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Abstract
● AIM: To compare the imo perimeter, a new portable 
head-mounted perimeter unit that enables both eyes to be 
examined quickly and simultaneously, with the Humphrey 
field analyzer (HFA) perimeter to investigate correlations and 
their diagnostic ability in glaucomatous eyes.
● METHODS: The performance of the equipment in 128 
glaucomatous eyes and 40 normal eyes were tested. We 
investigated the correlations of mean deviation, pattern 
standard deviation, visual field index, and the sensitivity.
● RESULTS: Measurements of mean deviation (r=0.886, 
P<0.001), pattern standard deviation (r=0.814, P<0.001), 
and visual field index (r=0.871, P<0.001) in both perimeters 
were strongly and positively correlated. The sensitivities in 
the imo perimeter were 80.5% for mean deviation, 81.2% 
for pattern standard deviation, and 80.5% in visual field 
index; those in the HFA were 63.3% for mean deviation, 
74.5% for pattern standard deviation, and 80.5% for visual 
field index. Both perimeters demonstrated high diagnostic 
ability.
● CONCLUSION: The parameters by the imo and HFA 
in glaucomatous eyes show strong positive correlations 
with favorable sensitivity, specificity, and diagnostic ability. 
However, the difference between imo and HFA results 
increases with the increase in visual field disturbance. 
● KEYWORDS: imo perimeter; visual field diagnosis; 
diagnostic validation
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INTRODUCTION

A n automated visual field analyzer (perimeter) is 
indispensable for glaucoma diagnosis and follow-up. 

However, the conventional equipment is heavy, and a large 
amount of installation space is needed, and the examining room 
must be dark. For an examination, patients must sit in front of 
the visual field analyzer; therefore, bedside examinations are 
not possible. Recently, however, a head-mounted device, the 
imo perimeter (Crewt Medical Systems, Inc., Tokyo, Japan), 
has been developed to be lightweight (1.8 kg) and to be used 
in a brightly lit room. It can help clinicians perform visual field 
inspections and observe the central and peripheral visual fields 
of up to 30 degrees in both eyes simultaneously within a short 
time period (Figure 1)[1-11].
We compared glaucoma detection sensitivities, diagnostic 
abilities in addition to the correlation of each parameter and 
examination time of the Humphrey field analyzer (HFA; 
Humphrey Instruments, Dublin, CA, USA), which is currently 
in wide use, with those of imo perimeters.
With the imo perimeter, the left and right pupils are monitored 
individually with a near-infrared camera for fixation disparity, 
which reduces the examination time (Figure 2). In addition, 
with the imo perimeter, a transmissive liquid crystal display 
at full high-definition resolution and a high-brightness light-
emitting diode backlight are used in the same conditions as 
those of the HFA perimeter. Furthermore, targets are shown to 
the left and right eyes of subjects separately but simultaneously 
by independent left and right optical systems. In the visual 
field test, the fixed target is visually fused, and patients fixate 
on the target with both eyes open (Figure 3).
The imo perimeter has a mode of 24 plus (78 test points) to 
which a 10-2 visual field is added (so that it is partially like the 
HFA perimeter with its visual fields of 30-2, 24-2, and 10-2), 
as well as a mode of 24 plus 1 (36 points), in which the points 
are preferentially focused on sites in which disease is likely 
to occur. To examine the correlation of the measurements 
made with the HFA and imo perimeters for mild to severe 
glaucoma, we used a 30-2 examination program (widely used 
in glaucoma diagnosis), in which a 30-degree visual field was 
measured with intervals of 6 degrees.
SUBJECTS AND METHODS
Ethical Approval  This study was conducted in compliance 
with the tenets of the Helsinki Declaration, and all participants 
provided written informed consent.
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Visual field tests were performed with both the HFA and imo 
perimeters on the same day for each patient on 128 eyes of 
64 patients with glaucoma and 40 normal eyes of 20 healthy 
people, all of whom were examined at the Tokai Eye Clinic, 

Tsu, Japan, between October 2018 and February 2019. Patients 
with glaucoma who completely understood the contents of 
the visual field tests and demonstrated good visual fixation in 
testing were selected. 
Using Pearson’s correlation coefficient, we compared the 
parameters—the mean deviation and defect (MD), the pattern 
standard deviation (PSD), and the visual field index (VFI)—
as measured by both the HFA and imo perimeters. We 
calculated the detection sensitivity by using Bland-Altman 
analysis, the diagnostic ability by the area under the receiver 
operating characteristic curve (AUC), and, with the t test, the 
examination time.
Background of Patients with Glaucoma  The participants 
with glaucoma had a spherical equivalent of -6 to +3 D, 
astigmatism of ±2.5 D, and best-corrected visual acuity 
(logMAR) of 0.2 to 0.08. They had not undergone eye surgery 
in the past and had no eye disease except glaucoma. The 
patients were 18 to 72 years of age, with an average age of 
59.5±13.5y; 25 were men, and 39 were women (Table 1).
RESULTS
In the 40 normal eyes, the mean examination times were 
12±1.4min with the HFA perimeter and 8.3±1.8min with the 
imo perimeter (P<0.001). In the 128 glaucomatous eyes, the 
mean examination times were 16.2±2.5min with the HFA 
perimeter and 12.0±2.5min with the imo perimeter (P<0.001). 
Thus the examinations of both the normal eyes and the eyes 
with glaucoma were performed in a significantly short time 
(P<0.001; Table 2).
Pearson’s correlation coefficients with the HFA and imo perimeters 
in the 128 eyes with glaucoma were 0.886 (P<0.001) for MD, 
0.814 (P<0.001) for PSD, and 0.871 (P<0.001) for VFI; strong 
correlations were thus noted (Figure 4). In the 40 normal eyes, 

Table 1 Characteristics of the participants in the study

Parameters
Normal, 
20 cases 
(40 eyes)

Glaucoma, 
64 cases 

(128 eyes)
Age (y)

Mean±SD 54.8±13.2 59.5±13.5
Range 20-67 18-72

Gender, n (%)
Female 12 (60) 39 (61)
Male 8 (40) 25 (39)

Spherical equivalent (D)
Mean±SD -1.75±1.2 -2.51±2.0
Range -5.5 to 2.5 -6 to 3

Best-corrected visual acuity (log MAR)
Mean±SD 0.13±0.06 0.09±0.06
Range 0.2 to 0.01 0.2 to 0.08

Cylindric value (D)
Mean±SD 1.1±0.041 1.5±0.75
Range -2 to 2.8 -2.5 to 2.5

Figure 1 Head-mounted imo perimeter weighing 1.8 kg  It can 
be used in a well-lit room, and it enables both eyes to be examined 
quickly and simultaneously.

Figure 2 Simultaneous monitoring of binocular fixation by imo 
perimeter, with automatic tracking correction (from side to side 
and up and down), and pupil diameter measurement.

Figure 3 The test target was presented randomly to either eye 
under a nonocclusion condition, and the patient was not aware of 
which eye was being tested.
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the correlation coefficients were 0.248 (P<0.124) for MD, 
0.111 (P<0.496) for PSD, and 0.028 (P<0.864) for VFI.
To compare the MD, PSD, and VFI measured by both the 
perimeters, we performed the Bland-Altman analysis because 
even if those parameters of the HFA and imo perimeters were 
correlated, we suspected a difference would reflect a worse rate 
of glaucoma. Figure 5 illustrates the results of a comparison 
of the visual field findings of the HFA and imo perimeters in 
patients 1, 2, 3, and 4. Patient 1, in whom glaucoma was mild, 
showed no difference in parameters, whereas patients 2, 3 and 
4, in whom the glaucoma was advanced, did show differences. 
The results of the Bland-Altman analysis are shown in Figure 6, in 
which the vertical axis reflects the difference between the imo 
and HFA perimeters and the horizontal axis shows the average 
values of the HFA and imo perimeters. The distribution was 
fan-shaped, whereby the worse the glaucoma was (horizontal 
axis), the greater was the difference in results between the imo 
and HFA perimeters. This finding reflects a proportional error.

The diagnostic ability of both perimeters was examined with 
AUC (Figure 7). For MD, the AUCs were 0.911 for the imo 
perimeter and 0.819 for the HFA perimeter; for PSD, they were 
0.885 for the imo perimeter and 0.890 for the HFA perimeter; 
and for VFI, they were 0.882 for the imo perimeter and 0.872 
for the HFA perimeter. Both the imo and HFA perimeters 
demonstrated high diagnostic ability, and no significant 
difference in diagnostic ability was noted between them.
DISCUSSION
In addition to 30-2, 24-2, and 10-2 perimetry inspection 
modes, which the HFA perimeter has, the imo perimeter has a 
mode termed “24 plus” (78 test points). This mode consists of 
some of the test points of 10-2 added to those of 24-2 (36 test 
points), in which test points are preferentially arranged at sites 
of the 24 plus mode in which disease is likely to occur. An 
algorithm termed “AIZE-Rapid” (Crewt Medical Systems) can 
be used to further shorten inspection time. The imo perimeter 
is highly reliable because it has two independent optical 

Table 2 Examination time of imo and HFA perimeters                                                                                                                      min, mean±SD

Condition of eye n imo perimeter HFA perimeter imo-HFA comparison P

Glaucomatous 128 12±2.5 16.2±2.5 -4.2±2.2 <0.001

Normal 40 8.3±1.8 12±1.4 -3.8±2.5 <0.001

HFA: Humphrey field analyzer, SD: Standard deviation.

Figure 4 In 128 glaucomatous eyes, the imo perimeter and the HFA perimeter’s measurements of MD (r=0.886, P<0.001), PSD (r=0.814, 
P<0.001), and VFI (r=0.871, P<0.001) were strongly and positively correlated.

Figure 5 Displays of the visual field by the HFA and imo perimeters  In case 1 (mild glaucoma), there was no difference in the displays; in 
case 2, 3 and 4 (advanced glaucoma), however, the differences were obvious.

Comparison of imo and HFA
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systems that can both perform a visual field examination with 
both the patient’s eyes open and perform eye tracking of the 
pupil.
In this study, 128 eyes of 64 glaucoma patients and 40 eyes 
of 20 healthy people were examined with the 30-2 mode, 
which is widely currently used in glaucoma testing. The 
current basic measurement of static visual field consists of 
examining approximately 70 measurements points within the 
central 30 degrees with intervals of 6 degrees, as indicated by 
the HFA perimeter 30-2 mode. The arrangement of the grid-
like measurement points with intervals of 6 degrees has poor 
sensitivity for early glaucoma detection and macular disease; 
therefore, the use of an additional macular mode such as 10-2 
is recommended.

The purpose of this study was to investigate the correlation 
between imo and HFA perimeter and the reliability of imo 
perimeter. Therefore, in many cases, abnormalities appeared 
early within 30 degrees of the visual field center. In 30-2, 
comparison of measurement time of two perimeters, the 
correlation of each parameter, Bland-Altman analysis, and 
diagnostic ability with AUC were examined.
In the comparison between the widely used HFA and the 
Octopus perimeters[12] and in comparison with the KOWA 
AP-7000 perimeter[13] reported strong correlations. With regard 
to the effect of different arrangements, these investigators 
reported that there was no substantial difference between 
the 30-2 and 24-2 modes to the HFA perimeter[14-15]. As our 
objective was to examine the correlation between the imo and 

Figure 6 Bland-Altman analysis was used to compare MD, PSD, and VFI measurements by the HFA perimeter and the imo perimeter   
For glaucoma eye a proportional error was observed. The results show the fan-shaped distribution, where the worse is the glaucoma (horizontal 
axis), the greater is the difference between imo and HFA results.

Figure 7 The diagnostic abilities of both the HFA and the imo perimeters were significant; AUC was 0.8 or greater in the MD, PSD, and 
VFI measurements, and the maximum value of the AUC was 0.911 for the MD measurement by the imo perimeter. 
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HFA perimeters and the reliability of the imo perimeter, we 
compared the measurement times of both perimeters by using 
the 30-2 mode. This is the mode in which abnormalities caused 
by many diseases are expressed earliest within the central 
30 degrees of the visual field. We checked the correlation of 
each parameter, performed a Bland-Altman analysis, and used 
the AUC to examine the glaucoma diagnostic ability of both 
perimeters.
Khoury et al[14] compared the examination times of the 
HFA with 24-2 and 30-2 modes, demonstrating an average 
of 10min and 24s with the 24-2 mode and an average of 
14min and 24s with the 30-2 mode. Our examinations of 128 
glaucomatous eyes and 40 normal eyes were significantly 
shorter with the imo perimeter than with the HFA perimeter: 
shorter by 4.2min for glaucomatous eyes and by 3.8min for 
normal eyes (Table 2). Because the imo perimeter is capable 
of measuring both eyes simultaneously in a brightly lit room, 
the burden on patients was reduced. It is thought that the 
examination time with the imo perimeter is shorter because it 
individually monitors the fixation of the left and right pupils 
and automatically corrects fixation disparity and because the 
AIZE-Rapid algorithm further speeds up examination.
Pearson’s correlation coefficients of MD, PSD, and VFI were 
0.886, 0.814, and 0.871 (all P<0.001), respectively, and the 
correlations were significantly positive (Figure 4). In normal 
eyes, the reason that the MD, PSD, and VFI were 0.248, 0.111, 
and 0.028 and were lower than those in glaucomatous eyes 
was probably because the parameter values of normal eyes was 
dense. Even though there was a positive correlation between 
the two perimeters, we performed a Bland-Altman analysis 
to examine whether there was any difference as a result of 
the progression of glaucoma. The analysis showed that the 
difference between the imo and HFA perimeters tended to 
increase as glaucoma progressed, and a proportional error was 
observed in MD, PSD, and VFI in all cases (Figure 5). Thus 
caution is required in the determinations of these parameters 
because the difference between results obtained with the imo 
and HFA perimeters increases as the visual field disturbance 
progresses. This demonstrates that the measurements obtained 
from the imo may indicate a higher rate of worsening of 
glaucoma than previously realized and that this rate may 
increase. However, there may be some cases in which the 
measurements improve.
The diagnostic ability of both perimeters was examined in 
receiver operating characteristic analysis (Figure 6). The 
highest AUC (0.911) was observed in MD with the imo perimeter 
(95% CI: 0.867 to 0.955). All MD, PSD, and VFI values exceeded 
0.8 for both the imo and HFA perimeters, and the diagnostic 
abilities of the two perimeters were all significant (P<0.001). 

Moreover, the AUC of the MD was significantly higher for the 
imo perimeter than for the HFA perimeter.
In addition to the head-mounted configuration, other advantages 
of the imo perimeter are its light weight and small size, which 
facilitate easy handling. These features not only allow patients 
to be examined in bed but also expand the range of clinical 
applications, including the conducting of examinations in a 
small space[16-19].
The National Aeronautics and Space Administration is studying 
and elucidating symptoms of space flight-associated neuro-
ocular syndrome (SANS), which occur in the whole body, 
nerves, and eyes during long space flights. Symptoms such as 
optic disc edema, globe flattening, choroidal and retinal folds, 
hyperopic refractive error shifts, and infarcts in nerve fiber 
layers have been reported to occur during long-term residence 
in a space station[20-21]. The imo perimeter will be a useful 
apparatus for performing visual field examinations in a space 
station.
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