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Purpose: To test the use of a virtual reality visual field headset (VRVF) for implementation of the Esterman
visual field (EVF) test as compared with standard automated perimetry (SAP) among people with glaucoma.

Design: Experimental design.
Subjects: Patients with mild to severe glaucoma ranging from 10 to 90 years who presented for follow-up at

a glaucoma clinic in Miami, Florida were eligible.
Methods: Participants performed the EVF test on both SAP and VRVF. Five glaucoma-trained ophthalmol-

ogists were then asked to rate all anonymized SAP and RVF tests as a “pass” or “failure” based on Florida state
law.

Main Outcome Measures: Point-by-point concordance between original VRVF EVF test results and SAP
EVF test results was calculated using the Kappa statistic. Concordance between SAP and VRVF was secondarily
assessed with a conditional logistic regression based on the pass-failure determinations by the glaucoma-trained
ophthalmologists. Interrater agreement on test pass-failure determinations was also calculated. Finally, test re-
sults on SAP versus VRVF were compared based on Esterman efficiency score (EES), the number of correct
points divided by the number of total points, and duration of testing.

Results: Twenty-two subjects were included in the study with ages ranging from 14 to 78 years old.
Concordance between VRVF and SAP test using point-by-point analysis was poor (k ¼ 0.332, [95% confidence
intervals {CI}: 0.157, 0.506]) and somewhat increased using pass-failure determinations from ophthalmologists
(k ¼ 0.657, [95% CI: 0.549, 0.751]). Ophthalmologists were more likely to agree amongst themselves on pass-
failure determinations for VRVF tests (k ¼ 0.890, [95% CI: 0.726, 0.964]) than for SAP (k ¼ 0.590, [95% CI:
0.372, 0.818]); however, VRVF demonstrated significantly lower EES than SAP (median EES difference: 4.5 points,
P ¼ 0.021).

Conclusions: This pilot study is the first to assess the implementation of the EVF test using a virtual reality
headset. Based on the weak overall agreement between VRVF and SAP, the current VRVF EVF test is not an
acceptable determinant of driver’s licensing. However, ophthalmologists were more likely to agree amongst
themselves on VRVF test reports than on SAP reports. With further testing and improvement, virtual reality may
eventually become a portable and convenient method for administering the EVF test.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclo-
sures at the end of this article. Ophthalmology Science 2024;4:100534 ª 2024 by the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Visual field damage has been shown to be related to
impaired driving performance. Glaucoma, a disease that
particularly affects peripheral vision, has been noted to be a
leading reason for issues obtaining a driver’s license at a
higher age from an ophthalmic standpoint. The Esterman
visual field (EVF) test, traditionally performed using stan-
dard automated perimetry (SAP), is a binocular, supra-
threshold test consisting of 120 size III dB points and is
typically performed by patients with visual field deficits
such as glaucoma.1 Outcomes are represented on a chart of
the 120 points with binary outcomes as to whether the
individual correctly identified each point using his or her
peripheral vision.2 As one of the first developed binocular
visual field tests, the EVF test has become a standard in
assessing visual field deficits that would affect driving
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performance due to its ability to simulate binocular vision
while operating a motor vehicle. Moreover, the test
emphasizes central and inferior pointsdareas of the visual
field with more functional importance while driving.3,4 For
these reasons, motor vehicle offices typically use an
ophthalmologist’s interpretation of a patient’s EVF test to
help determine whether an individual may legally drive.1,4

The EVF test was first created in 1967 by Dr Benjamin
Esterman as a visual field system that could quantify field
function. It was originally a monocular grid of 104 points
with importance given to the center, horizontal meridian,
and lower visual field and a 25� radius. One year later, he
presented a second monocular grid with 100 points but with
a wider radius, capturing 50 degrees nasally and 80 degrees
temporally. Dr Esterman presented his final visual field grid
1https://doi.org/10.1016/j.xops.2024.100534
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15 years after his original grid by merging his previous
monocular grids into a binocular grid with 120 tested
pointsdthis became the EVF test used today.2,4 Within
2 years, the American Medical Association adopted the
binocular Esterman disability score, defined as the percent
of defects out of total points tested on the EVF test, as the
standard to evaluate visual impairment, and the final
Esterman binocular grid was incorporated into standard
perimeters for ophthalmologists to utilize in visual field
assessments.4,5

Interpretation of EVF test results in the assessment of
driving ability is variable. In 1999, authors Anderson and
Patella stated that drivers should have binocular visual fields
extending �50� both to the right and to the left of fixation in
their book Automated Static Perimetry.2 However, each
country or state has its own rules on what degree of field
loss is acceptable. In the United Kingdom and Australia, a
loss of up to 3 adjoining points within the central 20�
radius is allowed while only 1 missed point is allowed in
the Netherlands.4 In the United States, states may choose
whether to include a visual field requirement with
specifications such as “130� of uninterrupted horizontal
visual field” in Florida or “120� in the horizontal meridian
with at least 30� in the nasal field of 1 eye” in New
Mexico.6,7 Some states may also have visual acuity
requirements or may ask questions about monocularity,
diplopia, impaired night vision, or history of retinitis
pigmentosa, for instance.8

With its widespread use in the assessment of visual fields
and driving, the EVF test is commonly used for visually
impaired patients, and portability with a virtual reality de-
vice may provide greater accessibility and convenience of
the test. In current practice, the EVF test is performed using
stationary perimetry machines located in health care facil-
ities. Thus, individuals are often required to make an extra
trip to a physician to be tested. Cost of standard perimeters
and inability to accommodate multiple patients at once in
current testing environments can further contribute to chal-
lenges for implementation of the EVF in ophthalmology
practices. Head-mounted virtual reality headsets have been
used in the assessment of a variety of ophthalmic disorders,
such as ocular deviation in strabismus patients, standard
perimetry in glaucoma evaluation, or superior visual field
testing in patients with ptosis.9e11 No studies have shown
the use of head-mounted virtual reality headsets for the
implementation of the EVF test, which could allow drivers
the opportunity to perform the EVF test at public settings
such as a motor vehicle office and increase user conve-
nience. This pilot study aims to assess the use of a virtual
reality visual fields (VRVF) headset for implementation of
the EVF test to obtain results comparable to those from SAP
among a sample of participants with glaucoma.
Methods

Patients ages 10 to 90 with mild or moderate-severe glaucoma pre-
senting to a glaucoma clinic at the Bascom Palmer Eye Institute were
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eligible for the study. Patients were classified as having mild glau-
coma or moderate-severe glaucoma based on the treating clinician’s
determination of glaucoma severity from clinical presentation and
prior SAP visual field testing. New patients were excluded from the
study because they did not have baseline SAP exams on chart review
to determine glaucoma severity. Patients presenting for a post-
operative exam were also excluded to avoid the risk of injury to the
operative site with the visual field headset. All methods were
approved by theUniversity ofMiami Institutional ReviewBoard and
adhere to the tenets of the Declaration of Helsinki. All participants
provided written consent. Individuals below the age of 18 provided
assent with consent provided by a parent or guardian. Funding was
received for this study and is detailed in the disclosures section at the
end of the manuscript.

Included individuals were randomized to perform the test on
either VRVF or SAP first. Instructions were given by the researcher
for the VRVF test and by an ophthalmic technician for the SAP
binocular static Esterman test as per standard perimetry guidelines.
The EVF test is performed by displaying a central point which
functions as the subject’s focus while intermittently displaying
peripheral points for which the subject should click a controller
when seen. Eyeglasses were worn during testing if the participant
normally wore glasses. For the VRVF test, the subject was given a
controller that was virtually connected to the headset and clicked
the “start” button for a short instructional video to begin. Upon
initiation of the EVF test, the VRVF device would display the test
points on a monitor inside the headset based on a program engi-
neered by Virtual Vision Health, and participants were asked to
click the button when they notice a point displayed in the periphery
during the test.12 Test parameters such as duration of test, number
of correct points, number of missed points, false positives, false
negatives, and fixation losses for the VRVF device were
uploaded to a secure, cloud-based web platform for researchers
to review after completion of the test. The same test parameters
were obtained from SAP tests as well. Each participant completed
both the VRVF and SAP test. If an individual did not complete
both the VRVF and SAP test after initial consent to participate in
the pilot study, the individual was excluded from further analysis.
Participants were recruited over the course of 1 month from
approximately October 14, 2022 to November 16, 2022. Recruit-
ment was stopped following this period so evaluation of the pilot
device could be performed, and researchers could undergo subse-
quent device improvement for future studies. This pilot study
discusses the findings of the initial period of data collection.

Test results were analyzed with a Kappa statistic for clustered
matched-paired data that evaluated the concordance of EVF test
results on SAP versus VRVF.13 In order to calculate this, each of
the 120 tested points on each EVF test was converted into “0” for a
point that was not correctly identified during the test and “1” for a
point that was identified correctly. If the VRVF device failed to
obtain all 120 points and only obtained 119 points, which
occasionally occurred with the device, the point not obtained was
excluded from analysis because no comparison could be made.
Since all point locations remained the same on both devices,
overall point-by-point concordance between the 2 devices could
be examined. Concordance between points in 6 regions of the EVF
grid was also examined based on a plot created by a 2013 Korean
study.14 In the study, binocular EVF test was divided into 6
clusters: upper center 10’, lower center 10’, upper center 30’,
lower center 30’, upper periphery, and lower periphery. Within
each region, the correlation between the Esterman efficiency
score (EES) and the score on a visual function questionnaire
regarding patients’ vision-specific quality of life was calculated.



Figure 1. Standard automated perimetry Esterman visual field test divided
into 6 regions. *Based on a graphic created by Lee, J.Y., Cho, H.K., Kee,
C., Assessment of the Vision-Specific Quality of Life Using Binocular Esterman
Visual Field in Glaucoma Patients. Journal of the Korean Ophthalmological
Society, 2013.

Figure 2. Virtual reality perimetry Esterman visual field test divided into 6
regions. *Based on a graphic created by Lee, J.Y., Cho, H.K., Kee, C.,
Assessment of the Vision-Specific Quality of Life Using Binocular Esterman
Visual Field in Glaucoma Patients. Journal of the Korean Ophthalmological
Society, 2013.
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In order to calculate correlations between VRVF and SAP by re-
gion in the present study, the plot used in the 2013 study was used
for analysis of both the SAP (Fig 1) and VRVF (Fig 2) tests.

Following all testing, VRVF and SAP test results were ano-
nymized and randomized. Glaucoma-trained ophthalmologists
were asked to grade all tests as “pass” or “failure” based on Florida
state law requiring 130 degrees of uninterrupted horizontal visual
field on the EVF test. Each test given a pass was converted to a “1”
and a failure was converted to a “0” for further statistical analysis.
Concordance between the 2 devices was then analyzed using the
pass-failure determinations from ophthalmologists to evaluate
whether ophthalmologists had the same determination of either a
“pass” or a “failure” on both the SAP test and VRVF test for each
subject. This was measured using a conditional logistic regres-
sion.15 Inter-rater agreement was also calculated using Light’s k
statistic to observe the agreement between different ophthalmolo-
gists on “pass” or “failure” determinations for SAP versus
VRVF.16 The bias-corrected and accelerated bootstrap was used to
obtain the 95% confidence intervals (CIs) for Light’s k statistic.

All EVF tests were further analyzed based on the EES, a unit of
measurement for the EVF test that is a calculation of the number of
correct points divided by the total number of points displayed on the
test.4,17 TheWilcoxon signed rank test was used to compare EES and
duration of testing between VRVF and SAP for patients
characterized as having mild glaucoma, patients with moderate-
severe glaucoma, and all patients regardless of disease severity and
to calculate a k value for each. Additionally, the Wilcoxon signed
rank test was conducted to check if a difference between SAP EES
and VRVF EES existed within each randomization group (VRVF
test performed first or SAP test performed first) or if a difference
existed between the EES of the first and second visual field test to
evaluate whether the order of the visual field test performed played a
role in the participant’s performance. The data were analyzed using
SAS version 9.4 (SAS Institute) and R version 4.3.1 with the psy,
boot, and survival packages.18e22
Results

Of the 26 patients who initially consented to participate in
the study, 4 were excluded from the final analysis as they
did not complete both the VRVF and SAP tests (3 did not
complete both tests) or withdrew their consent to participate
(1 withdrew). Twenty-two subjects were included in the
final analysis with ages ranging from 14 to 78 years old.
Eleven had mild glaucoma and 11 had moderate-severe
glaucoma. Figure 3 shows an example of EVF test results
from 1 subject on SAP (left) and VRVF (right). The most
common pass-fail determination from the 5 glaucoma spe-
cialists was determined for each VRVF and SAP test.
Table 1 shows the congruency between the pass-fail de-
terminations on SAP versus VRVF based on the most
common determinations. Using SAP as the gold standard,
the false positive rate was calculated at 20.0% and the false
negative rate was calculated at 35.3% (Table 1).

Measurements of point-by-point concordance between
VRVF and SAP test results showed fair agreement between
the tests (k ¼ 0.332, [95% CI: 0.157, 0.506], Table 2).
When analyzed by region, the highest concordance was
found in the upper center 10’ (k ¼ 0.455, [95% CI: 0.139,
0.771]) while the lowest concordance was found in the
lower center 10’ (k ¼ 0.051, [95% CI: �0.064, 0.166],
Table 2). Concordance between VRVF and SAP using
pass-failure determinations from ophthalmologists demon-
strated better agreement (k ¼ 0.657, [95% CI: 0.549, 0.751],
Table 2). While there was still no complete agreement
between VRVF and SAP using pass-failure de-
terminations, ophthalmologists were more likely to agree
amongst themselves on pass-failure determinations for
3



Figure 3. SAP and VRVF graphs obtained for a patient with moderate-to-severe glaucoma. For the SAP test, white points are correct points and black
points are missed points. For the VRVF test, green points are correct points and red points are missed points. EES ¼ Esterman efficiency score; SAP ¼
standard automated perimetry; VRVF ¼ virtual reality visual field.
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VRVF tests (k ¼ 0.890, [95% CI: 0.726, 0.964]) than for
SAP (k ¼ 0.590, [95% CI: 0.372, 0.818], Table 3). After
results were stratified by severity, compared with SAP,
there was a significant increase in interrater agreement on
VRVF for mild glaucoma subjects (VRVF k ¼ 0.917, 95%
CI: [0.661, 1.00]; SAP k ¼ 0.467, 95% CI: [0.258, 0.552])
and an increase in interrater agreement on VRVF for
moderate-severe glaucoma subjects (VRVF k ¼ 0.785, 95%
CI: [0.600, 1.00]; SAP k ¼ 0.601, 95% CI [0.302, 0.848],
Table 3), but with no statistical significance.

Further analysis of test results demonstrated a significant
median difference in EES with SAP capturing higher scores
than VRVF (median EES difference: 4.5 points, P ¼ 0.021,
Table 4). This difference seemed to stem from measurements
belonging to the moderate-severe glaucoma patients (median
EES difference: 12 points,P¼ 0.007, Table 4), as therewas no
significant median difference in EESmeasurements from the 2
devices among mild glaucoma patients (median EES
Table 1. SAP vs. VRVF Headset Pass-Fail Determination Based on the
for Each Participa

Passed VRVF

Passed SAP (Gold Standard) 11 (50.0%)
Failed SAP (Gold Standard) 1 (4.6%)
Total 12 (54.6%)

False Positive Rate
False Negative Rate

SAP ¼ standard automated perimetry; VRVF ¼ virtual reality visual field.
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difference: 0 points, P ¼ 0.800, Table 4). Notably, the
significant median difference in EES taken by the SAP and
VRVF devices was also present among the group
randomized to VRVF first (median EES difference: 10.5
points, P ¼ 0.035, data not displayed in tables) while those
randomized to SAP first experienced no significant median
difference in EES between the devices (median EES
difference: 0.5 points, P ¼ 0.47, data not displayed in
tables). Yet, overall, the median difference between the first
and second visual field test participants completed was not
significant (median EES difference: �2.5, P¼0.160, data not
displayed in tables). There was also no significant median
difference in duration of time between the SAP and VRVF
devices in all patients (median difference in duration: �11
seconds, P ¼ 0.148, Table 4) nor in mild (median difference
in duration: �6 seconds, P ¼ 0.288, Table 4) or moderate-
severe (median difference in duration: �15 seconds,
P ¼ 0.413, Table 4) glaucoma patients.
Most Common Pass-Fail Determination by 5 Glaucoma Specialists
nt (N ¼ 22)

Failed VRVF Total

6 (27.3%) 17 (77.3%)
4 (18.2%) 5 (22.7%)
10 (45.5%) 22 (100.0%)
20.0%
35.3%



Table 2. Concordances Between Virtual Reality Visual Field Headset and Standard Automated Perimetry: By Overall Points, by Points in
6 Regions, and by Pass-Fail Determinations

Kappa Statistic 95% Confidence Interval

Overall points 0.332 [0.157, 0.506]
Points by region: upper periphery 0.394 [0.214, 0.574]
Points by region: upper center 30’ 0.282 [0.104, 0.459]
Points by region: upper center 10’ 0.455 [0.139, 0.771]
Points by region: lower center 10’ 0.051 [�0.064, 0.166]
Points by region: lower center 30’ 0.250 [0.006, 0.494]
Points by region: lower periphery 0.330 [0.117, 0.543]
Pass-fail determinations 0.657 [0.549, 0.751]
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Discussion

This pilot study is the first that assesses the implementation
of the EVF test using a virtual reality headset and did not
find strong concordance between SAP and VRVF results
based on point-by-point analysis for overall points, point-
by-point analysis for each of the 6 regions, or pass-failure
determinations from ophthalmologists. Previous research
on virtual reality devices has found variable results
regarding the agreement between virtual reality perimetry
and standard perimetry assessments. A 2023 study by Ter-
racciano et al found that a virtual reality device displayed
results that were in good correlation with a gold standard
perimeter in healthy subjects. However, unlike this pilot
study, the Terracciano et al study tested healthy subjects and
also assessed agreement with Pearson’s correlation coeffi-
cient rather than with k values.23 On the contrary, other
studies have found discrepancies between the 2 testing
modalities. In a 2021 study from Switzerland, a virtual
reality perimeter was found to slightly underestimate
visual field defects in glaucoma subjects.10 In 2022, a
study assessing another virtual reality perimeter concluded
that the tested device misclassified 28% of moderate
glaucoma cases as mild, 17% of moderate glaucoma cases
as severe, and 20% of severe cases as moderate.24 The
present study found that VRVF significantly overestimated
visual field defects with a significantly lower median EES
on VRVF in glaucoma subjects, particularly moderate-
severe glaucoma patients, when compared to SAP tests.
This suggests that the 2 tests are not yet comparable.

The discrepancy between the 2 devices may be explained
by several factors. One limitation of the study was that no test
reports were excluded due to false negatives, false positives,
and fixation losses, which may have created differences in
VRVF and SAP results. The study was also limited to a small
sample from a single institution. Participants may not have
understood the instructions on 1 of the 2 devicesdparticu-
larly on the VRVF device. Patients who are unfamiliar with
virtual reality technology may have had less of an under-
standing of the VRVF platform, leading patients to perform
worse on VRVF. Researchers attempted to minimize this
limitation by randomizing order of VRVF or SAP testing.
Even though subjects did not have considerably different first
and second visual field tests, the group randomized to VRVF
first had a significantly lower EES score on the VRVF headset
than on SAP. This may be explained by the fact that users
taking the VRVF test first experienced a greater learning
curve of trying to learn both the visual field test and virtual
reality test at the same time. Contrarily, cases that began with
SAP could become acquainted with the visual field test prior
to familiarizing themselves with the virtual reality device.
Many patients may have also had previous familiarity with
SAP visual field testing from previous office visits.While this
may explain some of the differences in SAP and VRVF, it
does not explain why only moderate-severe glaucoma cases
had significantly lower VRVF EES than SAP EES. A limi-
tation with the pass-failure determinations by ophthalmolo-
gists is that test type (SAP or VRVF) could not be blinded
because the results are displayed in different formats on the 2
devices. Finally, this study only examines glaucomatous in-
dividuals. It is possible that results between the SAP and
VRVF devices may more closely align when testing healthy
individuals, particularly after seeing closer associations be-
tween the 2 devices with mild glaucoma patients as compared
with severe glaucoma patients, and a future studymay include
healthy individuals in the study population to test this.

While the EVF test is commonly used in the assessment of
driving ability, there is significant debate regardingwhether the
EVF test should be used at all. As the first known method to
quantify binocular visual field loss, the EVF test showed sig-
nificant promise in assessing howvisualfield loss could impact
activities of daily living such as driving. Yet, Dr Benjamin
Esterman did not develop the EVF test with the purpose of
testing driving ability. The lack of standardization in test point
positions and duration of testing poses a challenge to ensuring
consistent tests. Researchers in Norway developed a binocular
suprathreshold perimetry algorithm for group 1 driving licen-
ses (car and motorcycle) in Europe to address the need for a
uniform traffic perimetry algorithm and help standardize
practices in enforcing visual field regulations. With its care-
fully chosen test pattern and definition of a positive test result,
the program demonstrated adherence to European visual field
requirements for group 1 drivers; however, use of the test was
limited to Europe.25 Another issue with using the EVF test is
that studies have shown that some individuals who fail visual
field criteria may still demonstrate safe driving behaviors or
can pass other driving assessments.26 Thus, some argue that
a positive test result, or a failing EVF test, should be an
indisputable assessment of driving performance, as denying
an individual’s driving ability could have a negative impact
on a person’s life and wellbeing.25 An overestimation of
visual field deficits may increase the number of people who
5



Table 3. Interrater Reliability Among 5 Raters for all Subjects, Mild Glaucoma Subjects, and Moderate-Severe Glaucoma Subjects on
SAP vs. VRVF Headset

Light’s Kappa Statistic 95% Confidence Interval

All subjects (n ¼ 22)
SAP 0.590 [0.372, 0.818]
VRVF 0.890 [0.726, 0.964]

Mild glaucoma (n ¼ 11)
SAP 0.467 [0.258, 0.552]
VRVF 0.917 [0.661, 1.00]

Moderate-severe glaucoma (n ¼ 11)
SAP 0.601 [0.302, 0.848]
VRVF 0.785 [0.600, 1.00]

SAP ¼ standard automated perimetry; VRVF ¼ virtual reality visual field.
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may not be able to obtain a license or have their license
revoked. Thus, is it important to perform further research on
the VRVF device in order to obtain increased concordance
between the VRVF and SAP devices.

Several other traffic perimetry algorithms have been
tested to develop an alternative to the EVF test to better
assess driving ability beyond standard visual field testing.
Prior research demonstrates that visual field test results from
the standard visual field tests such as the Goldmann and
Esterman tests may not be predictive of driving performance
for participants with and without visual field loss when
compared with an on-road driving assessment.26 This is
partially because the EVF test cannot account for certain
techniques that visually impaired individuals can use to
compensate for their impairment, such as turning their
heads to the direction of better sight or moving their eyes.
These actions cannot be performed during the EVF test in
which the individual must look at a solitary point
throughout the duration of testing without turning his or
her head. It is possible that glaucoma patients, the
Table 4. Quantitative Analysis of EES and Duration of Testing for all S
Subjects on SA

Variable Median

All subjects SAP EES 92.5 (77.0
VRVF EES 82.5 (56.0

All subjects SAP duration (in sec) 262.5 (249.
VRVF duration (in sec) 293.5 (254.

Mild glaucoma SAP EES 95.0 (78.0
VRVF EES 93.0 (82.0

Moderateesevere glaucoma SAP EES 88.0 (75.0
VRVF EES 59.0 (49.0

Mild glaucoma SAP duration (in sec) 252.0 (240.
VRVF duration (in sec) 270.0 (246.

Moderate-severe glaucoma SAP duration (in sec) 284.0 (260.
VRVF duration (in sec) 343.0 (293.

EES ¼ Esterman efficiency score; EVF ¼ Esterman visual field; IQR ¼ interquar
VRVF ¼ virtual reality visual field headset.
Median difference: SAP measurements e VRVF measurements.
*Wilcoxon Signed rank test.
y<0.05.
z<0.01.
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population of this study, utilize compensatory mechanisms
when driving that they could not display during the EVF
tests. Thus, recent studies have tested the use of pupil
tracking devices in traffic perimetry algorithms to analyze
how participants view traffic scenes on a virtual screen
without restriction of head or eye movements.27 A study
from the United Kingdom specifically looked at the eye
movements of glaucomatous patients when viewing
driving scenes in a hazard perception test and noted
significant differences in eye movements among patients
with glaucoma when compared with age-matched con-
trols.28 While novel traffic perimetry algorithms such as
these may show future utility, none have been widely
accepted. For this reason, the EVF test remains the
standard of driving assessment.4 However, based on the
weak overall agreement between VRVF and SAP, the
current VRVF EVF test is not currently an acceptable
determinant of driver’s licensing.

With significant debate on the use of the EVF test, future
studies may assess whether a VRVF device could be an
ubjects, Mild Glaucoma Subjects, and Moderate-Severe Glaucoma
P vs. VRVF

(IQR) Mean (SD) Median Difference P Value*

e99.0) 85.4 (18.4) 4.5 0.021y

e97.0) 74.1 (24.8)
0e317.0) 289.8 (62.5) �11 0.148
0e350.0) 302.0 (47.4)
e100.0) 90.8 (10.9) 0 0.800
e99.0) 86.7 (21.5)
e99.0) 80.0 (23.1) 12 0.007z

e83.0) 61.5 (21.9)
0e294.0) 265.0 (31.4) �6 0.288
0e294.0) 272.7 (35.6)
0e366.0) 314.5 (76.6) �15 0.413
0e357.0) 331.2 (39.6)

tile range; SAP ¼ standard automated perimetry; SD ¼ standard deviation;
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acceptable screening tool for visual field deficits that may
impact driving performance. This study did not find that the
VRVF device was comparable to SAP for the EVF test.
Although thisVRVF study overestimated visualfield losswhen
compared with SAP, physicians were more likely to agree
amongst themselves on VRVF reports. However, this study is
only a pilot study, and the results of this study are not yet
generalizable. Further testingmust be performed to obtain better
concordance between the 2 devices. Also, some of the limita-
tions with this study should be addressed. A limitation that the
study team noticed was that many patients may have had dif-
ficulty with using virtual reality technology, and this may have
led to the overall lowEES scores observed on theVRVFdevice.
Future studies should ensure that all participants understand
VRVF technology by, for instance, undergoing a standardized
trial of the device prior to undergoing the test for the study. In
order for this device to eventually be easily used in a real-world
setting, increased instruction on VRVF may be necessary.
While the device already plays an instructional video prior to
beginning the test, the instructional video may need to be
amended to explain the use of thedevicemore thoroughly, and it
may need to include a thorough sample test as well. A future
study may also examine test-retest reliability after each partic-
ipant completes the VRVF test twice and the SAP test twice to
seewhether scores are stable between thefirst and second test on
each respective device or if users improve on the second trywith
increased practice and familiarity. If significant differences still
exist between the 2 devices after ensuring proper VRVF
training, changes to theVRVF software may be necessary prior
to retesting the device.

The EVF remains the standard for driving assessment
across many countries, including the United States. Virtual
reality visual field devices may offer a portable and virtual
alternative to SAP, increasing user convenience. This pilot
study is the first, to our knowledge, to assess the imple-
mentation of the EVF test using a virtual reality headset but
did not find strong concordance between the 2 devices. The
present device showed only fair concordance between SAP
and VRVF results among tested individuals after point-by-
point analysis (0.332 [95% CI: 0.157, 0.506]) and some-
what better concordance after pass-failure analysis (0.657
[95% CI: 0.549, 0.751]), as VRVF tended to overestimate
visual field defects (median EES difference: 4.5 points,
P ¼ 0.021). Nevertheless, ophthalmologists were more
likely to agree amongst themselves on VRVF test reports
(k ¼ 0.890, [95% CI: 0.726, 0.964]) than on SAP reports.
While results on the 2 devices differed, the pilot study
showed that glaucoma patients may successfully complete
EVF testing with a virtual reality device and shows promise
for implementing the EVF test using virtual reality devices
in the future. With further device testing and evaluation,
virtual reality device use may become an acceptable,
portable, and more convenient method to screen for in-
dividuals who may require further visual field evaluation by
an ophthalmologist.
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