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Purpose: Online circular contrast perimetry (OCCP) provides perimetry on any computer or tablet without additional hardware. This
study assessed the longitudinal performance and user feedback of home OCCP in an Asian population.

Methods: Twenty glaucoma and fifteen healthy participants underwent a comprehensive ocular examination and visual field tests in
clinic, using OCCP and standard automated perimetry. Within a week, participants were asked to repeat OCCP at home. OCCP was
then repeated after 3 months and 6 months at home, followed by a user-experience survey.

Results: No significant difference between clinic and home OCCP for test duration, false negative (FN) and fixation loss (FL) rates
was found. False positive (FP) rate of home OCCP was slightly higher than that of clinic OCCP (p = 0.04). Bland-Altman plots
indicated a small difference between Mean Deviation (MD) (1.26 dB, p = 0.0087) and good agreements between Pattern Standard
Deviation (PSD) and Visual Index (VI) of clinic OCCP and home OCCP with insignificant difference of PSD and VI (p > 0.05).
Intraclass correlation coefficient (ICC) analysis demonstrated good correlation of MD & VI and poor correlation of PSD between
clinic OCCP and home OCCP. Over 6 months, home OCCP indicated moderate to excellent correlation of indices. Participants
reported a positive attitude toward home OCCP; however, a high dropout rate was noted for the 3- and 6-month at-home testing.
Conclusion: Comparable results were observed between clinic and home OCCP at baseline. Acceptable consistency of home OCCP
findings over 6 months was recognized. Patients may require additional support to achieve desired adherence to at-home monitoring
protocols.
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Introduction

Teleglaucoma is a new trend of glaucoma care in the era of artificial intelligence, cloud computing and telemedicine,
allowing closer surveillance and halting disease progression as a consequence. Home-monitoring using visual field
testing on personal devices plays a key role in the potential success of teleglaucoma and has been reported to be effective
in detecting early changes of glaucoma visual field damage with acceptable compliance and promising results compared
to those from in-clinic settings.? Previously published home-monitoring visual field studies were conducted in developed
countries (US,* UK,* Australia,” Greece®). However, no data of at-home visual field testing in a developing setting has
been published.
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Some alternative visual field techniques have been introduced, including tablet-based perimetry®’ and virtual reality

perimetry,>*!!

which complement traditional perimetry by providing portable visual field testing. Online circular
contrast perimetry (OCCP) is a validated method of perimetry that allows visual field testing on any computer or
tablet.'? It has been found to have strong agreement and diagnostic similarity to conventional perimetric machines.
Furthermore, it has demonstrated good repeatability and reliability with similar results to standard automated perimetry
(SAP) over 18 weeks.'® By the nature of its design, OCCP is easy to perform in the at-home, unsupervised setting.'
While other home perimetry devices have been evaluated, the advantage of OCCP is that it allows patients to use their
own computer or tablet for perimetry, without additional hardware or downloaded software — all that is needed is a stable
internet connection. We hypothesize that OCCP will reveal comparable results to clinic OCCP and will be acceptable for
patients performing the test at home. Hence, we performed the current study in an Asian population to examine the

acceptability and performance of home OCCP and responses from participants.

Methods

Ethical approval was granted by Hanoi Medical University, and research adhered to the tenets of the Declaration of
Helsinki (IRB-VNO01001). In 2023, a longitudinal, observational study was performed with the enrollment of eligible
participants. Written informed consent was obtained from all participants.

Subjects

Eligible subjects included healthy volunteers and patients with stable primary glaucoma at Hanoi Medical University
Hospital. Best corrected visual acuity (BCVA) of at least 20/60, stable primary angle closure glaucoma or open angle
glaucoma, no other ocular diseases (such as maculopathy, other optic neuropathies, cataracts grade II or above),'* reliable
visual field indices on SAP, and experience with computers and internet-based web browsers were among the inclusion
criteria. The following conditions were excluded: neurological disorders that affect visual field results or ability to
perform visual field testing, non-glaucomatous disc damage, medicines that might alter visual field results (such as
chloroquine, vigabatrin, and pilocarpine) and unreliable standard automated perimetry.

Both eyes were enrolled for each patient if the eye met the visual acuity criteria. Glaucoma was diagnosed and
classified based on pre-established criteria introduced by the American Academy of Ophthalmology and the Hodapp-
Parrish-Anderson method.'® Healthy individuals in the control group had normal IOP, optic nerve head, RNFL, and no
other ocular diseases.

Study Protocol
Baseline in-Clinic Testing
The study protocol is outlined in Figure 1.

The participants underwent a comprehensive clinical examination process that included visual field testing and
a baseline structural optical coherence tomography (OCT, Cirrus, Zeiss) test. Using OCCP (Eyeonic Pty Ltd,
Australia) and SAP (Carl Zeiss Meditec Inc., Dublin, California, USA) 24-2 test SITA Standard (Swedish Interactive
Threshold Algorithm Standard) in randomized order once for each eye, patients performed visual field testing in the
clinic. The standard metrics of false negatives (FN) > 33%, false positives (FP) > 15%, and fixation losses (FL) > 20%

« Clinical
evaluation
«OCT
+SAP Home OCCP
«Clinic OCCP
+Home OCCP

Figure | Study protocol.
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Table | Participant Survey Questions for the Home-Monitoring Online Circular Contrast Perimetry

Number Question

| was able to access the application at home via www.eyeonic.com

The app was easy to use

Logging in to the app was straightforward

It was easy to follow the link via Email reminders

| understood how to set up my home environment for visual field testing

| was able to set up my home environment for visual field testing

| understood the instructions to perform the test

| was able to follow the test instructions when performing the test

| was able to commence the test

How much do you value being able to do an online visual field test remotely (eg at home)?

— = 0 00 N O U1 A W N —

- O

| am not bothered by the webcam monitoring my face during the online test. (I understand the video is not saved and no facial
recognition occurs)

Ql Did you prefer the conventional (machine-based) or the online (computer-based) visual field test?

Supplement | If you were unable to complete all the tests please describe the most common reason.

(derived from the Heij-Krakau approach) were used to determine the unreliability of the tests.'® OCT images were
obtained. OCT reports were not accepted if the signal strength was less than seven out of ten.

The testing was conducted in a controlled clinical setting with uniform ambient lighting, temperature, and background
noise levels. SAP was conducted in a dedicated, quiet, and low-light environment. For OCCP testing standardized, fully
functional laptops were used in one calm, unoccupied clinical room. The main source of lighting was the computer
monitor, which was adjusted to have less background lighting. Each computer had its own mouse, webcam, volume
control, and internet access.

All optometrists were highly experienced in perimetry operations and had undergone further training in administering
OCCEP in order to ensure the consistency of research protocols. Participants were positioned at the proper 50 cm viewing
distance for this size screen prior to the test beginning. There was a patch on one eye. A skilled optometrist oversaw the
examination and corrected the subject’s height and head posture. The in-clinic OCCP testing was used to train patients
for their at-home testing.

At Home Testing

At 1 week following the baseline visit, and then at 3 and 6 months, participants were asked to perform at-home perimetry.
Patients took the OCCP exam at home using their own laptop or personal computer. The research team offered video
calls for distance surveillance and phone training, which the participant might request. Subsequent to performing the final
OCCP examination, a use-experience survey was completed online (Table 1).

Online Circular Contrast Perimetry

A recent paper has described the OCCP technology.'® Using a web browser, OCCP provides perimetry on any tablet or
computer. Like Pulsar Perimetry (Haag-Streit International), targets are alternating rings of dark and light spaced at six
degree intervals (Figure 2A), however the targets are smaller (3.5 vs 5 degrees) and contrast is constant throughout their
spatial extent, despite a peripheral contrast decrease to minimize light scatter and unwanted ganglion cell stimulation."’
The OCCP evaluates 52 loci over 24 degrees of peripheral vision (Figure 2B). Each target flickers for 60 milliseconds
during three on/off cycles for a total of 360 milliseconds. The sinusoidal contrast of targets has 0.55 cycles/degree spatial
frequency, like frequency doubling perimetry (FDP, Welch Allyn, Skaneateles, N.Y., and Carl Zeiss Meditec, Dublin,
Calif.); however, there is a slower temporal counter phase (9 Hz).?° Contrast is linearly ramped up and down over 50
milliseconds at the start and finish of target presentations to avoid temporal transients and saccades (Figure 2C).*" While
FDP target bands’ luminance to have a combined mean equal to background luminance, in OCCP the bright rings match
the color of the background screen, which is light grey, and the dark rings’ intensity is modified to achieve the necessary
contrast. This is like a luminance pedestal flicker for stimulus decrements, and is used by OCCP to restrict the number of
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Figure 2 Online circular contrast perimetry features. (A) Flickering test target (B) Map of inferior hemifield 24-2 perimetry loci testing. To test the superior hemifield, the fixation target later moves to the bottom of the screen. (C)
Sequence of target presentation: targets appear for 3 counterphase flicker cycles lasting 360 ms, contrast is graded at the start/end of target presentation. ms: millisecond. Adapted by permission from BM] Publishing Group Limited.
Alawa KA, Nolan RP, Han E, et al. Low-cost, smartphone-based frequency doubling technology visual field testing using a head-mounted display. Br | Ophthalmol. 202 1;105(3):440—444.'7 (D) Fixation target: spinning golden star. (E) Blind
spot localisation optimizes the user’s viewing distance. (B) and (E). The dark grey homogenous circles are a diagrammatic representation of where test targets may appear and are not present during the live test.
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greyscale colors used in the stimulus and background, to maintain consistency of display settings with gamma
correction.”

The user is asked by the app to increase the screen brightness to at least 75%, representing at least 186 candela per
square meter (cd/m2). The output luminance ranged from 0% for black (0, 0, 0) to 100% relative brightness percentage
for pure white (255, 255, 255). The Web Content Accessibility Guidelines was used to determine the relative brightness

1.23

at each 256-greyscale level.”” The Michaelson formula was used to quantify the contrast of the relative luminance of the

target rings in the light and dark bands:**

Contrast = (RL1 — RL2)/(RL1 + RL2)

Where RL2 is the minimum of the dark band and RL1 is the greatest relative brightness of the light band. A method
similar to that employed for FDP was applied to convert contrast to decibels.?’

Decibel (dB)= —20log(contrast)

OCCP’s dynamic range was 0 to 38 dB, comparable to the range used by other perimetry devices, such as HFA, to
facilitate human threshold calculations.” The OCCP testing algorithm uses a 4/2 dB staircase in combination with
probability density functions that modify based on test responses, similar to SITA.

Users are asked to click the mouse whenever a target appeared in their peripheral vision while maintaining fixation on
a constantly spinning golden star (4 degrees of visual angle) (Figure 2D). A dynamic fixation target can potentially
facilitate improved focus and test usability.

Clicks made outside the allowed response timeframe were used to identify FP. Similar to SAP, FN responses were
observed in loci of pre-determined threshold sensitivity when participants failed to respond to stimuli at higher contrast.?
Responses were time-adapted based on the user’s previous reaction time to provide for inter-user variability; to prevent
rhythmic responses random delays were also added.?® Like for SAP, FL were measured using the Heijl-Krakau method.

Correct viewing distance is maintained by three mechanisms working together. Firstly, the app instructs users on the
proper viewing distance to use the test, to guarantee uniformity of viewing angles. This distance is calculated
trigonometrically based on the size of the computer monitor. Secondly, a 4 x 10-degree grid covering the predicted
blind region — predicted at 15 degrees temporal and 0.5 degrees inferior to fixation — is used to map out the user’s blind
spot (Figure 2E). Blind spot mapping ensures an acceptable working distance; if the user is too far from the screen and
the blind spot detected too far temporally, the user is prompted to come closer to the screen, and vice versa if they are too
close. Thirdly, the user’s head position is tracked by a webcam to ensure that the proper viewing distance is maintained.
This relies on the app’s machine learning-powered facial detection (as opposed to identification) algorithm, with a one-
second refresh rate. When the machine-learning discovers deviations in face position of more than 15% in four planes,
the test pauses and the participant is told to correct their position; once corrected, the test proceeds. In this way, no
specific head or neck support is used.

The app has been designed to provide consistency despite variations in screen brightness. It achieves this in the choice
of fundamental physiological parameters for the perimetric testing. Flickering dark targets on a light grey background
provide increased resistance to changes in background lighting.?® As the screen is bright, background lighting influences
the test less than for a dark screen. The targets are large, flickering and contrast-based; changes in overall screen
brightness would affect the dark and light bands equally and be less influential than for standard white-on-white targets,
for which the background is used for target contrast calculation. Test properties such as spatial frequency, target size,
flicker rate and background luminance have all been carefully chosen to maximize testing consistency despite differences
in testing environments, computer screen output displays and gamma function.?” These parameters have been chosen
based on a critical literature review, early pilot OCCP work and subsequent use-based refinement as documented in our
previous publications.”® 3! The app measures the screen size and positions the targets according to the size; it also
advises the correct viewing distance based on this. Furthermore, to deal with persistent inter-screen variations, the app
undergoes an internal calibration process based on early responses, and, if available, prior test information, either on that

screen or on another screen by that patient.
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B Certificate Number
AU Q00534

Australian Government

Department of Health and Aged Care
Therapeutic Goods Administration

Conformity Assessment Certificate

Full Quality Assurance Procedures
Schedule 3, Part 1 (excluding clause 1.6) of the Therapeutic Goods (Medical Devices) Regulations 2002

Issued to

Manufacturer Name: Eyeonic Pty Ltd

Manufacturer Address: 330 Balaclava Road
CAULFIELD NORTH VIC 3161
Australia

For the Design and Manufacture of device categories listed on page 2 of this certificate.

This is to certify that the manufacturer’'s quality management system complies with the relevant
provisions of Schedule 3, Part 1 (excluding clause 1.6) of the Therapeutic Goods (Medical Devices)
Regulations 2002. Certification is based on an assessment of the Full Quality Management System,
applied at each stage of medical device manufacture, from the design of a device until its final
inspection before being supplied.

Figure 3 (A) Example of Vietnamese pre-test instructions, translated to: |. Please sit 55 cm from the screen. 2. Close your right eye. 3. Press space bar or click the mouse
button when the target appears. 4. Press space or click the mouse button to begin. To pause press “return”, to abort press “delete”. (B) Conformity assessment by
Australian Government Department of Health and Aged Care.

Although the application has several language options, the spoken Vietnamese instructions (1. Sit 55 cm from the
monitor; 2. Close your right eye; 3. Watch the gold star at all times; 4. Press “space” or click mouse when target appears;
Press “space” or click mouse to begin ...; To pause press “return”; to exit press “delete”) from OCCP were recorded
previously (Figure 3A). OCCP has recently been assessed for quality assurance by Australian Government Department of
Health and Aged Care (Figure 3B).

Study Outcomes

The following outcome measures for OCCP were derived using information from a pre-existing normative dataset and
SAP-specific methods: Mean Deviation (MD), Pattern Standard Deviation (PSD), and Visual Index (VI), which is based
on a weighed mean system similar to the visual field index (VFI).** The secondary outcome measures also included the
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length of the perimetric test, and reliability criteria (FP, FN, and FL rates), as well as responses from the use-experience
feedback survey.

Feedback Survey

The survey was designed by the chief investigator to capture the experience of home perimetry, based on evaluations of
other home perimetry devices and similar studies evaluating OCCP in an Australian cohort.'* Eleven questions were
asked regarding home perimetry experience, with one additional question related to the participant’s preference for either
form of perimetry (Table 1). There was also an optional textbox for common reasons for not completing all tests.
A Likert scale was used for responses: “strongly disagree”, “disagree”, “neutral”, “agree”, or “strongly agree”,
corresponding from 1 to 5. Participants anonymously completed the survey. A password-protected database was used
to securely store all data.

Data Analysis

Descriptive and inferential statistical analyses were performed. The data was analyzed using SPSS 23 and Stata.
Descriptive statistics included frequency, percentage (qualitative measurements) and mean and standard deviation
(quantitative measures). For statistical comparison testing, Bland-Altman plots, paired sign-rank tests, and intraclass
correlation coefficient (ICC) were employed. A cutoff point for statistical significance of p < 0.05 was applied. For
descriptive statistics, 7-tests were used for continuous variables and Chi-squared tests used for categorical variables.
ICCs were defined as excellent (>0.90); good (0.75 to 0.9); moderate (0.5 to 0.75); or poor (<0.5).** Sample size was
calculated based on the ICC of test—retest agreement of OCCP MD in an East Asian cohort of 0.86 (95% CI 0.78-0.9 1.2
With an alpha of 0.05, a type 2 error rate of 0.05 and an expected 50% dropout, this gave a sample size of 36.

Rasch Analysis

The psychometric properties of the survey were evaluated with Rasch analysis, using the Andrich rating model via
Winsteps software (Chicago, Illinois, USA).>> 7 Differential item functioning (DIF) assessed differences in responses
based on clinical group (controls vs glaucoma), gender and age stratification: younger (age < 45 years) and older (age >
45 years).

Table 2 Demographic Characteristics of Study Population

Glaucoma | Non-Glaucoma Total p-Value

N (row percentage) 20 (57.1) 15 (42.9) 35 (100.0)
Age (years) <0.001

Mean (SD) 47.6 (16.2) 30.2 (9.7) 40.1 (16.2)

Min-Max 23-77 20-51 20-77
Gender (n, %) 0.088

Male 6 (30.0) I (6.7) 7 (20.0)

Female 14 (70.0) 14 (93.3) 28 (80.0)
Diagnosis (n, %) <0.001

Normal 0 (0.0 15 (100.0) 15 (42.9)

PACG 6 (30.0) 0 (0.0 6 (17.1)

POAG 14 (70.0) 0 (0.0 14 (40.0)
Best corrected visual acuity (Mean, SD) 0.1 (0.1) 0.0 (0.0) 0.0 (0.1) 0.073
Intraocular pressure (Mean, SD) 15.7 (4.1) 15.5 (2.3) 15.6 (3.4) 0.866
Spherical Equivalence (Mean, SD) -0.9 (1.7) -3.6 3.7) -2.1 (3.0) 0.005
Central corneal thickness (Mean, SD) 518.0 (35.9) 528.8 (27.3) 522.6 (32.5) 0.338
Retinal Nerve Fiber Layer Average (Mean, SD) | 80.2 (22.9) 99.7 (15.6) 88.6 (22.2) 0.008
Retinal Nerve Fiber Layer Superior (Mean, SD) | 93.8 (29.8) 118.5 (20.4) 104.4 (28.7) 0.009
Retinal Nerve Fiber Layer Inferior (Mean, SD) 94.8 (34.1) 127.6 (26.0) 108.9 (34.6) 0.004

Abbreviations: PACG, primary angle closure glaucoma; POAG, primary open angle glaucoma.
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Table 3 Number of Patients and Eyes Over 6
months

Baseline | 3 Months | 6 Months

No of patients | 35 (100%) | 13 (37%) | 12 (34%)

No of eyes 67 (100%) | 24 (36%) | 23 (34%)

Results

Thirty five patients were enrolled in the study. Demographic and clinical characteristics of the study population were
demonstrated in Table 2. The average age of the participants was 40.1 years old, and the glaucoma group was older than
the non-glaucoma group (p < 0.001). There was no significant difference between visual acuity and intraocular pressure
of glaucoma and non-glaucoma groups. However, the non-glaucoma group had a more myopic refraction than the
glaucoma group (p = 0.005).

The number of patients and eyes that completed the baseline, 3-month and 6-month at-home assessments are shown
in Table 3.

There was no significant difference between testing duration, FN and FL rates of OCCP in clinic and OCCP at home.
FP rates of OCCP at home were higher than that of OCCP in clinic (p = 0.04) (Table 4).

Bland-Altman plots indicated a small difference between MD (A) of OCCP in clinic versus OCCP at home (mean
difference 1.26 dB, lower LoA —9.17 dB, upper LoA 11.7 dB, p = 0.0087, Figure 4). There was no significant difference
between PSD (B) and VI (C) of OCCP in clinic and OCCP at home were significant (PSD mean difference 0.68, lower
LoA - 9.71 dB, upper LoA 11.07 dB, p = 0.6118; VI mean difference 2.04 dB, lower LoA - 17.74 dB, upper LoA 21.83,
p = 0.0723).

Intraclass correlation coefficient (ICC) analysis demonstrated good correlation of MD and VI as well as poor
correlation of PSD between OCCP in clinic and OCCP at home (Table 5). Over 6 months, ICC analysis indicated
excellent correlation of MD, good correlation of PSD and moderate correlation of VI generated from OCCP home
monitoring.

Table 4 Comparison of Time and Reliable Indices Between OCCP at
Clinic and at Home at Baseline

OCCP Clinic | OCCP Home | P Value
Testing duration (minutes) 0.071
Mean (SD) 5.35 (1.48) 5.08 (1.50)
Median (IQR) 5.10 (2.00) 4.90 (2.20)
Min-Max 3.20, 9.00 2.90, 9.80
False Positive (%) 0.0403
Mean (SD) 3.19 (2.62) 4.16 (3.39)
Median (IQR) 3.00 (4.00) 4.00 (3.00)
Min-Max 0.00, 9.00 0.00, 18.00
False Negative (%) 0.161
Mean (SD) 1.10 (1.54) 0.46 (0.96)
Median (IQR) 0.00 (2.00) 0.00 (1.00)
Min-Max 0.00, 6.00 0.00, 5.00
Fixation Loss 0.8963
Mean (SD) 0.76 (1.87) 111 (1.62)
Median (IQR) 0.00 (1.00) 0.50 (2.00)
Min-Max 0.00, 14.00 0.00, 7.00

1270 hetps: Clinical Ophthalmology 2025:19



Hoang et al

—— Average Agreement

Difference (MD OCCP Clinic- MD OCCP Home), dB

11.7 1 O 95% Lower and Upper Limits
of Agreement
L ° °
. ° o a.. 8
1.3 7 o T %
° P i g o ® ¢
® .

-9.2 4

T T

-26.5 1.7

Mean MD (OCCP in Clinic and
OCCP at Home), dB

Difference (PSD OCCP Clinic-PSD OCCP Home), dB

—— Average Agreement
111 - 95% Lower and Upper Limits
. of Agreement
L]

L] .. A o8

0.7 - ,*"’-, ot
‘o‘ L)

-9.7 1

T T

0.1 24.8

Mean PSD (OCCP in Clinic and
OCCP at Home), dB

2= C : .
> .
£
o
o 21.8
o .84 -
O L]
&}
2 . .
2 o
Qo o Y} —— Average Agreement
5 o ‘e 95% Lower and Upper Limits
o 2 ® % of Agreement
(6] ° -
Q ° * ®»
O i
E oo
8 L L)
s -17.7
]
E
[a] .
T T
16 100

Mean VI (OCCP in Clinic and
OCCP at Home), %

Figure 4 Bland-Altman Plot for MD (A), PSD (B), VI (C) between OCCP in clinic and at home at baseline.
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Table 5 ICC of OCCP in Clinic and OCCP at Home at Baseline (Inter-Rater
Reliability), Using Two-Way Mixed-Effects Model

OCCP ICC (95% CI)

In Clinic vs at Home | Home Over 6 Months
Mean Deviation (dB) 0.71 (0.56, 0.81) 0.96 (0.92, 0.99)
Pattern Standard Deviation (dB) 0.28 (0.05, 0.49) 0.77 (0.57, 0.90)
Visual Index (%) 0.87 (0.80, 0.92) 0.72 (0.49, 0.88)

Rasch Analysis

The survey results displayed a good fit to the Rasch model, with no evidence of multidimensionality or disordered
thresholds. However, precision and targeting were suboptimal (person separation index 1.87 and person reliability 0.78),
and item misfitting was observed for item 11. “I am not bothered by the webcam monitoring my face during the online
test. (I understand the video is not saved and no facial recognition occurs).” Upon removal of question 11 and persons
with extreme responses (ie those who responded 5 on the likert scale for all items, n = 13), person separation and person
reliability indices improved to acceptable levels (1.99, 0.8); however, targeting was suboptimal (3.14, ideally —1 to 1),
indicating the cohort was overall untroubled by the challenges assessed in the questionnaire. No DIF was detected for
clinical group, or age, indicating that the survey responses were consistent for these groups; however, DIF was observed
for item 1. “I was able to access the application at home via www.eyeonic.com” indicating that males had greater

challenge with this than females. The common reasons for not completing all the tests were synthesized and outlined in
Supplemental Table 1. Participants overall found it easy to perform the application at home and valued the opportunity

for home perimetry (Figure 5A). They demonstrated a clear preference for online perimetry (Figure 5B).

Discussion
The current study introduced very first longitudinal data showing OCCP performance at home and attitude of an Asian
population, to the best of our knowledge.

We found no significant difference between test duration, FN, FL, PSD, VI of OCCP in clinic and OCCP at home. At
baseline, ICC analysis demonstrated good correlation of MD and VI between OCCP in clinic and OCCP at home. Over 6
months, ICC analysis indicated excellent correlation of MD, good correlation of PSD and moderate correlation of VI
generated from home OCCP testing. However, Bland-Altman plots revealed a small difference between MD OCCP at
home vs OCCP in clinic. Lack of supervision, home environmental distractions, and technical challenges might
contribute to this finding. ICC analysis also showed a poor correlation between PSD OCCP at home vs OCCP in clinic.
A poorer ICC was observed for in clinic vs at home PSD, compared to in clinic vs at home MD and VI/VFI, as well as all
three global metrics at home over time. PSD is a less important metric than MD and VI/VFI; while MD and VI/VFI are
better reflections of disease severity (they deteriorated as disease advances); PSD is a reflection deviation of localized
scotomata from the normal pattern deviation map. With increasing disease severity, PSD will grow and subsequently
shrink as the visual field loss becomes more complete. Small user errors in performing the OCCP can occasionally lead
to spurious scotomata. If it is a true defect it tends to persist, but often it is a user-related error, present on the first OCCP
performed but dissipates on subsequent OCCP VF tests as the patient becomes more accomplished at performing the test.
These “learning artifacts” often result in small scotomata that tend to have a greater influence on PSD than MD or VI.
That may be the reason why there is a poorer correlation of PSD for in clinic vs home (the first test is in clinic) which
improves on subsequent testing (initial home vs subsequent home tests). Unfortunately, due to the high dropout rates,
individual aberrant cases could significantly influence these results.

FPs were higher at home than in clinic (4.16 vs 3.19, p = 0.0403), while there was no significant difference in test timing,
FN or FL. FPs occur when the patient clicks space bar or the mouse outside of the expected time window following
presentation of the target — this window is user responsive and will expand or contract depending on the measured click
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response rate. This could be due to a lack of supervision or other environmental distractions at home vs in clinic. Further
studies will evaluate how to best instruct patients for home perimetry on their own devices, to minimize user errors and
maximize accuracy, and also evaluate if such errors diminish over time with increasing familiarity with home perimetry by
patients. With increased familiarity with the test, as well as future improvements, the accuracy at home will approach that in
clinic. Recently, the importance of the traditional reliability criteria used has been questioned;*® however, consistent with our
previous studies, our view is that it is important to use orthodox metrics when evaluating new devices.'®

Further refinement of outcomes will achieve more consistency in testing over time, which will lead to ongoing
improvements in glaucoma diagnostic sensitivity. These improvements can be attributed to various factors, including
improved patient cues and pre-test education, ongoing learnings from using OCCP in the clinic versus at home, and
ongoing application of artificial intelligence to the testing and data analysis to reduce discrepancies between tests
performed in clinic and at home to reduce discrepancies between tests performed in clinic and at home. Minor
discrepancies in MD and PSD between OCCP in clinic and at home measurements were noted from the Bland
Altman plots (Figure 4). However, as the application is refined and more data collected over time, supervised and
unsupervised machine learning techniques can be used to refine the data and test performance, distinguishing true defects
from use-related errors, improving the test reliability and repeatability over time and reducing FP rates.
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Feedback analysis in our study showed potential outcomes over 11 question items, and more than 70% of participants
preferring online field testing. No differential item functioning (DIF) was detected for clinical group or age. The survey found that
males had more difficulty accessing the online application than females. Gender difference in accessing the online application
could be an incidental finding. Technological familiarity, compliance might be the reason; still, the repeatability and reprodu-
cibility of this finding should be tested in other studies. A study of Meyerov also demonstrated that participants preferred OCCP
across most questionnaire items compared to SAP (p < 0.0001)."? In comparison to the clinic-based version, this study shows that
home-based OCCP tests can be acquired with acceptable reliability and precision. This marks a significant advancement in the
successful performance of perimetry at home using a patient’s own device. It is also crucial to note that the opportunity for more
frequent testing that comes with home-based testing can counteract any heterogeneity in that regard.*

Particularly in Asia, the continent with the majority of glaucoma prevalence worldwide, visual field testing is crucial
for the detection and monitoring of glaucoma.*® Glaucoma progression will be detected through many tests after years.
To detect a 1 dB advancement annually, it could take up to six years if a single test is conducted annually.** Glaucoma
deterioration could be found earlier within two years if patient has three tests annually.*° It is advised that six tests be
carried out during the first two years following a definitive diagnosis in order to detect any deteriorating signs of visual
field glaucoma.*® However, due to budgetary, staffing, and equipment constraints, most healthcare systems—including
those in relatively developed economies—are unable to provide this level of care for all glaucoma patients.*' Less than
75% of glaucoma patients in nations like the USA have their visual fields assessed every year.*'

There is evidence to support the idea that more frequent visual field tests conducted at home could identify
deterioration early. A study by Anderson et al involved forty-three participants who had glaucoma, ocular hypertension
or glaucoma suspect. Sensitivity of detecting —2 dB MD loss every year is 80% after 2.5 years of visual field testing
performed every six months in clinic. Anderson et al found that a similar 80% sensitivity could be achieved with weekly
home field test only after 0.9 years even when the compliance was 63%. These findings demonstrated how crucial routine
field inspections are for shortening the time needed to detect visual field progression.?

According to a study of Prea, barriers to compliance of home visual field monitoring were information technology,
logistical reasons, lack of motivation or competing life demands.” In this current study, there was a significant drop-off
rate of candidates (n = 23) performing home testing at the 3- and 6-month time points compared to baseline. Common
reasons provided included not having enough time to complete the test and not having access to a computer. The latter
reason is curious given they had access for the initial at home test — clearly some people’s access to computers is limited.
These issues will have a profound impact on any successful home monitoring program. Access to computers with reliable
internet (eg via a local hub) as well as proper education highlighting the importance of home-monitoring with visual
fields in glaucoma management may be required.** Rewards, reminders, and successful completion being linked to
recompensation may be future strategies adopted to encourage faithful participation in home monitoring protocols.

Rasch analysis revealed an imperfect fit of the questionnaire results to the Rasch model. Overall, the cohort found few
challenges with the home testing. While this was a strength for the application, it reduced the fitting of the questionnaire to the
Rasch model, which works best when the items are appropriately targeted to discriminate multiple levels of ability in the cohort.*®

The current study has some limitations. Any longitudinal study has dropout rates. However, there was no difference
between the non-dropout and dropout individuals at six-month follow-up, suggesting that the missing data was less likely
to impact the results. (Supplemental Table 2) As the confounding factor, age differences between the glaucoma and

control groups were considerable; this is common in glaucoma cohort studies because glaucoma damage increases with
age. The reliability of abnormality detection results may have been impacted by the control group’s lack of age, sex, and
other relevant factor matching with the glaucoma group. Generalizability due to small sample, potential biases introduced
by dropout, the lack of control for different home environments and device settings might also be influence our results.
The selection of participants from a single practice may be a drawback, although this is compensated by numerous
international OCCP researches. We were able to gather a study population that was comparable in size to previous home-
monitoring studies (Jones et al, 20 participants;* Chia et al, 20 subjects,'® Tsapakis et al, 10 patients®) with a suitable
timeframe, despite the difficulties associated with home monitoring in general and recruiting specifically for studies in
developing countries. This allowed us to create the first home-monitoring database in Asian individuals for OCCP.
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In conclusion, comparable results were observed between OCCP in the clinic and OCCP at home. Additionally,

acceptable consistency of OCCP home-monitoring findings over 6 months was recognized. Participants found OCCP

easy to use in the home environment on their personal devices; however, the majority failed to complete the 3- and

6-month testing. While demonstrating some potential, further refinements and larger studies are needed before OCCP can

be widely implemented for clinic and home monitoring.
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