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Purpose: This study aimed to compare the results of the IMO vifa 24plus(1-2) and HFA 24-2 visual field tests.

Patients and Methods: We included 52 patients (104 eyes) with glaucoma who visited Chukyo Eye Clinic between June 2023 and
March 2024. On the same day, the HFA 24-2 test using the Swedish Interactive Threshold Algorithm Standard and the IMO vifa
24plus(1-2) test using the Ambient Interactive Zippy Estimated strategy were performed. A Wilcoxon signed-rank test was used to
compare fixation, false positives, false negatives, and total test time for both eyes between the HFA and IMO vifa tests. Only eyes with
reliable test results were selected, and the visual field index (VFI), mean deviation (MD), and pattern standard deviation (PSD) were
examined using Spearman’s rank correlation coefficient and the Wilcoxon signed-rank test.

Results: The test times for the HFA 24-2 and IMO vifa 24plus(1-2) were 716.83+118.80 and 628.75+£142.70 s, respectively, with the
IMO vifa being significantly shorter (P<0.001). For fixation, the results were 15.85+16.57% and 11.09+15.20%, with significantly
better fixation in the IMO vifa (P<0.0001). False positives and negatives were 4.52+5.19 / 4.144+6.85% and 4.97+7.99 / 5.47+7.86%,
respectively, with no significant differences, though the IMO vifa showed a slightly higher trend (P=0.980, 0.056). In eyes with reliable
results, the HFA 24-2 and IMO vifa 24plus(1-2) outcomes were as follows: MD (—6.45+7.23, —6.85+7.35, P=0.724), PSD (7.13+4.75,
7.49+4.87, P=0.061), VFI (80.86+21.61, 80.86+21.74, P=0.644). The Spearman rank correlation coefficients between the HFA 24-2
and IMO vifa 24plus(1-2) were MD: 0.938, PSD: 0.949, VFI: 0.932 (all P<0.001).

Conclusion: The IMO vifa demonstrates a very high correlation with HFA and allows for a shorter examination time. Fixation errors
are significantly improved compared to HFA, while there is no significant difference in false positives or false negatives.
Keywords: glaucoma, visual field test, IMO vifa 24plus(1-2), HFA 24-2

Introduction

Glaucoma is known to be one of the diseases that can lead to blindness,' and it is expected to increase globally in the
future.? Visual field tests are essential in the diagnosis and treatment of glaucoma.’ Visual field tests are divided into
dynamic visual field tests, which use the Goldmann perimeter and static visual field analyzers, with the Humphrey Field
Analyzer (HFA) (Carl Zeiss Meditec, Dublin, CA, USA) being a representative example. HFA is a primary tool for
functional testing;4 however, in Japan, other static perimeters, such as OCTOPUS (HAAG-STREIT, Koniz, Switzerland),
AP7700 (Kowa, Nagoya, Japan), and IMO/IMO visual function analyzer (IMO-vifa) (CREWT Medical Systems, Tokyo,
Japan) are also commonly used.

The IMO is a head-mounted perimeter and has a different design compared to stationary perimeters, such as the HFA.
The IMO is a visual field analyzer known for its ability to perform tests with both eyes open and without occlusion. It has
shown a high correlation with the visual field test results of the HFA and can be conducted in a shorter time than the
HFA.>® Additionally, it can perform a binocular random single-eye test, which allows simultaneous testing of the visual
fields of both eyes by presenting visual targets randomly to the left or right under binocular open conditions. This test

condition is reported to have high reproducibility, similar to the monocular testing performed with the HFA.” In the
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Figure | Appearance of IMO vifa. The IMO vifa is a VR goggle-like stationary device where the examinee leans slightly forward to look into the equipment for testing.

binocular random single-eye test, the subject cannot identify the eye being tested, suggesting its potential usefulness in
diagnosing psychogenic visual field defects and malingering.'®"!

The IMO vifa (Figure 1) is an improved model of the IMO, featuring a design where VR goggle-like equipment is
mounted in a stationary position. This modified setup requires the patient to lean slightly forward to look into the device
for visual field testing. The ability to perform visual field testing under binocular open conditions, as well as perform the
binocular random single-eye test, has been retained. A report on the IMO vifa compared the IMO vifa 24-2 Ambient
Interactive Zippy Estimated (AIZE)-Rapid with the HFA 24-2 Swedish Interactive Threshold Algorithm (SITA)-Faster,
finding a high correlation in mean deviation (MD) values and a shorter testing time with the IMO vifa.® However, no
reports have compared fixation, false positives, or false negatives between the IMO vifa and HFA tests.

In both the IMO and IMO vifa, a testing condition called 24plus(1-2) has been developed, which adds test points
within the central 10°, similar to the 24-2c in the HFA. A study comparing the IMO 24plus(1-2) with the HFA 30-2
reported a high correlation in outcomes, such as MD values.” however, there are no previous reports comparing the IMO
vifa 24plus(1-2) with the HFA. Additionally, even including the IMO, there have been no reports comparing 24plus(1-2)
with 24-2. Therefore, we conducted a comparative study of the IMO vifa 24plus(1-2) and HFA 24-2.

Materials and Methods

Participants

This cross-sectional study included patients who visited the glaucoma clinic at Chukyo Eye Clinic between June 2023
and March 2024. The study was approved by the Ethics Committee of Chukyo Eye Clinic (approval no.: 20230530052)
and conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all
participants after providing an explanation in writing.

Participants were aged >20 years, with a history of multiple visual field tests, diagnosed with glaucoma or
preperimetric glaucoma. The diagnosis of glaucoma and preperimetric glaucoma was made based on the following
criteria: glaucomatous optic nerve changes observed on fundus photography and optical coherence tomography (Cirrus,
Carl Zeiss Meditec, Dublin, CA, USA), including a horizontal C/D ratio of >0.7, notching of the rim, a rim width of <0.1,
and defects in the retinal nerve fiber layer. Cases were classified as glaucoma if they exhibited corresponding
glaucomatous visual field defects in the 24-2 SITA Standard using the HFA. The severity of glaucoma was classified
as follows: preperimetric glaucoma with no visual field defects, mild glaucoma with an MD value greater than —4 dB,
moderate glaucoma with an MD value between —4 and —12 dB, and severe glaucoma with an MD value less than —12 dB.
No exclusion criteria were applied based on disease stage, glaucoma type, refractive error, or corrected visual acuity,
although cases with other diseases causing visual field abnormalities (such as optic neuritis, retinal disease, intracranial

disease, or psychogenic disorders) were excluded.

302 hetps: Clinical Ophthalmology 2025:19



Takagi et al

Visual Field Tests

Visual field testing was performed on consenting patients on the same day using the HFA 24-2 SITA Standard and the
IMO vifa 24plus(1-2) AIZE. For the HFA test, the non-tested eye was covered, and monocular visual field testing was
performed. For the IMO vifa 24plus(1-2), the binocular random single-eye test was performed under binocular open
conditions, without covering either eye.

Statistical Analysis

First, a Wilcoxon signed-rank test was performed across all cases to compare fixation, false positives, false negatives, and
the total testing time for both eyes between the HFA and IMO vifa. Next, cases with fixation loss >20%, false positives,
or false negatives >33% were excluded as unreliable visual field tests. For the remaining cases, the visual field index
(VFI), MD values, pattern standard deviation (PSD), and foveal threshold (FT) were analyzed using Spearman’s rank
correlation coefficient and the Wilcoxon signed-rank test. VFI, MD, and PSD values were analyzed using Bland—Altman
analysis. Additionally, a power analysis was conducted for the primary outcome measures, including MD, PSD, VFI, FT,
testing time, false positive rate, and false negative rate, using a paired sample #-test design. All statistical analyses were
performed using SPSS (version 29.0; IBM Corp., Armonk, NY, USA), with a significance level of P<0.05.

Results
This study included 52 patients (104 eyes), comprising 23 males and 29 females. The clinical characteristics of the
patients are presented in Table 1.

The measurement time for both eyes for HFA 24-2 was significantly longer than that of IMO vifa24plus(1-2) (716.83
+118.80 s vs 628.75+142.70 s; P<0.001). IMO vifa demonstrated significantly higher fixation values than HFA 24-2
(15.85£16.57% vs 11.09+15.20%; P<0.0001) (Table 2). The HFA 24-2 had false positive and false negative rates of 4.52
+5.19% and 4.14+6.85%, respectively, while the IMO VIFA 24plus(1-2) had rates of 4.97+7.99% and 5.47+7.86%. No
significant differences were observed between the groups (P=0.980 and 0.056).

Forty cases (63 eyes) with reliable visual field test results were selected (Table 3). The results of the HFA 24-2 and
IMO vifa 24plus(1-2) were as follows: MD (—6.45+7.23, —6.85+7.35, P=0.724), PSD (7.13+4.75, 7.49+4.87, P=0.061),
VFI (80.86+21.61, 80.86+21.74, P=0.644), and FT (34.53+4.57, 30.5149.24, P<0.001). The Spearman rank correlation
coefficients between HFA 24-2 and IMO vifa 24plus(1-2) were as follows: MD: 0.938, PSD: 0.949, VFI: 0.932 (all
P<0.001), and FT: 0.536 (P<0.001) (Table 4). Scatter plots for MD, PSD, and VFI between HFA 24-2 and IMO vifa
24plus(1-2) (Figure 2A—C) and the results of the Bland—Altman analysis (Figure 3A—C) showed no significant fixed or
proportional bias.

The calculated effect sizes (Cohen’s d) and corresponding statistical power values were as follows: MD: effect size =
0.055, power = 8.6%; PSD: effect size = 0.076, power = 11.9%; VFI: effect size = 0.0, power = 5.0%; FT: effect size = 0.88,
power = 100%; testing time: effect size = 0.74, power = 100%); false positive rate: effect size = 0.087, power = 14.1%); false
negative rate: effect size = 0.194, power = 50.1%.

Table | Clinical Characteristics of All Cases

Characteristics Total (n=104)

Age, years 65.7 = 12.0

Sex (Female, number: eyes [%]) 29:58 (55.8)

Glaucoma type POAG: 95, PEG: 6, SOAG: 3
Severity of glaucoma PPG: 21, mild: 42, moderate: 21, severe: 20
Spherical equivalent (D) —2.88 + 3.48

BCVA (logMAR) —0.033 + 0.22

Lens (Phakia, number (%)) 74 (71.2)

Abbreviations: D, diopter; BCVA, Best corrected visual acuity; POAG, primary open-angle
glaucoma; PEG, exfoliation glaucoma; SG, secondary glaucoma; PPG, preperimetric glaucoma.
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Table 2 Comparison Between IMO Vifa 24plus(I-2) and Humphrey Field Analyzer 24-2 for All Cases

Characteristics Humphrey Field IMO vifa Wilcoxon Spearman’s Rank
Analyzer 24-2 24plus(1-2) Signed-Rank Test Correlation Test (P)

Mean deviation (dB) —5.86 + 6.90 —641 £7.11 0.045 0.938 (P<0.001)
Pattern SD 6.78 + 4.68 7.14 £ 481 0.013 0.924 (P<0.001)
Visual field index (%) 82.62 + 19.94 82.97 £ 20.11 0411 0.929 (P<0.001)
Foveal threshold (dB) 34.47 + 4.05 3117 £ 8.11 <0.001 0.519 (P<0.001)
Measurement time for both eyes (s) 716.83 + 118.80 628.75 + 142.70 <0.001

Fixation loss (%) 15.85 £ 16.57 11.09 £ 15.20 <0.001

False positive (%) 452 £5.19 497 £7.99 0.980

False negative (%) 4.14 £ 6.85 547 £ 7.86 0.056

Abbreviation: Db, decibel.

Table 3 Clinical Characteristics of Eyes With High Confidence

Glaucoma type

Severity of glaucoma
Spherical equivalent (D)
BCVA (logMAR)

Lens (Phakia, number (%))

Characteristics Total (n=63)
Age, years 64.56 + 10.81
Sex (Female, eyes [%]) 36 (57.1)
Side (R, eyes [%]) 30 (47.6)

POAG: 59, PEG: 3, SG:I

~3.02 +3.96
~0.021 + 027
47 (74.6)

PPG: I5, mild: 21, moderate: 16, severe: ||

Abbreviations: D, diopter; BCVA, Best corrected visual acuity; POAG, primary open-
angle glaucoma; PEG, exfoliation glaucoma; SG, secondary glaucoma; PPG, preperimetric

glaucoma.

Table 4 Comparison of the Imo Vifa 24plus(I-2) and the Humphrey Field Analyzer 24-2 for Eyes With Good Confidence

Characteristics Humphrey Field Imo vifa 24plus Wilcoxon Signed- Spearman’s Rank Correlation
Analyzer 24-2 (1-2) Rank Test Test (P)

Mean deviation (dB) —6.45 £ 7.23 —6.85 + 7.35 0.724 0.938 (P<0.001)

Pattern SD 7.13 £ 475 749 + 487 0.061 0.949 (P<0.001)

Visual field index (%) 80.86 £ 21.61 80.86 + 21.74 0.644 0.932 (P<0.001)

Foveal threshold (dB) 34.53 + 457 30.51 £9.24 <0.001 0.536 (P<0.001)

Abbreviatons: D, diopter; BCVA, Best corrected visual acuity; Db, decibel.

Discussion

Several studies have compared the visual field test results of the HFA with those of the IMO and IMO vifa.”® Although
test conditions and equipment vary, all reports indicate significantly shorter testing times with the IMO and IMO vifa.
However, in these studies, the number of test points was matched between the HFA and IMO/IMO vifa. For example,
previous studies compared the HFA 30-2 (78 test points) with IMO 24plus(1-2) (78 test points) ’ and the HFA 24-2 (54
test points) with IMO vifa 24-2,® reporting a 30-40% reduction in test time with the IMO/IMO vifa. This reduction is
attributed to the AIZE algorithm, unique to IMO. In our study, the IMO vifa 24plus(1-2) had 78 test points compared to
54 in the HFA 24-2, resulting in a condition with more test points for the IMO vifa. Despite this, visual field testing with
the IMO vifa still completed significantly faster, approximately 12% shorter. Although this time reduction is lower than
that in previous reports,”® the results suggest that the IMO/IMO vifa can still achieve shorter test durations, even with

more test points than the HFA, possibly due to the AIZE algorithm.
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Figure 2 Scatter plots comparing IMO vifa and HFA. (A) MD (r=0.938, P<0.001), (B) PSD (r=0.949, P<0.001) and (C) VFI (r=0.932, P<0.001) each showed a significantly
positive and strong correlation.
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Figure 3 Bland—Altman diagram with mean difference and agreement limits (including 95% of all difference values). (A) MD, (B) PSD, and (C) VFI did not show any clear
fixed or proportional bias.

In the present study, there was no significant difference between the IMO vifa and HFA in terms of false positives and
negatives, although the IMO vifa showed slightly higher results. Previous studies comparing the HFA and IMO reported
significantly higher false positives and negatives with the IMO;’ our study demonstrated a similar trend, though without
significant differences. Although the same criteria for false positives and negatives are applied to both the IMO and IMO
vifa, no significant difference was observed when compared with the HFA in the present study. One possible explanation
for this is the difference in equipment design between the IMO and IMO vifa. The IMO vifa allows visual field testing by
looking into VR goggle-like equipment in a slightly forward-leaning position, with contact only around the eyes. In
contrast, the IMO is head-mounted, covering from the face to the top of the head, resulting in a larger contact area and
a weight of 1.8 kg, which applies pressure to the patient’s head. Thus, the IMO vifa possibly provides less sense of
pressure and less burden during testing, which may affect the rate of false positives and negatives. However, as there is
no direct comparison between the IMO and IMO vifa, further study is required to investigate this impact.

In the present study, the rate of fixation loss during visual field testing with the IMO vifa was significantly lower
compared to the HFA. Previous studies reported either no significant difference in fixation loss’ or a significant reduction
in fixation loss with the IMO.'? The presence of eye-tracking functionality in both the IMO and IMO vifa may contribute
to the reduced fixation loss observed compared to the HFA. Additionally, since the study used the IMO,” the difference in
equipment design between the IMO and IMO vifa may also be a contributing factor.

Previous studies comparing HFA 30-2 with IMO 30-2 and HFA 24-2 with IMO 24-2 have all demonstrated a high
correlation in MD and VFL>® Another study comparing IMO vifa 24-2 with HFA 24-2 also demonstrated a high
correlation with no significant differences.® Our study compared HFA 24-2 with IMO vifa 24plus(1-2), which differs in
conditions from previous studies; however, MD and VFI still showed a high correlation, similar to previous findings.
These results suggest that, although the IMO vifa has a different design from the IMO, it still shows a high correlation
with the HFA, similar to the IMO.

The 24plus(1-2) test condition includes additional test points within the central 10° compared to 24-2; nevertheless,
the present study demonstrated a high correlation with no significant differences. Bland—Altman analysis also indicated
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no fixed or proportional bias. Although conditions differ, a comparison of HFA 30-2 and IMO 24plus(1-2) similarly
showed no significant differences.” Thus, the impact of the additional test points within the central 10° in the 24plus(1-2)
condition on MD and VFI is possibly limited.

For PSD, previous studies reported significant differences.® Although our study did not find significant differences,
the difference between HFA and IMO vifa for PSD tended to be greater than that for MD or VFI. Therefore, while our
study used the 24plus(1-2) condition, unlike previous studies, the tendency for a larger difference in PSD with IMO vifa
may still be observed. The lack of significance in our study could be due to the smaller sample size compared to previous
studies. However, as other studies did not mention PSD,>” further research is required to evaluate the impact of
differences between the IMO and IMO vifa, as well as between 24-2 and 24plus(1-2), on PSD.

In the present study, the correlation for the FT was moderate, unlike that of MD, and showed a significant difference
compared to the HFA. Previous studies also reported a significant difference.® This may be due to the open binocular
condition used with the IMO and IMO vifa and the impact of the binocular random single-eye test. Several reports
indicate that binocular open conditions and the binocular random single-eye test differ in sensitivity compared to
monocular occlusion and single-eye testing.'*'® In particular, Kumagai et al classified eyes into Better Eye and
Worse Eye groups based on visual acuity and FT and compared the visual sensitivity at the fovea and central four
points between the monocular test and binocular random single-eye test using the IMO.'* Their results showed that in the
Better Eye group, visual sensitivity was better in the binocular random single-eye test than in the monocular test, while it
was worse in the Worse Eye group. Thus, the central visual field, particularly the FT, may be more influenced by the open
binocular condition and the binocular random single-eye test. Based on these previous reports and our study’s findings, it
can be inferred that, despite differences in device design, both the IMO and IMO vifa are similarly affected by the open
binocular condition and the sensitivity influence of the binocular random single-eye test. Therefore, in cases where there
is a significant discrepancy in FT between the HFA and IMO vifa, the open binocular condition and the binocular random
single-eye test may be unsuitable It is recommended to conduct the test with monocular occlusion or to consider using
a conventional visual field analyzer such as the HFA.

A limitation of this study is the relatively small sample size of 104 eyes. Although the power analysis demon-
strated sufficient statistical power for several primary outcomes, some variables, such as MD and PSD, exhibited
lower power. This limitation highlights the need for further studies with larger sample sizes to ensure robust
conclusions for all measured parameters. Additionally, a direct comparison between the IMO and IMO vifa was not
performed. Therefore, to evaluate the impact of device design alone, a direct comparison under standardized
conditions would be necessary.

Conclusion

The IMO vifa demonstrates a very high correlation with HFA and permits a shorter examination time. The fixation errors
are significantly improved compared to HFA, while there is no significant difference in false positives or false negatives.
Additionally, although the IMO vifa 24plus(1-2) has more test points than the HFA 24-2, it still allows for shorter testing
times.
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