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Abstract

Importance—A binocular approach to treating anisometropic and strabismic amblyopia has 

recently been advocated. Initial studies have yielded promising results, suggesting that a larger 

randomized clinical trial is warranted.

Objective—To compare visual acuity (VA) improvement in children with amblyopia treated with 

a binocular iPad® game versus part-time patching.

Design—Randomized, non-inferiority clinical trial.

Setting—Multicenter, community and institutional practices

Participants—385 participants 5 to <13 years of age (mean 8.5 years) with amblyopia (20/40 to 

20/200, mean 20/63) resulting from strabismus, anisometropia, or both.
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Interventions—Participants were randomly assigned to either 16 weeks of a binocular iPad 

game, prescribed for 1 hour a day (n=190, binocular group) or patching of the fellow eye 

prescribed for 2 hours a day (n=195, patching group). Study follow-up visits were scheduled at 4, 

8, 12, and 16 weeks.

Main outcome measure—Change in amblyopic-eye VA from baseline to 16 weeks.

Results—At 16 weeks, mean amblyopic-eye VA improved 1.05 lines (2-sided 95% confidence 

interval (CI): 0.85 to 1.24 lines) in the binocular group and 1.35 lines (2-sided 95% CI: 1.17 to 

1.54 lines) in the patching group, with an adjusted treatment group difference of 0.31 lines 

favoring patching (upper limit of the 1-sided 95% CI 0.53 lines). This upper limit exceeded the 

pre-specified non-inferiority limit of 0.5 lines. Only 22% of participants randomized to the 

binocular game performed >75% of the prescribed treatment (median 46%, interquartile range 

20% to 72%). In younger participants age 5 to <7 years old, without prior amblyopia treatment, 

amblyopic-eye VA improved 2.5 ± 1.5 lines in the binocular group and 2.8 ± 0.8 in the patching 

group. Adverse effects (including diplopia) were uncommon and of similar frequency between 

groups.

Conclusions and Relevance—In children 5 to <13 years of age, amblyopic-eye VA improved 

with binocular game play and with patching, particularly in younger children age 5 to <7 years 

without prior amblyopia treatment. Although the primary non-inferiority analysis was 

indeterminate, a post-hoc analysis suggested VA improvement with this particular binocular iPad 

treatment was not as good as with 2 hours of prescribed daily patching.

Introduction

A binocular approach to treating anisometropic and strabismic amblyopia has recently been 

advocated,1–6 without patching,7, 8 atropine drops,9 or Bangerter filters10 applied to the 

fellow eye. In such binocular therapy, images are presented dichoptically, with high-contrast 

images presented to the amblyopic eye and low-contrast images to the fellow eye, to achieve 

a binocular percept.11 Recently, this binocular treatment has been adapted to an iPad® 

device as a “falling blocks” game, which uses red-green anaglyphic glasses. Initial studies 

have yielded promising results,3–5 suggesting that a larger randomized clinical trial is 

warranted.

The purpose of the present randomized clinical trial was to establish whether treatment of 

amblyopia with a binocular iPad game (prescribed 1 hour per day for 16 weeks) was not 

substantially worse (non-inferior) than treatment with patching of the fellow eye (prescribed 

2 hours per day) in children age 5 to <13 years, with 20/40 to 20/200 amblyopic-eye VA

Methods

The study was conducted at 78 institution- or community-based clinical sites and approved 

by the respective institutional review boards (IRB). A parent or guardian (referred to 

subsequently as “parent”) of each study participant gave written informed consent, and each 

participant assented to participation as required. The study is listed on 

www.clinicaltrials.gov, under identifier NCT02200211, accessed 5/27/16. The complete 
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study protocol is available on the PEDIG website (www.pedig.net, accessed 5/27/16). 

Eligibility criteria are listed in Table 1.

Study Visits and Testing Procedures

Visual acuity was measured in each eye with optimal refractive correction (if applicable), 

and without cycloplegia by a study-certified examiner (masked at follow up). We used a 

consistent method throughout the study for each participant; either the Amblyopia Treatment 

Study single-surround HOTV protocol (ATS-HOTV©)12 for participants age 5 to <7 years or 

the Electronic Early Treatment Diabetic Retinopathy Study (E-ETDRS©) protocol13 for 

participants age 7 to <13 years. Visual acuity was converted to the logarithm of the 

minimum angle of resolution (logMAR) scale. Additional testing at all study visits included 

measurement of ocular alignment with a simultaneous prism and cover test (SPCT), and a 

prism and alternate cover test (PACT), and stereoacuity (masked at follow-up) using the 

Randot Butterfly and Randot Preschool stereoacuity tests (Stereo Optical Co., Chicago IL).

Follow-up visits occurred at 4, 8, 12, and 16 weeks (± 1 week) after randomization (± 1 

week), with the primary outcome visit at 16 weeks. At each visit, a standardized 

questionnaire was administered to participants and their parents to assess the presence and 

frequency of diplopia.

Randomization and Treatment

Participants were randomly assigned via the PEDIG website with equal probability, using a 

permutated block design stratified by age group (5 to <7 years, 7 to <13 years) and site, to 

receive either binocular treatment or patching (subsequently referred to as the “binocular” 

and “patching” groups, respectively), administered via the PEDIG website.

The patching group was prescribed 2 hours of daily patching (allowing division into shorter 

sessions) with an adhesive style patch (Coverlet/3M Opticlude/Ortopad), 7 days a week for 

16 weeks. The binocular group was prescribed the binocular falling blocks iPad game for 1 

hour a day (allowing division into shorter sessions), 7 days a week for 16 weeks, with 

instructions to perform therapy a minimum of 4 days a week if unable to play for 7 days per 

week. The differing durations per day (2 hours versus 1 hour) were chosen to reflect 

commonly used regimes with each treatment. Compliance was calculated based on an 

intended treatment of 7 days a week for 16 weeks.

The game was played on a study-supplied iPad device at the participants’ habitual reading 

distance while wearing red/green anaglyphic glasses (over the spectacles if applicable) with 

the green filter placed over the amblyopic eye. Participants played the game by moving the 

falling blocks to form solid lines, with the level of difficulty (easy, medium, hard) set at the 

participant’s discretion. While the contrast of the falling blocks for the amblyopic eye was 

always 100%, the contrast for the fellow eye was initially set to 20% and automatically 

increased/decreased by 10% increments (with a lowest level of 10%), or left unchanged 

from the last contrast level, based on previous day game play duration and performance. The 

contrast only changed if ≥ 30 minutes of game play occurred the previous day, increasing if 

≥1000 points were scored or decreasing otherwise.
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Parents recorded the number of hours the participant played the game or wore the patch each 

day using calendars. The iPad device automatically recorded the duration of game play, 

contrast and performance.

Statistical Analyses

The trial was designed as a non-inferiority study. The sample size of 346 participants was 

computed to have 90% power with a type I error of 5% for a non-inferiority limit of 0.05 

logMAR (0.5 lines), assuming a standard deviation of change of 0.15 logMAR (1.5 lines) 

based on prior PEDIG studies,10, 14–17 and no more than 10% loss to follow-up. This non-

inferiority margin represents a conservative estimate of the treatment benefit of part-time 

patching compared with optical correction alone (based on previous studies14, 15), chosen so 

the effect of binocular treatment, if found non-inferior to patching, would very likely be 

greater than that of optical correction alone.

The primary outcome measure was change in amblyopic-eye VA from baseline to 16 weeks 

(14 to <20 week window). The upper limit of a 1-sided 95% confidence interval (CI) was 

computed on the treatment group difference, using an analysis of covariance (ANCOVA) 

model, adjusted for baseline age and VA, including only participants completing the 16-

week outcome in a modified intent-to-treat analysis. Alternative approaches to the primary 

analysis are specified in eTable 1. The primary analysis was repeated with computation of a 

2-sided 95% CI for the adjusted treatment group difference as a post-hoc analysis to estimate 

the range of plausible values of the treatment group difference.

In a post-hoc analysis, we compared the 16-week outcomes in those who were compliant 

(completing >50% prescribed treatment) and successfully played the game (fellow-eye 

contrast increased to >95%) with those who were not.

Statistical methods for additional analyses are described in the relevant tables and figures 

(including online tables and figures). Analyses were conducted using SAS version 9.4 (SAS 

Inc., Cary, NC).

Results

Baseline Characteristics

Between September 2014 and August 2015, 385 participants were randomly assigned to the 

binocular group (n=190) or to the patching group (n=195). Baseline characteristics were 

similar in the two groups (Table 2). Seven patients were subsequently found to be ineligible 

(reasons listed in Table 2).

Visit Completion and Treatment Adherence

The 16-week primary outcome was completed by 182 (96%) in the binocular group and 188 

(96%) in the patching group (Figure 1), with masking maintained at 99% of visits.

During the 16-week follow-up period, 118 (67%) in the binocular group and 172 (92%) in 

the patching group reported completing >75% of prescribed treatment based on calendars. 

However, for the binocular group, the iPad device indicated only 22% of participants 
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achieved >75% (median 46%, interquartile range 20% to 72%) of prescribed treatment. Only 

two participants in the binocular group had been prescribed less than the 1 hour/d 7 days/

week intended dose during follow-up. In the binocular group, 100% contrast in the fellow 

eye was achieved for 35 participants (20%) at 4 weeks and for 86 participants (49%) at 16 

weeks. Thirty-one (18%) participants had 20% contrast or worse, to the fellow eye, at 16 

weeks. Non-protocol alternative treatment was received by no participants in the patching 

group and 4 participants in the binocular group (1 atropine, 3 patching, one of whom 

received patching in addition to protocol binocular therapy).

Amblyopic-Eye Visual Acuity

At 16 weeks, mean amblyopic-eye VA improved from baseline by 1.08 lines (2-sided 95% 

confidence interval (CI): 0.86 to 1.29 lines) in the binocular group and by 1.32 lines (2-sided 

95% CI: 1.14 to 1.51 lines) in the patching group (Figure 2, eFigure 1, eTable 2, Table 3). 

After adjusting for baseline covariates of age and VA, mean amblyopic eye VA improved 

from baseline by 1.05 lines (95% CI: 0.85 to 1.24 lines) and 1.35 lines (95% CI: 1.17 to 1.54 

lines) in the patching and binocular groups respectively, resulting in a treatment group 

difference of 0.31 lines favoring the patching group. The upper limit of the 1-sided 95% CI 

of the treatment difference was 0.53 lines, which exceeded the pre-specified non-inferiority 

limit of 0.5 lines. Because we were unable to reject the null hypothesis (that binocular 

treatment was inferior to patching), our primary analysis was indeterminate. In a post-hoc 

analysis, the 2-sided 95% CI for the adjusted treatment group difference was 0.04 to 0.58 

lines, favoring the patching group. Results of alternative analyses were consistent with the 

primary analysis (eTable 1).

At 16-weeks, amblyopic-eye VA improved ≥ 2 lines from baseline for 65 (35%) and 51 

(29%) participants in the patching and binocular groups, respectively (adjusted difference: 

5%, 2-sided 95% CI: −4% to 13%), and amblyopia resolved (VA of 20/25 or better and 

within 1 logMAR line of fellow eye) for 18 (10%) and 8 (5%) participants in the patching 

and binocular groups, respectively (adjusted difference: 2%, 2-sided 95% CI: −1% to 5%). 

The rate of amblyopic-eye VA improvement was not statistically different between treatment 

groups (P = 0.83, Figure 2).

Treatment effect by baseline characteristics

The overall reduced effect of binocular treatment compared with patching on improvement 

of amblyopic-eye VA was paralleled in baseline subgroups (eTable 3). For both treatment 

groups, there was a particularly noticeable improvement in younger participants (5 to <7 

years) with no prior treatment (2.5 ± 1.5 lines in the binocular group and 2.8 ± 0.8 lines in 

the patching group) (eTable 3).

VA improvement in binocular group by compliance

At both 4 and 16 weeks, improvement in amblyopic-eye VA was not associated with 

objective measures of total hours of treatment or change in fellow-eye contrast for the 

binocular group, overall (eFigure 2, eFigure 3), or within baseline subgroups of age (5 to <7 

years, 7 to <13 years) with or without previous treatment (eFigure 4, eFigure 5). In addition, 

mean improvement in 16-week amblyopic-eye VA for participants who completed >50% of 
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prescribed treatment and achieved >95% fellow-eye contrast was 0.9 ± 1.4 line (n=51) 

compared with 1.2 ± 1.5 lines (n=125) in those who did not fulfill these criteria.

Stereoacuity

Change in stereoacuity did not differ significantly between treatment groups for the overall 

cohort (P = 0.66) or for participants with no history of strabismus at baseline (P = 0.19) 

(eTable 4). The median change in stereoacuity from baseline to 16 weeks was 0 in both 

groups, and there was a similar lack of an effect of binocular treatment and patching on 

change in stereoacuity in baseline subgroups (eTable 5).

At both 4 and 16 weeks, improvement in stereoacuity was not associated with either total 

hours of completed binocular treatment or change in fellow-eye contrast, either overall 

(eFigure 2, eFigure 3) or within baseline subgroups of age (5 to <7 years, 7 to <13 years) 

with or without previous treatment (eFigure 6, eFigure 7). At 16 weeks, median stereoacuity 

improvement was 0 for participants who completed >50% prescribed binocular treatment 

and achieved >95% fellow-eye contrast (n=51) and 0 for those who did not fulfill these 

criteria (n=124).

VA of Fellow Eye at 16 weeks

Mean improvement in fellow-eye VA, adjusted for baseline VA, differed by 0.16 lines (95% 

CI: 0.02 to 0.30 lines) favoring the binocular group (eTable 6).

Adverse Events at 16 weeks

The number of participants with a new tropia and/or worsening of a pre-existing deviation of 

≥ 10 Δ was 16 (9%) and 11 (6%) in the binocular and patching groups, respectively (Fisher 

exact test: P = 0.32). Diplopia was rare in both groups (eTable 7).

Three participants (2%) in the patching group reported moderate/severe skin irritation with 

patching during follow-up.

Discussion

In children 5 to 12 years of age, amblyopic-eye VA improved in both the binocular and 

patching groups, particularly in younger participants (5 to 6 years) without prior amblyopia 

treatment. VA improvement in the binocular group did not meet the pre-specified definition 

for non-inferiority compared with 2 hours of prescribed daily patching, and therefore our 

primary analysis was indeterminate. Nevertheless, a post-hoc analysis suggested VA 

improvement with this particular binocular iPad treatment was not as good as with 2 hours 

of prescribed daily patching.

Mean improvement in amblyopic-eye VA with binocular treatment over our 16-week study 

was similar in magnitude (approximately 1 logMAR line) to that previously reported in non-

randomized studies prescribing 4 hours/week of binocular treatment for 4 weeks in 4 to 12 

year-olds,3, 5 and in 3 to 6 year-olds.4 These previous studies3–5 of binocular iPad treatment 

included 4 different games, one of which was the falling blocks game, and allowed 

concurrent patching at a different time of day at the eye care provider’s discretion, although 
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a sub-analysis of those only treated with binocular games yielded a similar magnitude of 

effect.4 Knox et al2 also found a similar magnitude of improvement in children (mean age 

8.5 years) treated with an analogous game, using a head-mounted display in a supervised 

setting for 1 hour/day for 5 sessions over one week. The rate of improvement in amblyopic-

eye VA was slower in the present study than in these previous studies,3–5 which may have 

been due to a larger proportion of older participants in the present study.

When treating adults with amblyopia using binocular therapy in a supervised setting for 1 

hour/day over 2 weeks, Li et al6 reported a mean improvement of approximately 2 logMAR 

lines, greater than that found in the present study of children. Nevertheless, this treatment in 

adults was in a laboratory setting using a head-mounted display, so results cannot be directly 

compared.

In our study, investigators noted participants often lost interest in the game after a number of 

days or weeks, well before the prescribed 16-week course was completed. Only 22% of our 

children achieved greater than 75% compliance, suggesting that compliance should be 

reviewed more frequently and games need to be more appealing such as more engrossing 

children’s games, binocular first person action games,18 and binocular movie viewing.19

Another reason why we may not have found a greater effect of binocular treatment was the 

timing of the initial and final assessments. Previous studies of binocular therapy have 

evaluated patients after a shorter duration of treatment. It is unclear whether active 

progression through contrast levels is necessary for treatment to be ongoing, or whether 

treatment is ongoing even when equal contrast has been achieved. If active progression is 

needed, many of our children who achieved 100% contrast to the fellow eye would have 

completed treatment well before our primary outcome (49%) and even before 4 weeks 

(20%). We also found that 18% of participants failed to progress in contrast to the fellow 

eye, suggesting that the contrast starting point was not optimally set for each participant, and 

that the initial contrast should be based on an individual measurement of suppression rather 

than the arbitrary 20% used here.

Regarding improvement of stereoacuity, it has been suggested that the mechanism of 

binocular treatment of amblyopia is by reducing suppression and increasing binocularity. 

Stereoacuity outcomes differ between studies, with some reporting improvement1, 2 and 

others (like ours) reporting no improvement for most subjects.3, 4 It is possible that these 

differences may be due to the type of stereoacuity test used. Improvements might be more 

easily detected using the Frisby test or contour tests, rather than random dot tests.20, 21

It remains unclear that the binocular iPad treatment used in our study was actually better 

than optical treatment alone (if needed) and, as such, whether binocular iPad treatment is 

actually better than sham therapy. Nevertheless, the large magnitude of the VA improvement 

in the younger participants (5 to <7 years old) in the binocular group, who had not received 

previous treatment, (2.5 ± 1.5 lines) suggests that binocular treatment produced a real effect, 

greater than would be expected with continued optical treatment alone after achieving stable 

VA in spectacles.15 Regarding the effect of patching in our study, our overall mean 

improvement (1.3 logMAR lines) was less than we expected, but this was most likely due to 
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a large proportion (63%) of participants who were both older (7 to <13 years) and who had 

received previous treatment.

There has been some concern that binocular treatment might be associated with new-onset 

diplopia because its mechanism of action may be via anti-suppression. Nevertheless, In our 

study, and in previous studies of this particular form of binocular treatment,3–5 diplopia was 

rare.

Our study has a number of limitations regarding assessing compliance. For patching, we did 

not use occlusion dose monitors. Our compliance data relied on parental report (for patching 

and, in part, for binocular treatment) which may have been inaccurate. The electronic 

recording of compliance by the binocular game may have also included time when the game 

was not actually being played, but this would be expected to be minimal because the game 

sessions automatically ended after about 1 minute of inactivity. For binocular treatment, we 

allowed participants to play a minimum of 4 days per week, if they could not play 7 days per 

week, but reduced game play was only prescribed in 2 subjects. Finally, we did not monitor 

compliance with wearing the red-green glasses required to play the game.

In summary, in children 5 to 12 years of age, amblyopic-eye VA improved with binocular 

game play and with patching, but VA improvement with this particular binocular iPad 

treatment, when prescribed 1 hour a day, failed to meet our study’s pre-specified definition 

for non-inferiority compared with 2 hours of prescribed daily patching, and therefore our 

primary analysis was indeterminate. Nevertheless, a post-hoc analysis suggested VA 

improvement with this particular binocular iPad treatment was not as good as with 2 hours 

of prescribed daily patching.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Visit completion by treatment group
Flowchart showing study completion in each treatment group.
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Figure 2. Visual acuity (VA) in amblyopic eyes from baseline to 16 weeks
At each time point, the left box represents the binocular group (joined by solid line) and the 

right represents the patching group (joined by dashed line). Bottom and top of each box 

represents the 25th and 75th percentiles. Line in the box is the median and dot the mean. Bars 

above and below extend to the closest observed data point inside 1.5 times the interquartile 

range and open circles represent near statistical outliers and the asterisks indicate far 

outliers.
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Table 1

Study Inclusion and Exclusion Criteria

ELIGIBILITY CRITERIA
The following criteria must be met for the patient to be enrolled in the study:

1 Age 5 to <13 years

2 Amblyopia associated with strabismus, anisometropia, or both (previously treated or untreated)

a. Criteria for strabismus: At least one of the following must be met:

• Presence of a heterotropia on examination at distance or near fixation (with or 
without spectacles)

• Documented history of strabismus which is no longer present (which in the 
judgment of the investigator could have caused amblyopia)

b. Criteria for anisometropia: At least one of the following criteria must be met:

• ≥0.50 D difference between eyes in spherical equivalent

• ≥1.50 D difference between eyes in astigmatism in any meridian

c. Criteria for combined-mechanism amblyopia: Both of the following criteria must be met:

• Criteria for strabismus are met (see above)

• ≥1.00 D difference between eyes in spherical equivalent OR ≥1.50 D 
difference between eyes in astigmatism in any meridian

• Note: the spherical equivalent requirement differs from that in the definition 
for refractive/anisometropic amblyopia

3 No amblyopia treatment in the past 2 weeks (patching, atropine, Bangerter, vision therapy)

4 Requirements for refractive error correction (based on a cycloplegic refraction that is not more than 7 months old):

• Hypermetropia of 3.00D or more by spherical equivalent (SE)

• Myopia of amblyopic eye of 0.50D or more SE

• Astigmatism of 1.50D or more

• Anisometropia of more than 0.50D SE

• Note: Subjects with cycloplegic refractive errors that do not fall within the requirements above for 
spectacle correction may be given spectacles at investigator discretion but must follow the study-
specified prescribing guidelines, as detailed below.

a. Refractive error correction prescribing instructions:

– SE must be within 0.50D of fully correcting the 
anisometropia.

– SE must not be under corrected by more than 1.50D SE, 
and reduction in plus sphere must be symmetric in the 
two eyes.

– Cylinder power in both eyes must be within 0.50D of 
fully correcting the astigmatism.

– Cylinder axis must be within +/− 10 degrees if cylinder 
power is ≤1.00D, and within +/− 5 degrees if cylinder 
power is >1.00D. This criterion does not apply for dry 
over-refractions performed for subjects with contact lens 
correction.

– Myopia must not be undercorrected by more than 0.25D 
or over corrected by more than 0.50D SE, and any 
change must be symmetrical in the two eyes.

b. Refractive error correction meeting the above criteria must be worn:

– 16 weeks OR until visual acuity stability is documented 
(defined as <0.1 logMAR change by the same testing 
method measured on 2 consecutive exams at least 4 
weeks apart).

c. For determining visual acuity stability (non-improvement):
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– The first of two measurements may be made 1) in 
current correction, or 2) in trial frames with or without 
cycloplegia or 3) without correction (if new correction is 
prescribed),

– The second measurement must be made without 
cycloplegia in the correct spectacles that have been worn 
for at least 4 weeks.

– Note: since this determination is a pre-study procedure, 
the method of measuring visual acuity is not mandated

– The same form of correction must be worn throughout 
the entire study (i.e., no changing between contacts and 
spectacles). Monocular or binocular contact lens wear is 
allowed provided that the over refraction with the contact 
lenses meets the above requirements. Safety glasses are 
not required for patients wearing contact lenses, but 
investigators are encouraged to suggest safety glasses be 
worn over contact lenses.

5 Visual acuity, measured in each eye without cycloplegia in current refractive correction (if applicable) within 7 days 
prior to randomization using the ATS-HOTV© visual acuity protocol for children < 7 years and the E-ETDRS© visual 
acuity protocol for children ≥ 7 years on a study-approved device displaying single surrounded optotypes, as follows:

a. Visual acuity in the amblyopic eye 20/40 to 20/200 inclusive (33 to 72 letters if E-ETDRS©)

b. Visual acuity in the fellow eye 20/25 or better (≥ 78 letters if E-ETDRS©)

c. Interocular difference ≥ 3 logMAR lines (≥ 15 letters if E-ETDRS©) (i.e., amblyopic-eye acuity at 
least 3 logMAR lines worse than fellow-eye acuity)

6 Heterotropia or heterophoria with a total near deviation of ≤ 10Δ (measured by PACT).

7 Ability to align the nonius cross on the binocular game system (angles of ocular deviation >10Δ would require the 
nonius cross to be adjusted to such an extent that playing of the game would be compromised).

8 Subject is able to play the special game on the study iPad® (on easy setting) under binocular conditions (with red-green 
glasses), as demonstrated by scoring at least 1 line in the office.

9 Investigator is willing to prescribe computer game play or patching per protocol.

10 Parent understands the protocol and is willing to accept randomization.

11 Parent has phone (or access to phone) and is willing to be contacted by Jaeb Center staff.

12 Relocation outside of area of an active PEDIG site for this study within the next 16 weeks is not anticipated.

EXCLUSION CRITERIA

1 Prism in the refractive correction at time of enrollment (eligible only if prism is discontinued 2 weeks prior to 
enrollment).

2 Myopia greater than −6.00D spherical equivalent in either eye.

3 Previous intraocular or refractive surgery.

4 Known skin reactions to patch or bandage adhesives

5 Any treatment for amblyopia (patching, atropine, Bangerter filter, or vision therapy) during the past 2 weeks. Previous 
amblyopia therapy is allowed regardless of type, but must be discontinued at least 2 weeks immediately prior to 
enrollment.

6 Ocular co-morbidity that may reduce visual acuity determined by an ocular examination performed within the past 7 
months (Note: nystagmus per se does not exclude the subject if the above visual acuity criteria are met).

7 No Down syndrome or cerebral palsy

8 No severe developmental delay that would interfere with treatment or evaluation (in the opinion of the investigator). 
Subjects with mild speech delay or reading and/or learning disabilities are not excluded.

9 Heterotropia or heterophoria with a total ocular deviation >10Δ (phoria plus tropia >10Δ) at near (measured by PACT).
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Table 2

Baseline Characteristics of Randomized Participants by Treatment Group a

Binocular
(N=190)

Patching
(N=195)

N % N %

Gender

    Female 98 52 89 46

Race/Ethnicity

    White 134 71 145 74

    Black/African American 11 6 12 6

    Hispanic 33 17 24 12

    Asian/American Indian/Alaskan Native 9 5 6 3

    More than one race 2 1 5 3

    Unknown/not reported 1 <1 3 2

Age at enrollment (Years)

    5 to <7 43 23 50 26

    7 to <9 78 41 62 32

    9 to <13 69 36 83 43

  Mean (SD) Years 8.4 (1.8) 8.6 (2.0)

Prior Amblyopia Treatment

    None 45 24 40 21

    Patching 89 47 89 46

    Other (Not Patching) b 5 3 7 4

    Patching Plus Other Treatment b 51 27 59 30

Distance Amblyopic-Eye Visual Acuity

    20/200 (33–37 Letters) 5 3 4 2

    20/160 (38–42 Letters) 6 3 7 4

    20/125 (43–47 Letters) 8 4 4 2

    20/100 (48–52 Letters) 16 8 12 6

    20/80 (53–57 Letters) 30 16 24 12

    20/63 (58–62 Letters) 37 19 46 24

    20/50 (63–67 Letters) 61 32 52 27

    20/40 (68–72 Letters) 27 14 46 24

  Mean (SD) LogMAR 0.51 (0.17) 0.48 (0.17)

  Mean Snellen Equivalent 20/63−1 20/63+1

Distance Fellow-Eye Visual Acuity

  Mean (SD) LogMAR −0.03 (0.09) −0.03 (0.08)

  Mean Snellen Equivalent 20/20+2 20/20+2

Interocular Difference

  Mean (SD) (Lines) 5.5 (1.8) 5.1 (1.8)
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Binocular
(N=190)

Patching
(N=195)

N % N %

Baseline Stereoacuity (Seconds of Arc)c

    Nil 69 36 57 29

    2000 28 15 37 19

    800 18 9 26 13

    400 17 9 19 10

    200 23 12 18 9

    100 23 12 23 12

    60 10 5 9 5

    40 2 1 6 3

  Median (Seconds of Arc) 2000 800

Amblyopia Cause

    Strabismus 22 12% 44 23%

    Anisometropia 107 56 92 47

    Strabismus/Anisometropia combined 61 32 59 30

Maximum Magnitude of Tropia Deviation at Distance Measured by SPCT (pd)

    Orthotropic 140 74 123 63

    1 to 9 44 23 66 34

    ≥ 10 6 3 6 3

Maximum Magnitude of Tropia Deviation at Near Measured by SPCT (pd)

    Orthotropic 132 69 125 64

    1 to 9 54 28 63 32

    ≥ 10 4 2 7 4

Amblyopic-Eye Spherical Equivalent (Diopters)

  Mean (SD) Diopters +4.74 (2.41) +4.20 (2.65)

Fellow-Eye Spherical Equivalent (Diopters)

  Mean (SD) Diopters +2.39 (2.04) +2.31 (2.21)

Spherical Equivalent Anisometropia (Diopters)

  Mean (SD) Diopters +2.52 (1.74) +2.11 (1.76)

logMAR = logarithm of the minimum angle of resolution; SD = standard deviation, SPCT = simultaneous prism and cover test

a
Of the 12 participants who wore contact lens(s) during the study, an over-refraction was not performed for 7 participants and the contact lens over-

refraction did not meet eligibility criteria for 1 participant. An over-refraction was not initially required for study eligibility but later added as an 
amendment to the protocol.

a
Seven participants (3 in the binocular group and 4 in the patching group) were later found to be ineligible for the study based on the following pre-

enrollment criteria: spectacles did not meet refractive correction guidelines (n=1), no over-refraction performed when required (n=1) or over-
refraction was outside of the pre-specified tolerance limits (n=1) for contact lens wear, failure to meet visual acuity stability criteria for corrective 
wear (n=3), and the most recent cycloplegic refraction was performed more than 7 months prior to enrollment (n=1). These 7 participants were 
included in the primary analysis, but were excluded in a separate analysis as an additional approach to the primary analysis (eTable 1).

b
Other treatment includes atropine, plano (or reduced plus) lens wear, fogging (Bangerter filter, tape, optical), vision therapy (home or office) or 

levodopa treatment for amblyopia.

c
Results of the Randot Butterfly stereoacuity test were analyzed as 2000 seconds of arc (if correct response). Nil was defined as an incorrect 

response on the butterfly (n=67 and n=56 in binocular and patching groups, respectively), or on the 800 seconds of arc level of the Randot 
Preschool stereoacuity test if the butterfly was not attempted (n=2 and n=1 in binocular and patching groups, respectively)
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Table 3

Amblyopic-eye Visual Acuity Outcomes at 16 Weeks by Treatment Group a

Binocular Group
(N=177)

Patching Group
(N=186)

N % N %

Distribution of Amblyopic-eye Visual Acuity

    20/200 (33–37 Letters) 2 1 1 <1

    20/160 (38–42 Letters) 2 1 3 2

    20/125 (43–47 Letters) 10 6 2 1

    20/100 (48–52 Letters) 12 7 7 4

    20/80 (53–57 Letters) 18 10 17 9

    20/63 (58–62 Letters) 25 14 22 12

    20/50 (63–67 Letters) 30 17 38 20

    20/40 (68–72 Letters) 32 18 37 20

    20/32 (73–77 Letters) 33 19 27 15

    20/25 (78–82 Letters) 8 5 22 12

    20/20 (83–87 Letters) 3 2 10 5

    20/16 (88–92 Letters) 2 1 0 0

Mean (SD) LogMAR 0.41 (0.21) 0.35 (0.20)

Snellen Equivalent 20/50−1 20/50+2

Distribution of Amblyopic-eye Visual Acuity Change

    ≥ 3 lines (≥ 15 letters) better 19 11 29 16

    2 lines (10–14 letters) better 32 18 36 19

    1 line (5–9 letters) better 47 27 46 25

    0 line (within 4 letters) 64 36 69 37

    1 line (5–9 letters) worse 12 7 6 3

    2 lines (10–14 letters) worse 1 <1 0 0

    ≥ 3 lines (≥ 15 letters) worse 2 1 0 0

Unadjusted Mean (95% CI) Lines 1.08 (0.86 to 1.29) 1.32 (1.14 to 1.51)

Adjusted Mean (95% CI) Lines 1.05 (0.85 to 1.24) 1.35 (1.17 to 1.54)

Participants with Amblyopic-eye Improvement of ≥ 2 Lines (≥ 10
Letters) from Baseline

51 29 65 35

Treatment Group Difference (95% CI) c 5% (−4% to 13%)

Participants with Amblyopia Resolutionb 8 5 18 10

Treatment Group Difference (95% CI) c 2% (−1% to 5%)

SD = standard deviation, CI = confidence interval

a
Visual acuity analyses only included data from participants who completed the 16-week visit within the pre-defined analysis window (14 to <20 

weeks after randomization).

b
Amblyopia resolution was defined as having an amblyopic-eye visual acuity of 20/25 or better (≥ 78 letters) and an interocular difference within 1 

line (≤ 5 letters).

c
Binomial regression was used to compute the treatment group difference, which was adjusted for baseline age group (5 to <7, 7 to <13 years) and 

baseline visual acuity. For the treatment group comparison of amblyopic-eye visual acuity of ≥ 2 lines, the baseline amblyopic-eye visual acuity 
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was treated as a continuous covariate in the model whereas this variable was included as a categorical factor (20/40, 20/50 or worse) for the 
treatment group comparison of amblyopia resolution. Due to model convergence issues, age was included as a categorical factor in the model (and 
baseline visual acuity for amblyopia resolution). Positive values favor the patching group.
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