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Male, 15-year-old (7-months-old in at diagnosis)
Homonymous hemianopia

Visual field defect

Audiovisual stimulation at 15-years-old
Ophthalmology ¢ Rehabilitation

Unusual or unexpected effect of treatment

Homonymous hemianopia is a loss of conscious vision in one hemifield, strongly affecting everyday life.
Audiovisual stimulation programs improve visual perception in the blind hemifield; however, they use large
equipment operated in clinical settings. Such treatments require frequent visits at the clinic, hampering the
patient’s adherence and compliance. In one hemianopia patient, we tested a 4-week dynamic audiovisual re-
habilitation program in the stand-alone, remotely controlled, virtual-reality, head-mounted display Oculus Go
and measured the effect on visual perception.

A 15-year-old Caucasian male was diagnosed with a right homonymous hemianopia with splitting of central
fixation after a traumatic occipital contusion at age 7 months. Visual assessment showed impaired binocu-
lar contrast sensitivity and retinal sensitivity. Fixation stability and visual fields were strongly affected. After a
4-week audiovisual rehabilitation program, including 3 hours 20 minutes of stimulation, the contrast sensitiv-
ity, fixation stability, and paracentral visual perception were significantly enhanced, improving quality of life.
This pioneering work reports the use of virtual-reality in a head-mounted display to provide an audiovisual stim-
ulation protocol for low-vision rehabilitation in a hemianopia patient. Real-time data recording and remote con-
trol of the stimulation program demonstrate that such rehabilitation treatment can be performed by the patient
at home without interruption of care, decreasing the burden of disease. Beneficial effects on visual function
were measured according to clinical guidelines of low-vision assessment. Improvement in visual function and
quality of life challenge the prevailing belief that post-acute vision loss is both permanent and unchangeable.

Contrast Sensitivity ¢ Hemianopsia ¢ Quality of Life ¢ Rehabilitation ¢ User-Computer Interface ¢
Vision, Low
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Case Report

Homonymous hemianopia (HH) is a loss of conscious vision in
the contra-lesional hemifield of both eyes. It is caused by post-
chiasmatic injuries (eg, stroke, trauma, or tumors) affecting the
optic tract, lateral geniculate nucleus, optic radiations, or pri-
mary visual cortex V1. HH is a debilitating condition. In addi-
tion to the inability to drive, read, or navigate, the loss of in-
dependence and inability to enjoy leisure activities can have
significant emotional and social implications [1]. Patients pres-
ent difficulties in detecting stimuli in the affected field region,
showing impaired orientation and visual scanning [2] and a
skewed auditory space, leading to imprecise sound localiza-
tion [3]. These visual impairments translate into difficulties in
distance vision, impacting orientation and mobility, and in near
vision tasks such as reading [4]. Despite these sensory deficits,
some patients retain the ability to integrate audiovisual stim-
uli in the affected visual field [5]. Spontaneous recovery of vi-
sual field deficits is common and well-demonstrated [1]; how-
ever, it is highly variable and is correlated with the severity of
the injury [1]. Patients elaborate compensatory strategies, but
there is no standardized rehabilitation treatment for homony-
mous patients [6]. Several visual rehabilitation protocols have
been proposed with the primary objective of restoring visual
fields [6-9]. Among them, audiovisual stimulations have been
shown to improve oculomotor patterns and restore visual scan-
ning toward the blind field [7,8,10-12], with beneficial effects
lasting for several months [8]. This partial restoration of visual
function is mediated by neuronal plasticity and network stim-
ulation occurring within subcortical structures (superior collic-
ulus, lateral geniculate nucleus and pulvinar) connected to ex-
tra-striate cortex and bypassing V1 [13-16]. Such plasticity, in
the form of perceptual learning or long-term adaptation, is the
consequence of repetitive stimuli performed during the audio-
visual stimulation procedures [17-23]. One major drawback of
current audiovisual stimulation protocols included in visual re-
habilitation programs is the requirement of a clinical/laboratory
setting to accommodate large screen displays and sound speak-
ers, occupying substantial space [8,11,12,24]. For example, a 2
m widex30 cm high ellipse-shaped apparatus has been used for
audiovisual training in a laboratory setting [11,12,25]. Moreover,
the patients must arrange frequent appointments at the clinic/
laboratory, generating logistic and financial burden and affect-
ing adherence and compliance. Here, we tested the feasibility
of a 4-week-long audiovisual stimulation protocol based on the
3D multiple object tracking (3D-MOT) paradigm in a hemiano-
pia patient using an immersive virtual-reality (IVR) environment
rendered in the stand-alone, remotely controlled, head-mount-
ed display Oculus Go. As a secondary outcome, we measured
the effects on visual function and functional vision. Although no
improvement in field restoration were detected, we observed a
significant increase in contrast sensitivity, fixation stability, and
retinal sensitivity, which improved his quality of life.
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Patient Information

A 15-year-old boy was referred to the Low-Vision service at
the University Health Network Toronto Western Hospital. The
patient had an accidental traumatic posterior occipital con-
tusion in 2003 at age 7 months. He had multi-compartment
hemorrhage, including a large left parietooccipital intrapa-
renchymal hematoma, patchy diffusion restriction in the left
temporal and parietal lobes, and bilateral frontal subdural ef-
fusions (Figure 1A, 1B). He was originally diagnosed with a
right HH with splitting of central fixation at the Hospital for
Sick Children in Toronto.

Diagnostic Assessment

A low-vision assessment of the patient was performed by the
ophthalmologists running the visual rehabilitation program,
following previously described professional guidelines [26]. No
visual neglect was demonstrated with the Star Cancellation
tests [27]. Cognition tested with the Folstein Mini-Mental Status
Examination [27] was normal. Best corrected visual acuity was
20/20 for each eye. The refractive error was -2.00+0.50x180
OD and -2.00 OS. Contrast sensitivity evaluated with the FACT
test [27] showed more loss at the higher spatial frequencies for
the left eye (OS) than the right eye (OD) (Figure 2A, 2B gray lines).
Visual fields were mapped with the Nidek MP-1 Microperimetry
C10-2 Program [27] (single-cross 2°, Goldman Il stimulus). Both
eyes show reduced paracentral retinal sensitivity of 13.75 dB
and 14.00 dB for the right and left eye, respectively (Table 1).
Fixation stability, as measured by Nidek MP-1 using the bivari-
ate contour ellipse area 68% (BCEA 68%), was impaired in both
eyes at 31.02°2 for OD and 2.18°2 for OS (Table 1). Visual field
analysis, as measured by Humphrey field of view (Humphrey full-
field 81, stimulus: Ill, white; background: 31.5 asb; central and
peripheral reference: 34 dB) revealed 47/81 (58.0%) and 46/81
(56.8%) points seen for right and left eye, respectively (Table 1).
The orientation and mobility subsection of the Veterans’ Affairs
low-vision visual functioning questionnaire (LV-VFQ-48) [28,29]
showed an ability index of 2.39 logits (Table 1).

Therapeutic Intervention

Audiovisual stimulation in the head-mounted display Oculus Go
took place once weekly over a 4-week span at the Low-Vision
clinic at Toronto Western hospital. The patient was comfort-
ably seated, wearing the Oculus Go adjusted to his face. Each
stimulation session included 100 audiovisual trials divided in
10 sessions of 10 trials of 30 s each. Each trial consisted of
identifying a moving target in a 3D-immersive environment
on a black background (Figure 3). The target and visual dis-
tractors followed random linear movements across the visual
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Figure 1. Brain MRI without contrast. Axial T2 (A) and coronal T2 (B) indicating a left parietooccipital intraparenchymal hematoma.
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Figure 2. Contrast sensitivity measures. Graph representing contrast sensitivity in the right eye (OD — oculus dexter) (A) and left eye
(OS - oculus sinister) (B) at baseline (gray line) and after treatment (black line). Gray shaded area represents the coefficient

of repeatability, COR+0.24 logits.

field encompassing the blind field and bouncing on one an-
other and on the walls of a virtual 3D cube (78° horizontal ec-
centricity, 50° vertical eccentricity) when collisions occurred.
The target (a sphere of 1.57° visual angle, 81 cd/m? luminosi-
ty) could be tracked among 8 distractors using both vision and
audition when correlated spatial sound (60 Hz, 50 dB) accom-
panied the moving target. Correlated sound and target image
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are spatially and temporally readjusted every 16 ms, below
the temporal timeframe (100 ms) required for multisensory re-
sponse enhancement [19,22]. After 30 seconds of movement,
the spheres stopped, and the patient had to select the cued
target among the distractors using a hand-guided laser point-
er. A correct selection was recorded as a positive hit. Speed of
the spheres were 82.5°/s for week 1 and 2 and 90°/s for week
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Table 1. Outcome measures at baseline and after treatment.

Baseline

. . 47/81 46/81 50/81 43/81 +3 adjacent
Humphrey Full-Field (# points seen) (58.0%) (56.8%) (61.7%) (53.1%) el
Quality of life (orientation and mobility — logits) 2.39 3.01 +0.44

OD - oculus dexter — right eye; OS — oculus sinister — left eye; BCEA — bivariate contour ellipse area; COR — coefficient of repeatability.

Figure 3. Principle of audiovisual stimulation (NeurofyResearch) program. Sequence of the visual task. (A) Eight yellow still spheres
are present in a virtual cube. (B) One of these spheres turns red for 15 s (cued target) and returns yellow. (C) All spheres

APPROVED GALLEY PROOF

randomly move following linear paths across the visual field encompassing the blind field and bouncing on one another and
on the walls of the virtual 3D cube when collisions occurred. (D) After 30 s, spheres stopped moving.
(E) The patient had to select the cued target using a hand-guided laser pointer. (F) Correct selection was considered a positive hit.

3 and 4. Visual assessment at 4 weeks was performed at the
Low-Vision clinic at Toronto Western Hospital and was com-
pared to baseline using the same methods and procedures
described in diagnosis assessment. The performance of the
patient (speed, positive hits) during the IVR stimulation was
measured and recorded in real-time from another location at
the hospital through Wi-Fi connectivity. Modifications to the
audiovisual stimulation protocol within the Oculus Go were per-
formed remotely though wi-fi using a dedicated web interface.

Follow-up and Outcomes

After the visual rehabilitation program, at week 4, con-
trast sensitivity measured with the FACT test showed

This work is licensed under Creative Common Attribution-
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significant improvements due to the treatment for both eyes
(Figure 2A, 2B, coefficients of repeatability - COR=+0.24 log CS
[30]). Paracentral retinal sensitivity, measured with the Nidek
MP-1 Microperimetry C10-2 Program [26], showed a paracentral
retinal sensitivity improvement in the right eye (OD, _, =13.75
dB, OD,,,,...=18:45 dB, COR=+2.31 dB [31], Table 1), with a
strong effect of the treatment (percentage of data exceeding
the median [32] - PEM=0.9). Fixation stability in both eyes was
significantly enhanced after treatment, as measured by Nidek
MP-1 (0D, =31.02°% 0D, =0.59°% 0S . =2.18
0S, ..men=0-67°%, COR=20.61 [33], Table 1). Visual field scores
measured by the Humphrey full-field 81 test did not indicate
a significant improvement in either eye (Table 1). The orien-
tation and mobility subsection of the LV-VFQ-48 quality of life
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questionnaire showed a significant improvement, from 2.39
logits at baseline to 3.01 logits after treatment (COR=+0.44
logits [29], Table 1).

Discussion

This report demonstrates the feasibility of a visual rehabili-
tation program using an IVR head-mounted display running
an audiovisual stimulation program. The patient was able to
follow the stimulation without experiencing adverse events
related to the use of a virtual-reality head-mounted display
[34,35]. Moreover, 400 audiovisual IVR tasks performed once
a week for 4 weeks (for a total of 3 h 20 min of stimulation)
significantly improved visual functions, including contrast sen-
sitivity, fixation stability, and paracentral visual perception,
positively impacting quality of life. Improvements in contrast
sensitivity translate into the detection of texture on a back-
ground (eg, uneven grounds, curbside, stairs), improving mo-
bility and orientation. Improvements in fixation stability and
retinal sensitivity lead to a better visual acuity and reading ca-
pacity [36,37]. These results are unlikely to be due to a learn-
ing effect, as baseline and after-treatment testing at the clin-
ic were separated by 4 weeks. Others have shown a learning
effect lasting for up to 1 week between tests [38]. Monocular
measures of contrast sensitivity and fixation stability indicat-
ed a significant effect of the audiovisual stimulation program
on both eyes, whereas paracentral retinal sensitivity, also mea-
sured monocularly, showed a significant improvement for the
right eye but not for the left eye. Contrast sensitivity, fixation
stability, and retinal sensitivity measurements are not affected
by ocular dominance [39,40]. One hypothesis for such a dis-
crepancy in paracentral retinal sensitivity between the left and
the right eye is that the audiovisual stimulation program was
performed binocularly, which may have favored the dominant
eye [41],although why this would have affected only paracen-
tral sensitivity and not contrast sensitivity or fixation stabili-
ty is unknown. No significant effect on visual field detection
was observed in Humphrey full-field 81 analysis of the 3 h 20
min of audiovisual stimulation, suggesting that this duration
is not enough to lead to detectable field improvements. This
is line with previous work, indicating that an enhancement in
visual field detection in the blind hemifield was observed af-
ter 40 h of audiovisual training, although using a different set-
up and device [11]. Here, positive effects on contrast sensi-
tivity and fixation stability after only 3 h 20 min suggest that
high-contrast dynamic stimulation procedures are efficient on
these particular features but not on field restitution within that
stimulation duration. Longer and more frequent stimulation
sessions might be required to achieve more significant field
restitution. Other visual function metrics will be assessed in
the future. Particularly, we will measure the field of view us-
ing the Esterman binocular analysis [42], allowing us to test

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

the patient’s vision in a 160° horizontal span and 100° vertical
span (40° upper field and 60° lower field). This binocular test
is a relevant readout to measure the potential improvement
of peripheral vision in hemianopia patients after an audiovi-
sual IVR stimulation program. Other metrics, generally used
in low-vision rehabilitation procedures [26], will include near
and far best corrected visual acuity (BCVA), reading speed us-
ing the MNREAD test [43], and the full Low-vision-Visual func-
tion Questionnaire (48 items) [28]. Visual detection will also
be assessed using the useful field of view test [44]. Altogether,
these tests will provide a broader appreciation of the patient’s
visual function and functional vision.

Over the last 15 years, work in animal models and patients
indicates that audiovisual stimuli, during which punctate au-
ditory and flashed visual stimuli are spatially and temporally
correlated, improve visual perception in hemianopia [5-12,19-
23]. Here, we developed a portable, stand-alone and dynamic
version of an audiovisual stimulation program, in which the
moving cued target is continuously associated, spatially and
temporally, with a moving sound. The correlated sound to the
cued target is used as a lure to stimulate visual tracking and
spatial localization, knowing that hemianopia patients often
present impaired sound localization [3]. Our dynamic audio-
visual stimulation procedure mimics more complex dynamical
situations where individuals apprehend their environment us-
ing both visual and auditory information, therefore increasing
the ecological validity of the rehabilitation.

Virtual-reality systems and stimulation show limited tolerance
in individuals [45]. A correlation between sickness severity and
exposure time (typically above 10 min) has been shown, and
speed of motion, age, and gender all affect tolerability [45].
In this case report, the patient did not show any symptoms or
adverse effects, considering that the sessions corresponded
to 5 min of continuous stimulation, below the threshold of 10
min. In future studies, symptoms of virtual-reality stimulation
will be assessed using the Virtual Reality Induced Symptoms
and Effects (VRISE), a tool developed specifically to evaluate
the adverse effects of VR stimulation [35].

Conclusions

Here, we obtained promising results demonstrating that a to-
tal of 3 h 20 min of audiovisual IVR stimulation procedure is
sufficient to improve visual function and quality of life, with
no significant field restitution, in a hemianopia teenage pa-
tient. Such results challenge the prevailing view that post-acute
vision loss is both permanent and unchangeable. This work
also demonstrates that dynamic audiovisual stimulation par-
adigms can be implemented in a stand-alone, remotely con-
trolled, and user-friendly head-mounted device. Although this
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patient followed the rehabilitation program at the clinic, the
real-time data recording and the control of the device/program
were performed remotely from another location in the hos-
pital, indicating that such stimulation protocol could be per-
formed by the patient at home, thereby potentially decreasing
the burden of disease and without interruption of care (par-
ticularly in pandemic-related restrictions). Further investiga-
tions will be undertaken with a longer training protocol (>6
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weeks) with shorter sessions (<15 min) at higher frequency (>3
times/week) performed at home to evaluate the benefits of the
audiovisual IVR stimulation program on visual field restitution.
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