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ABSTRACT

Objectives This study aimed to evaluate the safety of
dichoptic balanced binocular viewing (BBV) for amblyopia
in children, plus feasibility, adherence, acceptability, trial
methodology and clinical measures of visual function.
Design We carried out an observer-masked parallel-
group phase 2a feasibility randomised controlled trial.
Setting Two study sites, a secondary/tertiary and a
community site.

Participants We enrolled 32 children aged 3-8 years with
unilateral amblyopia who had completed optical adaptation
where indicated. 20 children attended the 16-week exit
visit (retention 63%).

Interventions Children were randomised to BBV (movies
customised to interocular acuity difference at baseline) for
1hour a day (active intervention) or standard management
as per parental choice (part-time occlusion or atropine
blurring, control). Al interventions were used at home,
daily for 16 weeks.

Primary outcome measure ‘VacMan suppression test’
of interocular balance at 16 weeks from randomisation.
Secondary outcome measures: feasibility outcomes
(recruitment and retention ratios, adherence with the
allocated intervention); safety outcomes at other time
points (changes in prevalence of diplopia, manifest
strabismus, suppression/interocular balance on a range
of tests); efficacy outcomes (clinical measures of visual
function, such as best-corrected visual acuity, BCVA).
Outcome measures were identical to those planned in the
protocol.

Results Primary outcome: At baseline, values for the
interocular balance point were higher (indicating greater
suppression of the amblyopic eye) in the occlusion group
than in the BBV group. These values shifted downwards on
average for the occlusion group, significantly decreasing
from baseline to week 16 (t,=4.49, p=0.002). Balance
values did not change between baseline and week 16

for the BBV group (t,=—0.82, p=0.435). At 16 weeks,
there was no statistical difference in interocular balance/
suppression change over time between the two arms.

The difference at follow-up between the arms, adjusted

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The COVID-19 lockdowns disrupted participant flow
from enrolment to follow-up visits, ultimately result-
ing in a reduced sample size.

= Feasibility data on enrolment, retention and ad-
herence rates delivered unexpected results, which
will inform future study designs, that is, need for
multiple research sites, a longer enrolment period,
higher sample size to accommodate withdrawals
and missing data.

= We collected broad and in-depth participant expe-
riences with the novel intervention, revealing un-
expected difficulties with implementing balanced
binocular viewing at home.

= Giving parents/caregivers the choice of standard-
of-care treatment, that is, occlusion or atropine, en-
sured a real-world comparator; however, during the
COVID-19 lockdowns, occlusion treatment became
standard of care, with atropine used as second-line
treatment, which will inform future study designs.

for baseline, was —0.02 (95% Cl —0.28 to 0.23, p=0.87).
Feasibility: We prescreened 144 records of potentially
eligible children. Between 28 October 2019 and 31 July
2021, including an interruption due to the COVID-19
pandemic, 32 children were screened and randomised
(recruitment rate 22%), 16 to BBV and 16 to standard
treatment. 20 children attended the 16-week exit visit
(retention 63%). Mean adherence with BBV as proportion
of viewing time prescribed was 56.1% (SD36) at 8 and
57.9% (SD 30.2) at 16 weeks. Mean adherence with
prescribed occlusion time was 90.1% (SD 19.7) at 8 and
59.2% (SD 24.8) at 16 weeks.

Secondary safety/efficacy outcomes One child in the
BBV arm reported transient double vision, which resolved;
two reported headaches, which led to withdrawal.

BCVA improved from mean 0.47 (SD0.18) logMAR at
randomisation to 0.26 (0.14) with standard treatment, and
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from 0.55 (0.28) to 0.32 (0.26) with BBV. Qutcomes at 16 weeks did not
differ between treatments.

Participant experience Families were generally positive about BBV, but
families found both patching and BBV difficult to integrate into family
routines.

Conclusions Recruitment rates indicate that a future phase 3 trial

will require multiple sites or a longer enrolment period. Retention and
adherence rates were lower than anticipated, which will influence future
study designs. Dichoptic treatment may be equal to occlusion treatment
in safety and efficacy; headaches may lead to discontinuation. Integration
into family routines may constitute a barrier to implementation.

Trial registration number NCT03754153.

INTRODUCTION

Amblyopia is the most common vision deficit in children,
affecting around 3%.' * Standard treatment by part-time
occlusion/patching of the better-seeing eye is limited by
poor adherence.” Dichoptic treatments, where the image
viewed by the better-seeing eye is reduced in contrast,
encourage balanced processing of the input from both
eyes at the level of the visual cortex."*

Three types of dichoptic treatments have emerged.
The first generation of treatments was a falling-block
game, typically played while wearing anaglyph red/
green glasses.s'_7 For amblyopia treatment, this should
be used every day for several months, though children
failed to engage for the required duration of treat-
ment, due to a lack of variety. A game developed specif-
ically for children’s amblyopia treatment, DigRush, is
more promising® '’ but still does not offer much variety.
Contrast modification of movies and/or television shows
emerged as a modality giving access to an abundance of
material.'"™"® Our previous work on balanced binocular
viewing (BBV) involved children and parents in the devel-
opment of a library of movies appropriate for children
of different ages and covering entertainment and educa-
tional content."

Early results with these dichoptic treatments have been
promising, with visual outcomes comparable to those
expected with standard occlusion treatment, but higher
adherence.'"" A concern that is commonly expressed in
relation to amblyopia treatment is the risk of inducing
diplopia, when treatments seek to reduce interocular
suppression. To assess the safety of dichoptic treatments
in this regard, we set up a feasibility trial to collect data on
enrolment, retention, acceptability of the new treatment,
including adherence, and trial methodology, as well as to
explore the safety and efficacy of our treatment.

The primary objective for this trial was to evaluate
the safety of BBV at 16 weeks from randomisation by
exploring whether BBV causes a change in suppres-
sion/interocular balance, which may precede the devel-
opment of double vision (diplopia).'* ' Changes to
the strength of either binocular fusion or interocular
suppression can alter the likelihood of diplopia.'® '’
Diplopia can occur in normal individuals through varia-
tions in either of those factors,'®'” and amblyopia involves
more extreme changes. Intractable, irreversible diplopia

has to date never been observed in dichoptic treatment
trials, though occasional, intermittent diplopia has been
reported,9 1% hoth with dichoptic treatment and stan-
dard of care.” A measure of interocular balance is the
most appropriate outcome for a dichoptic amblyopia
treatment trial, reflecting changes in visual function and
associated changes in motor co-ordination.'® However, at
present, no clinical test is considered sufficiently sensi-
tive to measure subtle changes in interocular balance.'
We, therefore, opted to use a previously validated test
developed by our team, the VacMan suppression test,”
which asks the participant to detect elements of varying
contrast presented to each eye.''

Secondary objectives were those appropriate for a feasi-
bility trial: recruitment and retention ratios, adherence
with the allocated intervention, safety outcomes at other
time points, such as changes in prevalence of diplopia,
manifest strabismus, suppression/interocular balance on
a range of tests and clinical measures of visual function,
such as best-corrected visual acuity (BCVA).

METHODS

Trial design

The trial was designed as an observer-masked parallel-
group phase 2a feasibility randomised controlled trial at
two sites, with 1:1 allocation ratio between the two inter-
ventions. There were no changes to the methodology
after trial commencement.

Participants

Participants were children aged 3-8 years with unilateral
amblyopia. Case definition and full inclusion and exclu-
sion criteria have been previously published” and are
listed in online supplemental table 1. Data were collected
at two sites: a secondary/tertiary site (Moorfields Eye
Hospital at City Road and at St George’s Hospital in
London), and a community site (Cambridge Commu-
nity Services Trust eye clinic in Bedford). Potentially
eligible children were identified among new patients
with strabismus and amblyopia. Glasses were prescribed
as needed, and children were monitored for eligibility
during the optical adaptation phase, if any. Families were
approached about trial participation if an interocular
difference in BCVA persisted on two consecutive clinic
visits at least 8 weeks apart.

Children aged 5 years and older were randomised to
paper-based and/or electronic information material
provided as part of the TRECA trial (Trials Engagement
in Children and Adolescents).?? ? Families of children
younger than 5 years were given paper-based information
material only. All information material included versions
for parents and age-appropriate material for children.
After answering all questions, the research orthoptist
obtained written consent from parent/carer and verbal
or written assent from the child.
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Figure 1 The handheld dichoptic games console used to
administer the balanced binocular viewing treatment (left)
and temperature sensor/logger with centimetre scale used as
occlusion dose monitor for patching treatments (right).

Interventions

Technical details of the active intervention have been
published with the protocol.®’ In brief, BBV consists
of movies displayed on a handheld games console
(Nintendo 3DS) with autostereographic display, which
allows the delivery of different images to each eye without
glasses, using a parallax barrier (figure 1). We customised
commercial, age-appropriate movies for three levels of
interocular acuity difference, presenting images of high,
medium or low-level blur to the betterseeing eye. We
asked children to view a movie for 60min a day, either
in one session or in two sessions of 30min each.”’ The
control group received standard treatment, which is
to offer parents/carers a choice between daily occlu-
sion or twice weekly administration of atropine 1% eye-
drops for pharmacological blurring of the betterseeing
eye.”*® The prescribed occlusion dose was 2 (moderate)
or 6hours a day (severe amblyopia).” ?7 Parents/ carers
administered all interventions at home. We did not
include a no-treatment control group, given both ethical
and parental concerns about the effect of no-treatment
or delayed-treatment conditions. Prior trials have none-
theless established the superiority of occlusion treatments
over no-treatment for unilateral amblyopia.” Instead, we
focused here on the comparison between occlusion and
BBV treatment approaches.

Outcomes

Feasibility outcomes

Enrolment and retention were measured using relevant
electronic log files (Microsoft Office Excel). For the exper-
imental intervention, adherence data were collected by
the device ‘usage’ function. Parents/carers of children
using occlusion treatment were instructed on how to
insert an occlusion dose monitor (Rollerwerk, Germany)
between two layered standard eyepatches before placing it
onto the child’s face (figure 1). Parents/carers using atro-
pine eye-drops were asked to bring digital photographs of
the child’s eyes to the study visits at 8 and 16 weeks. These
photos were then reviewed by an unmasked observer who

noted a total number of photos and the number which
showed a dilated pupil. We calculated adherence as: (a)
BBV: hours of usage as percentage of prescribed hours,
and proportion of days on which BBV treatment was
used; (b) occlusion: administered hours as percentage of
prescribed hours; (c) atropine: photos showing enlarged
pupil as percentage of total number of photos. To explore
children’s and parents’/carers’ experience with BBV and
trial methodology, the research orthoptist held a semi-
structured interview with the parent/carer at or after the
study exit visit.

Primary outcome: safety

Our primary outcome was the change in interocular
balance/suppression at 16 weeks relative to baseline. This
measure derives from the VacMan suppression test, which
asks the participant to indicate which of two elements
appeared lighter, with elements of varying contrast
presented to each eye (online supplemental figure 1)."
The luminance of the components was set using an
interocular contrast ratio (R; 0-1), which determines the
relative strength of the fellow and amblyopic eyes. Using
QUEST,” R was set to converge on the stimulus level
that gave left/right reports with equal probability (ie, the
point of interocular balance). R values above 0.5 indicate
that a stronger signal is required in the amblyopic eye for
that ghost to be reported as whiter (ie, suppression of
the amblyopic eye), values close to 0.5 indicate balanced
vision while those below 0.5 indicate that stronger signal
is required in the fellow eye (suppression of the better-
seeing eye).

Secondary outcomes: safety and efficacy

Further safety outcomes included questions about percep-
tion of double vision by the child, orthoptic assessment of
eye alignment (manifest strabismus) and motor fusion,
and tests of interocular suppression/balance (Sbisa
bar,”’ VacMan suppression test).'' As secondary efficacy
outcomes, we recorded measures of visual function, that
is, logMAR visual acuity and stereoacuity assessed using
the Frisby stereotest and the VacMan random-pixel
stereoacuity test.!' !

All of the above assessments were carried out at base-
line and at 8 and 16 weeks from randomisation.

There were no changes to assessments or measure-
ments after the pilot trial commenced. The protocol did
not include prespecified criteria used to judge whether,
or how, to proceed with a future definitive trial.

Sample size

The target sample size was calculated on the visual acuity
endpoint, critical to inform the design of the future
phase 3 trial. A sample size of 44 evaluable patients was
calculated to have 90% power with 5% two-sided alpha
to detect a difference in the change of 0.225 logMAR in
visual acuity between the two treatment arms, assuming
an SD of the change of 0.22'' We expected a drop-out
rate of 10%. The actual number of children enrolled was
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32; enrolment was discontinued when funding had been
exhausted. We did not carry out an interim analysis, and
the protocol did not include stopping guidelines.

Randomisation

Sequence generation

Children were randomised to either BBV or standard
treatment with a 1:1 allocation ratio, stratified by parental
choice of control treatment, level of interocular acuity
difference and type of amblyopia, using minimisation
with a random element to ensure that the researcher
randomising the patient did not know what the next
treatment allocation was going to be.

Allocation concealment mechanism
Both sites used the web-based Sealed Envelope system for
sequence generation.

Implementation
Enrolment and assignment of the intervention were
carried out by research orthoptists.

Masking

It was not possible to mask children and parents/carers to
the assigned intervention. Assessments were carried out
by an orthoptist masked to the assigned intervention; we
asked families not to disclose their allocated intervention
to the masked orthoptist. In order to maintain masking
in the atropine group, we asked families to discontinue
treatment 2weeks prior to the study visits at 8 and 16
weeks from baseline.

Analytical methods

Patients’ baseline characteristics are summarised as
mean+SD (or median+IQR in case of strong departure
from normality) for continuous variables, and count+fre-
quencies for categorical variables. The primary endpoint,
as well as other endpoints that were continuous in nature,
was analysed using analysis of covariance (ANCOVA).
The regression models included the treatment variable
and the baseline value of the endpoint of interest. The
estimate from ANCOVA (referred to as the ‘treatment
effect’) is the additional difference in the BBV interven-
tion arm compared with the delta (change from baseline)
in the occlusion/control arm. Examinations of the with-
in-arm effectiveness of treatments were examined using
paired-sample t-tests. A p<0.05 was considered statistically
significant.

Patient and public involvement

We had intended to involve up to six parents or carers
of children with amblyopia, to form a parallel advisory
group for the study recruited via Moorfields clinics. The
role of the advisory group would have been to codesign
participant information and consent materials for the
study and a standardised set of questions for the semi-
structured interviews exploring families’ experiences of
taking part, to provide ongoing advice on participant
recruitment and retention, to provide a contextualisation

of study findings from lived-experience, and to have coau-
thored appropriate formats for the dissemination of the
findings to professional and non-professional audiences.
At least one advisory group member would have also sat
on the study steering group. The advisory group would
have been made up of a new cohort of parents and carers
who had not been involved in informing the initial feasi-
bility and design of the study'? to allow for wider perspec-
tives and more diverse experiences. All members of the
advisory groups would have been reimbursed in line with
standard NIHR involvement rates.

We were unable to recruit any interested parents or
cares for the advisory group, therefore, we relied on the
previous experience and expertise of the study team and
the patient and public involvement team at NIHR Moor-
fields Biomedical Research Centre to inform the design
of participant information, recruitment and retention
strategies, and interview questions. After study initiation,
through wider channels, we were able to recruit a carer
representative to the steering group, who had experience
with children of the appropriate age for the study, but
who did not have specific experience with amblyopia. Due
to the protracted course of research projects during the
COVID-19 pandemic and in-hospital safety measures, we
did lose contact with our steering group carer represen-
tative, and we were unable to conduct further attempts to
recruit appropriate parent/carer representation.

Feedback to participants and dissemination were
discussed at the meeting of the NIHR Young People’s
Advisory Group for eye and vision research (eye-YPAG)
on 6 July 2024, which was attended by 15 CYP aged 5-16
years. The group enquired about the target audience,
pointing out that the children who took part in the
BALLANCE pilot trial are now 5 years older than at the
start of the study, that is, 9-13 years. They felt that text
summarising the trial and its findings would be too tech-
nical and boring and recommended a visual summary,
that is, an infographic. The group reviewed a draft and
recommended a simple structure, short paragraphs,
bullet points, some small illustrations and a simple colour
scheme. They also recommended not to include too
many numbers or percentages and not to include graphs.
The resulting infographic, which was then sent to partic-
ipating families and posted on the participating institu-
tions’ websites, is shown in online supplemental figure 1.

RESULTS

Feasibility outcomes

Participant flow/recruitment rates

We enrolled and randomised 32 children (online supple-
mental figure 3—CONSORT (Consolidated Standards of
Reporting Trials) flow chart).

144 children were identified as potentially eligible on
prescreening of their clinical records during optical adap-
tation. We enrolled 32 participants (24%). Reasons for
non-enrolment are shown in online supplemental table
2; the the most common were resolution of amblyopia
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Table 1 Demographic and clinical baseline characteristics, separately for the BBV and occlusion/control groups

BBV Occlusion
N 16 16
Girls; boys 10; 6 6;10
Study eye right; left 8;8 8;8
Mean age (SD) in years 4.81 (0.83) 5.13 (0.96)
Anisometropic amblyopia (n, %) 9 (56%) 8 (50%)
Strabismic amblyopia 4 (25%) 4 (25%)
Combined mechanism amblyopia 3 (19%) 4 (25%)
Mean (SD) spherical equivalent amblyopic eye in D 4.93 (3.06) 4.16 (3.21)
Mean (SD) spherical equivalent fellow eye in D 2.37 (2.83) 2.65 (2.75)
mean (SD) best-corrected visual acuity amblyopic eye in logMAR 0.55 (0.28) 0.47 (0.18)
Mean (SD) best-corrected visual acuity fellow eye in logMAR 0.06 (0.11) 0.09 (0.09)
mean interocular acuity difference (SD) in logMAR 0.49 (0.27) 0.38 (0.14)
Manifest strabismus with distance fixation on simultaneous and prism cover test (n, %) 4, 25% 5,31%
Manifest strabismus with near fixation on simultaneous and prism cover test (n, %) 5,31% 5,31%

BBV, balanced binocular viewing.

during optical adaptation only (n=55), strabismus greater
than 10 prism dioptres (n=7) and other reasons for not
meeting eligibility criteria (n=25). Concerns relating to
the COVID-19 pandemic played a role in 12 potential
recruits (n=12).

Recruitment

The enrolment period was extended from 28 October
2019 to 31 July 2021, including an interruption due to
the COVID-19 pandemic. The trial ended on 28 October
2021 with the last participant’s last visit.

Baseline data
Table 1 shows demographic and clinical characteristics at
baseline.

Numbers analysed/retention rates
11 children in the BBV and 9 in the control group used
the allocated intervention and attended the 16-week
exit visit. In the control group, eight used occlusion and
one used atropine eye-drops. This means that 20 of 32
randomised participants (ie, 63%) completed the study
(online supplemental figure 2: CONSORT flow diagram).
One child did not attend the week 16 visit but used
the allocated treatment (occlusion) for the study period;
however, exit data are not available for them. Six partici-
pants were withdrawn before the week 8 visit: three by the
research team (two BBV, one occlusion), as the study was
suspended during the COVID-19 lockdowns, and three by
the family (one BBV, two occlusion). One family was not
happy with the allocated intervention (occlusion), one
child reported headaches while watching BBV movies
(BBV) and one family did not attend the research visit
and did not give a reason for withdrawing (occlusion).
Three children were withdrawn at the week 8 visit, two
for clinical reasons—one because of a risk of developing

reverse amblyopia (occlusion), one because of an increase
in manifest strabismus to greater than 10 prism dioptres
since baseline visit (occlusion) and the third because of
headaches (BBV) and parental request to change treat-
ment. Two children were withdrawn between the weeks
8 and 16 visits by the family, as they were not able to use
the allocated treatment as prescribed (one BBV, one
occlusion).

Adherence

Occlusion dose monitor data were available for seven
participants at 8 weeks and six at 16 weeks from randomi-
sation. Mean adherence as proportion of occlusion time
prescribed was 90.1% (SD 19.7) at 8 and 59.2% (SD 24.8)
at 16 weeks. BBV adherence data were available for 11
participants at week 8 and 8 at week 16 from randomi-
sation. Mean adherence as proportion of viewing time
prescribed was 56.1% (SD36) at 8 and 57.9% (SD 30.2)
at 16 weeks.

Unmasking

Unmasking of the orthoptist carrying out the study assess-
ments occurred once, in the occlusion group. This family
withdrew between weeks 8 and 16, as they were unable
to administer the treatment and informed the masked
orthoptist.

OUTCOMES AND ESTIMATION
Primary outcome: safety
Change in interocular balance on VacMan Suppression
test'! from randomisation to 16 weeks

The trajectory of interocular balance values from
baseline to week 16 is presented in figure 2A, with indi-
vidual values (comparing baseline and week 16) shown
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in figure 2B. Data are only presented for those with
completed measures at all time points (n=9 for occlusion;
n=10 for BBV). At baseline, values for the interocular
balance point were higher (indicating greater suppres-
sion of the amblyopic eye) in the occlusion group than
in the BBV group. These values shifted downwards on
average for the occlusion group, significantly decreasing
from baseline to week 16 (1,=4.49, p=0.002). Balance
values did not change between baseline and week 16
for the BBV group (t,=-0.82, p=0.435), consistent with
prior work. At 16 weeks, there was no statistical differ-
ence in interocular balance/suppression change over
time between the two arms. The difference at follow-up
between the arms, adjusted for baseline, is -0.02 (95% CI
-0.28 to 0.23, p=0.87).

Secondary outcomes: safety and efficacy

Safety/adverse events

Transient double vision was reported by one child in the
BBV group during the first 8 weeks of treatment, which
resolved and did not lead to withdrawal. No other cases
were reported. Other adverse events leading to with-
drawal were child-reported headaches, with two cases in
the BBV group. Headaches were transient and resolved
when treatment was stopped.

Efficacy outcomes: BCVA, Frisby stereoacuity, interocular
suppression on Shisa bar

Online supplemental table 3 and figure 3 report the
secondary endpoints from a quantitative perspective.
BCVA (using HOTV judgements) was poor for both groups
and improved over the course of treatment (figure 3A).
The improvement in BCVA from baseline to week 16 was
significant for both the occlusion (t=4.24, p=0.003) and
BBV (1,=4.32, p=0.002) groups. Each gained the equiva-
lent of two lines on a logMAR chart, though there was no
significant difference between the two arms at 16 weeks
(difference: 0.03, 95% CI -0.11 to 0.16, p=0.67). Improve-
ments can be seen for almost all individuals, with compar-
ison of baseline and week 16 in figure 3B.

Sbisa suppression (figure 3C for means and figure 3D
for individuals) was high in both treatment arms to begin,
and remained constant over the course of treatment for
both groups. The difference between baseline to week
16 was non-significant for both the occlusion (t;=-0.53,
p=0.612) and BBV (t,=0.01, p=0.993) groups. There was
also no significant difference between the two arms at 16
weeks (difference —6.9, 95% CI -22.6 to 8.73, p=0.36).

Frisby stereoacuity values (figure 3E for means and
figure 3F for individuals) could only be obtained at all
three time points for seven children in the occlusion arm
and six in BBV. Values were high at baseline, particularly
for the occlusion treatment arm, and reduced over the
course of treatment. The difference between baseline to
week 16 was significant for occlusion (t=3.51, p=0.013)
but did not reach significance for BBV (t,=1.89, p=0.118)
groups. Given the difference in baseline stereoacuity, it is
difficult to determine whether this is due to the sample
selection or differential efficacy. Nonetheless, there was
no significant difference between the two arms at 16
weeks (difference: 16.5, 95% CI -77.7 to 110.8, p=0.70).

VacMan stereoacuity values (figure 3G for means and
figure 3H for individuals) derive from judgements of
random-pixel stereogram elements.”’ Children found
this particularly difficult, likely due to the pixel elements
being too close to their acuity thresholds. Complete data
at all time points was only obtained with two children in
the occlusion arm and three with BBV. A trend towards
improvements is nonetheless visible, with high values
obtained at baseline, and a reduction by week 16 in both
arms. These differences were, however, non-significant
for both occlusion (t,=1.11, p=0.468) and BBV (t,=1.24,
p=0.342) groups. Clear improvements are nonethe-
less evident in the majority of individuals (figure 3H),
suggesting that larger samples may show clearer gains.

Participant experience
Table 2 summarises participant experience. Parents/
carers were generally positive about attending research
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appointments; negative comments related to overall
length of appointments. Overall, there seemed to be
more positive comments about the BBV intervention
compared with occlusion treatment; though interest in
the device did decrease over time due to ‘limited choice
of videos and older hardware’. Both arms had difficulties

with integrating the intervention into the family routine.
For occlusion treatment, this related to a dislike of drops
or wearing a patch. In the BBV arm, this related to fitting
in dedicated time to watching the device (eg, week-
ends and after school clubs) and competing with other
distractions.
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Table 2 Participant experience, separately for the BBV and
control/occlusion groups

BBV Occlusion
Participants n=7 n=6*
Age range (years) 5-7 4-7
Gender (female:male) 6:1 2:4
Study eye (right:left) 3:4 BES

Theme 1: Child’s feelings about research appointments %

(n)

Positive 85.7 (6) 66.7 (4)
Negative 143(1) 16.7(1)
Neutral 143(1)  7(1)

Theme 2: Child’s feelings about intervention % (n)

Positive 100.00 (7) 33.3(2)
Lost interest 85.7 (6) 0.0 (0)

Negative 0.0 (0) 33.3(2)
More positive over time 0.0 (0) 33.3(2)
Neutral 0.0 (0) 16.7 (1)

Theme 3: Experience of integrating intervention into the
family routine % (n)

Able to fit it in 429(3)  50.0(@3)
Difficult to fit it in 57.1(4)  50.0 (3)

Theme 4: Reaction to intervention from friends/siblings/
cousins % (n)

Positive 28.6 (2) 33.3(2)
Negative 14.3 (1) 0.0 (0)
No reaction reported 57.1 (4) 66.7 (4)

Theme 5: Changes in Child’s ability to take part in activities

and pastimes % (n)
Reported an improvement
No improvement reported

100.0 (7)
0.0 (0)

83.3 (5)
16.7 (1)

13 families were available for interview at the end of the study.
*One child received atropine, all others received patching
treatment.

BBV, balanced binocular viewing.

We did not find evidence that children on occlusion/
patching treatment, which is more noticeable to peers,
received more negative responses than those in the BBV
device arm. There was one case of perceived jealousy from
a sibling in the BBV group, but this resolved when they
experienced the dichoptic display and found it ‘blurry
and boring’. Consistent with the visual outcomes, all
participants reported a subjective degree of improvement.

DISCUSSION

Principal findings

The principal findings of this study concern enrolment
and participant experience with dichoptic treatments.
Enrolment may be slower than anticipated for future
trials with similar inclusion criteria—particularly the

3

requirement for completion of optical treatment prior
to inclusion. In our study, this was the most common
reason for non-enrolment, in 55 of 144 prescreened cases
(38%), as the interocular difference in visual acuity often
improves over time prior to enrolment to less than 0.2
logMAR. Future studies should be set up across multiple
sites to shorten the enrolment phase. Child and parent
experience with the novel approach revealed unexpected
difficulties: parents found it difficult to integrate 1hour
of supervising the child during the movie session into the
daily routine, children got bored of the movies on offer,
despite a change of movies after 8 weeks, and two children
reported headaches. During the COVID-19 pandemic
lockdowns, amblyopia research visits were suspended,
demonstrating that research into conditions that are
not life-threatening or sight-threatening is vulnerable to
external circumstances.

Our primary outcome measure was interocular suppres-
sion. Though suppression of the amblyopic eye reduced
from baseline to week 16 in the patching group, there was
no significant change in the BBV group. This is consis-
tent with prior results showing improvements in visual
outcomes with BBV in the absence of changes in suppres-
sion."" Suppression values obtained with the VacMan
suppression test were somewhat variable, with baseline
levels that differed between the occlusion and BBV
groups. This was not related to the method of measure-
ment used: suppression values obtained with Sbisa filters
showed a similar pattern, exhibiting neither significant
change over the course of treatment, nor difference
between treatments at week 16. The lack of change in
suppression with BBV means that the risk of developing
diplopia over the course of these treatments should be
low, as we also observed in this study. Nonetheless, our
secondary outcomes show clear improvements in vision
following treatment. Visual acuity in the amblyopic eye
improved to a similar extent to that of standard occlusion
treatment, with children gaining two lines on a logMAR
chart on average. Stereoacuity values also showed trends
towards improvement, though the conclusiveness of
these outcomes was limited by the small sample size and
drop-out rates.

Strengths and weaknesses of the study

The study suffered from enrolment difficulties, which
were compounded by the COVID-19 lockdowns that
disrupted every step of the participant flow: school
vision screening programmes were halted, which meant
that fewer children with sight problems were identified,
fewer children started wearing glasses and fewer children
became eligible to take part in the study. This reduction
in eligible children continued for several months after
restrictions were lifted. As a consequence, funding ended
before the completion of the study. We reduced the
sample size, as the main aim of this trial was to assess feasi-
bility, and we felt that a smaller study would still permit
conclusions about feasibility and inform the design of a
future phase 3 trial.
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A particular strength of this study is the wealth and
depth of participant experience that we collected, which
highlighted unexpected difficulties with novel dichoptic
treatments such as BBV. This qualitative work in itself faced
difficulties and limitations. Due to pandemic restrictions
and a lack of parents’ interest to form an advisory group,
questions were decided on by the study team. The survey
did not undergo cognitive testing to ensure questions
were universally understood and accessible to English
speakers of other languages (ESOL). Several parents who
responded to the survey were ESOL and did not request
translation support; we cannot, therefore, be certain that
all questions were universally understood. Questions
were intended to be used for a written response survey
to be completed by the parent with their child at the last
study visit; however, due to pandemic restrictions, ques-
tions were instead delivered as a verbal interview over the
phone, in some cases, several months after the last study
engagement. Interviews were conducted by the study
orthoptists rather than trained qualitative researchers
and a summary of responses was recorded rather than a
full transcript for analysis. As we carried out the survey
by telephone, we only heard from the parent, but not
directly from the child.

Strengths and weaknesses in relation to other studies,
discussing important differences in results

No other dichoptic treatment trial has published enrol-
ment rates, including those designed as pilot studies.” ®
Similarly, no previous trial has explored how easy parents
would find it to implement the new treatment at home,
supervising their child for an hour a day. However, all
trials have published adherence rates, collected either via
parental diary or device-build usage data. For the first wave
of dichoptic treatments, using a falling block game and
anaglyph glasses, adherence has been reported as 22.2%
using the treatment more than 75% of the prescribed
time over 16 weeks,” 64% using it more than 25% over 6
weeks® and 83% using it more than 75% over 6 weeks’ ;
the latter study also reported a mean use of 37 hours over
6 weeks (88% of prescribed).” With the second type of
dichoptic games, the Dig Rush game played again with
anaglyph glasses, adherence was reported as 100% for the
first 2 weeks, then falling to 82% for the next 2 weeks,?
56% or 43% using the treatment more than 75% of the
prescribed time over 8 weeks,” '’ and median 62% of
prescribed usage time over 8 weeks.'” One study pointed
out that games need to be age appropriate and varied to
maintain interest and engagement.

With the third type, contrast-modified movies, adher-
ence rates increased 88.2% over 12 weeks, in a trial using
VR headsets as displays, and which did not offer any
treatment other than glasses to the control group and
enrolled a substantial number of participants who had
previously received other forms of amblyopia treatment,
both of which are likely to have affected motivation.' In
a trial using Nintendo 3DS games consoles as a delivery
platform, adherence of 95%-107% over 4 weeks was

observed (some participants using the treatment more
than prescribed), but longer-term data are not available.'?

In our study, adherence data were only available for
40%-69% of participants per time point and treatment,
limiting validity. In line with other occlusion treatment
trials, we observed that mean adherence fell in the
second 8week interval, to 59% of the prescribed dose.
Mean adherence in the BBV arm was around 56% at both
time points, which is lower than reported in other studies.

Not all trials have reported efficacy figures in compar-
ison to standard of care; those that did observed, as we
did, an improvement in amblyopic-eye visual acuity
similar to patching, both over short period of 2-6 weeks'
and over a clinically relevant time period of 12 or 16
weeks, and only in children younger than 7-8 years.”
When we designed this study, parents/carers were given
a choice of occlusion or atropine as first-line treatments.
This changed during the COVID-19 lockdowns, when
monitoring for potential ‘reverse amblyopia’ with atro-
pine was not possible; since then, occlusion treatment
has become first-line treatment. In future trials, standard
of care should be occlusion treatment, which would also
reduce the risks linked with non-treatment for 2weeks
before study visit to maintain masking of atropine treat-
ment. It was initially thought that dichoptic treatments
may work faster,® but more recent work did not confirm
this finding."* Our results are consistent with the latter
observation.

Over the course of several dichoptic treatment trials,
adverse event reporting for this new modality has become
more standardised, and now includes four types of
treatment-related adverse events: double vision, manifest
strabismus, headaches and eyestrain. Of greatest concern
to clinicians and regulatory authorities is permanent/
intractable double vision. This event has to date never
been observed in dichoptic treatment trials, though occa-
sional, intermittent diplopia has been reported,” '’ both
with dichoptic treatment and standard of care.’

The incidence of new onset of manifest strabismus or
worsening of existing manifest strabismus by 10 prism
dioptres or more tends to be similar to participants
receiving standard of care'’; one trial reported an inci-
dence of new manifest strabismus in 6%,13 another new
or worsening strabismus in 13% at 8 weeks from rando-
misation.” Headaches have been reported in 8% of a trial
of dichoptic movies viewed via VR headset."” None were
reported with movies viewed on a 3D games console,
but this trial did not report any adverse events at all.'* Tt
is, therefore, interesting to note that two of our partici-
pants reported headaches using the same delivery plat-
form. One trial reported an increase in the frequency
of headaches in 9%,'” an increase in eyestrain in 10% at
4 weeks and in 6% at 8 weeks for both."” Another trial
reported eyestrain in 3.6% of participants using dichoptic
treatment.”

In our study, we used interocular balance, or suppres-
sion, as a safety outcome, as conventionally it is thought
that reduction in suppression precedes the onset of
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double vision. We were reassured to observe that balance
(suppression) remained, as it had in our previous work."!
Most dichoptic treatment trials did not measure suppres-
sion, probably because the relevant tests are not in clin-
ical use. Those trials that did use a dichoptic global
motion test observed early reduction in suppression at 2
weeks,” minimal change at 6 weeks® or no change at 2 and
6 weeks.'” Taken together, this appears to indicate that
improvement in visual acuity may indeed not be associ-
ated with a change in suppression.

Meaning of the study: possible explanations and implications
for clinicians and policy-makers

As this study was not a full efficacy trial, we are not in
a position to make recommendations about the role of
novel dichoptic treatments in the management of ambly-
opia. However, our results on vision improvement match
those observed in larger trials. It would, therefore, be
appropriate to consider dichoptic treatments as a possible
alternative to current treatment options, particularly
for children with poor adherence to patching. Pending
larger trials, dichoptic treatment could also be used in
combination with patching treatment, that is, patching
on school days and dichoptic viewing at weekends.

Unanswered questions and future research

This study cannot give a definitive answer on safety and
efficacy of dichoptic treatments for amblyopia; for this, a
phase 3 randomised trial will be required. However, the
participant experience detailed here indicates that before
any such work is undertaken, research should systemati-
cally explore potential barriers to implementation of
dichoptic treatments. Such research should use estab-
lished frameworks such as the capability, opportunity and
motivation of behaviour framework.” This would allow
the identification of critical determinants of adherence
to this novel treatment, that is, capability to engage in
movie-watching, social and environmental influences and
emotional, cognitive or habitual responses to the new
approach. In addition, the material available for viewing
needs to be extended, to prevent the onset of boredom
once the novelty of the new device-based treatment has
worn off. Similarly, hardware platforms need to keep up
with technological advances which children and families
have become used to, for example use of smartphones as
delivery devices.

Lack of time to attend research visits is a frequent
barrier to enrolment. To mitigate this issue, future ambly-
opia treatment trials may wish to limit visits to the inter-
vals used in standard clinical care. The length of study
visits can also be a burden to participants, and investiga-
tors need to prioritise assessments essential to address the
research question. On the other hand, it would be valu-
able to have data on the final degree of visual improve-
ment and on potential regression once treatment is
discontinued.

Patient and public involvement and engagement
should also be more robust in future work and should

include a YPAG such as Moorfields’ eye-YPAG as well
as children with amblyopia and their parents, who can
contribute their lived experience to the design of study
protocols and materials, including appropriate surveys
of the research experience. Inclusion of a behaviour
change researcher and a trained qualitative researcher
to carry out family interviews before and during the clin-
ical evaluation would deliver high-quality insights within
an acknowledged theoretical framework. With video-
conferencing facilities now routinely used within the
National Health Service (NHS), future studies should
ensure that the voice of the child participating in the
research is included, even when a face-to-face interview is
not possible. Lastly, we would revisit the use of the Child
Health Utility 9D index,* which was ruled out during the
initial PPI interviews undertaken at study design phase.”'
Although not tailored to amblyopia treatment trials, it
would allow the collection of health utility data using a
standardised approach.
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