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Purpose: To assess the diagnostic accuracy of visual field results generated by the newly
developed software (CU-VF) and the standard automated perimetry (SAP) for detecting
hemianopia.

Patients and Methods: Forty-three subjects with hemianopia and 33 controls were tested
with the CU-VF software on a personal computer and SAP. Hemianopia was defined as the
presence of a hemianopic field respecting the vertical meridian on SAP with the correspond-
ing neuroimaging pathology as evaluated by 2 neuro-ophthalmologists. Results of CU-VF
were independently evaluated by 2 neuro-ophthalmologists, 1 general ophthalmologist, and 1
general practitioner in terms of the presence of hemianopia. Sensitivity, specificity, and kappa
coefficient for inter-observer reliability were calculated. Satisfaction and ease of use were
evaluated with a visual analog-scale questionnaire and analyzed using paired #-test.
Results: The sensitivity (95% CI) and specificity (95% CI) of the CU-VF to detect hemi-
anopia was 74.42% (58.53-85.96) and 93.94% (78.38-99.94). Kappa coefficient between
neuro-ophthalmologists versus general ophthalmologist and general practitioner were 0.71
and 0.84, respectively. The mean (SD) test duration was 2.25 (0.002) minutes for the CU-VF
and 5.38 (1.34) minutes for SAP (p < 0.001). Subjects reported significantly higher satisfac-
tion and comfort using the CU-VF software compared to SAP.

Conclusion: The CU-VF screening software showed good validity and reliability to detect
hemianopia, with shorter test duration and higher subject satisfaction compared to SAP.
Keywords: hemianopia, visual field, screening software

Introduction

Retrochiasmal visual pathway lesions cause homonymous hemianopia. The preva-
lence of homonymous hemianopia was reported by 0.8% in a population-based
cohort study, the Blue Mountains Eye Study.' Homonymous hemianopia was the
most common visual field defect in stroke survivors, with the prevalence reported
as high as 56.9%.>* The most common cause of homonymous hemianopia is stroke
(69.7%).* Other causes are trauma and intracranial tumors, which are 13.6% and
11.3%, respectively.’

Hemianopia can cause significant limitations to daily activities.®” If the diag-
nosis is given early, affected individuals can benefit from visual rehabilitation to
improve their quality of life. Moreover, hemianopia detection can facilitate the
diagnosis of undetected brain abnormalities.

There are many techniques to assess visual fields (VF). Confrontational visual
field testing (CVF) is easy and inexpensive; however, the results are examiner-
dependent. Previous reports showed that the sensitivity of CVF in detecting
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posterior visual field defects is 56.5-68.3%, and specificity
is 93.4-100%.%° According to low sensitivity, CVF is
probably not suitable for screening visual field defects of
posterior visual pathway lesions. Standard automated peri-
metry (SAP) is currently a standard for visual field evalua-
tion. Nonetheless, SAP requires technologically adept
subjects to achieve reliable results besides its cost and
length of the test. This aspect of prolonged test-taking
made it difficult for elderly and neurological patients to
concentrate on the visual task. Furthermore, SAP cannot
be performed at a patient’s bedside in an inpatient setting.

Due to SAP’s immobility and high cost, several
devices have been developed to overcome this limitation,
particularly for patients who cannot travel or live in
remote areas. Visual field testing software incorporated
with tablet devices, smartphone-based head-mounted
devices and virtual reality glasses are regarded as useful
to improve the accessibility and frequency of visual field
testing for patients.

As for visual field testing in glaucoma, there are many
tablet-based visual field screening tools, such as
Melbourne Rapid Fields (MRF),'® Visual Fields Easy
(VFE),"" and Eyecatcher,'* which have shown comparable
results in Humphrey Field Analyzer (HFA). Tablet-based
visual field tests without a headset are convenient for
portable visual field screening; however, limitations are
difficulties in working distance and lighting control.

Another portable perimeter is a smartphone-based
head-mounted device or virtual reality (VR) glasses, such
as the oculo-kinetic perimetry (VR-OKP) test,'* imo,'
and Kasha visual field. Visual field results using head-
mounted devices have a high correlation with SAP in
glaucoma subjects. Patients are free to change position or
move their heads while testing and use their hands to hold
the VR glasses to feel more comfortable.

In the meantime, limited studies have validated the
portable perimeter in neurological patients, and currently,
none has compared the diagnostic accuracy among inter-
preters with different experiences in neurological condi-
tions. Suprathreshold static perimetry in iPad-based VFE
application was found to have a tendency of overestimat-
ing visual field defect in stroke patients with extensive
visual field loss; however, it demonstrated good sensitivity
(89%) and lower specificity (76%) for detecting an abnor-
mal visual field when compared to HFA.'> Rowe et al
developed the Vision Screening Assessment (VISA) tool
for identifying visual impairment in stroke patients, which
was available in a print version and as an application using

a tablet. In part of kinetic visual field assessment using
VISA application in tablet screen, the results were com-
pared with the binocular Humphrey Esterman visual field
test (EVFT) and found a kappa value of 0.701 (95% CI
0.564 to 0.838).'® The Kasha visual field is a portable
head-mounted perimetry system, using a moving fixation
target in suprathreshold testing strategy. Hollander et al
found comparable sensitivity with confrontation visual
field test method in terms of visual defect pattern when
performing bedside on the patients admitted to neurosur-
gery service.'”

The visual-field testing devices that were previously
developed to improve accessibility for patients in rural
areas still have certain limitations, especially its require-
ment for smartphone-based head-mounted device or vir-
tual reality glasses. On the contrary, personal computers
and LCD monitors are commonly available in every hos-
pital and even in regular household. Our objective is to
develop reliable, accurate, and user-friendly VF screening
software that can be installed on a personal computer to
diagnose hemianopia.

Patients and Methods
Subjects

This
Ophthalmology, Faculty of Medicine, Chulalongkorn
Bangkok, Thailand. The
Institute
Chulalongkorn University, which is in concordance with

study was conducted at the Department of

University, protocol was

approved by the Review Board of
the Declaration of Helsinki. Informed consent was
obtained from all patients. The study was registered with
the Thai Clinical Trials Registry (TCTR20161009003).
The participants, aged 18 years or older and with the
best-corrected visual acuity of better than 20/200 were
enrolled from the inpatient service and outpatient eye
clinic at the Department of Ophthalmology and
Department of Medicine, King Chulalongkorn Memorial
Hospital, Bangkok, Thailand. We included the patients
who had confirmed hemianopia as cases; and the partici-
pants without hemianopia as controls. The exclusion cri-
teria were participants who had documented cognitive
impairment, inability to complete visual field tests due to
physical and/or mental disorder, and unreliable SAP
results; indicated by false positive or false negative more
than 33%, or fixation loss more than 20%. All patients
with confirmed hemianopia had magnetic resonance ima-

ging (MRI) or computed tomography (CT) revelation of
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the corresponding lesions of retro-chiasmal visual path-
way. The control group consisted of patients with normal
eye examination and patients with retinal diseases, glau-
and non-hemianopic

coma, neuro-ophthalmological

diseases.

Perimeters

A Humphrey Visual Field Analyzer (Carl Zeiss Meditech,
Inc., Dublin, CA) was performed as SAP with a 4-mm?*
Goldmann size III stimulus on a dim background (31.5
Apostilb). The SITA Standard strategy and the 24-2 testing
protocol was used. The patients were instructed to main-
tain fixation on the central target and pressed on a buzzer
whenever they saw a light stimulus.

We developed a new VF screening software (CU-VF)
using Microsoft™ NET Framework platform. The soft-
ware aims to test the VF in 24 degrees from fixation and
can be installed in most Windows-based personal compu-
ters. We installed our test software on a Windows 7 based
laptop, connected to a 19-inches, 1280x768 pixels LCD
monitor (Figure 1). Screen brightness and contrast were
adjusted to match the ambient light (40-50 lux) by grays-
cale standard calibration, which was the act of adjusting
the LCD monitor to confirm that from near black (10%
brightness) to white (100% brightness), the monitor shows
as close to the correct shade of gray as possible. The CU-
VF software has 54 test locations. White and gray-colored
stimuli were randomly presented on the black screen twice
with random pauses. The stimulus shape was circle, and
the diameter was 5 millimeters, presented for 250 milli-
seconds with a 400-millisecond interval. The background
illumination of the screen was 2 cd/m?. The luminance of
white and gray stimuli was 200 cd/m® and 50 cd/m?,
respectively. The software had algorithms to detect false-
positive and false-negative values. During the test, the
software randomly paused stimuli ten times with the
same duration and interval as the standard stimuli. If the
subject clicks a mouse during this period, it will count as
a false-positive value. The software also randomly retested
about 10% of some areas where the subject had already
responded to a gray stimulus. If the subject does not
respond to a repeated stimulus at a previously tested loca-
tion on the screen, it will be marked as a false negative.
The examples of test results are shown in Figure 2. When
the testing was complete, the software displayed the result
as a VF graphic plot. The gray area is an acceptable arca
for the blind spot (Figure 3). Each spot in the VF graphic
plot was marked with color; black, gray, and white spots.

Figure | Example of the CU-VF software unit and a reader.

When the subjects missed responding to both white- and
gray-colored stimuli, the software reported a black spot.
A gray spot is defined as only a white-colored stimuli
response. A white spot appeared for response in both
white and gray-colored stimuli.

One eye of each participant was randomly selected by
computer-generated random numbers and tested with the
new visual field software and SAP. For subjects
with unilateral poor visual acuity, the eye with good visual
acuity (VA better than 20/200) was selected for testing.
The untested eye was patched during the test. Forehead
and chin rests were provided to stabilize the subject’s head
position, keep a working distance of 33 cm from the
screen and ensure that the eye level is at the center of
the screen (Figure 1). A step-by-step instruction was then
shown on the screen for the subject to read.

The demographics, including age, sex, and underlying
disease, were entered and collected before each testing
session. Any refractive error was corrected to achieve the
best-corrected visual acuity of better than 20/200 at 33 cm
working distance.

Two neuro-ophthalmologists (SJ, PH) independently
evaluated for the presence of hemianopia in each subject’s
SAP result. Additionally, the CU-VF software results were
evaluated by 2 neuro-ophthalmologists, 1 general ophthal-
mologist, and 1 general practitioner; all interpreters were
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Figure 2 Examples of visual field results from the software compare with standard automated perimetry. (A) Pattern deviation. (B) Grayscale. (C) CU-VF software.

blinded to the clinical data. The hemianopia was graded as
either presence or absence in each VF testing result. To be
graded as hemianopia, the visual field defects must have
an abnormal point at the probability lower than 2% of
normal subjects in pattern deviation probability symbols,
respecting the vertical meridian. The sensitivity and spe-
cificity of CU-VF software were evaluated. The area under
the receiver operating characteristic curve (AUC), positive
and negative predictive values, the likelihood ratio of
a positive test, and the likelihood ratio of negative tests
were also assessed. Statistical analysis was performed
using the program available at Vassarstat.net. The non-

Figure 3 Example of a normal visual field result from the CU-VF software
presented in the visual field graphic plot. There are 54 test locations. The dark
gray area is an acceptable area for blind spot.

weighted kappa coefficient was calculated to determine
the
ophthalmologists versus general ophthalmologist and

interobserver ~ agreement  between  neuro-
neuro-ophthalmologists versus general practitioner in the
CU-VF results. Satisfaction and ease of use were evalu-
ated with a visual analog-scale questionnaire and analyzed
using paired z-test. The visual analog-scale questionnaire
was a continuous scale ranging from 0 to 10, which 0
signifying complete disagreement and 10 indicating com-
plete agreement. Test duration, satisfaction, and ease of

use scores were compared between CU-VF and SAP.

Results

The mean age of subjects is 54.95 years, with a range of
1881 years. There are 76 participants: 39 male and 37
female. The demographic data are shown in Table 1.
The CU-VF software’s sensitivity and specificity are
74.42% (95% CI, 58.53, 85.96%) and 93.94% (95%
CI, 78.38, 99.94%), respectively. The CU-VF software’s
positive predictive value and negative predictive values
are 94.12 (95% CI, 80.3, 99.3%) and 73.81 (95% CI,
58, 86.1%), respectively. The area under the ROC
(receiver operating characteristic) curve is 0.84 (95%
CI, 0.76, 0.92) (Figure 4). The likelihood ratio of posi-
tive test and likelihood ratio of the negative test is 12.28
(95% CI, 3.17, 47.60) and 0.27 (95% CI, 0.16, 0.46).
Kappa coefficients between neuro-ophthalmologists ver-
sus general ophthalmologist and general practitioner
were 0.71 (95% CI, 0.55, 0.87), and 0.84 (95% CI,
0.72, 0.96), respectively. The average (SD) test duration
of the software was 2.25 (0.002) minutes. This is statis-
tically different from SAP, which took 5.38 (1.34) min-
utes (p < 0.001).
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Table | Patient Demographics

Demographic Hemianopia | Non-

Hemianopia

Subjects (n) 43 33
Side of eye (% left) 53.49% 39.39%
Age in years (mean (SD)) 53.06 (15.09) | 59.24 (9.97)
Sex (% female) 58.14% 42.42%
Visual acuity
LogMAR (mean (SD)) 0.30 (0.287) 0.21 (0.251)
Diagnosis
Brain tumor 24 (55.81%) 3 (9.09%)
Stroke 10 (23.25%) 5 (15.15%)
Arteriovenous 4 (9.30%)
malformation
Temporal lobe epilepsy 2 (4.65%)
Intracranial hemorrhage 2 (4.65%) 1 (3.03%)
Brain abscess 1 (2.32%)
Glaucoma 20 (60.60%)
Other optic neuropathies 3 (9.09%)
Normal 1 (3.03%)
Type of visual field defect
Hemianopia 40 (93.02%)
Quadrantanopia 3 (6.98%)
Altitudinal 4 (12.12%)
Arcuate 14 (42.42%)
Paracentral scotoma 3 (9.09%)
Nasal step 4 (12.12%)
Tunnel vision 3 (9.09%)
Enlarged blind spot 1 (3.03%)
Normal 4 (12.12%)

We used a visual analog-scale questionnaire to assess
patients’ comfort, satisfaction, ease of use, and concentra-
tion during the test. The CU-VF software received signifi-
cantly higher patient satisfaction in both groups in every
category (p < 0.05) (Table 2).

Discussion

We developed a new VF software to facilitate
a hemianopia diagnosis using a personal computer.
Potentially, general practitioners and ophthalmologists in
the rural areas can implement this visual field testing soft-
ware for hemianopia detection if made publicly available.
Our result shows relatively good sensitivity (74.42%) and
specificity (93.94%) of the CU-VF test using SAP as the
gold standard. The AUC is 0.84, interpreted as a good test.
Moreover, the result presents a good positive predictive
value and negative predictive value, a high likelihood ratio

of positive test, and a low likelihood ratio of negative test.

These results support our CU-VF test’s suitability to be
used as a diagnostic and potential screening test. The
patient’s satisfaction is better, and the CU-VF test duration
is significantly shorter (2.25 vs 5.38 minutes, p < 0.001)
compared to SAP.

Interobserver agreement was evaluated in the CU-VF
test. The result shows good agreement (0.71) between
neuro-ophthalmologists and a general ophthalmologist,
(0.84)
ophthalmologists and a general practitioner. We can

and excellent agreement between neuro-
assume that general practitioners and general ophthalmol-
ogists can use and interpret the new visual field test with
good reliability.

Various visual field tests are used to detect hemianopia
in many neurological diseases that affect posterior visual
pathways. In a previous study, the sensitivity and specifi-
city of confrontational visual field (CVF) tests in detecting
posterior visual field defects are 56.5-68.3% and 93.4—
100%, respectively.*’ Compared with the CU-VF test
result, CVF has comparable specificity, but less sensitivity.
CVF can detect hemianopia with a complete scotoma
while respecting the midline; however, it is more challen-
ging to identify partial scotoma in resolving stroke patients
with CVFE. Additionally, the CU-VF displays the result as
a VF graphic plot, which is easy to interpret and explain to
the patient. The software can also store the results from
previous tests, compare, and display them instantly.
Frequency doubling technology (FDT), which is used to
detect VF defects in early glaucomatous groups, had low
reliability to detect hemianopia compared to SAP.'® Wall
et al showed that the FDT’s sensitivity was 48.0%, and its
specificity was 61.9%, compared with conventional auto-
mated perimetry in the hemianopia group. 19 Similar values
were shown by Taravati et al, where the FDT’s sensitivity
was 69% and specificity was 74%.%°

Nowadays, there are few computer-based VF testing
applications. “Read-right” is a web-based application that is
freely accessible with a short testing duration. It has reported
sensitivity of 55-100%, and specificity of 75—-100% when
compared to SAP.*' Nonetheless, the Read-right application
requires an internet connection, and it is only available in an
English version. Moreover, before using this application, it
required registration as a participant in the experiment.
Another computer-based VF test is the Rarebit perimetry.
The previous study reported sensitivity ranged from 82.1%
to 97.4% and specificity 90.2% to 100% in detecting early
glaucomatous visual field damage with different algorithms
evaluation, and Rarebit perimetry also had a good correlation
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Figure 4 This plot shows the area under the ROC curve (AUC score).

22,23

with SAP lobe
Nevertheless, Rarebit perimetry had only 24 test areas. The

in  occipital infarction patients.
average test duration in normal subjects was 268 + 34.1
seconds, and in hemianopic patients with occipital lobe
infarction was 4.19 and 4.18 minutes, for the right and left
eye, respectively, longer than our CU-VF test time.**
Due to the limited accessibility of visual field tests to
physicians in underserved and remote areas, we felt the need
to create a visual-field testing system that is easy to access
and implement, with acceptable sensitivity and specificity

compared to the SAP. A computer-based VF test system can

be easily administered in any health care setting and is
inexpensive. Ease of use and test duration are the other
essential factors to consider when developing a system to
use in the elderly and neurological patients because these
will affect the result when the test takes a long time to
perform. Our CU-VF screening system has significantly
shorter test duration and higher subjects’ satisfaction than
SAP. Furthermore, the VF graphic display is similar to
SAP’s grayscale, allowing other specialists besides neuro-
ophthalmologists to easily interpret the result. Our study

demonstrated that a general ophthalmologist and a general

Table 2 Comparison of Visual Analog Scale Questionnaire Scores Between Standard Automated Perimetry (SAP) and the CU-VF

Software
List of Questions Mean * SD Score P value
SAP CU-VF Software

User friendly 6.66 + 1.98 9.19 £ 0.92 < 0.001
Comfort of eye during test 6.60 £ 1.78 8.68 + 1.05 < 0.001
Comfort of eye after test 7.12 £ 1.96 874 + .14 < 0.001
Comfort of neck during test 736 £ 1.86 845+ I.14 < 0.001
Comfort of neck after test 7.33 £ 1.81 8.60 £+ 1.26 < 0.001
Confidence while pressing a button 7.14 £ 2.00 876 + 1.24 < 0.001
Concentration during test 7.85 % 1.78 8.96 + 1.25 < 0.001
Overall satisfaction 745 + 1.87 9.23 £ 0.92 < 0.001
Use at home 4.06 + 3.36 5.98 + 3.83 0.002
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Figure 5 Examples of midline shift visual field defect results from the CU-VF software. (A) Left eye. (B) Right eye.

practitioner can interpret CU-VF results accurately with high
sensitivity and specificity, and reliably in good agreement
with experienced neuro-ophthalmologists. In the current
COVID-19 pandemic, many patients cannot follow up with
their physicians as non-urgent hospital visits are discour-
aged. Telemedicine, using computer-based VF testing appli-
cations to detect and monitor hemianopia, can help
ophthalmologists care for this population during the
COVID-19 pandemic.

The limitation of our instrument is the instability of the
head position. We used a forehead and chin rest to fix the
subject’s head position; however, we could not control the
degree of face turn in some patients. As a vertical cutoff of
visual field defects is the key to hemianopia diagnosis, the
midline shift that may occur with face turn lessens the
test’s sensitivity in detecting hemianopia. The examples of
test results are shown in Figure 5. In general practice,
those who apply this CU-VF test must ensure that the
subject head position is in good alignment. Another lim-
itation was that the software does not have an algorithm to
monitor the eye fixation. Although our software detects
false negative and false positive, this cannot replace the
fixation monitoring. We assumed a good fixation if there
was a blind spot present in the corresponding area.

Another consideration is that ophthalmologists com-
monly use pattern deviation in SAP to diagnose or follow-
up on patients with visual field defects. However, our CU-
VF demonstrates VF results in terms of total deviation.
Consequently, our CU-VF results can be difficult to inter-
pret in those with poor visual acuity from media opacity.

Conclusions

Our CU-VF software shows good validity and reliability in
detecting hemianopia, with shorter test duration and higher
subjects’ satisfaction compared to SAP. This can be
applied as another diagnostic and screening tool in hemi-
anopic patients. Once it becomes publicly available, it has
great potential benefits for clinical practice and the general
public where SAP is not easily accessible.
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