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Abstract 

Purpose

The IMOvifa™ perimeter with a 24plus (1-2) testing mode has additional measure-

ment points within the central 10 degrees, which may help evaluate the visual field 

within this area. Here, we comparatively evaluated the IMOvifa™ 24plus (1-2) and 

HFA 10-2 for the first time.

Methods

We included 30 patients (48 eyes) who underwent HFA 24-2 Swedish Interactive 

Threshold Algorithm Standard and IMOvifa™ 24plus (1-2) Ambient Interactive Zippy 

Estimated tests on the same day and HFA 10-2 within six months. We used Spear-

man’s rank correlation coefficient to analyze the mean deviation (MD) and pattern 

standard deviation (PSD) between HFA 10-2 and IMOvifa™. The central 10-degree 

visual field was divided into four sectors, and concordance of visual field defects 

between IMOvifa™ 24plus (1-2) and HFA 10-2 was evaluated using kappa analysis. 

Additionally, all sectors showing a sensitivity of 0 dB on the HFA 24-2 were assessed 

for the presence and agreement of residual visual field in HFA 10-2 and IMOvifa™ 

24plus (1-2).

Results

The MD (0.843/0.804) and PSD (0.852/0.763) of IMOvifa™ 24plus (1-2) and HFA 

24-2 correlated strongly with those of HFA 10-2. Regarding the ability to detect visual 

field defects within the central 10 degrees, agreement with HFA 10-2 was κ = 0.715 

(0.611,0.819) and 0.754 (0.654,0.854) for IMOvifa™ 24plus (1-2) and HFA 24-2, 

respectively. In the evaluation of residual visual field, IMOvifa™ 24plus (1-2) detected 

residual visual function in 100% of cases where HFA 10-2 indicated residual function.
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Conclusion

The IMOvifa™ 24plus (1-2) may have a higher ability to detect defects in certain 

areas of the visual field, compared with HFA 24-2, and may also detect residual 

visual function. However, the IMOvifa™ 24plus (1-2) is difficult to substitute for the 

10-2 test, as the 10-2 test is necessary for evaluating visual field defects within the 

central 10 degrees.

Introduction

The IMO and IMOvifa™ (CREWT Medical Systems, Tokyo, Japan) are advanced 
static perimetry devices designed to perform visual field testing with both eyes 
open. Studies have found a strong correlation between results obtained using these 
devices and those using the Humphrey Field Analyzer (HFA) (Carl Zeiss Meditec, 
Dublin, CA, USA). Moreover, IMOvifa™ reportedly completes testing in a shorter 
duration than the HFA [1–4]. A notable feature of IMOvifa™ is its capability for bin-
ocular random single-eye testing, wherein visual stimuli are presented randomly to 
each eye while both eyes remain open. This approach enables simultaneous parallel 
testing of both eyes and has been shown to yield highly reproducible results that are 
comparable to monocular testing conducted using the HFA [5]. Furthermore, in bin-
ocular random single-eye testing, patients are unable to discern which eye is being 
tested, a characteristic that may prove valuable for diagnosing psychogenic visual 
field defects and malingering [6,7].

The central 10 degrees of the visual field are critical for visual function, as they 
directly correlate with visual acuity. However, in the widely used 30-2 or 24-2 test 
conditions, only 12 measurement points fall within this region, which limits the ability 
to comprehensively assess visual function. Studies that compared the visual field 
test results of HFA 24-2 and HFA 10-2 have indicated that HFA 24-2 fails to detect 
16–52.5% of visual field defects identified by HFA 10-2 [8,9] and is less effective in 
monitoring the progression of visual field defects [10]. To address these limitations, 
various strategies have been proposed to improve the detection of abnormalities 
within the central 10 degrees [11–13].

In response, the HFA introduced the 24-2c test mode to enhance the detection of 
visual field defects within the central 10 degrees. Studies have shown that, compared 
with 24-2, the 24-2c test mode significantly improves the correlation between macular 
structure and function [14,15] and is therefore more effective in detecting visual field 
defects [15–19]. Similarly, the IMO and IMOvifa™ devices feature a test mode called 
24plus (1-2), which incorporates additional measurement points within the central 
10 degrees (Fig 1). A study that compared IMO 24plus (1-2) and HFA 30-2 indicated 
a high correlation in results, such as mean deviation (MD) values [3]. However, to the 
best of our knowledge, no study has compared IMOvifa™ 24plus (1-2) with HFA 10-2 
in evaluating visual function within the central 10 degrees.

Therefore, in this study, we aimed to compare the results of IMOvifa™ 24plus (1-2) 
with those of HFA 10-2 and to assess visual function within the central 10 degrees.
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Materials and methods

Patient and study design

This prospective study was conducted at the glaucoma outpatient department of Chukyo Eye Clinic between June 2023 
and March 2024, involving participants who provided written informed consent. The study was approved by the Ethics 
Committee of Chukyo Eye Clinic (approval number: 20230530052) and conducted in accordance with the Declaration of 
Helsinki. Written informed consent was obtained from all participants following a detailed explanation provided in writing.

Eligible participants were aged ≥20 years, had a history of multiple visual field tests, and were diagnosed with glau-
coma or pre-perimetric glaucoma. The diagnosis of glaucoma or pre-perimetric glaucoma was made based on the fol-
lowing criteria: glaucomatous optic nerve changes observed on fundus photography and optical coherence tomography 
(Cirrus, Carl Zeiss Meditec, Dublin, CA, USA), including a horizontal cup-to-disc (C/D) ratio of ≥ 0.7, rim notching, rim width 
of ≤ 0.1, and retinal nerve fiber layer defects. Cases were classified as glaucoma if corresponding glaucomatous visual 
field defects were identified using the 24-2 SITA Standard protocol on the HFA. Cases without visual field defects were 
classified as pre-perimetric glaucoma.

Fig 1.  Arrangement of measurement point in IMOvifa™ 24plus (1-2). The 24plus (1-2) adds 24 measurement points symmetrically within the central 
10 degrees to the 24-2 grid.

https://doi.org/10.1371/journal.pone.0323630.g001

https://doi.org/10.1371/journal.pone.0323630.g001
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Exclusion criteria included any comorbid conditions that could cause visual field abnormalities, such as optic neuritis, 
retinal disease, intracranial disease, or psychogenic disorders. No restrictions were applied regarding disease stage, glau-
coma type, refractive error, or corrected visual acuity.

Visual field tests

Participants who provided informed consent underwent visual field testing on the same day using the HFA 24-2 SITA Stan-
dard and the IMOvifa™ 24plus (1-2) Ambient Interactive Zippy Estimated (AIZE). The HFA 10-2 SITA Standard was sub-
sequently performed within six months. Participants were excluded if any of the visual field tests exhibited a fixation loss 
rate >20%, false positive rate >20%, or false negative rate >33%. During the HFA tests, the non-tested eye was occluded 
to ensure accurate monocular measurements. In contrast, the IMOvifa™ 24plus (1-2) test employed binocular random 
single-eye testing, which allowed for both eyes to remain open throughout the examination without occlusion.

Statistical analysis

We evaluated the MD and pattern standard deviation (PSD) values obtained with HFA 10-2, IMOvifa™ 24plus (1-2), and 
HFA 24-2 using Spearman’s rank correlation coefficient to determine the degree of correlation. Additionally, the reliability 
of MD and PSD measurements of HFA 10-2 versus those of HFA 24-2 and IMOvifa™ was assessed using intra-class 
correlation coefficient (ICC).

To assess the ability to detect visual field defects within the central 10 degrees, we divided this region into four sectors 
based on the Nakanishi Map [20] for HFA 10-2, IMOvifa™ 24plus (1-2), and HFA 24-2 (Fig 2). Using pattern deviation 
(PD) values, we performed kappa analysis to evaluate the concordance of visual field defects across the entire visual 
field and within each sector between HFA 10-2 and both HFA 24-2 and IMOvifa™ 24plus (1-2). We defined visual field 
abnormalities as follows: for HFA 10-2, the presence of three contiguous abnormal points with P < 1%, 5%, 5% or P < 2%, 
2%, 5% within the sectors on the PD plot; for IMOvifa™ 24plus (1-2) and HFA 24-2, the presence of at least one abnormal 
point with P < 1% within the sectors on the PD plot. Since some sectors in HFA 24-2 and IMOvifa™ 24plus (1-2) contain 
at most two adjacent test points, we defined visual field abnormalities as the presence of at least one point with P < 1% in 
those sectors.

To evaluate the ability to detect residual visual function within the central 10 degrees, we identified cases wherein all 
measurement points in a given sector exhibited a sensitivity of 0 dB on the HFA 24-2. Among these cases, we extracted 
those with residual visual fields detected in the corresponding sectors of the HFA 10-2. We then evaluated the proportion 

Fig 2.  Visual field divided within the central 10 degrees into four sectors based on the Nakanishi Map for HFA 10-2, IMOvifa™ 24plus (1-2), 
and HFA 24-2. The visual fields divide so that Sector 1 is superior parafoveal scotoma area, Sector 2 is superior cecocentral scotoma area, Sector 3 is 
overlapping superior and inferior hemifields, including the cecocentral scotoma area, Sector 4 is inferior parafoveal scotoma area.

https://doi.org/10.1371/journal.pone.0323630.g002

https://doi.org/10.1371/journal.pone.0323630.g002
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of these cases in which residual visual fields were also identified in the corresponding sectors of the IMOvifa™ 24plus 
(1-2).

Additionally, we performed a power analysis for the primary outcome measures, including MD and PSD, using Spear-
man’s rank correlation coefficient.

All statistical analyses were performed using SPSS (version 29.0; IBM Corp., Armonk, NY., USA), and statistical signifi-
cance was set at P < 0.05.

Results

We included 30 patients (14 men and 16 women) with 48 eyes (21 eyes in men, 27 in women; 24 right eyes and 24 left 
eyes). The clinical characteristics of the participants are shown in Table 1. The mean age was 63.1 ± 10.7 years, with a 
mean refractive error of −3.45 ± 4.12 diopters and a corrected visual acuity of −0.063 ± 0.18 logMAR. The cohort included 
37 phakic eyes and 11 eyes with intraocular lenses (IOL). Regarding glaucoma subtypes, 45 eyes had primary open-angle 
glaucoma (POAG), two had pseudoexfoliation glaucoma (PEG), and one had secondary open-angle glaucoma (SOAG).

The MD and PSD values obtained from the HFA 10-2, IMOvifa™ 24plus (1-2), and HFA 24-2 tests were as follows: MD 
(−4.88 ± 6.67, −5.62 ± 6.53, −5.54 ± 6.59) and PSD (5.29 ± 4.81, 7.08 ± 4.79, 6.75 ± 4.81). Spearman’s rank correlation coefficients for 
MD and PSD between HFA 10-2 and IMOvifa™ 24plus (1-2)/HFA 24-2 were as follows: MD: 0.835/0.801 and PSD: 0.840/0.764, 
with all correlations being statistically significant (all P < 0.001) (Table 1). The ICC for MD of HFA 10-2 versus MD of HFA 24-2 and 
MD of IMOvifa™ was 0.862 and 0.898, with 95% confidence intervals (CIs) of (0.767–0.920) and (0.824–0.924), respectively 
(P < 0.001), demonstrating high reliability. Similarly, the ICC for PSD of HFA 10-2 versus PSD of HFA 24-2 and PSD of IMOvifa™ 
was 0.712 and 0.804, with 95% CIs of (0.509–0.834) and (0.499–0.910), respectively (P < 0.001), indicating high reliability.

In the power analysis, the detection rates for HFA 10-2 MD and PSD were 46.5% and 78.3% for age, 13.0% and 27.7% 
for refraction, and 65.8% and 42.5% for BCVA, respectively. The detection rates were 100% for HFA 24-2 visual field 
index (VFI), HFA 24-2 MD, IMOvifa™ 24plus (1-2) VFI, IMOvifa™ 24plus (1-2) MD, and IMOvifa™ 24plus (1-2) PSD. For 
HFA 24-2 PSD, the detection rates were 99.6% and 100%.

Table 1.  Clinical characteristics of the participants.

Characteristics Total (n = 48) Spearman’s rank correlation 
test with HFA 10-2 MD (P)

Spearman’s rank correlation 
test with HFA 10-2 PSD (P)

Age, years 63.1 ± 10.7 -0.277 (0.056) 0.401 (0.005)

Sex (Female, eyes (%)) 28 (53.33) – –

Side (R, eyes (%)) 24 (50)

Spherical equivalent (D) −3.45 ± 4.12 −0.122 (0.411) 0.203 (0.167)

BCVA (logMAR) −0.063 ± 0.18 −0.348 (0.015) 0.262 (0.072)

Lens (Phakia, number (%)) 37 (77.08) – –

Glaucoma type POAG:45, PEG2, SOAG1

HFA24-2 VFI(%) 83.88 ± 19.40 0.811 (<0.001) −0.865 (<0.001)

HFA24-2 MD (dB) −5.54 ± 6.59 0.801 (<0.001) −0.814 (<0.001)

HFA24-2 PSD (dB) 6.75 ± 4.81 −0.634 (<0.001) 0.764 (<0.001)

IMOvifa™ 24plus (1-2) VFI (%) 84.77 ± 18.59 0.822 (<0.001) −0.878 (<0.001)

IMOvifa™ 24plus (1-2) MD (dB) −5.62 ± 6.53 0.835 (<0.001) −0.865 (<0.001)

IMOvifa™ 24plus (1-2) PSD (dB) 7.08 ± 4.79 −0.714 (<0.001) 0.840 (<0.001)

HFA10-2 MD (dB) −4.88 ± 6.67 – –

HFA10-2 PSD (dB) 5.29 ± 4.81 – –

diopter (D), Best corrected visual acuity (BCVA), visual field index (VFI), mean deviation (MD), pattern standard deviation (PSD), primary open angle 
glaucoma (POAG), pseudo-exfoliation glaucoma (PEG), secondary glaucoma (SG)

https://doi.org/10.1371/journal.pone.0323630.t001

https://doi.org/10.1371/journal.pone.0323630.t001
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Table 2 shows the detection ability for visual field defects within the central 10 degrees. The results for HFA 10-2 and 
IMOvifa™ 24plus (1-2) were sensitivity of 78.57%, specificity of 91.8%, κ value of 0.715 (0.611,0.819), and AUC of 0.848 
(0.782, 0.914). For HFA 10-2 and HFA 24-2, sensitivity was 75.76%, specificity 96.61%, κ value was 0.754 (0.654,0.854), 
and AUC 0.862 (0.797, 0.927).

Table 2 shows the results for each sector. Kappa analysis for HFA 10-2 and both IMOvifa™ 24plus (1-2) and HFA 
24-2 by sector were as follows: Sector 1: 0.792 (0.620,0.964), 0.826 (0.663,0.989); Sector 2: 0.621 (0.345,0.897), 0.872 
(0.700,1.0); Sector 3: 0.622 (0.348,0.896), 0.605 (0.295,0.915); and Sector 4: 0.671 (0.469,0.873), 0.613 (0.397,0.827).

To evaluate residual visual function within the central 10 degrees, four eyes (six sectors) in which all measurement points 
within each sector exhibited a sensitivity of 0 dB on HFA 24-2 were selected. Residual visual function was detected in all six 
sectors using HFA 10-2, and IMOvifa™ 24plus (1-2) also successfully identified residual visual fields in these sectors.

A representative case demonstrating residual visual function within the central 10 degrees is presented in Fig 3. 
In this case, HFA 24-2 indicated a sensitivity of 0 dB across all measurement points in Sector 1. However, HFA 10-2 
detected residual visual fields in the more central area of Sector 1, and IMOvifa™ 24plus (1-2) similarly identified 
residual visual function. Notably, in IMOvifa™ 24plus (1-2), the points corresponding to the conventional 24-2 mea-
surement showed 0 dB, while residual visual fields were detected at the additional measurement points introduced 
by the 24plus (1-2) mode.

Discussion

For the MD and PSD of HFA 10-2, the VFI, MD, and PSD of both HFA 24-2 and IMOvifa™ 24plus (1-2) correlated strongly 
and significantly. The correlation tended to be slightly stronger with IMOvifa™ 24plus (1-2). IMOvifa™ 24plus (1-2) 
includes 36 measurement points within the central 10 degrees, compared with the 12 points in HFA 24-2. This expanded 
measurement area allows parameters such as MD to more effectively reflect the presence or absence of visual field 
defects within the central 10 degrees. These findings suggest that IMOvifa™ 24plus (1-2) may provide better estimations 
of HFA 10-2 results than standard HFA 24-2.

Table 2.  Evaluation of the ability to detect visual field defects within the central 10 degrees in HFA 24-2 and IMOvifa™ 24Plus (1-2).

Sensitiv-
ity (%)

Specific-
ity (%)

κ analysis (95% 
confidence interval)

AUC (95% confi-
dence interval)

Between HFA10-2 and IMOvifa™24plus(1-2)

entire visual field within the central 10 degrees 78.57 91.80 0.715 (0.611,0.819) 0.848 
(0.782,0.914)

Sector 1 88.00 91.30 0.792 (0.620,0.964) 0.891 
(0.786,0.996)

Sector 2 70.0 92.11 0.621 (0.345,0.897) 0.822 (0.644,1.0)

Sector 3 77.78 89.74 0.622 (0.348,0.896) 0.835 (0.664,1.0)

Sector 4 73.08 95.45 0.671 (0.469,0.873) 0.831 
(0.707,0.956)

Between HFA10-2 and HFA24-2

entire visual field within the central 10 degrees 75.76 96.61 0.754 (0.654,0.854) 0.862 
(0.797,0.927)

Sector 1 86.96 95.65 0.826 (0.663,0.989) 0.913 (0.818,1.0)

Sector 2 90.0 97.22 0.872 (0.700,1.0) 0.936 (0.822,1.0)

Sector 3 55.56 97.30 0.605 (0.295,0.915) 0.764 
(0.553,0.975)

Sector 4 66.67 95.45 0.613 (0.397,0.827) 0.811 
(0.680,0.941)

https://doi.org/10.1371/journal.pone.0323630.t002

https://doi.org/10.1371/journal.pone.0323630.t002
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Regarding the detection of visual field defects within the central 10 degrees, both IMOvifa™ 24plus (1-2) and HFA 24-2 
showed high agreement across the entire visual field. However, sensitivity, specificity, and kappa analysis results slightly 
favored HFA 24-2 over IMOvifa™ 24plus (1-2). A study that examined the sensitivity of HFA 24-2 in detecting abnormali-
ties observed on HFA 10-2 indicated sensitivities of 66% for MD < 5%, 83% for PSD, 76% for the glaucoma hemifield test 
(GHT), 88% for cluster criteria (three neighboring points at 5%, 5%, and 1% or 5%, 2%, and 2% probability or worse within 
a hemifield on TD or PD plots, with only one point allowed on the edge of the 24-2), and 85% for macular points (MPs) 
(within ±10°: one point at 1% or two at 2% within a hemifield on TD or PD) [8]. The definition of visual field abnormality in 
this study is similar to that of MPs in previous reports; however, the sensitivity is slightly lower. This discrepancy may stem 
from the fact that MPs, even two contiguous points at 2%, are considered to indicate a visual field abnormality, and that 
while earlier studies divided the visual field into the upper and lower hemifields, the present study subdivided the visual 
field into sectors, applying stricter criteria.

Kappa analysis in a previous study [17] indicated moderate agreement, which is lower than the kappa observed in this 
study for HFA 24-2. This discrepancy likely arises from differences in the definition of visual field defects. In that report 
[17], visual field defects were defined as having three or more contiguous points with reduced sensitivity, making the cri-
teria stricter than those in this study. Therefore, the definition of visual field abnormalities should be standardized, and the 
findings should be re-evaluated in future studies.

Sector-by-sector analysis showed better agreement with HFA24-2 than with IMOvifa™24plus (1-2). In Sector 1, 
HFA24-2 performed slightly better than IMOvifa™ 24plus (1-2). Sector 2 had high agreement for HFA 24-2 but moderate 
agreement for IMOvifa™ 24plus (1-2). Both Sectors 3 and 4 were in moderate agreement; however, IMOvifa™ 24plus 
(1-2) was slightly better. Sensitivity and specificity patterns mirrored kappa, except for the specificity of Sector 3. These 
findings suggest that HFA 24-2 was better than IMOvifa™ 24plus (1-2), especially in Sector 2, which may have influ-
enced the better agreement rate in the entire field of view for HFA 24-2. However, since IMOvifa™ 24plus (1-2) had more 

Fig 3.  Example of a case with residual visual function within the central 10 degrees. (A) shows that HFA 24-2 showed a sensitivity of 0 dB for all 
measurement points in Sector 1. (B) shows that HFA 10-2 detected residual visual fields in the more central area of Sector 1. (C) shows that IMOvifa™ 
24plus (1-2) similarly showed residual visual function.

https://doi.org/10.1371/journal.pone.0323630.g003

https://doi.org/10.1371/journal.pone.0323630.g003
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measurement points within the central 10° than HFA 24-2 (36 vs 12 as within 10°, 12 vs 4 for sector 1, 3 vs 2 for sector 2, 
11 vs 2 for sector 3, and 10 vs 4 for sector 4), we assumed that kappa and other values would be better. The results for 
Sectors 3 and 4 were in line with this assumption, but the results for Sectors 1 and 2 were different.

One notable factor influencing IMOvifa™ results may be its binocular random single-eye testing method, which differs 
from the monocular testing approach of HFA. Several studies have examined the impact of this open-eye testing on visual 
sensitivity [21–24]. One study that used IMO in healthy individuals to compare sensitivity with and without monocular 
occlusion found that sensitivity was higher without occlusion [23]. Kumagai et al. classified eyes as “Better eye” or “Worse 
eye” based on visual acuity and foveal threshold, then compared visual sensitivity at the fovea and the four central points 
between monocular testing and binocular random single-eye testing using IMO [22]. Their findings indicated that visual 
sensitivity was higher in the binocular random single-eye test than in the monocular test for the Better eye, but lower for 
the Worse eye. This suggests that testing without monocular occlusion and with both eyes simultaneously, as well as the 
functional status of the non-tested eye can affect visual sensitivity, potentially leading to differences in results compared to 
HFA 24-2 or HFA 10-2. Therefore, these effects presumably caused the binocular random single-eye test of IMOvifa™ to 
fail to detect visual field abnormalities that would be detected in a single-eye-only visual field test with one eye occluded, 
resulting in lower sensitivity and kappa than HFA 24-2. However, IMOvifa™ 24plus (1-2) had better sensitivity and kappa, 
even though similar effects were presumably present in Sectors 3 and 4. The sensitivity and kappa of IMOvifa™ 24plus 
(1-2) in Sector 2 were significantly lower than those of HFA 24-2. Therefore, the effects of IMO and IMOvifa™ on binocular 
random single-eye test sensitivity may vary depending on the location of the visual field, and more detailed studies using 
Pointwise and other methods are needed in the future.

HFA 24-2C is another test condition that, like IMOvifa™ 24plus (1-2), incorporates additional test points within the 
central 10 degrees. Several studies have examined the effectiveness of HFA 24-2C to detect abnormalities in this region 
[15–19]. Behera et al. compared the ability of HFA 24-2C and HFA 24-2 to detect abnormal points within the central 
10 degrees and reported that HFA 24-2C detected an average of 5.5 more points on the TD plot and 2 more points on the 
PD plot [18]. Additionally, Nishizima et al. analyzed the abnormality detection performance of HFA 24-2C and HFA 24-2 by 
dividing the central 10-degree visual field into upper and lower halves and evaluating the results using receiver operating 
characteristic curves. They compared 22 test points in the central 10 degrees of HFA 24-2C with 4 and 12 points from HFA 
24-2, and their findings indicated that HFA 24-2C demonstrated superior abnormality detection ability in both the upper 
and lower visual fields [19]. However, in the present study using IMOvifa™ 24plus (1-2), results suggested that its ability 
to detect visual field abnormalities within the central 10 degrees may be partially inferior to that of HFA 24-2. One possible 
explanation for this could be the influence of the binocular open-view testing condition, as mentioned earlier. Neverthe-
less, differences in the definition of visual field abnormalities and the analytical methods used between previous studies 
[18,19] and the present study prevent a direct comparison between IMOvifa™ 24plus (1-2) and HFA 24-2C. Therefore, 
further investigations under standardized conditions are needed to enable a direct comparison between IMOvifa™ 24plus 
(1-2) and HFA 24-2C.

Regarding the detection of residual visual function within the central 10 degrees, IMOvifa™ 24plus (1-2) detected 
residual visual fields in all sectors where HFA 10-2 identified residual function. This is likely due to the fact that IMOvifa™ 
considers additional measurement points within the central 10 degrees which may make it more useful than HFA 24-2 for 
evaluating residual visual fields within this area.

Several studies have examined the correlation between visual field function and structure; however, no unified con-
clusions have been reached [20,25–27]. In this study, we evaluated the central 10 degrees of the visual field using the 
Nakanishi Map [20], which divides the central 10 degrees into four sectors: VF1 (superior parafoveal scotoma area, Sector 
1 in this study), VF2 (inferior parafoveal scotoma area, Sector 4), VF4 (overlapping superior and inferior hemifields, includ-
ing the cecocentral scotoma area, Sector 3), and VF5 (superior cecocentral scotoma area, Sector 2). The Nakanishi Map 
divides the visual field and cpRNFL using enhanced en face analysis, evaluating corresponding sectors based on their 
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correlation, which showed a moderate to high correlation. However, sectors surrounding the cpRNFL that corresponded 
to the visual field sectors also showed moderate correlations, which indicates that the structural segmentation may not 
be entirely distinct. Consequently, in some cases, structurally different areas may fall within the same sector, which could 
have influenced the findings in this study.

The limitations of this study include a relatively small sample size of 48 eyes, indicating the need for further studies with 
a larger number of cases. Additionally, no study thus far has directly compared HFA 24-2c and IMOvifa™ 24plus (1-2), 
highlighting the necessity of conducting a comparative study under consistent conditions. Furthermore, although binoc-
ular open-field testing with IMO is reportedly influenced by the “Better Eye” and “Worse Eye,” more detailed research is 
needed to clarify which areas of the visual field are most affected. In some cases, there was a six-month interval between 
the administration of HFA 24-2, IMOvifa™ 24plus (1-2), and HFA 10-2, raising the possibility that the progression of visual 
field defects within the central 10 degrees may have affected the results. Moreover, in this study, the definition of visual 
field abnormalities for HFA 10-2 differed from those for the other two tests, HFA 24-2 and IMOvifa™ 24plus (1-2). Since 
some sectors in HFA 24-2 and IMOvifa™ 24plus (1-2) contain at most two adjacent test points, we defined visual field 
abnormalities as the presence of at least one point with P < 1% in those sectors. As this may have influenced the results, 
future studies using a unified definition of visual field abnormalities are warranted. Finally, since the exclusion criteria in 
this study were not strictly defined, there are limitations in accuracy. Therefore, future studies should apply more stringent 
criteria to improve the accuracy of the research.

In conclusion, the current study showed that while IMOvifa™ 24plus (1-2) has limitations in detecting visual field 
defects within the central 10 degrees, it may offer higher detection capability than HFA 24-2 in certain areas of the visual 
field. It may also be useful for detecting residual visual function. However, substituting it for the HFA 10-2 test may be chal-
lenging, and performing the 10-2 test remains essential in cases where visual field defects within the central 10 degrees 
are suspected.
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