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Abstract

Background: Amblyopia is a common neurodevelopmental disorder of vision that is characterised by visual
impairment in one eye and compromised binocular visual function. Existing evidence-based treatments for children
include patching the nonamblyopic eye to encourage use of the amblyopic eye. Currently there are no widely
accepted treatments available for adults with amblyopia. The aim of this trial is to assess the efficacy of a new
binocular, videogame-based treatment for amblyopia in older children and adults. We hypothesise that binocular
treatment will significantly improve amblyopic eye visual acuity relative to placebo treatment.

Methods/design: The BRAVO study is a double-blind, randomised, placebo-controlled multicentre trial to assess
the effectiveness of a novel videogame-based binocular treatment for amblyopia. One hundred and eight
participants aged 7 years or older with anisometropic and/or strabismic amblyopia (defined as ≥0.2 LogMAR
interocular visual acuity difference, ≥0.3 LogMAR amblyopic eye visual acuity and no ocular disease) will be
recruited via ophthalmologists, optometrists, clinical record searches and public advertisements at five sites in
New Zealand, Canada, Hong Kong and Australia. Eligible participants will be randomised by computer in a 1:1
ratio, with stratification by age group: 7–12, 13–17 and 18 years and older. Participants will be randomised to
receive 6 weeks of active or placebo home-based binocular treatment. Treatment will be in the form of a modified
interactive falling-blocks game, implemented on a 5th generation iPod touch device viewed through red/green
anaglyphic glasses. Participants and those assessing outcomes will be blinded to group assignment. The primary
outcome is the change in best-corrected distance visual acuity in the amblyopic eye from baseline to 6 weeks post
randomisation. Secondary outcomes include distance and near visual acuity, stereopsis, interocular suppression,
angle of strabismus (where applicable) measured at baseline, 3, 6, 12 and 24 weeks post randomisation.
Treatment compliance and acceptability will also be assessed along with quality of life for adult participants.

Discussion: The BRAVO study is the first randomised controlled trial of a home-based videogame treatment for
older children and adults with amblyopia. The results will indicate whether a binocular approach to amblyopia
treatment conducted at home is effective for patients aged 7 years or older.
(Continued on next page)
* Correspondence: ben.thompson@uwaterloo.ca
1School of Optometry and Vision Science, The University of Auckland,
Auckland, New Zealand
2School of Optometry and Vision Science, University of Waterloo, Waterloo,
ON, Canada
Full list of author information is available at the end of the article

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-016-1635-3&domain=pdf
mailto:ben.thompson@uwaterloo.ca
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Guo et al. Trials  (2016) 17:504 Page 2 of 9
(Continued from previous page)

Trial registration: This trial was registered in Australia and New Zealand Clinical Trials Registry
(ACTRN12613001004752) on 10 September 2013.
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Background
Amblyopia is a neurodevelopmental disorder of the vis-
ual system that is caused by abnormal binocular visual
experience during early childhood, typically due to an-
isometropia or strabismus [1]. Amblyopia causes a range
of monocular deficits in the affected eye including im-
paired visual acuity [1], contrast sensitivity [2], motion
perception [3, 4] and excessive crowding [5] (see [6] for
a recent review). Patients with amblyopia also experience
impaired binocular vision. In particular, the fellow eye
often suppresses the amblyopic eye when both eyes are
open, and stereopsis is commonly impaired or absent
[7]. Stronger interocular suppression has been associated
with poorer stereopsis and monocular visual acuity in
patients [8–11], as well as poorer amblyopic eye contrast
sensitivity in animal models of amblyopia [12, 13].
In children, the visual acuity deficit associated with

amblyopia can be treated monocularly by optically cor-
recting any significant refractive error and then occluding
(patching) or penalising (with atropine cycloplegia) the
fellow eye to encourage use of the amblyopic eye [14].
While effective, these monocular treatments may result
in adverse psychosocial effects [15–17] and compliance
can be low [18]. In addition, patching and atropine have
relatively high relapse rates after cessation of treatment
[19, 20], and they do not directly address binocular deficits
that are associated with amblyopia [21]. Therefore, re-
sidual monocular and binocular visual impairments often
remain after patching and/or atropine therapy [22].
Treatment of teenagers and adults with amblyopia is

also problematic. Conventional treatment can be effective
in teenagers [22] and a large number of laboratory-based
studies have reported that visual function can be improved
in adults with amblyopia using techniques such as monocu-
lar perceptual learning (reviewed by [23]). However, despite
this evidence, teenagers and adults with amblyopia are typ-
ically left untreated in mainstream clinical practice. This
may be because older patients are assumed to be unable to
improve, are not able to tolerate conventional treatments,
or because clinical trials have not assessed the treatment of
amblyopia in adults. There is a clear need for clinicians to
be provided with alternative treatment options for patients
of all ages that are supported by high-quality clinical trial
data [24–26].
In recent years a new binocular amblyopia treatment

approach has emerged [27] that is designed to reduce
suppression and strengthen binocular visual function
[26, 28]. Binocular treatment is based on evidence that
patients with amblyopia have the ability to combine in-
formation between their eyes if suppression is minimised
by presenting stimuli at high contrast to the amblyopic
eye and at low contrast to the fellow eye (contrast balan-
cing) [29, 30]. This indicates that patients with amblyopia
may have a structurally intact, but functionally suppressed,
binocular visual system. Binocular treatment involves
tasks that require binocular combination of stimuli that
are presented dichoptically with a contrast offset in favour
of the amblyopic eye. As treatment progresses, the intero-
cular contrast difference is gradually reduced to promote
binocular fusion.
The first contrast balanced binocular treatment studies

involved repeated performance of a psychophysical motion
discrimination task under dichoptic presentation conditions
[27, 31]. Subsequent studies employed a falling-blocks
videogame that requires blocks moving down the screen
to be tessellated together [32]. The videogame can be
played using a pair of video goggles that allow for separate
images to be presented to each eye [33, 34] or on a tablet
computer device with images split between the two eyes
using a lenticular overlay screen or red/green anaglyphic
glasses [32, 35, 36]. Neither eye sees all of the game ele-
ments and, therefore, binocular combination is required
for successful game play.
There have been several case-series studies investigating

the effect of contrast balanced binocular treatment in
adults and children with amblyopia and the results are
promising [27, 31, 32, 34, 35, 37–42]. A recent review of
these studies reported an average improvement in ambly-
opic eye visual acuity of 0.24 logarithm of the minimum
angle of resolution (LogMAR) for adults (n = 84) and 0.16
LogMAR in compliant children (n = 91); significant im-
provements in stereopsis were also observed in both
adults and compliant children [26]. More recently, binocu-
lar treatment has been reported to improve fine motor
skills in a case-series of children with amblyopia [43]. Fur-
thermore, viewing of dichoptic, contrast balanced movies
was found to improve amblyopic eye visual acuity by 0.2
LogMAR in a group of children [44]. As a whole, the re-
sults from preliminary studies suggest that (1) contrast
balanced binocular treatment improves monocular and
binocular visual function in children and adults, (2) the
treatment is rapid, working within a matter of weeks and
(3) the effects last in excess of 1 month after the cessation
of treatment. The momentum behind these initial studies

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=364893
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has led to multiple independent calls for a formal, rando-
mised clinical trial of the treatment [45, 46], which we
hope to answer with this study.
A number of other binocular amblyopia treatment

approaches are in development (e.g. [47, 48]). Some are
also based on the use of contrast balancing, such as a
modified dichoptic first-person shooter videogame com-
bined with a monocular perceptual learning task [49].
Others, such as the I-BiT system [50, 51], involve dichop-
tic presentation of images without contrast balancing. The
I-BiT system involves the dichoptic presentation of videos
or videogames with the background presented to both
eyes and foreground elements presented only to the am-
blyopic eye. The treatment is targeted at children and aims
to improve amblyopic eye visual acuity.
A 2015 Cochrane Review reported no published ran-

domised controlled trials of any binocular intervention
in children with unilateral amblyopia aged 3–8 years
[52]. Subsequently, a randomised controlled trial (RCT)
evaluating of the effectiveness of the I-BiT system was
completed [53]. The trial compared the effect of 3 h
(30 min per week) of dichoptic videos versus dichoptic
videogames versus nondichoptic (control) videogames on
amblyopic eye visual acuity in children aged 4–8 years.
Amblyopic eye visual acuity improved by approximately
0.07 LogMAR in all three arms [53].
In addition, a RCT of contrast balanced binocular

treatment was recently completed [54]. This trial used
an adventure videogame called Dig Rush rather than the
falling-blocks game described above. Children of 4–10
years of age completed 10 h of binocular treatment (1 h
per day, 5 days per week) and 28 h of patching (2 h per
day, 7 days per week) following a randomised crossover
design. Contrast balanced binocular treatment resulted
in a significantly greater amblyopic eye visual acuity im-
provement than patching (0.15 LogMAR versus 0.07
LogMAR prior to crossover). A large-scale RCT compar-
ing contrast balanced binocular treatment delivered using
the falling-blocks game to patching (NCT02200211) will
also be complete in the near future.
Aside from the studies described above, a literature

search completed on 25 September 2016 using the same
search strategy employed within the 2015 Cochrane Re-
view by Tailor et al. [52] revealed no additional, published
RCTs using a binocular intervention for either children or
adults with unilateral amblyopia.

Methods/design
Aim and hypothesis
The primary aim of this trial is to investigate whether
6 weeks of binocular treatment leads to a greater im-
provement in amblyopic eye visual acuity than 6 weeks
of a placebo treatment. The trial will also assess whether
binocular treatment improves stereopsis and quality of
life, and reduces interocular suppression to a greater ex-
tent than placebo treatment. Furthermore, compliance
and participant acceptability of the home-based video-
game treatment will also be addressed. We hypothesise
that binocular treatment will lead to greater improve-
ments in monocular (near and distance visual acuity)
and binocular (stereopsis and suppression) visual func-
tion after 6 weeks of treatment compared to placebo
treatment.

Study design and recruitment
This is a double-blind, randomised, placebo-controlled
multicentre trial. Five trial sites are involved, namely:
School of Optometry and Vision Science, the University
of Auckland, Auckland, New Zealand; School of Optom-
etry and Vision Science, University of Waterloo, Waterloo,
Canada; The Centre for Eye Research Australia, Royal Vic-
torian Eye and Ear Hospital, Melbourne, Australia; McGill
Vision Research, Department of Ophthalmology, McGill
University, Montreal, Canada; and the School of Optom-
etry, Hong Kong Polytechnic University, Hong Kong. Data
will be collected in both clinical and psychophysical
laboratory settings depending on the facilities available
at each site.
Potential participants will be identified through referrals

by ophthalmologists and optometrists, clinical record
searches and public advertisements. Potential participants
(and parents/guardians of potential child participants) will
contact a study team member and will be provided with
an information sheet. Interested participants will complete
a telephone screening and, if appropriate, will be invited
for an eligibility and baseline assessment by the study staff.
Recruitment began on 13 March 2014 and is scheduled to
end on the 31 May 2016.

Eligibility
The following eligibility criteria exist for this trial:

� Age 7 years or older
� Amblyopia associated with the presence or history

of strabismus, anisometropia or both (mixed
mechanism)

� Unilateral amblyopia, defined as best-corrected
amblyopic eye visual acuity (VA) of 0.30–1.00
LogMAR inclusive, fellow eye VA ≤0.10 LogMAR
and an interocular VA difference ≥ 0.20 log units.
VA will be measured using the electronic Early
Treatment for Diabetic Retinopathy Study (E-ETDRS)
protocol presented on an Electronic Visual Acuity
(EVA) testing system [55]

� Strabismic amblyopia, defined as amblyopia in the
presence of heterotropia at distance and/or near
fixation, a history of strabismus surgery, or resolution
of strabismus following hyperopic spectacle correction
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� Anisometropic amblyopia, defined as amblyopia in
the presence of a spherical equivalent difference
≥0.50 dioptres (D) between the eyes, or a difference
of astigmatism in any meridian ≥1.50 D and no
strabismus

� Mixed-mechanism amblyopia, defined as amblyopia
in the presence of both strabismus and anisometropia

� An ability to align a dichoptically presented nonius
cross within the screen area of an iPod touch device.
This criterion ensures that successful play of the
treatment game is possible

� Willing and able to provide written informed
consent for participation in the study

� Stable visual acuity with full optical correction

Exclusion criteria are: myopia of spherical equivalent
power more than −6.00 D in either eye; previous intraocu-
lar surgery; ocular pathology; a diagnosed neurological
condition (judged on a case-by-case basis by the Trial
Steering Committee).

Optical treatment
Participants will be required to wear their full optical
correction in spectacles or contact lenses prior to ran-
domisation. Optical correction will meet the criteria de-
signed by the Paediatric Eye Disease Investigator Group
and will be based on a cycloplegic refraction that is
within 6 months of study entry (a new cycloplegic refrac-
tion will be provided if necessary): (1) hypermetropia will
not be under-corrected by more than +1.50 D spherical
equivalent and the reduction in plus sphere must be iden-
tical between the two eyes, (2) spherical equivalent power
will be ≤ ±0.50 D of fully correcting the anisometropia, (3)
cylinder power in each eye will be ≤ ±0.50 D of fully
correcting the astigmatism for each eye and, (4) cylinder
axis of the correction for each eye must be ≤ ±6° of the
axis identified during cycloplegic refraction when cylinder
power is ≥1.00 D.
Participants who have worn full optical correction

full-time for more than 16 weeks and meet all eligibility
criteria will be randomised immediately after baseline
examination. Participants who have not been wearing
full optical correction full-time for 16 weeks but are
otherwise eligible will complete an optical treatment
period of up to 16 weeks before randomisation. If they
remain eligible, participants undergoing optical treat-
ment will be randomised when the visual acuity in the
amblyopic eye is stable, defined as a change of ≤0.1
LogMAR over two measurements made at least 4 weeks
apart. Participants will not be eligible if their visual
acuity does not stabilise over 16 weeks of refractive
adaptation, or if they are unable to wear optical correction
full-time, or if their amblyopic eye visual acuity improves
to the point that they no longer meet the eligibility criteria.
Randomised participants will be asked to wear their op-
tical correction full-time until their final follow-up visit is
complete. This aspect of the protocol is designed to
minimise the effect of optical treatment on the outcome
measures of the trial.
Written informed consent will be obtained and eligi-

bility assessed at the baseline visit. Participants who are
eligible will be randomised and begin treatment. Partici-
pants who require optical treatment but are otherwise
eligible will be provided with optical correction and
enter the optical treatment process. Participants who re-
main eligible after optical treatment will be randomised
and the measurements made at the end of optical treat-
ment will be used as the pretreatment baseline.

Randomisation and blinding
Allocation concealment procedures will be followed. Eli-
gible participants will be allocated randomly in a 1:1
ratio by computer to either the active or placebo treat-
ment group, using minimisation stratified by three age
groups (7–12, 13–17 and 18 years and over). Participants
and study investigators will remain blinded to treatment
allocation during the study, as will all clinical examiners/
testers involved in recruitment, data collection and data
entry until final data lock. Independent study staff respon-
sible for randomisation and allocation of the game-
specific device to participants will not be blinded. Partici-
pants will be informed of the study results at the end of
the study and participants randomised to the placebo
group will be offered the treatment if the trial is positive.
There is a possibility that participants may attempt

to guess their allocated group (active or placebo) by
observing the game and, therefore, become unblinded.
A number of steps will be taken to minimise this risk.
No details regarding the principles underlying the
game design, such as contrast balancing or the presen-
tation of different game elements to each eye, will be
provided to participants. Also, study staff will be
instructed not to answer questions from participants
relating to their allocated group. In addition, study clini-
cians who assess treatment outcomes will be instructed
not to handle the training iPod to prevent accidental
unblinding.

Treatment allocation
Participants will be randomised to receive 6 weeks of ac-
tive or placebo home-based binocular treatment in the
form of an interactive falling-blocks game implemented
on a 5th generation iPod touch device viewed through
red/green anaglyphic glasses (Fig. 1). Participants will begin
their treatment within 1 day of randomisation. Participants
will be instructed to play the videogame for 1–2 h every
day (separated into a maximum of three daily sessions) for
6 weeks while wearing red/green anaglyphic glasses and



Fig. 1 Study schematic. Legend: study flow from recruitment and screening to the final 24-week follow-up
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their optical correction where applicable. The treatment
will terminate automatically on the iPod 44 days after ran-
domisation, regardless of the scheduled follow-up clinical
visit, to ensure consistent dosing for all participants. This
trial uses a 6-week treatment period as previous studies
indicate that this duration is sufficient for significant
improvements [35, 37, 39, 40] and that compliance is
high early in therapy but begins to fall after 6 weeks if
the game is not changed.
Active group In the active treatment game, a subset of
blocks is presented to the amblyopic eye at high contrast
(100 %) and other blocks are presented to the fellow
eye at low contrast tailored to each individual’s level of
interocular suppression determined by a random-dot
kinematogram measure of suppression [30, 33] and an
assessment of the participant’s ability to play the game
by an unblinded assessor. Red-green anaglyphic glasses
(in addition to spectacle correction, if any; green lens
over the amblyopic eye) are used to split the images be-
tween the two eyes. The contrast of the blocks presented to
the fellow eye will be increased if participants play the game
successfully. Specifically, if the patient achieves a score of
1000 and played for more than 15 min within a 24-h
period, the fellow eye contrast will be increased by 15 % for
the next 24-h period of play. If the game is attempted for
over 15 min but a score of 1000 is not achieved, the fellow
eye contrast will be reduced by 5 %. In all other situations
the fellow eye contrast will remain constant.
Control group The placebo treatment game will be
identical to the active treatment game except that both eyes
will see the same images with no contrast offset. All partici-
pants will be required to wear red-green anaglyphic glasses
on top of their optical correction during game play.
Both the treatment and placebo games include a

dichoptically presented, contrast-balanced alignment cali-
bration at the start of each treatment session. The partici-
pants will be presented with a dichoptic nonius cross that
they are required to align using directional arrow buttons
presented on the iPod screen. In the active game, the
alignment information will be used to offset the relative
position of the blocks shown to each eye to ensure proper
alignment during game play.
The iPod devices will automatically record treatment

information including contrast change, alignment calibra-
tion, scores achieved and compliance (time spent playing
the game).
Outcomes
Outcome measures will be assessed at 3, 6, 12 and
24 weeks post randomisation by blinded assessors. Base-
line and outcome measures are summarised in Table 1.
Primary outcome
The primary outcome is the change in best-corrected
distance visual acuity in the amblyopic eye from baseline
to 6 weeks post randomisation, measured using the highly
standardised E-ETDRS protocol EVA testing system [55].



Table 1 Schedule of assessments

Randomisation 3 weeks 6 weeks 12 weeks 24 weeks

Demography √

Visual acuity √ √ √ √ √

Stereopsis √ √ √ √ √

Angle of strabismus (if applicable) √ √ √ √ √

Interocular suppression √ √ √ √ √

Interocular contrast √ √

Treatment compliance √ √

Treatment acceptability √ √

Quality of life (18 years and over) √ √
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Secondary outcomes

� Change from baseline in best-corrected distance visual
acuity in the amblyopic eye, fellow eye and both eyes
at 3, 6, 12 and 24 weeks post randomisation

� Change from baseline in best-corrected near visual
acuity in the amblyopic eye, fellow eye and both eyes
at 3, 6, 12 and 24 weeks post randomisation measured
using the Lighthouse ETDRS near visual acuity chart

� Change from baseline in stereopsis at 3, 6, 12 and
24 weeks post randomisation measured using Randot
Preschool Stereotest [56]

� Change from baseline in angle of strabismus (where
applicable) at 3, 6, 12 and 24 weeks post randomisation
measured using the Simultaneous prism Cover Test at
near and distance [22]

� Change from baseline in interocular suppression at
3, 6, 12 and 24 weeks post randomisation measured
using Worth Four-dot Test at 33 cm and at 6 m and
a prototype iPod-based version of the Dichoptic
Motion Coherence Test [8, 10, 33]

� Change from baseline in interocular contrast at 3
and 6 weeks post randomisation based on the log
file extracted from the iPod

� Change in quality of life from baseline to 24 weeks
post randomisation measured in adult participants
only (18 years of age or older) using the World Health
Organisation Quality of Life (WHOQOL) – BREF [57]

� Treatment compliance at 3 and 6 weeks post
randomisation. Participants’ compliance will be
recorded in two ways: through data stored on the
iPod device and through a diary provided to
participants. Compliance will be defined as at least
25 % of the prescribed dose (i.e. playing the game
for at least 5 h 15 min at 3 weeks and for at least
10 h 30 min at 6 weeks post randomisation) [37]

� Treatment acceptability at 3 and 6 weeks post
randomisation, assessed using a modified version of
the Amblyopia Treatment Index questionnaire for
children and adults [58, 59]. This questionnaire has
5-point Likert Scales for a series of 20 questions for
parents of participants aged 7–17 years and 19
questions for participants aged 18 years and over

� Adverse events. No cases of diplopia have been
reported in published studies of contrast balanced
binocular treatment, possibly because the treatment
is designed to promote binocular function. However,
diplopia is an important issue for any amblyopia
treatment. Two cases of diplopia related to treatment
using the I-BiT system have been reported and both
cases resolved spontaneously following cessation of
treatment [53]. Therefore, binocular treatment may
carry a risk of diplopia. The potential side effect of
diplopia will be monitored throughout the study.
Diplopia will be discussed upon randomisation into
the study and will be demonstrated using two sets
of images, one printed on opaque paper and the other
on a transparency. Participants and their caregivers
(where relevant) will be asked to immediately report
any experience of diplopia to their local study team.
Study clinicians will also ask participants about
diplopia at each follow-up visit and repeat the
diplopia demonstration. If the participant reports
diplopia at any time, the condition will be assessed
by study clinicians using a diplopia questionnaire
[60, 61] and standard clinical techniques will be
used to assess the type of diplopia. If diplopia is
confirmed, the study treatment will cease and the
patient will be offered further treatment if required.

Sample size
Thirty-six participants (18 per arm) in each of the three
age groups (7–12 years, 13–17 years and 18 years and
over) will provide 90 % power at p = 0.05 to detect a
group difference of 0.20 LogMAR [62, 63] in amblyopic
eye distance visual acuity change at 6 weeks post ran-
domisation between the two treatment arms, assuming a
standard deviation of 0.17 LogMAR [32] and a 10 %
loss-to-follow-up at 6 weeks. Each age group has been
independently powered. Overall the study will aim to
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recruit a total of 108 participants (54 per arm) with 36
participants (18 per arm) in each of the three age groups
(7–12 years, 13–17 years and 18 years and over).

Analyses
During the trial, data will be entered into a secure data-
base with range checks for each data field. Anonymised
paper copies of forms will be stored in secure locked fil-
ing cabinets. The final dataset will be made available to
study team members upon approval from the Steering
Committee.
The effect of the intervention will be evaluated between

the active and placebo groups for the whole cohort and
for each of three age groups; 7–12 years, 13–17 years and
18 years and over. This design will allow for a direct
comparison to the current ‘gold standard’ clinical trial
of monocular amblyopia treatment in older children
(7–12 and 13–17 age groups) [22].
Statistical analyses will be performed using SAS ver-

sion 9.4 (SAS Institute Inc. Cary, NC, USA) and will
follow a prespecified statistical analysis plan. No in-
terim analyses are planned. All statistical tests will be
two-sided at the 5 % significance level. Treatment eval-
uations for the primary outcome will be carried out on
an intention-to-treat (ITT) basis, where the ‘last value
carried forward’ method will be used to replace missing
data. Sensitivity analyses will be conducted to test the
robustness of the primary outcome results. These will
include per protocol analysis (excluding participants
who have major protocol violations such as poor compli-
ance, loss to follow-up and missing data), complete case
analysis, and ITT analyses using multiple imputation to
replace missing values in the primary outcome.
Baseline demographics, visual acuity, stereopsis, suppres-

sion, and quality of life will be summarised using descrip-
tive statistics by treatment arms. The primary outcome and
quality of life data will be analysed using linear regression.
Repeated measures mixed models will be applied to other
continuous outcomes measured repeatedly over time and
the interaction effect between treatment and visit will be
tested. For all continuous outcomes the baseline outcome
value and age groups (stratification factor) will be adjusted
for in the regression models. The model-adjusted treatment
difference will be reported, with associated 95 % confidence
interval and p value. Generalised linear regression models
will be applied to categorical outcomes as appropriate.
Results will be published and presented to the relevant
professional groups.

Monitoring
An independent monitor will check the existence and
correct date for all signed Consent Forms. The monitor
will also sample over 10 % of all randomised participants
to check data within the database against source data.
The Health Research Council of New Zealand Data
Safety Monitoring Core Committee considered the trial
to be low risk and, therefore, did not recommend estab-
lishing a Data Safety Monitoring Committee for the trial.

Discussion
This is the first RCT for amblyopia in older children and
adults using a binocular treatment approach. This study
builds upon previous case-series studies to evaluate the
efficacy of a home-based binocular videogame for improv-
ing amblyopic eye visual acuity. This study also aims to
determine whether this novel treatment reduces interocu-
lar suppression and improves stereopsis.
The specific binocular videogame treatment being used

in this trial is a prototype that is based on the principle of
providing contrast-balanced dichoptic stimuli to patients
with amblyopia in order to promote binocular function. If
the treatment is effective, this general principle could
be applied to a wide variety of videogame genres and
platforms to enhance patient engagement and tailor the
treatment to children, teenagers and adults.

Trial status
Ongoing.

Abbreviations
D: Dioptre; E-ETDRS: Early Treatment for Diabetic Retinopathy Study;
EVA: Electronic Visual Acuity; ITT: Intention-to-treat; LogMAR: Logarithm of
the minimum angle of resolution; RCT: Randomised controlled trial;
VA: Visual acuity; WHOQOL – BREF: World Health Organisation Quality of Life
questionnaire – Brief

Acknowledgements
The BRAVO Study Team: Taina Von Blaramberg (University of Auckland),
Stephen J. Boswell (University of Auckland), Arijit Chakraborty (University of
Waterloo), Lily Chan (The Hong Kong Polytechnic University), Simon Clavagnier
(McGill University), Patrick W.C. Ho (The Hong Kong Polytechnic University),
Colin Howe (University of Auckland), Michelle H. Jen (University of Auckland),
Lisa Kearns (Centre for Eye Research Australia), Joanna Michie (University of
Auckland), Colleen Ng (University of Auckland), John Faafetai Faatui (University
of Auckland), Peter Pang (The Hong Kong Polytechnic University), Roberto Pieri
(Private Eye Clinic, Melbourne, Australia), Rajkumar Nallour Raveendren
(University of Waterloo), Daniel Spiegel (McGill University), Stuart L. Uren
(University of Auckland).

Funding
The BRAVO trial is funded by a project grant from the Health Research
Council of New Zealand (13/169) and the Hong Kong Health and Medical
Research Fund (11122991).
Centre for Eye Research Australia receives Operational Infrastructure Support
from the Victorian Government.
The funding bodies had no role in design of the study, the collection,
analysis and interpretation of data or the writing of the manuscript.

Availability of data and materials
Not applicable.

Authors’ contributions
CG and BT wrote the manuscript. All authors contributed to the design and/
or implementation of the study protocol as team members or members of
the Steering Committee. The Steering Committee is responsible for study
oversight. Steering Committee: JMB, WRB, CSYL, SD, RFH, LK, VP, NW and BT
(chair). All authors read and approved the final manuscript.



Guo et al. Trials  (2016) 17:504 Page 8 of 9
Authors’ information
No applicable.

Competing interests
Benjamin Thompson and Robert F. Hess are named inventors on two
patents relating to the treatment that forms the basis of this trial (US
12528934 and US8006372 B2). No other authors have competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Human ethics approvals were obtained from the University of Auckland Human
Participants Ethics Committee (Reference number: 10122), University of Waterloo
Research Ethics Committee (ORE file number: 19153), McGill University Health
Centre BMB Research Ethics Board (Study code: 13-290-BMB), Human Research
and Ethics Committee of the Royal Victorian Eye and Ear Hospital (Reference
number: 14/1158H) and Human Subjects Ethics Subcommittee of Hong Kong
Polytechnic University (Reference number: HSEARS20151023002). Adult
participants will provide written informed consent to participate. Parents
of child participants will provide written informed consent for participation
and the child participants will provide informed assent. The study protocol
will conform to the principles of the Declaration of Helsinki.

Author details
1School of Optometry and Vision Science, The University of Auckland,
Auckland, New Zealand. 2School of Optometry and Vision Science, University
of Waterloo, Waterloo, ON, Canada. 3School of Optometry, Faculty of Health
and Social Sciences, The Hong Kong Polytechnic University, Hong Kong, SAR,
China. 4Department of Ophthalmology, Starship Children’s Hospital,
Auckland, New Zealand. 5Department of Ophthalmology, McGill Vision
Research, McGill University, Montreal, QC, Canada. 6National Institute for
Health Innovation, School of Population Health, The University of Auckland,
Auckland, New Zealand. 7Department of Surgery, Centre for Eye Research
Australia, Royal Victorian Eye and Ear Hospital; Ophthalmology, University of
Melbourne, Melbourne, VIC, Australia.

Received: 28 April 2016 Accepted: 30 September 2016

References
1. Holmes JM, Clarke MP. Amblyopia. Lancet. 2006;367:1343–51.
2. Hess RF, Howell ER. The threshold contrast sensitivity function in strabismic

amblyopia: evidence for a two type classification. Vision Res. 1977;17:1049–55.
3. Ho CS, Giaschi DE. Stereopsis-dependent deficits in maximum motion

displacement in strabismic and anisometropic amblyopia. Vision Res.
2007;47:2778–85.

4. Simmers AJ, Ledgeway T, Hess RF, McGraw PV. Deficits to global motion
processing in human amblyopia. Vision Res. 2003;43:729–38.

5. Levi DM, Klein SA. Vernier acuity, crowding and amblyopia. Vision Res.
1985;25:979–91.

6. Hamm LM, Black J, Dai S, Thompson B. Global processing in amblyopia: a
review. Front Psychol. 2014;5:583.

7. Birch EE. Amblyopia and binocular vision. Prog Retin Eye Res. 2013;33:67–84.
8. Li J, Hess RF, Chan LYL, Deng D, Chen X, Yu M, Thompson BS. How best to

assess suppression in patients with high anisometropia. Optom Vis Sci.
2013;90:e47–52.

9. Li J, Hess RF, Chan LYL, Deng D, Yang X, Chen X, Yu M, Thompson B.
Quantitative measurement of interocular suppression in anisometropic
amblyopia: a case-control study. Ophthalmology. 2013;120:1672–80.

10. Narasimhan S, Harrison ER, Giaschi DE. Quantitative measurement of
interocular suppression in children with amblyopia. Vision Res. 2012;66:1–10.

11. Li J, Thompson B, Lam CSY, Deng D, Chan LYL, Maehara G, Woo GC, Yu M,
Hess RF. The role of suppression in amblyopia. Invest Ophthalmol Vis Sci.
2011;52:4169–76.

12. Bi H, Zhang B, Tao X, Harwerth RS, Smith EL, Chino YM. Neuronal responses
in visual area V2 (V2) of macaque monkeys with strabismic amblyopia.
Cereb Cortex. 2011;21:2033–45.

13. Tao X, Zhang B, Shen G, Wensveen J, Smith EL, Nishimoto S, Ohzawa I,
Chino YM. Early monocular defocus disrupts the normal development of
receptive-field structure in V2 neurons of macaque monkeys. J Neurosci.
2014;34:13840–54.

14. Holmes JM. Designing clinical trials for amblyopia. Vision Res. 2015;114:41–7.
15. Carlton J, Kaltenthaler E. Amblyopia and quality of life: a systematic review.

Eye (Lond). 2011;25:403–13.
16. Koklanis K, Abel LA, Aroni R. Psychosocial impact of amblyopia and its treatment:

a multidisciplinary study. Clin Experiment Ophthalmol. 2006;34:743–50.
17. Packwood EA, Cruz OA, Rychwalski PJ, Keech RV. The psychosocial effects of

amblyopia study. J AAPOS. 1999;3:15–7.
18. Wang J. Compliance and patching and atropine amblyopia treatments.

Vision Res. 2015;114:31–40.
19. Bhola R, Keech RV, Kutschke P, Pfeifer W, Scott WE. Recurrence of amblyopia

after occlusion therapy. Ophthalmology. 2006;113:2097–100.
20. Holmes JM, Beck RW, Kraker RT, Astle WF, Birch EE, Cole SR, Cotter SA,

Donahue S, Everett DF, Hertle RW. Risk of amblyopia recurrence after
cessation of treatment. J AAPOS. 2004;8:420–8.

21. Hess RF, Mansouri B, Thompson B. Restoration of binocular vision in
amblyopia. Strabismus. 2011;19:110–8.

22. Scheiman MM, Hertle RW, Beck RW, Edwards AR, Birch E, Cotter SA, Crouch
Jr ER, Cruz OA, Davitt BV, Donahue S. Randomized trial of treatment of
amblyopia in children aged 7 to 17 years. Arch Ophthalmol. 2005;123:437–47.

23. Levi DM, Li RW. Perceptual learning as a potential treatment for amblyopia:
a mini-review. Vision Res. 2009;49:2535–49.

24. Thompson B. The changing face of amblyopia. Can J Ophthalmol. 2012;47:391–3.
25. Wong AMF. New concepts concerning the neural mechanisms of amblyopia

and their clinical implications. Can J Ophthalmol. 2012;47:399–409.
26. Hess RF, Thompson B. Amblyopia and the binocular approach to its

therapy. Vision Res. 2015;114:4–16.
27. Hess RF, Mansouri B, Thompson B. A new binocular approach to the

treatment of amblyopia in adults well beyond the critical period of visual
development. Restor Neurol Neurosci. 2010;28:793–802.

28. Hess RF, Thompson B, Baker DH. Binocular vision in amblyopia: structure,
suppression and plasticity. Ophthalmic Physiol Opt. 2014;34:146–62.

29. Baker DH, Meese TS, Mansouri B, Hess RF. Binocular summation of
contrast remains intact in strabismic amblyopia. Invest Ophthalmol Vis
Sci. 2007;48:5332–8.

30. Mansouri B, Thompson B, Hess RF. Measurement of suprathreshold
binocular interactions in amblyopia. Vision Res. 2008;48:2775–84.

31. Hess RF, Mansouri B, Thompson B. A binocular approach to treating
amblyopia: antisuppression therapy. Optom Vis Sci. 2010;87:697–704.

32. To L, Thompson B, Blum JR, Maehara G, Hess RF, Cooperstock JR. A game
platform for treatment of amblyopia. IEEE Trans Neural Syst Rehabil Eng.
2011;19:280–9.

33. Black JM, Thompson B, Maehara G, Hess RF. A compact clinical instrument
for quantifying suppression. Optom Vis Sci. 2011;88:E334–43.

34. Knox PJ, Simmers AJ, Gray LS, Cleary M. An exploratory study: prolonged
periods of binocular stimulation can provide an effective treatment for
childhood amblyopia. Invest Ophthalmol Vis Sci. 2012;53:817–24.

35. Hess RF, Thompson B, Black JM, Machara G, Zhang P, Bobier WR,
Cooperstock J. An iPod treatment of amblyopia: an updated binocular
approach. Optometry. 2012;83:87–94.

36. Black JM, Hess RF, Cooperstock JR, To L, Thompson B. The measurement
and treatment of suppression in amblyopia. J Vis Exp. 2012;70:e3927.

37. Hess RF, Babu RJ, Clavagnier S, Black J, Bobier W, Thompson B. The iPod
binocular home-based treatment for amblyopia in adults: efficacy and
compliance. Clin Exp Optom. 2014;97:389–98.

38. Birch EE, Li SL, Jost RM, Morale SE, De La Cruz A, Stager D, Dao L, Stager DR.
Binocular iPod treatment for amblyopia in preschool children. J AAPOS.
2015;19:6–11.

39. Li J, Thompson B, Deng D, Chan LYL, Yu M, Hess RF. Dichoptic training
enables the adult amblyopic brain to learn. Curr Biol. 2013;23:R308–9.

40. Li SL, Jost RM, Morale SE, Stager DR, Dao L, Stager D, Birch EE. A binocular
iPod treatment for amblyopic children. Eye. 2014;28:1246–53.

41. Mansouri B, Singh P, Globa A, Pearson P. Binocular training reduces
amblyopic visual acuity impairment. Strabismus. 2014;22:1–6.

42. Spiegel DP, Li J, Hess RF, Byblow WD, Deng D, Yu M, Thompson B.
Transcranial direct current stimulation enhances recovery of stereopsis in
adults with amblyopia. Neurotherapeutics. 2013;10:831–9.

43. Webber AL, Wood JM, Thompson B. Fine motor skills of children with
amblyopia improve following binocular treatment. Invest Ophthalmol Vis
Sci. 2016;57:4713–20.



Guo et al. Trials  (2016) 17:504 Page 9 of 9
44. Li SL, Reynaud A, Hess RF, Wang YZ, Jost RM, Morale SE, De La Cruz A, Dao L,
Stager Jr D, Birch EE. Dichoptic movie viewing treats childhood amblyopia.
J AAPOS. 2015;19:401–5.

45. Harrad R. A million neurons can be wrong. Can J Ophthalmol. 2012;47:389–90.
46. Wong AMF. Implications of interocular suppression in the treatment of

amblyopia. J AAPOS. 2011;15:417–8.
47. Ooi TL, Su YR, Natale DM, He ZJ. A push-pull treatment for strengthening

the ‘lazy eye’ in amblyopia. Curr Biol. 2013;23:R309–10.
48. Vedamurthy I, Knill DC, Huang SJ, Yung A, Ding J, Kwon OS, Bavelier D, Levi

DM. Recovering stereo vision by squashing virtual bugs in a virtual reality
environment. Philos Trans R Soc Lond B Biol Sci. 2016;371:20150264. http://
dx.doi.org/10.1098/rstb.2015.0264

49. Vedamurthy I, Nahum M, Huang SJ, Zheng F, Bayliss J, Bavelier D, Levi DM.
A dichoptic custom-made action video game as a treatment for adult
amblyopia. Vision Res. 2015;114:173–87.

50. Eastgate RM, Griffiths GD, Waddingham PE, Moody AD, Butler TKH, Cobb SV,
Comaish IF, Haworth SM, Gregson RM, Ash IM. Modified virtual reality
technology for treatment of amblyopia. Eye. 2006;20:370–4.

51. Cleary M, Moody A, Buchanan A, Stewart H, Dutton G. Assessment of a
computer-based treatment for older amblyopes: the Glasgow Pilot Study.
Eye. 2009;23:124–31.

52. Tailor V, Bossi M, Bunce C, Greenwood JA, Dahlmann‐Noor A. Binocular
versus standard occlusion or blurring treatment for unilateral amblyopia in
children aged three to eight years. Cochrane Library. 2015.

53. Herbison N, MacKeith D, Vivian A, Purdy J, Fakis A, Ash IM, Cobb SV,
Eastgate RM, Haworth SM, Gregson RM. Randomised controlled trial of video
clips and interactive games to improve vision in children with amblyopia using
the I-BiT system. B J Ophthalmol. 2016;0:1–6. doi:10.1136/bjophthalmol-2015-
307798

54. Kelly KR, Jost RM, Doa L, Beauchamp CL, Leffler JN, Birch EE. A randomized
trial of a binocular iPod game vs patching for treatment of amblyopia in
children. JAMA Ophthalmol. 2016, in press.

55. Beck RW, Moke PS, Turpin AH, Ferris Iii FL, SanGiovanni JP, Johnson CA,
Birch EE, Chandler DL, Cox TA, Blair RC. A computerized method of visual
acuity testing: adaptation of the early treatment of diabetic retinopathy
study testing protocol. Am J Ophthalmol. 2003;135:194–205.

56. Birch EE, Williams C, James D, Fu VLN, Cheng C, Northstone K. Randot
Preschool Stereoacuity test: normative data and validity. J AAPOS. 2008;12:23–6.

57. Skevington SM, Lotfy M, O’Connell KA. The World Health Organization’s
WHOQOL-BREF quality of life assessment: psychometric properties and
results of the international field trial. A report from the WHOQOL group.
Qual Life Res. 2004;13:299–310.

58. Cole SR, Beck RW, Moke PS, Celano MP, Drews CD, Repka MX, Holmes JM,
Birch EE, Kraker RT, Kip KE. The amblyopia treatment index. J AAPOS.
2001;5:250–4.

59. Holmes JM, Strauber S, Quinn GE, Cole SR, Felius J, Kulp M. Further
validation of the Amblyopia Treatment Index parental questionnaire.
J AAPOS. 2008;12:581–4.

60. Holmes JM, Leske DA, Kupersmith MJ. New methods for quantifying
diplopia. Ophthalmology. 2005;112:2035–9.

61. Holmes JM, Liebermann L, Hatt SR, Smith SJ, Leske DA. Quantifying diplopia
with a questionnaire. Ophthalmology. 2013;120:1492–6.

62. Felius J, Wang Y-Z, Birch EE. The accuracy of the amblyopia treatment study
visual acuity testing protocol. J AAPOS. 2003;7:406–12.

63. Holmes JM, Beck RW, Repka MX, Leske DA, Kraker RT, Blair RC, Moke PS,
Birch EE, Saunders RA, Hertle RW, et al. The amblyopia treatment study
visual acuity testing protocol. Arch Ophthalmol. 2001;119:1345–53.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

http://dx.doi.org/10.1098/rstb.2015.0264
http://dx.doi.org/10.1098/rstb.2015.0264
http://dx.doi.org/10.1136/bjophthalmol-2015-307798
http://dx.doi.org/10.1136/bjophthalmol-2015-307798

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Aim and hypothesis
	Study design and recruitment
	Eligibility
	Optical treatment
	Randomisation and blinding
	Treatment allocation
	Outcomes
	Primary outcome
	Secondary outcomes
	Sample size
	Analyses
	Monitoring


	Discussion
	Trial status
	show [a]

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

