-2 VF MD, and IOP on the variability of OCTA and OCT measurements for ONH

parameters

Table 4.

Coefficient, 95% ClI

R-squared, 95% ClI

p value

wiCD
Age
SSI
24-2 VF MD
0P
cpCD
Age
SSI
24-2 VF MD
10P
cpRNFL
Age
SSI
24-2 VF MD
10P

-0.14 (-0.22, -0.06)
0.58 (0.23, 0.94)
0.65 (0.11, 1.19)

-0.08 (-0.27, 0.10)

~0.15 (~0.24, ~0.06)
0.23 (-0.16, 0.61)
0.62 (0.02, 1.21)

-0.12 (-0.32, 0.08)

-0.43 (-0.75, -0.11)
0.26 (-0.31, 0.83)
1.08 (-0.89, 3.04)
0.01 (~0.64, 0.65)

0.29 (0.20, 0.39)
0.05 (0.01, 0.12)
0.17 (0.09, 0.26)
0.03 (0.00, 0.09)

0.29 (0.20, 0.39)
0.01 (0.00, 0.05)
0.14 (0.06, 0.23)
0.05 (0.01, 0.12)

0.49 (0.40, 0.57)
0.00 (0.00, 0.03)
0.12 (0.05, 0.20)
0.00 (0.00, 0.02)

0.001
0.002
0.022
0.386

0.002
0.247
0.045
0.237

0.011
0.374
0.287
0.984

CD = capillary density; CI = confidence interval; cp = circumpapillary; IOP = intraocular pressure; MD = mean deviation; OCT = optical

Page 15

coherence tomography; OCTA = optical coherence tomography angiography; ONH = optic nerve head; RNFL = retinal nerve fiber layer; SSI =
signal strength index; VD = vessel density; VF = visual field; wi = whole image. Values are shown in B coefficient (95% confident interval).
Negative coefficient demonstrates that reproducibility decreased with increasing the values of the putative factor. Statistically significant p value is

shown in bold.
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