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Abstract

Background—-Binocular amblyopia treatments promote visual acuity recovery and binocularity
by rebalancing the signal strength of dichoptic images. Most require active participation by the
amblyopic child to play a game or perform a repetitive visual task. The purpose of this study was
to investigate a passive form of binocular treatment with contrast-rebalanced dichoptic movies.

Methods—A total of 27 amblyopic children, 4-10 years of age, wore polarized glasses to watch
6 contrast-rebalanced dichoptic movies on a passive 3D display during a 2-week period.
Amblyopic eye contrast was 100%; fellow eye contrast was initially set to a lower level (20%
—60%), which allowed the child to overcome suppression and use binocular vision. Fellow eye
contrast was incremented by 10% for each subsequent movie. Best-corrected visual acuity, random
dot stereoacuity, and interocular suppression were measured at baseline and at 2 weeks.

Results—Amblyopic eye best-corrected visual acuity improved from 0.57 £+ 0.22 at baseline to
0.42 £ 0.23 logMAR (#55=8.09; £< 0.0001; 95% CI for improvement, 0.11-0.19 logMAR).
Children aged 3-6 years had more improvement (0.21 £ 0.11 logMAR) than children aged 7-10
years (0.11 + 0.06 logMAR; £,5= 3.05; £=0.005). Children with severe amblyopia (=0.7
logMAR) at baseline experienced greater improvement (0.24 = 0.12 logMAR) than children with
moderate amblyopia at baseline (0.12 + 0.06 logMAR; £55= 3.49; £=0.002).

Conclusions—In this cohort, passive viewing of contrast-rebalanced dichoptic movies
effectively improved visual acuity in amblyopic subjects. The degree of improvement observed
was similar to that previously reported for 2 weeks of binocular games treatment and with 3—4
months of occlusion therapy.
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Patching improves visual acuity in amblyopic children; however, there is substantial
variability in response to monocular treatment, with only 50%-85% achieving normal visual
acuity.1~* Residual amblyopia is associated with lifelong limitations in visuomotor tasks,>8
slow reading,”8 fixation instability,%11 and altered self-perception.12-14

Our evolving understanding of the role of interocular suppression as the primary factor
interfering with normal visual development in amblyopia®®16 has led to the recent
development of clinical therapies that aim to alleviate interocular suppression, restore
binocular combination, and rehabilitate visual acuity. Binocular amblyopia treatments
promote simultaneous use of both eyes by rebalancing the strength of each eye’s image with
high-contrast or high-luminance input to the amblyopic eye and low-contrast or low-
luminance input to the fellow eye.17-22

Currently, most binocular treatments require active participation by the amblyopic child:
playing a game or performing a repetitive psychophysical task. We recently reported our
results of a passive binocular treatment, where the subject watches contrast-rebalanced
dichoptic movies in which reciprocal blob-shaped parts of the image are presented to each
eye to promote binocular combination.23 After 2 weeks (6 movies; approximately 9 hours),
mean amblyopic eye best-corrected visual acuity (with standard error) improved from 0.72
+ 0.08 logMAR at baseline to 0.52 + 0.09 logMAR (P = 0.003), that is, 2 logMAR lines of
improvement at the 2-week outcome visit. These results suggested that passive viewing of
dichoptic animated feature films is a feasible and effective amblyopia treatment. However,
the sample size was small (n = 8), limiting generalizability and our ability to assess whether
treatment effectiveness was associated with baseline factors. In the current study, a larger
cohort of 27 amblyopic children participated in a 2-week intervention with contrast-
rebalanced dichoptic movies. We investigated whether any baseline factors were associated
with response to this passive binocular intervention.

Subjects and Methods

The study was approved by the Institutional Review Board of University of Texas
Southwestern Medical Center and complied with regulations of the US Health Insurance
Portability and Accountability Act of 1996. Written informed consent was obtained from a
parent of each participant and the child’s written assent was obtained in accordance with the
Institutional Review Board’s regulations. A total of 27 amblyopic children, 4-10 years of
age, were enrolled. Eligibility criteria included a diagnosis of strabismic, anisometropic, or
combined mechanism amblyopia by the referring pediatric ophthalmologist, and best-
corrected visual acuity in the amblyopic eye of 20.3 logMAR and in the fellow eye of <0.2
logMAR, with an interocular difference of =0.2 logMAR. Strabismic children were eligible
to participate only after correction of strabismus with glasses or surgery to <52 residual
strabismus. Eligible children had to have been wearing their current spectacle correction for
at least 3 months prior to the baseline visit, and the child’s referring pediatric
ophthalmologist had to be willing to forgo other amblyopia treatment during the study
period. Exclusion criteria were gestational age at birth of <32 weeks, developmental delay,
and coexisting ocular or systemic diseases. Medical records were obtained from the referring
pediatric ophthalmologist to extract diagnosis, cycloplegic refraction, and treatment history.
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The movies and protocol were the same as previously reported in our pilot study of 8
amblyopic children.23 Briefly, children wore glasses fitted with polarized film over their
habitual glasses to watch 6 dichoptic movies shown on a passive 3D display (LG Electronics
USA, Englewood, NJ) in our laboratory. Odd lines on the 3D display were visible to one
eye, and the even lines were visible to the other eye. Dichoptic versions of 18 popular
animated feature films were created.?® Using a customized MatLab program, a patterned
image mask composed of irregularly shaped blobs was multiplied with the images seen by
the amblyopic eye, and the inverse patterned mask was multiplied with the images seen by
the fellow eye, so that different parts of the display were seen by each eye. Blobs of the
movie seen by the amblyopic eye always had high contrast (100%), whereas the
complementary blobs were seen by the fellow eye with reduced contrast. Because the blobs
had Gaussian edges, the edges of the blobs overlapped and were seen by both eyes with
differing contrasts. The shape and location of the blobs were varied dynamically every 10
seconds.

Children watched 6 movies during the 2-week period. A 2-week study duration was chosen
as adequate to evaluate whether dichoptic movies were effective in improving visual acuity.
18,20.23 preyijous binocular amblyopia treatments have been shown to improve visual acuity
with 8-10 hours of treatment, and we needed to minimize the demand on the family for
study-required visits to the laboratory to view each movie. Fellow-eye contrast was initially
set at a reduced level that allowed binocular vision, based on the child’s dichoptic motion
coherence contrast ratio (CR) minus 0.10, with a minimum of 0.20 and a maximum setting
of 0.60.1923.24 Fellow eye contrast was incremented by 10% of the previous contrast for
each subsequent movie. With a maximum initial fellow eye contrast of 0.60 and a 10%
increment, we ensured that a contrast imbalance would be present for all 6 movies. A parent
accompanied their child during the movie sessions to ensure compliance (polarized glasses
wear and attention to the movie). Compliance was also confirmed by study personnel at 15-
to 30-minute intervals.

Best-corrected visual acuity, random dot stereoacuity, and interocular suppression were
measured at baseline and outcome visits. Best-corrected visual acuity was obtained for each
eye with the ATS-HOTV for children <7 years old or E-ETDRS for children =7 years.
Retrospective visual acuity data from visits 6 months, 3 months, and 1 month prior to the
baseline visit were obtained from medical records for 20, 23, and 27 of the 27 participants,
respectively. Random dot stereoacuity was evaluated using the Randot Preschool
Stereoacuity Test (Stereo Optical Co Inc, Chicago, IL), the Stereo Butterfly Test (Stereo
Optical Co Inc), and the Lang-Stereotest | (Lang-Stereotest AG; Kiishacht, Switzerland). Nil
stereoacuity was arbitrarily assigned a value of 4.0 log arcsec. Severity of interocular
suppression, measured by CR, was quantified using a dichoptic motion coherence test that
determines the maximum contrast of randomly moving dots in the fellow eye that still allows
the child to discriminate the direction of coherent motion dots in the amblyopic eye.19.23.24

Sample Size and Data Analysis

The pilot study reported a mean (+ standard deviation) improvement of 0.23 £ 0.14
logMAR.22 However, the inclusion criteria for the pilot study restricted baseline best-

JAAPOS. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Birch et al.

Results

Page 4

corrected visual acuity to =0.5 logMAR and, likely because of a ceiling effect, worse
baseline best-corrected visual acuity is associated with more improvement with amblyopia
treatment.2 In the current study we included visual acuity of 0.3 logMAR and estimated a
more conservative mean effect of 0.1 line improvement, to be evaluated by paired #test, with
a = 0.025 and 1-B = 0.90, requiring a sample size of 24.26

The primary outcome, amblyopic eye best-corrected visual acuity at 2 weeks, was compared
with best-corrected visual acuity at baseline using a paired ¢test. Stereoacuity and
suppression at the 2-week visit were also compared from baseline using a paired ftest.
Secondary group analyses of amblyopic visual acuity improvement were conducted on 6
dichotomized baseline factors using #tests: 3—6 years versus 7-10 years old, moderate
versus severe amblyopia, history of patching treatment present versus absent, history of
binocular amblyopia treatment present versus absent, random dot stereoacuity present versus
nil, and initial dichoptic CR 1.0-2.9 (no or mild suppression) versus >3.0 (moderate to
severe suppression). Because 6 ¢tests were conducted on the same data set, Bonferroni
correction was used to reduce the chance of type 1 error; that is, only Pvalues of <0.008
were considered statistically significant. Pearson rcorrelations were conducted to determine
associations of baseline variables with amblyopic best-corrected visual acuity improvement
at the outcome visit.

Baseline data of the 27 subjects are provided in Table 1. Overall, 48% were female and 59%
were non-Hispanic white. Mean age (with standard deviation) was 7.3 + 1.8 years. Children
had strabismic (7%), anisometropic (59%), or combined mechanism (33%) amblyopia.
Mean (£ standard deviation) best-corrected visual acuity was 0.57 £ 0.22 logMAR in the
amblyopic eye; 0.02 + 0.12 logMAR, in the fellow eye. Visual acuity data extracted from
medical records showed that mean best-corrected visual acuity in the amblyopic eye varied
little on multiple visits prior to the baseline visit (mean range, 0.50-0.54 logMAR) and was
similar to the mean baseline value (0.57 logMAR; Figure 1A).

At the outcome visit, mean amblyopic eye visual acuity improved from baseline by 0.15

+ 0.10 logMAR, from 0.57 + 0.22 to 0.42 + 0.23 logMAR (#55 = 8.09; £< 0.0001; 95% ClI
for improvement, 0.11-0.19 logMAR). Fellow eye visual acuity was stable throughout all 5
visits, at 0.02 logMAR. Figure 1B shows that the percentage of children with severe
amblyopia (=0.7 logMAR) was reduced from 30% at baseline to 11% and that 19% of
children had mild or no amblyopia after 2 weeks of treatment. Most children (81%) had an
improvement of 1-2 lines (0.1-0.2 logMAR) in best-corrected visual acuity, whereas 14%
had 3—4 lines improvement (Figure 1C). Only one child failed to show any improvement.

Mean stereoacuity showed no significant improvement between baseline (3.57 + 0.77 log
arcsec) and the outcome visit (3.50 £ 0.76 log arcsec; ¢s5=1.37; P=0.18). Severity of
suppression, as indexed by the mean CR was significantly reduced between baseline (4.1
+ 3.2) and the outcome visit (3.0 £ 2.6; £55=3.10, A= 0.01). Reduced suppression
(improvement in CR) was correlated with improvement in amblyopic eye visual acuity (r=
0.39; P=0.04; 95% ClI, 0.01-0.67). Only two baseline factors were associated with
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amblyopic best-corrected visual acuity improvement (Figure 2). Children 3-6 years of age
had a mean improvement of 0.21 + 0.11 logMAR, whereas children 7-10 years of age
improved by 0.11 + 0.06 logMAR (#55= 3.05; £=0.005). Also, children with severe
amblyopia (=0.7 logMAR) had improvement of 0.24 + 0.12 logMAR, whereas children with
moderate amblyopia improved by 0.12 + 0.06 logMAR (Z,5= 3.49; P=0.002). None of the
other baseline variables examined (history of prior patching treatment, history of prior
binocular treatment, stereoacuity, CR) had a significant association with amblyopic eye best-
corrected visual acuity improvement (£,5< 1.64; £> 0.1 for all comparisons).

Although we did not have a formal plan to conduct long-term follow-up of participants,
visual acuity data were available at 6-11 months (n = 10) or 12-24 months (n = 6) later for
children who had no treatment other than spectacles following completion of the study. On
average, there was 0.00 + 0.07 logMAR change between the outcome visit and the follow-up
examination. Four children had 0.10 logMAR deterioration, 8 had no change, and 4 had an
improvement of 0.1 logMAR. Other participants were lost to follow-up (n = 4) or were
excluded from the follow-up data because they were patching for residual amblyopia
following participation in this study (n = 7).

Discussion

Passive binocular amblyopia treatment of watching 6 contrast-rebalanced dichoptic movies
(approximately 9 hours total) over a 2-week period resulted in 0.15 logMAR mean
improvement in amblyopic eye best-corrected visual acuity. Retrospective data from medical
records showed stable visual acuity was present on multiple visits prior to the baseline visit.
Thus, although we did not have a sham movie comparison group, it is unlikely that the
observed visual acuity improvement was due simply to repeated testing. A similar
improvement in visual acuity has been observed with 2 weeks of active binocular amblyopia
treatment with binocular games2® and with 3—-4 months of occlusion therapy in children with
stable visual acuity in spectacle correction prior to baseline.2’-30

Accompanying the improvement in amblyopic eye visual acuity, there was also a significant
reduction in the severity of suppression at the outcome visit, and this reduction was
correlated with improved visual acuity. This relationship is consistent with a correlation
between amblyopic eye visual acuity and depth of suppression.31:32 Converging evidence
implicates interocular suppression in the etiology of amblyopia,>:16 and binocular treatment
that reduces or eliminates suppression may be the key to successful amblyopia treatment.

A variety of binocular, dichoptic, and virtual reality perceptual learning tasks and games
have been developed as potential treatments for amblyopia.1’~22 Some authors have
hypothesized that action video games may provide the best approach because they are not
only highly engaging, requiring attention to identify and track potential targets, but they also
trigger arousal via time constraints, decision making, and task performance and provide
immediate feedback on success or failure.22:33 The current study provides evidence for
visual acuity improvement as a result of passive exposure to dichoptic contrast-rebalanced
video content, in the absence of the requirement to perform any task and without any
feedback.
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Only two baseline variables in the current study were associated with the amount of visual
acuity improvement observed at the outcome visit: age and severity of amblyopia. There was
greater improvement in amblyopic eye visual acuity in children 3-6 years of age compared
with those 7-10 years of age. Randomized clinical trials conducted by the Pediatric Eye
Disease Investigator Group (PEDIG) also show that, although patching treatment is effective
in older children, the response tends to be slower, with less gain.34-36 Our finding of greater
visual acuity improvement in children with severe amblyopia at baseline is similar to the
larger improvement reported for patching treatment by PEDIG.2° The finding of a 0.24
logMAR improvement in the severe amblyopia group is consistent with our pilot study of 8
amblyopic children, with baseline visual acuity of 0.72 + 0.24 logMAR who achieved 0.23
+ 0.14 logMAR improvement at the end of 2 weeks.23 The lack of association with other
baseline variables (prior treatment, stereoacuity, and severity of suppression) suggests that
the potential benefit of binocular amblyopia treatment is generally applicable to children
with amblyopia.

This study had several limitations. Although 8-10 hours of treatment yielded significant
visual acuity improvement, we were not able to assess whether a longer period of treatment
might result in additional benefit. The short duration of the intervention was chosen as a
trade-off based on prior short-term binocular amblyopia treatment studies that demonstrated
visual acuity improvement with 8-10 hours of treatment and the demand placed on
participating families to travel to the laboratory. In addition, there was no randomized
comparison to patching or other amblyopia treatments. To address these limitations, we are
currently conducting a randomized trial of at-home dichoptic movies versus patching for the
treatment of amblyopia (). Lastly, we did not have a formal plan to evaluate long-term
stability of visual acuity. Because of the short treatment duration, many participants had
residual amblyopia at the outcome visit, and some opted to immediately begin patching
treatment. As a result, we were unable to assess the stability of the visual acuity gain
achieved with dichoptic movie treatment. Nonetheless, we did find visual acuity stability
within 0.1 logMAR among the 16 children who had no additional treatment, other than
continued spectacle wear, within the expectation for visual acuity test-retest reliability.37:38
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FIG 1.
A, Best-corrected visual acuity (mean with standard deviation) of the amblyopic and fellow

eyes for the baseline and 2-week primary outcome visits. Also shown are retrospective data
at 6 months, 3 months, and 1 month prior to baseline, obtained from medical records for 20,
23, and 27 of the 27 participants, respectively. B, Percentages of children with severe (=0.7
logMAR), moderate (0.3-0.6 logMAR), and mild or no (0.2 logMAR) amblyopia at
baseline and after treatment. C, Number of lines of best-corrected visual acuity improvement
from baseline at the outcome examination.

JAAPOS. Author manuscript; available in PMC 2020 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Birch et al.

Change in AE visual acuity,

logMAR

Page 10

0.3 %
0.2
0.1
0
3-6 yrs 7-10 yrs 0.3-0.6 20.7
logMAR logMAR
FIG 2.

Improvement in amblyopic eye best-corrected visual acuity in the younger (3—6 years) and
the older (7-10 years) age subgroups and in subgroups with moderate (0.3-0.6 logMAR) or
severe (=0.7 logMAR) amblyopia at baseline.
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Baseline characteristics

Table 1.

Characteristic

No. (%)

Female

Race/ethnicity, no. (%)
Non-Hispanic white
Hispanic white
African American
Asian
More than one

Age
3-6 years
7-10 years

Cause of amblyopia
Strabismus
Anisometropia
Combined mechanism

Prior amblyopia treatment
Glasses
Patching

Binocular iPad game

Baseline Amblyopic Eye BCVA (logMAR), n (%)

0.30-0.60
0.70-1.30
Nil baseline stereoacuity
Baseline suppression (CR)
1.0-3.0
>3.0

13 (48)

16 (59)
2(7)
3(11)
4 (15)
2(7)

11 (41)
16 (59)

2(7)
16 (59)
9 (33)

27 (100)
23 (85)

15 (56)?

19 (70)
8 (30)
21 (78)

14 (52)
13 (48)

BCVA, best-corrected visual acuity; CR, contrast ratio.
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alncludes 5 children who were assigned to binocular iPad games but never played, 4 children who played <5 hours, and 6 children who played up
to 20 hours but still had residual amblyopia with BCVA =0.4 logMAR (20/50).
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