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Purpose: To assess the reliability and acceptability of home-based visual field monitoring in glaucoma patients using a self-developed
online perimeter (Perimouse).

Patients and Methods: In this prospective study, patients with stable open-angle glaucoma conducted monthly remote visual field
tests using the Perimouse threshold program in an unsupervised home setting over six months, with Humphrey Field Analyzer (HFA)
tests performed before and after the trial. The study evaluated patient compliance with Perimouse and compared its stability and
variability to HFA. Additionally, a questionnaire assessed patient acceptability of Perimouse.

Results: Sixty glaucoma patients (97 eyes) participated in this study. The follow-up completion rate of home tests remained 67.01% in
the sixth month despite a gradual decline over time. A pointwise analysis demonstrated overall consistency, although variability
increased as sensitivity decreased. Bland—Altman analysis of Perimouse mean deviation (MD) showed that the mean differences
between Month 1 and Months 2—6 were close to zero. The mean absolute error for Perimouse MD ranged from 0.71 to 1.04, compared
to 0.55 for HFA. Perimouse test duration decreased over six months, from 10.04 + 2.74 minutes to 8.31 + 2.77 minutes. The
questionnaire indicated that Perimouse scoring higher than HFA in stress relief, visual comfort, and cost-effectiveness (P<0.05).
Conclusion: This study showed that participants could perform Perimouse remotely in an unsupervised setting with video and written
instructions. Perimouse may support home-based visual field monitoring and enhance self-management for glaucoma patients.
Keywords: telemedicine, remote patient monitoring, glaucoma, visual field tests

Introduction

Glaucoma is a chronic, progressive optic neuropathy characterized by damage to the optic nerve and the retinal nerve
fiber layer, often leading to irreversible loss of peripheral or central vision." Timely intervention is crucial to prevent
permanent damage. Early detection and prompt treatment are essential for minimizing vision loss. Visual field testing is
vital for monitoring disease progression, as it establishes a baseline and detects disease progression in visual function
over time. This enables timely adjustments to treatment strategies.' > According to the European Glaucoma Society
(EGS) guidelines, at least six VF tests are recommended within the first two years following diagnosis.* This proposed
practice is essential for preventing irreversible damage and maintaining patients’ quality of life, while also offering health

economic benefits by enhancing monitoring for newly diagnosed patients.” However, in less-developed regions, the
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allocation of medical resources remains inadequate, with standard automated perimeters (SAP) not widely available,
limiting the standardization of glaucoma diagnosis and treatment.’

Health service delivery for glaucoma presents significant challenges due to the large number of diagnosed patients
requiring lifelong periodic monitoring by hospital eye services.” What’s more, loss to follow-up and delays in care are
common issues in chronic diseases, particularly when irreversible progression occurs before symptoms manifest, like
glaucoma.” Given these challenges, telemedicine plays a crucial role in promoting remote patient monitoring for
individuals with chronic condition.® Moreover, the use of telehealth interventions may improve medication adherence,
facilitate outpatient follow-up, and support self-management.”'® As a key branch of telemedicine, teleophthalmology has
experienced rapid growth recently, demonstrating significant potential in subspecialty ophthalmic care. It is anticipated to
advance healthcare services and contribute to reducing societal costs.'"'?> Among its key applications, teleglaucoma
could offer remote solutions for glaucoma early detection and management.'*'*

Remote technologies such as tonometry, perimetry, and fundus photography are evolving to offer more accessible and
patient-centered care models.'> These tools may facilitate continuous monitoring of glaucoma progression without the
need for frequent in-person visits, potentially providing a more convenient and efficient way to manage the disease while
ensuring timely intervention when necessary. Building on this, we developed Perimouse, a portable perimeter that is free-
to-use and internet-based for remote visual field testing on personal computers (PC). Perimouse’s test gird simulated the
HFA 24-2 pattern, with the positioning of adjacent points personalized based on the participant’s physiological blind
spot. Compared to SAP, Perimouse adopts a fixation alteration strategy, eliminating the need for a fixed central fixation.
Perimouse measures visual field sensitivity by having subjects locate random screen stimuli with a mouse, using the left
and right buttons to indicate detection or non-detection. Perimouse has both threshold and suprathreshold screening
programs to accommodate various testing requirements. In our previous work, we demonstrated its feasibility, reliability,
and consistency with SAP. It showed a moderate to strong correlation with HFA in both suprathreshold and threshold
programs, confirming its potential for remote patient monitoring.'®

To further validate whether participants can accurately and consistently use this tool remotely in a home environment,
this real-world study conducted a six-month follow-up with glaucoma patients and assessed patient acceptability through
a questionnaire survey.

Material and Methods
Study Design and Participants

This prospective observational study was conducted at Zhongshan Ophthalmic Center, Sun Yat-sen University, from
December 1, 2022, to December 1, 2023. Ethics approval was obtained from the ethics committee of the Zhongshan
Ophthalmic Center (No. 2023KYPJ119). The study adhered to the principles in the Declaration of Helsinki.

Inclusion criteria included participants aged 18 years or older, diagnosed with primary open angle glaucoma (POAG),
including normal tension glaucoma (NTG), with stable visual fields, defined by at least three reliable Humphrey Field
Analyzer (HFA) Swedish Interactive Threshold Algorithm (SITA) 30-2 tests showing no significant progression. Additional
criteria included a best-corrected visual acuity (BCVA) of 0.1 or better, normal colour vision, and open angles on gonioscopy.
Typical glaucomatous optic neuropathy was confirmed by optic disc and retinal nerve fiber layer (RNFL) abnormalities on
optical coherence tomography (OCT), along with corresponding visual field defects on HFA 30-2. All subjects provided
informed consent and understood the trial before participating. Exclusion criteria included significant media opacities such as
severe cataract or corneal opacities, history of retinal diseases, optic neuritis, primary angle-closure glaucoma, secondary
glaucoma, amblyopia, severe strabismus, previous ocular surgeries, severe systemic diseases such as uncontrolled hyperten-
sion or diabetes, pregnancy, breastfeeding, or any disability that could interfere with the study procedures.

Apparatus

Perimouse

Perimouse is an innovative, computer-based remote perimeter and has been granted a software copyright in China
(2024SR1555522). To ensure accuracy, this study required a minimum resolution of 1280%720 pixels, a screen size of at
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least 13 inches, and brightness above 200 cd/m? for clear display and test integrity. All devices used by participants met
the minimum hardware requirements. Participants were provided with written instructions and instructional videos to
guide home testing, which was required to be performed in a dim room. Prior to home-based testing, participants
received guidance on Perimouse test procedures either during an in-person session at the hospital or through remote
instruction, including fixation requirements and response procedures. Perimouse visual field testing was performed
monocularly, with the fellow eye occluded using a white eye patch. The screen brightness should be calibrated to the
maximum and the distance between the participant’s eyes and the screen should be maintained at 30-35 cm, with the
exact distance determined by the initial physiological blind spot identification test. To minimize head movement and keep
the eye-to-screen distance constant, the participant was instructed to support their chin with one hand, placing the same-
side elbow on the desk as a makeshift chinrest.

Figure 1 illustrated that Perimouse, operating on a PC with internet access and a mouse, comprises a physiological
blind spot identification test and a main visual field test. The participant’s physiological blind spot determines the
saccadic vector, which in turn establishes the location of the stimulus. The Perimouse test pattern utilizes a modified HFA
242 strategy and assays 44 locations, including two locations in the physiological blind spot. Perimouse adopts
a fixation alteration strategy, allowing participants to shift their gaze naturally instead of maintaining a fixed central
fixation. It also employs a “click and confirm” strategy, where the left mouse button is used to indicate when a stimulus is
detected, and the right mouse button is pressed when no new stimulus perceived. Regarding reliability indices, when the
current stimulus is yellow and the mouse cursor deviates, both the yellow and new stimuli vanish simultaneously, which
is recorded as a fixation loss (see Figure 1). This mechanism may help participants focus on the current stimulus and
minimizes unnecessary visual searches. False-negative rates are assessed similarly to HFA, using six suprathreshold
stimuli.

The stimulus size used in Perimouse is 9 mm? (0.52°), which is larger than the 4 mm? (0.43°) of the Goldmann Size
III stimulus. The test background is set to an RGB value of (100, 100, 100) with a luminance of 38 cd/m”. Perimouse
includes both threshold and suprathreshold programs. In the threshold program, stimulus brightness is determined using
a modified binary search strategy (MOBS) to assess visual field sensitivity, with a measurement range of 0-24dB. The
overall stimulus brightness ranges from 38 to 300 cd/m?, corresponding to an RGB range of 100 to 255. In practical

Main Visual Field Test

Physiological Blind Spot
Web-Based Perimeter Identification Test

Figure | Diagram of the operation. Perimouse includes a blind spot identification test before the main test. During the main test, a randomly selected point initially appears
in gray-white. When the cursor hovers over it, the stimulus turns red. Clicking the left mouse button then changes it to yellow, and a new stimulus appears immediately.
Participants must fixate on the current stimulus and use peripheral vision to judge its presence, which remains displayed until the subject makes a decision. If detected,
participants click again with the left mouse button so that the yellow stimulus turns green, then reposition the cursor to the new stimulus, fixate on it, and repeat the test. If
not detected, a right-click turns the stimulus red and causes the new stimulus to disappear. A subsequent left-click turns the stimulus yellow and triggers another new
stimulus to appear. When the stimulus is yellow, if the mouse cursor leaves it, both the current and new stimuli vanish and a fixation loss is recorded. A right-click must be
performed again, causing the original stimulus to reappear. In this approach, participants use a computer mouse to determine whether a stimulus is detected via their
peripheral vision, and then confirm their perception by clicking the corresponding mouse button. This procedure is termed the “click and confirm” strategy.
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validation, the maximum recognizable light sensitivity was 21dB.'® The suprathreshold program uses a brightness of 12
dB for screening visual field defects, while the threshold program provides a quantitative analysis of visual field loss for
follow-up monitoring. This study utilized the threshold program.'®

Upon completion of each Perimouse test, data were automatically transmitted to the study server and concurrently
saved locally on the participant’s computer. Server-side data were retrieved by the investigators for subsequent analysis.

Humphrey Field Analyzer
The HFA (Carl Zeiss Meditec AG, Jena, Germany) SITA 30-2 program was used, and HFA results were reliable with
fixation loss <20%, false-positive rates <15%, and false-negative rates <15%.

Test Procedures

As shown in Figure 2A, participants performed a monthly monocular or binocular Perimouse threshold program at home
for a duration of 6 months. In the first month, participants were additionally required to perform a retest within one week
after the first test to assess test—retest reliability. The research team reminded participants to conduct self-assessments
through phone calls or text messages at the beginning of each month. Participants underwent a baseline HFA SITA 30-2
visual field test clinically and repeated it after six months of follow-up. The mean deviation (MD) of HFA and Perimouse
was used to evaluate visual field defects.

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and Python 3.8. The normality of the data
was assessed using the Shapiro—Wilk test. Continuous variables were expressed as mean + standard deviation (SD). For
paired comparisons, a paired Student’s ¢-test was used for normally distributed data, while the Wilcoxon signed-rank test
was applied for non-normally distributed data. Consistency of Perimouse measurements across was evaluated using
Bland-Altman plot and intraclass correlation coefficients (ICC). For group comparisons of Perimouse 6-month follow-up
results, an analysis of variance (ANOVA) was used for normally distributed data, and the Kruskal-Wallis test for non-
normally distributed data. Mean absolute error (MAE) was calculated to assess variability, and Cronbach’s alpha
measured the internal consistency of the questionnaire. A P-value of <0.05 was considered statistically significant.

A In Clinic The First Month The Second Month The Sixth Month In Clinic
HFA SITA 24-2 Home Visual Field Home Visual Field Home Visual Field HFA SITA 24-2
baseline ==> [Monitoring with Perimouse| "> [Monitoring with Perimouse| """ > |Monitoring with Perimouse| "> follow-up

(1/6) (2/6) (6/6) assessment
100 | 19000% ——
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n=72[116] n=7[12] 814050
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°
>1 Home Visual 1 Home Visual Field| & eo
Field Tests > Tests g
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Figure 2 (A) Trial Flowchart. (B) Participant enrollment flowchart. (C) Monthly completion rates for home visual field test.
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Results

In this study, 72 participants (116 eyes) were recruited (Figure 2B). Among them, 7 participants (12 eyes) were lost to
follow-up without completing any Perimouse home visual field tests. Additionally, 5 participants (7 eyes) completed one
home visual field test. Ultimately, a total of 60 participants (97 eyes) were enrolled in the analysis. The clinical
characteristics of the participants were presented in Table 1. Figure 2C illustrated the monthly completion rates of
home visual field tests, with an expected 97 results each month (Figure 3). The follow-up completion rate in the final
month remained 67.01% despite a gradual decline over time. Baseline characteristics of eyes that completed and did not
complete the 6-month follow-up were comparable, with no significant differences in age, baseline HFA MD, or glaucoma
severity distribution, although a difference in sex distribution was noted (Supplementary Table S1). For test-retest

analysis, 52 participants (72 eyes) underwent the retest. All included participants completed two clinical HFA tests that
met the reliability criteria.

Stability and Variability of Perimouse in 6-Month Remote Visual Field Monitoring of

Glaucoma Patients
In pointwise analyses, test-retest results (Figure 4A) showed that variability depended on visual field sensitivity. For
lower sensitivities (<10dB), the interquartile range (IQR) and whisker length were noticeably wider, indicating greater
variability. In contrast, for sensitivities >14dB, the distributions were tighter, indicating lower variability. Figure 4B
illustrated the pointwise agreement between month 1 and months 2 to 6 using Bland—Altman plots at each 24-2 test
location. Most locations showed relatively small fluctuations in mean differences, typically within £1 dB across follow-
up visits.

Based on the Garway-Heath map (Supplementary Figure S1),'” the Perimouse test points were divided into

corresponding zones. As shown in Table 2, the mean sensitivity (MS) and MD values across different zones during
the follow-up period indicate that all regions, except the temporal visual field region (zone 4), demonstrated moderate
consistency, with ICC values fluctuating between 0.559 and 0.722.

In Figure 5A, the violin plots illustrate the distribution and variability of MD values across six Perimouse tests and
two HFA tests, providing a visual comparison between the two methods. For Perimouse, the median MD values ranged
from —2.85dB to —1.95dB, with distributions primarily clustered between —5dB and 0 dB. The one-way ANOVA
confirmed no significant differences across the six tests (P>0.05). The median values for the two HFA tests were
relatively consistent (—7.96dB and —7.22dB), with similar distribution ranges. The overall HFA data exhibited a wider
spread. Additionally, the paired #-test results indicated no significant difference between the two tests (P>0.05).

Table | Clinical Characteristics of Participants

Clinical Characteristics N (%)
Number of participants 60
Age, years, mean * standard deviation | 38.5+11.3
Sex (Male/Female) 39/21
Number of eyes (Right/Left) 97(58/39)
Severity of visual field defect
Mild (n, %) 36(37.11%)
Moderate (n, %) 29(29.90%)
Severe (n, %) 32(32.99%)
Total (n, %) 97(100%)

Notes: Patients with glaucoma (97 eyes) were categorized into mild-
stage (HFA MD 2 —6dB, 36 eyes), moderate-stage (—12dB = HFA
MD<-6dB, 29 eyes), and severe-stage (HFA MD < —12dB, 32 eyes).
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Figure 3 MD values of Perimouse and HFA over a 6-month follow-up period, stratified by baseline glaucoma severity. Eyes were classified as mild (= —6 dB), moderate (—12
to —6 dB), or severe (< —12 dB) based on baseline HFA MD. Within each panel, colored lines represent individual eyes and depict Perimouse MD values across Months 1-6.
Hollow circles at the left and right margins indicate HFA MD values obtained before and after the follow-up period, respectively.

As shown in Figure 5B, MAE was used as a key metric to assess the variability between Perimouse and HFA over the
follow-up period. The MAE for HFA was 0.55dB, indicating relatively stable test outcomes. In contrast, the MAE for
Perimouse varied between 0.71dB to 1.04dB, with the highest MAE observed in the first test. Subsequent tests showed
a downward trend in Perimouse’s MAE, but it remained slightly higher than that of HFA. Therefore, Perimouse, as
a home-based visual field test, demonstrates more variability compared to traditional clinical HFA tests.

Figure 6 showed Bland—Altman plots for Perimouse global MD values comparing Month 1 with Months 2—6 and the
two HFA tests. The mean difference was near zero, and most values fell within the 95% limits of agreement (LoA),
demonstrating acceptable agreement. Figure 7 and Table 3 then compared the mean MD from the two HFA tests with
Perimouse MD at each monthly visit. The average difference across six measurements was approximately —5dB,
indicating that, for these subjects, HFA measurements were around 5dB lower than those from Perimouse. Over the six-
month period, the 95% LoA remained relatively consistent. The scatter plots showed an upward trend with increasing
mean values, suggesting that lower MD values may correspond to larger differences between the two methods. For
individual participants, Figure 3 illustrates longitudinal MD trajectories measured by Perimouse and HFA, stratified by
baseline glaucoma severity. Overall, MD values remained relatively stable in most eyes throughout the 6-month follow-
up period. However, greater variability was observed in eyes with more advanced glaucoma.

Test Duration

The durations for HFA were 6.27+1.42 minutes and 6.19+1.35 minutes, respectively, with a paired ¢-test revealing no
significant difference between the two tests (P>0.05). The six Perimouse tests had durations of 10.04+2.74, 9.44+3.07,
9.00£2.97, 8.8942.66, 8.41+2.65, and 8.31£2.77 minutes, respectively. These durations exclude the time spent on blind
spot mapping, which typically took only a few seconds. Significant differences were observed between the first
Perimouse test and the third, fourth, fifth, and sixth tests (P<0.05), with longer durations noted in the initial test. This
may reflect increased participant familiarity with the Perimouse testing procedure, resulting in a gradual reduction in test

duration.
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Figure 4 (A) Pointwise test—retest sensitivity boxplots for Perimouse. The x-axis represents the initial test sensitivity (dB), and the y-axis represents the corresponding
retest sensitivity (dB). The box represents the 25th to 75th percentile (interquartile range, IQR), the Orange horizontal line inside the box indicates the median, and the
whiskers extend to the 5th and 95th percentiles of the dataset. (B) Bland-Altman mean difference line graphs for Perimouse. Each small square represents a Perimouse 24-2
test location. The shared x-axis indicates the comparison index (Month | versus Months 2—6), and the shared y-axis represents the mean difference in sensitivity (dB)
calculated by Bland—Altman analysis. Squares marked with the letter “B” indicate test locations corresponding to the physiological blind spot. The horizontal dotted line
denotes a mean difference of zero.
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Table 2 Consistency of Six-Month Zone Mean
Sensitivity and Mean Deviation in Perimouse

Zone MS MD

ICC 95% CI ICC 95% CI

0.559 | (0.575,0.712) | 0.561 | (0.5750.718)
0720 | (0.694,0.841) | 0.722 | (0.703,0.839)
0615 | (0.617,0.755) | 0.613 | (0.621,0.756)
0462 | (0.473,0648) | 0.464 | (0.477,0.647)
0.685 | (0.681,0.823) | 0.686 | (0.684, 0.825)
0.565 | (0.571,0.740) | 0.566 | (0.575,0.737)

o U1 A W N —

Notes: Poor (ICC < 0.5), Moderate (0.5 < ICC < 0.75), Good (0.75 <
ICC < 0.9), Excellent (ICC 2 0.9); 95% ClI = 95% confidence interval
for ICC. Zones | to 6 correspond to the superior peripheral arcuate
visual field region, superior paracentral arcuate visual field region,
central visual field region, temporal visual field region, inferior para-
central arcuate visual field region, and inferior peripheral arcuate
visual field region, respectively.

Abbreviations: MS, mean sensitivity; MD, mean deviation; ICC,
intraclass correlation coefficient.

Analysis of Participant Acceptability Using a Rating Scale
This study distributed 60 questionnaires and received 51 valid responses. The Likert scale was used for analysis, aiming
to assess participants’ acceptability of the Perimouse device in terms of cost-effectiveness, ease of use, and accuracy.
From the perspective of reliability assessment, the questionnaire’s Cronbach’s alpha coefficient was 0.913, indicating
a high internal consistency among the items and reflecting the questionnaire’s high reliability.

Radar chart results (Figure 8) showed that Perimouse scored averages of 3.52, 3.26, 4.2, and 4.42 in “stress relief”,
“visual ease”, “economic advantage” and “economic relief” respectively, while HFA scored 3.31, 3.13, 2.77, and 3.28 in
the same categories. The Wilcoxon signed-rank test revealed significant differences (P<0.05) between Perimouse and

HFA, with Perimouse scoring higher in all these individual domains. In contrast, in other aspects such as “ease of

EEINT3 EERNT3

understanding,” “acceptance of results,” “practicality”, “focus ease”, “satisfaction with test time,” and * operation
difficulty,” the Wilcoxon signed-rank test showed no significant difference (P>0.05) between the two methods. Scores
for Perimouse were 4.00, 3.80, 3.86, 3.58, 3.66, and 3.78 respectively; scores for Humphrey in the same categories were

4.33,4.22, 4.02, 3.87, 3.71, and 3.81 respectively.

12 ® MAE
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-5
L 0,89
@ o
g g o 0.81
2 go8
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HFA1 Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 HFA2 HFA 1 2 3 4 5 6

o

Figure 5 Stability and variability of Perimouse in remote home-based visual field monitoring. (A) Violin plot of Perimouse and HFA 6-month follow-up results. (B) MAE
(with Bootstrap Method) for Perimouse and HFA. Red dots represent the MAE values, and error bars indicate the standard error of the mean (SEM), calculated using the
bootstrap method (N=1000). For HFA, the MAE was calculated using Mean HFA MD as the true value. For Perimouse, the MAE was calculated using Mean Perimouse MD
(from Month | to Month 6) as the true value.
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Figure 6 Bland—Altman plots comparing MD values. The first five panels compare Perimouse MD values from Month | with those from Months 2-6, while the final panel
compares MD values between the two HFA tests. In each plot, the blue line represents the mean difference (bias) between measurements, and the red lines denote the 95%
limits of agreement (bias * 1.96 SD).

Discussion

This study evaluated the feasibility and reliability of Perimouse, a free-of-charge portable perimeter, for remote visual
field monitoring in Chinese glaucoma patients over six months. Although pointwise analyses showed variability at lower
sensitivity locations, test-retest results remained relatively consistent in high-sensitivity locations. Over the six months,

Perimouse demonstrated consistent test results and reasonable agreement with HFA. Nevertheless, the systematic
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Altman plots, the blue line represented the mean differences (bias) between tests, red lines represent the 95% limits of agreement (Bias1.96SD).

difference between the two devices indicated that they should not be used interchangeably. These findings underscore the
potential of Perimouse as a supplementary tool for remote patient monitoring in glaucoma, offering convenient self-
assessment of visual fields.

Our results revealed that Perimouse demonstrated acceptable adherence and feasibility for remote patient monitoring.
By the sixth test, about two-thirds of participants remained adherent. This suggests that while remote follow-up improves
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Table 3 Agreement Between Perimouse and Mean HFA in Different

Months
Mean Difference | Lower 95% LoA | Upper 95% LoA
Month | —5.84 —15.43 3.75
Month 2 —5.58 —14.83 3.66
Month 3 —5.53 —14.58 351
Month 4 -5.39 —14.61 3.83
Month 5 —5.21 —14.28 3.87
Month 6 —5.24 —-13.71 3.23

Notes: MD = Mean Deviation; 95% LoA = 95% Limit of Agreement.

Abbreviations: 95% LoA, 95% Limit of Agreement; HFA, Humphrey Field Analyzer;
ICC, intraclass correlation coefficient; MAE, Mean absolute error; MD, Mean Deviation;
MS, mean sensitivity.

convenience, challenges remain in the long-term management of chronic conditions like glaucoma. Patient adherence
may be influenced by factors including system usability, the effectiveness of regular reminder mechanisms, and the
patients’ comprehension of remote monitoring.

Pointwise test-retest analyses indicated higher variability at lower-sensitivity locations (Figure 4A), whereas high-
sensitivity locations remained close to initial measurements with tighter distributions, suggesting greater repeatability.
Therefore, for high sensitivity test locations, subsequent measurements falling below the 5% lower limit may serve as an
early indicator of visual field progression. Over the six-month period, Perimouse demonstrated generally stable local
measurements (Figure 4B). Given the characteristic patterns of visual field damage in POAG, this study used the
Garway-Heath map to analyze Perimouse’s measurement consistency across different regions (Table 2). Perimouse
exhibited moderate consistency across the zones during the follow-up except for the temporal visual field region. This
may relate to its proximity to the physiological blind spot and the fixation alteration strategy used by Perimouse.

——— Home Test
Satisfaction with Test Time Visual Ease HFA
Stress Relief Ease of Understanding
Focus Ease Operation Difficulty
Economic Advantage Acceptance of Results
Economic Relief Practicality

Figure 8 Radar chart of participant acceptability for Perimouse and HFA.
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As shown in (Figures 5A and 6), Perimouse global MD values demonstrated acceptable agreement throughout the
six-month follow-up, with consistent distributions and minimal bias. Bland—Altman analysis (Figure 7 and Table 3)
showed that the bias and limits of agreement between Perimouse and HFA remained relatively stable over six months,
supporting the repeatability of Perimouse during long-term follow-up. However, Perimouse generally demonstrated
higher mean MD values and lower data dispersion than HFA (Figures 5A and 7). Furthermore, Perimouse showed greater
variability than HFA, as indicated by larger MAE (Figure 5B). This finding is consistent with our previous study, which
demonstrated substantial variability in agreement between Perimouse and HFA, attributable to differences in testing
techniques and test conditions.'® Thus, the two devices are not directly interchangeable. Firstly, Perimouse has
a narrower threshold range (0-24dB) than HFA (0-51dB), which may restrict sensitivity detection in low-contrast
areas and lead to a “ceiling effect”. Moreover, Perimouse employs a larger stimulus size and a variable stimulus duration
based on the subject’s response time, while HFA uses a fixed 200 ms duration. Consequently, Perimouse may under-
estimate certain visual field defects. Furthermore, Perimouse functions as a tangent perimeter rather than hemispherical.
It also employs a fixation alteration strategy and lacks of a chin rest, which placing higher fixation demands and requiring
stricter control over head positioning and eye-screen distance. All these factors contribute to the differences between the
two devices and Perimouse’s comparatively higher variability. Nevertheless, as a portable perimeter, these differences
remain acceptable in telemedicine applications.

The questionnaire results demonstrated strong participant acceptability of Perimouse, highlighting its ability to reduce
visual fatigue, possibly due to its fixation alteration strategy. Participants also considered it offered a more relaxed
experience and significant economic benefits. Given these advantages, home-based visual field monitoring has the
potential to reduce hospital visits for stable patients. The cost-effectiveness analysis, which considers medical costs, non-
medical costs (eg, transportation), indirect costs from income loss, and time savings, suggests potential savings of
approximately $84.9 every six months.'®'® These positive patient experiences support Perimouse as a convenient,
effective tool for remote monitoring and long-term glaucoma management.

Currently, various portable threshold perimeters are available, but few have been assessed for feasibility and
reliability in long-term, unsupervised home follow-up studies.”’*' Melbourne Rapid Fields (MRF), an iPad-based
threshold perimeter (range 0-30dB), has shown promising results in remote follow-up.*> ** In a 6-month study, MRF
correlated strongly with HFA, with ICC for MD ranging from 0.71 to 0.90 and test-retest reliability of 0.98.* A 12-
month study using MRF for weekly home testing achieved 75% compliance and detected visual field progression in two
cases.”> A study using Eyecatcher, combining a Microsoft Surface Pro 3 tablet with an eye tracker (Tobii EyeX), was
evaluated monthly over 6 months in 20 glaucoma patients, showing high concordance with clinical tests (r = 0.94, P <
0.001) and 98% adherence.”> Spaeth/Richman Contrast Sensitivity Test (SPARCS), an internet-based contrast sensitivity
(CS) test for central and peripheral CS, proved useful in monitoring POAG over 24 months.?® Both MRF and Eyecatcher
require stable central fixation and are limited by screen size (eg, Eyecatcher £15° horizontally, £9° vertically).***
Additionally, MRF is a commercial software and Eyecatcher requires an expensive eye tracker, while SPARCS is free but
less comprehensive for pointwise defects.”® Perimouse is a free-to-use, PC-based perimeter that employs a fixation
alteration strategy to assess both central and peripheral sensitivity without hindering foveation reflex.

The study has several limitations. Firstly, this study used Perimouse 24-2 in comparison with HFA 30-2, as some
follow-up participants were from the Laser in Glaucoma and Ocular Hypertension Trial (LiGHT) in China, which utilizes
HFA 30-2 in its protocol.”’ Previous study has demonstrated that the MD values of HFA 24-2 and 30-2 are comparable,
with no statistically significant differences.”® Given that the primary aim of this study is to assess the stability of
Perimouse in remote patient monitoring, this difference has limited impact on the conclusions. Secondly, the relatively
small sample size and younger participant age may limit the generalizability of the findings, particularly in terms of
perimetric performance and adherence to home testing. Moreover, variability may arise from differences in user devices
and the lack of supervision during home testing. Future versions should incorporate automatic device checks and camera-
based eye tracking to monitor fixation and estimate eye-to-screen distance, thereby improving test accuracy and
reliability. Lastly, while Perimouse showed relatively stable performance, the study did not define a clear boundary

between long-term fluctuations and true progression, which is important for glaucoma management. Increasing the
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frequency of testing may help reduce the impact of such fluctuations. Accordingly, future studies will be needed to define

clear progression criteria and evaluate the ability of Perimouse to detect true visual field deterioration over time.

In conclusion, remote home visual field testing with the Perimouse is a feasible and effective supplement to clinical

perimeter. It offers a convenient, cost-effective, and patient-friendly option for monitoring glaucoma, supporting the

broader trend towards personalized and remote healthcare solutions. Further studies are needed to determine its utility for

detecting visual field progression and for longitudinal glaucoma management.
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