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Binocular Treatment of Amblyopia

A Report by the American Academy of Ophthalmology
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Purpose: To review the published literature assessing the efficacy of binocular therapy for the treatment of
amblyopia compared with standard treatments.

Methods: Literature searches with no date restrictions and limited to the English language were conducted in
January 2018 and updated in April 2019 in the PubMed database and the Cochrane Library database with no
restrictions. The search yielded 286 citations, and the full text of 50 articles was reviewed. Twenty articles met the
inclusion criteria for this assessment and were assigned a level of evidence rating by the panel methodologist. Six
studies were rated level I, 1 study was rated level II, and 13 studies were rated level III because of the impact on
the development and popularization of this technology.

Results: Two of the level I and II studies reviewed described a significant improvement in visual acuity in the
binocular group versus standard patching standard treatment (the total number of patients in these 2 studies was
147). However, the 5 studies that failed to show a visual improvement from binocular therapy compared with
standard treatments were larger and more rigorously designed (the total number of patients in these 5 studies was
813). Level I and II studies also failed to show a significant improvement over baseline in sensory status, including
depth of suppression and stereopsis of those treated with binocular therapy. Several smaller level III case series
(total number of patients in these 13 studies was 163) revealed more promising results than the binocular
treatments studied in the level I and II studies, especially using treatments that are more engaging and are
associated with better compliance.

Conclusions: There is no level I evidence to support the use of binocular treatment as a substitute for current
therapies for amblyopia (including patching and optical treatment). Furthermore, 2 large randomized controlled
trials showed inferior performance compared with standard patching treatment. On the basis of this review of the
published literature, binocular therapy cannot be recommended as a replacement for standard amblyopia ther-
apy. However, more research is needed to determine the potential benefits of proposed binocular treatments in
the future. Ophthalmology 2019;-:1e12 ª 2019 by the American Academy of Ophthalmology
The American Academy of Ophthalmology prepares
Ophthalmic Technology Assessments to evaluate new and
existing procedures, drugs, and diagnostic and screening
tests. The goal of an Ophthalmic Technology Assessment is
to systematically review the available research for clinical
efficacy, effectiveness, and safety. After review by members
of the Ophthalmic Technology Assessment Committee,
other assessments by Academy committees, relevant sub-
specialty societies, and legal counsel are submitted to the
Academy’s Board of Trustees for consideration as official
Academy statements. The purpose of this assessment by the
Ophthalmic Technology Assessment Committee Pediatric
Ophthalmology/Strabismus Panel was to review the pub-
lished literature assessing the efficacy of binocular treatment
for amblyopia.

Binocular treatment of amblyopia involves any treatment
whereby both eyes are being used, but the amblyopic eye is
the primary eye performing a given visual task. Dichoptic
therapies are a specific type of binocular treatment that use
dichoptic contrast balance, whereby contrast level of the
dominant eye is reduced to negate suppression to a level
where the contrast sensitivity of the 2 eyes is equal and
balanced in pursuit of the given visual task.
Background

Amblyopia is the most common cause of monocular vision
loss and occurs in 2% to 4% of children.1 Untreated or
undertreated unilateral amblyopia has been shown to result
in reduced reading speed, abnormal fine-motor skills, and
reduced stereoacuity.2,3 Although amblyopia is common, it
is successfully treated using standard penalization when
initiated during the critical period of visual development.
1https://doi.org/10.1016/j.ophtha.2019.08.024
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Historically, patching or other means of penalization has
been the main treatment for amblyopia. The Pediatric Eye
Disease Investigator Group (PEDIG) produced a series of
randomized, controlled amblyopia treatment studies that
have helped to define current standards of care. In children
ages 3 to 7 years with amblyopia, treatment is typically
initiated with optical correction only, followed by penali-
zation or occlusion therapy if the child fails to improve with
optical therapy alone.4 The PEDIG studies have also
demonstrated that patching and atropine penalization are
both reasonable choices for children with unilateral mild
or moderate amblyopia. For children with moderate
amblyopia (20/40e20/80) and severe amblyopia (20/
100e20/400), patching for 2 hours or 6 hours per day is
equivalent overall.5,6 Atropine penalization has been
shown to be a reasonable first-line therapy as an alternative
to occlusive patching, and twice-weekly administration has
been demonstrated to be effective.7-10 These results have
also been shown in other studies on older populations, and
patching or atropine has resulted in successful treatment of
amblyopia in cohorts of patients aged 7 to 12 years.10

Despite these advances in treatment recommendations,
there are still patients who are treatment resistant, have
difficulty with compliance, or are diagnosed later in life.

Treatment of adult amblyopia has garnered interest in
recent years, with reports of improved visual acuity (VA)
in adults undergoing various treatments, especially with an
active treatment component (as opposed to passive oc-
clusion).11-15 Because of the potential ability to improve
VA in older patients who have amblyopia as well as to
treat the population of children who are treatment resistant
or poorly compliant, many novel active amblyopia thera-
pies have been introduced in the past decade.13-16 Binoc-
ular amblyopia therapy was developed as a more
functional treatment approach that had the potential benefit
of improved compliance. Although binocular therapy was
historically used during the 1960s with the synoptophore,
technological developments have allowed for more novel
modes of delivery. Several groups have published results
of studies that used binocular treatments to improve VA in
the amblyopic eye. Dichoptic contrast balancing was first
introduced by Hess et al13 in 2010. The goal was to
strengthen the amblyopic eye primarily by improving
fusion and stereopsis using complementary dichoptic
stimuli (stimuli that balanced contrast between the
amblyopic and fellow eye) that require binocular
integration to complete a visual task. Unlike previous
binocular therapies, this technique uses contrast
balancing to improve stereopsis and binocularity, with a
secondary effect of improving VA in the amblyopic eye.
Binocular viewing occurs when the amblyopic eye is the
primary eye performing the visual task.17-19 To achieve
dichoptic contrast balance, the contrast level of the
dominant eye is reduced to negate suppression to a level
where the contrast level of the 2 eyes is rebalanced and
made equal in pursuit of the given visual task. The
potential benefit of dichoptic contrast balancing and
binocular therapies is to minimize suppression of the
amblyopic eye, thereby improving not only VA but also
binocular function.
2

Description of the Treatment

Various methods of binocular amblyopia treatments for
children or adults were studied, including versions of visual
tasks such as playing video games or watching movies that
are presented binocularly and that differ in terms of the
amount of time prescribed. The binocular amblyopia ther-
apy may include presentation of a different visual stimulus
to each eye or may include dichoptic contrast balance.
Questions for Assessment

The focus of this assessment is to address the following
questions: (1) Is the VA improvement resulting from
binocular treatment of amblyopia equivalent to standard
treatments in children such as patching and optical treat-
ment? (2) Are there sensory benefits, such as improved
stereoacuity or reduced suppression to dichoptic treatment
of amblyopia, compared with traditional penalization
treatment?
Description of Evidence

Literature searches limited to English language studies and
with no date restrictions were conducted in January 2018 in
the PubMed database and updated in April 2019, and in the
Cochrane Library database with no restrictions. The
following terms were used, along with publication and
language filters: Amblyopia[mh], amblyop*, “lazy eye,”
“lazy eyes,” amblyopia, amblyopic, strabismic, anisome-
tropic, binocular, dichoptic. Therapy, therapies, treat,
treatment, train, training, “amblyopia prevention and con-
trol” OR “video games”[mh],”Oculus rift,” ipad, i-bit,
plasticity, “computers, handheld”[mh], BRAVO, “video
clips,” “interactive games,” “perceptual learning,”
“amblyopia/therapy”[mh].

A total of 286 unique citations were identified for review.
Articles were excluded if they were editorials or review
articles, or if they consisted of research that was unrelated to
this assessment. The remaining 50 articles were reviewed in
full text by the primary author (S.L.P.) to select those that
met the following inclusion criteria: (1) The study primarily
evaluated VA outcomes after binocular treatment for
amblyopia; (2) the study reported at least 1 of the following
outcomes: VA or improvement in VA; (3) the study
included at least 4 weeks of follow-up; and (4) the study
included a minimum of 5 subjects. Of these articles, 30 were
excluded because of insufficient patient numbers or follow-
up duration. The 20 articles that met the inclusion criteria
were subsequently assigned a level of evidence rating by the
methodologist (V.K.A.) using a rating scale developed by
the Oxford Centre for Evidence-Based Medicine.20 A level I
rating was assigned to well-designed and well-conducted
randomized clinical trials; a level II rating was assigned to
well-designed case-control and cohort studies and lower-
quality randomized studies; and a level III rating was
assigned to case series, case reports, and lower-quality
cohort and case-control studies. Six studies were rated
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level I, 1 study was rated level II, and 13 studies were rated
level III.

Published Results

Tables 1 and 2 show a summary of the results and details of
the studies. The reviewed articles examined the effect of
dichoptic amblyopia therapy on several different metrics,
including the VA of the amblyopic eye, binocularity and
sensory outcomes such as stereopsis, the persistence of
VA changes after a treatment washout period, and the
reporting of adverse events.

Amblyopic Eye Visual Acuity

In 2006, Waddingham et al21 reported their results using a
novel Interactive Binocular Treatment (I-BiT) system. The
I-BiT is an in-office, computer-based, virtual-reality treat-
ment that combines active games and passive visualization
of movie clips using binocular technology. The subject
watches the screen as shutter glass lenses lighten and darken
in synchrony at a rate faster than the viewer can perceive,
allowing a common background to be presented to both eyes
and an “enriched” image to be presented only to the
amblyopic eye.22 This pilot study (level III) included 6
children ages 5 to 8 years (mean, 6.3 years) treated in 20-
minute sessions once or twice a week for a total of 7 to
15 sessions. The results revealed a mean improvement in the
amblyopic eye VA from 0.7 to 0.35 logarithm of the min-
imum angle of resolution (logMAR) (w20/70e20/40). No
statistical analysis was performed because of the small
sample size in this study. A follow-up level III study
assessed the I-BiT in 12 older amblyopes ages 6 to 11 years
(median, 8 years) who underwent 8 weeks of treatment
consisting of one 25-minute session per week (20 minutes of
binocular movie watching and 5 minutes of game play).17

After 10 weeks of treatment, the VA had improved in
75% of the subjects (range pretreatment, 0.35e0.875
logMAR [w20/40e20/150] improving to 0.125e0.35
logMAR [20/25e20/40], P ¼ 0.002). In addition, low-
contrast VA was evaluated and found to have improved in
67% of subjects. On the basis of these results, a level I
randomized controlled trial was organized and reported in
2016 by Herbison et al.23 In this study, 75 children (ages
4e8 years) were randomized to an active I-BiT game
(n ¼ 26), an I-BiT movie (n ¼ 24), or a sham game
(n ¼ 25). Treatment consisted of 30-minute weekly ses-
sions over 6 weeks. At the 6-week follow-up, there was no
statistically significant difference in the improvement in VA
among the groups (mean, 0.1 logMAR, 0.06 logMAR, and
0.03 logMAR improvement in VA in the I-BiT movie, I-BiT
game, and sham game groups, respectively). The authors of
this study acknowledged that the total treatment time may
have been too short to see an effect. Also in 2016, Rajavi
et al24 reported the results of another randomized controlled
trial (level I) to evaluate the role of I-BiT therapy as an
adjunct to patching. In this study, 50 subjects aged 3 to
10 years were randomized to patching for 2 hours per day
with or without the addition of I-BiT 5 times per week in
20-minute sessions for a total of 4 weeks. After 4 weeks,
both groups had significant improvement in VA of the
amblyopic eye. The I-BiT plus patching group improved by
0.17 logMAR from 0.34 logMAR (w20/40) to 0.17 log-
MAR (w20/30) (P < 0.001) from pretreatment to post-
treatment, and the patching group improved by 0.07
logMAR from 0.33 logMAR to 0.26 logMAR (P ¼ 0.024)
from pretreatment to posttreatment. The improvement in the
VA after the I-BiT plus patching was significantly better
than that of patching alone (P < 0.001).

In 2012, Hess et al25 described an adaptation to their
groups’ laboratory-based dichoptic system as a handheld
treatment using an Apple iPad device (Apple Inc, Cupertino,
CA). This device used a lenticular approach to provide
dichoptic stimulation with reduced contrast to the elements
seen by the fixing eye while playing a falling-blocksestyle
video game. Their level III study included 10 adult subjects
who were aged 17 to 51 years and who played the dichoptic
game for 0.5 to 2 hours per day for 1 to 9 weeks. The mean
pretreatment VA was 0.48 logMAR (w20/60), which
improved by a mean of 0.19 logMAR (P < 0.008). This
study was followed in 2014 by a study of 14 older
amblyopes (ages 13e50 years) who underwent treatment
using the dichoptic game at home for 1 hour per day over a
period of 22 to 108 days. The game was adjusted to include
an anaglyph method of dichoptic stimulation, allowing pa-
tients to play the game using red/green glasses instead of the
lenticular overlay used in the prior study. In this level III
study, the results revealed an improvement in VA from 0.36
logMAR (w20/45) before treatment to 0.25 logMAR
(w20/35) after treatment (P < 0.001).

After these preliminary level III studies were published, a
controlled trial was published in 2014 by Li et al.26 This
study enrolled 69 children ages 5 to 13 years who were
placed into treatment groups 2:1 to undergo treatment
with a dichoptic game (falling blocks, balloon, or
labyrinth) or a sham game for 4 hours per week for 4
weeks. The groups were not matched and were chosen on
the basis of the time of their presentation to the study
(i.e., the first 25 subjects received the sham game, and the
remaining subjects received the active dichoptic therapy).
In this study, there was a significant improvement in VA
in the active treatment group (from mean 0.47 logMAR
[w20/60] to 0.39 logMAR [w20/50] after 4 weeks
[P < 0.001]) but not in the sham control group. Several
subjects in this study continued to patch their fellow eye
during the study, and a secondary analysis revealed that
patching plus the active binocular game was associated
with significantly more improvements in VA than
patching with the sham game. The authors also performed
a secondary analysis to evaluate the impact of compliance.
They found that the amount of VA improvement did not
correlate with the number of hours of game play, but that
overall the 11 children who were noncompliant (<25%
compliance) had poorer outcomes than the 34 subjects
with good compliance (>25%). In 2015, the same group27

published a similar study (level III) evaluating 50
preschool age children (3e7 years) who played a sham
game (first 5 children) or a binocular game (subsequent 45
children) for at least 4 hours per week for a total of 4
weeks. In this younger population of children, the findings
3



Table 1. Results and Details of Level I and II Studies

Authors,
Year

Level of
Evidence,
Design Premise

Total
Patients

Age
Range
(yrs)

Pretreatment
Mean VA
(logMAR)

Post-treatment VA
(logMAR)

Difference in
Mean

Improvement
(logMAR) Grouping

Cause of
Amblyopia (n)

Length of
Treatment,
Follow-up Comments

Binocular Treatment vs. Sham Games

Herbison
et al,
201623

I, RCT I-BiT game 1 hr/
day for 6 wks vs.
I-BiT video or
non-I-BiT sham
game

75 4e8 I-BiT movie
0.53
I-BiT game
0.49
Sham game
0.5

I-BiT movie: 0.1
logMAR
improvement
I-BiT game: 0.06
logMAR
improvement
Sham game: 0.03
logMAR
improvement
Final follow-up:
I-BiT movie: 0.07
logMAR
improvement
I-BiT game: 0.07
logMAR
improvement
Sham game: 0.06
logMAR
improvement

I-BiT game/sham
game:
0.02 logMAR
(95% CI,
e0.07 to 0.03,
P ¼ 0.429)

24 I-BiT movie
26 I-BiT game
25 sham game

S (24)
A (5)
A/S (36)

10 wks
Final
follow-up 4
wks after
treatment

Diplopia in 2
patients with I-
BiT treatment

Gao et al,
201836

I, RCT Falling blocks
dichoptic game
on iPad
(Microsoft Corp,
Redmond, WA)
for 1 hr/day for 6
wks. Control
group played a
sham video
game

115 7e55 Dichoptic
therapy: 0.53
Control group:
0.51

0.06 logMAR
improvement in
treatment vs. 0.07
logMAR in sham

Dichoptic game/
sham game:
e0.02 (95% CI,
e0.06 to 0.02,
P ¼ 0.25)

56 active
59 sham

Dichoptic therapy:
A (17)
S (9)
A/S (30)
Control group:
A (25)
S (3)
A/S (31)

10 wks
Final follow-
up 4 wks after
treatment

Significant loss of
patients due to
protocol
violations

Binocular Treatment vs. Optical Treatment

Holmes
et al,
201931

I, RCT Dig Rush
dichoptic game
on iPad for 1 hr/
day, 5 days/wk
for 8 wks vs.
spectacles only

138 7e12 Dichoptic
therapy:
60 letters
Control
group: 59
letters

Improved from baseline
by 2.3 letters (2-sided
95% CI, 0.7e3.9
letters) with dichoptic
therapy and 2.4 letters
(2-sided 95% CI, 0.8
e4.0) with spectacles
only

Dichoptic game/
control:
e0.1 letters,
(98% CI,
e2.4 to 2.1
letters, P ¼
0.71)

69 dichoptic
69 spectacles
only

Dichoptic therapy:
A (27)
S (15)
A/S (27)
Control group:
A (39)
S (19)
A/S (11)

8 wks
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Table 1. (Continued.)

Authors,
Year

Level of
Evidence,
Design Premise

Total
Patients

Age
Range
(yrs)

Pretreatment
Mean VA
(logMAR)

Post-treatment VA
(logMAR)

Difference in
Mean

Improvement
(logMAR) Grouping

Cause of
Amblyopia (n)

Length of
Treatment,
Follow-up Comments

Binocular Treatment vs. Patching

Holmes
et al,
201629

II, RCT Dichoptic iPad
game for 1 hr/
day vs. patching
2 hrs/day

385 5e12 Dichoptic
therapy:
0.51
Patching:
0.48

Dichoptic therapy: 0.41
Patching: 0.35

Patching/
dichoptic game:
0.31 lines (95%
CI, 0.04e0.58
lines)

190 dichoptic
therapy
195 patching

S (12% dichoptic,
23% patching),
A (56%
dichoptic, 47%
patching),
A/S (32%
dichoptic, 30%
patching)

16 wks Significant issues
with
compliance and
loss of outcome
data (22% of
binocular
treatment
patients
completed
>75% of the
intervention)

Kelly et al,
201628

I, RCT Dichoptic action
adventure game
(Dig Rush) for
1 hr/day for 5
days/wk for 2
wks vs.
patching 2 hrs/
day

28 4.9
e9.5

Dichoptic
therapy:
0.48
Patching:
0.5

Dichoptic therapy:
0.15 logMAR
improvement (P ¼
0.02 compared with
patching
improvement)
Patching: 0.07
logMAR
improvement

Patching/
dichoptic game:
0.07 logMAR
(0.7 lines), 95%
CI, 0.01e0.14
logMAR (0.1
e1.4 lines, P ¼
0.02)

S (9)
A (14)
A/S (5)

2 wks

Rajavi
et al,
201624

I, RCT I-BiT game 20
min/session for
5 sessions/wk
vs. patching 2
hrs/day

50 3e10 Dichoptic
therapy:
0.34
logMAR
Patching:
0.33
logMAR

(0.17 logMAR
improvement,
P < 0.001)
Patching: 0.26 (0.07
logMAR
improvement,
P ¼ 0.0024)
1 mo after cessation of
I-BiT, BCVA
difference between the
2 groups was not
statistically significant
(0.16 logMARvs. 0.18
logMAR, P ¼ 0.246)

Not reported A 4 wks
Final
follow-up 4
wks after
treatment

Manh
et al,
201830

I, RCT Dichoptic falling
blocks game for
1 hr/day vs.
patching 2 hrs/
day for 16 wks

100 13e17 Dichoptic
therapy:
58.8 letters
Patching:
56.1 letters

Dichoptic therapy: 3.5
letters improvement
Patching: 6.5 letters
improvement

Patching/
dichoptic game:
0.5 lines/2.7
letters (95% CI,
e5.7 to 0.3
letters,
P ¼ 0.082)

40 dichoptic
60 patching

Dichoptic group:
S (5),
A (22)
A/S (13)
Patching
group:
S (9)
A (29)
A/S (22)

16 wks

A ¼ anisometropic amblyopia; A/S ¼ combined amblyopic and strabismic amblyopia; BCVA ¼ best-corrected visual acuity; CI ¼ confidence interval; I-BiT ¼ Interactive Binocular Treatment;
logMAR ¼ logarithm of the minimum angle of resolution; RCT ¼ randomized controlled trial; S ¼ strabismic amblyopia; VA ¼ visual acuity.
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Table 2. Results and Details of Level III Studies

Author(s),
Year

Level of
Evidence, Design Premise

Total
Patients

Age
Range
(yrs)

Pretreatment
Mean VA
(logMAR)

Post-treatment VA
(logMAR) Grouping

Cause of
Amblyopia

(n)

Length of
Treatment,
Follow-up Comments

Uncontrolled Studies

Waddingham
et al,
200621

III, case series I-BiT video 20- min
session 1: 2/wk vs.
virtual reality game

6 3e7 0.7 0.35 A (2)
S (2)
A/S (2)

11e22 mos

Cleary et al,
200917

III, case series I-BiT virtual reality
images (20-min
movie and 5-min
game) for 25 min/
week for 8 wks

12 6.1e11.4 0.56 Improved in 9/12 subjects
(range of improvement
of 0.125e0.35
logMAR)
After washout period,
7/12 (58%) maintained
VA improvements

A/S (7)
S (5)

1 wk
Final follow-up
3e18 mos after
treatment

3 children withdrew
because of suppression
density reduction

Hess et al,
201225

III, case series Dichoptic falling
blocks game for 0.5
e2 hrs/day for 1e9
wks

10 17e51 0.48 0.22 (0.19 logMAR
improvement,
P ¼ 0.008)

A (5)
S (1)
A/S (4)

1e9 wks Calculated mean VA for
pretreatment and post-
treatment and
difference is not the
same as reported
difference of 0.19
(calculate difference is
0.26 logMAR)

Hess et al,
201439

III, case series Dichoptic falling
blocks game on
iPad for 1 hr/day for
22e108 days

14 13e50 0.36 0.25 (0.11 logMAR
improvement, P
< 0.001)

S (6)
A (6)
A/S (2)

22e108 days

Mansouri
et al,
201440

III, case series Dichoptic motion task
for 2-hr sessions 2
e3 times/wk. Each
patient’s baseline
VA served as their
own control.

22 5e73 0.82 0.48 logMAR
(0.34 logMAR
improvement, P
< 0.05)
Mean improvement
maintained at 6 mos

A (7)
S (22)

6 wks
Final follow-up
at 6 mos after
treatment

Bossi et al,
201733

III, case series 3-dimensional
computer system
watching movies
and using shutter
glasses with BBV
for 1 hr/day for 8
wks

22 3.5e11.3 0.78 0.51 (0.27 logMAR
improvement)
After washout period
in 11 subjects, no
significant change from
end of treatment

A (7)
S (6)
A/S (9)

8 wks (A)
24 wks (S and
A/S)
Final follow-up
47�10 wks for
11 subjects

Hamm et al,
201738

III, case series Falling blocks
dichoptic game on
iPad for 1 hr/day for
6 wks

18 5e14 Deprivation:
0.94
A/S: 0.57

Deprivation: 0.85 (0.09
logMAR improvement,
P ¼ 0.004)
A/S: 0.42 (0.15
logMAR improvement,
P ¼ 0.014)

Deprivation
(18)
A (8)
Mixed
mechanism
(2)

6 wks

Ziak et al,
201734

III, case series Virtual reality head-
mounted display
with games 40 min/
session, 2 times/wk

17 17e69 0.58 0.43 (0.15 logMAR
improvement,
P < 0.001)

A (all) 4 wks

O
phthalm

ology
V
olum

e
-
,
N
um

ber
-
,
M
onth

2019

6



Table 2. (Continued.)

Author(s),
Year

Level of
Evidence, Design Premise

Total
Patients

Age
Range
(yrs)

Pretreatment
Mean VA
(logMAR)

Post-treatment VA
(logMAR) Grouping

Cause of
Amblyopia

(n)

Length of
Treatment,
Follow-up Comments

Bao et al,
201835

III, case series Altered reality
headset for 3 hrs/day
for 7 days. Each
patient’s baseline
VA served as their
own control.

18 14e35 0.567 0.418
(0.149 logMAR
improvement, P < 0.001)

A (13)
A/S (4) A/
Deprivation
(1)

4 wks

Controlled Studies

Li et al,
201426

III Dichoptic game on
iPad (falling blocks,
balloon, labyrinth)
4 hrs/wk for 4 wks
vs. sham game

69 4.5e12.7 Dichoptic
therapy:
0.47
Sham: 0.45

Dichoptic therapy: 0.39
(0.08 logMAR
improvement,
P < 0.001)
Sham: no significant
change
Final follow-up:
maintained post-
treatment VA in 21
subjects from dichoptic
group 3 mos after
treatment cessation

50 dichoptic
treatment
25 sham

Dichoptic
group:
S (10)
A (11)
A/S (24)
Sham
group:
S (5)
A (11)
A/S (8)

4 wks
Final follow-up
3 mos after
treatment

No matching done or
randomization; simply
enrolled first 25
subjects in sham and
remainder in dichoptic
therapy

Birch et al,
201527

III,
nonrandomized
clinical trial

iPad dichoptic game
with red/green

glasses 4 hr/week
for 4 wks

50 3.8e6.9 Treatment:
0.43
Sham: 0.4

Treatment: 0.34 (0.09
logMAR improvement,
P < 0.0001)
Sham: 0.38 (no
significant
improvement)

5 sham
45

treatment

A (44)
S (6)

4 wks Numerous confounders
(patching in
differential portions of
group, limited
matching)

Vedamurthy
et al,
201516

III,
nonrandomized
clinical trial

Dichoptic game for
2-hr sessions 2e5
times/wk vs.
patching and
movie. Total
treatment 40 hrs

38 19e66 Dichoptic
therapy:
0.58
Movie/
patching:
0.49

Dichoptic therapy:
0.14 logMAR
improvement
Movie/patching:
0.07 logMAR
improvement

23 dichoptic
15
patching/
movie

S (23)
A (15)

2 mos

Mezad-
Koursh
et al,
201837

III, clinical trial Dichoptic BinoVision
movies for 1 hr/day,
6 days/wk for up to
12 wks vs. 4-wk
sham movies

27 4e8 BinoVision
treatment:
0.66 (range,
0.4e1.18)
logMAR,
sham 0.62
(range, 0.4
e0.88)
logMAR

Dichoptic BinoVision
treatment: 0.39
logMAR, mean
change: 0.26 logMAR,
P ¼ 0.001
Sham: 0.61 logMAR,
mean change: 0.009
logMAR, P ¼ 0.285
after 4 wks

8 sham 19
dichoptic

S (9)
A (3)
S/A (7)

12 wks

A ¼ anisometropic amblyopia; A/S ¼ combined amblyopic and strabismic amblyopia; BBV ¼ balanced binocular viewing; I-BiT ¼ Interactive Binocular Treatment; logMAR ¼ logarithm of the minimum
angle of resolution; RCT ¼ randomized controlled trial; S ¼ strabismic amblyopia; VA ¼ visual acuity.
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were similar to the results of their older cohort, with a mean
improvement from 0.43 to 0.34 logMAR (P ¼ 0.09) in the
active treatment group but no significant improvement in the
control subjects. Overall compliance for the dichoptic game
was poor (<25% compliance) in 38% of subjects. Like the
previous study, this study was flawed, without controls, and
included varying levels of patching in both groups. The
authors again performed a secondary analysis to evaluate
the impact of compliance and found that in this population
there was a modest correlation between number of hours
of game play and change in VA.

Given the poor compliance for the dichoptic game play in
the studies by Li et al26 and Birch et al,27 a trial with a
potentially more engaging game was reported in 2016 by
Kelly et al.28 A randomized controlled trial (level I)
enrolled 28 children ages 5 to 10 years and randomized
them to a dichoptic action adventure game (Dig Rush) for
1 hour per day or patching for 2 hours per day for 2
weeks. After 2 weeks, the groups underwent a crossover
in treatment. Compliance was markedly better in this
study, with 100% compliance for the game play and 99%
compliance for the patching groups for the first 2 weeks.
At the end of 2 weeks, there was a significant difference
(P ¼ 0.02) in the level of VA improvement in the
dichoptic game group (0.15 logMAR) compared with the
improvement in the patching group (0.07 logMAR). After
the crossover period (4 weeks from enrollment), the
children who were initially patched and were crossed over
to dichoptic game play caught up with the children
originally randomized to the binocular game, for a mean
standard deviation (SD) improvement of 0.17 (0.10)
logMAR (mean [SD], 1.7 [1.0] lines) for the binocular
game versus a mean SD improvement of 0.16 (0.12)
logMAR (mean [SD], 1.6 [1.2] lines) for the patching
crossover (P ¼ 0.73).

In 2016, a level II, randomized controlled trial of 385
participants ages 5 to 13 years was reported by the Pedi-
atric Eye Disease Investigator Group (PEDIG).29 This
study was designed as a noninferiority study and
randomized children to 1 hour per day of dichoptic game
play (falling blocks) or 2 hours of patching per day for
16 weeks. After 16 weeks, the mean VA improved in
the dichoptic game group by 1.05 lines compared with
1.35 lines in the patching group. The upper limit of the
95% confidence interval (CI) exceeded the prespecified
noninferiority limit of 0.5 lines; however, there were
significant difficulties with adherence in the game play
group, with only 22% of participants performing greater
than 75% of the prescribed treatment based on automatic
recording of game play duration by the iPad tablet
(Microsoft Corp., Redmond, WA). A post hoc analysis
revealed that the 2-sided 95% CI for the adjusted treat-
ment group difference was 0.04 to 0.58 lines, favoring
patching. A secondary analysis that included compliance
data did not reveal a correlation between improvements in
VA and number of hours of game play.

This study was followed by another report by PEDIG in
2017 that reported the results of a level I randomized
controlled trial of 100 older participants ages 13 to 17
years who were randomized to 1 hour of daily dichoptic
8

game play (falling blocks, n ¼ 40) or patching 2 hours per
day (n ¼ 60) for 16 weeks. The results of this study were
similar to PEDIG’s previous study of the younger cohort,
showing a mean improvement of 3.5 letters in the
dichoptic game group and 6.5 letters in the patching group
after 16 weeks.30 After adjusting for baseline VA, the
authors reported that the difference between the groups
was 0.5 lines (2.7 letters) with a 95% CI of e5.7 to 0.3
letters (P ¼ 0.082), favoring patching. Adherence was
again a limitation in the study. Only 13% of the subjects
in the binocular game group were found to have been
adherent with more than 75% of the prescribed
treatment; however, post hoc analysis revealed that
improvement in VA was not associated with total hours
of treatment. Most recently, in 2019, PEDIG published
the results of its study of Dig Rush, which was found to
be a more engaging game for children.31 This report
detailed the results of an older cohort, ages 7 to 13
years, who were randomized to 1 hour of daily dichoptic
game play (Dig Rush, n ¼ 69) or continued spectacle
wear (n ¼ 69) for 8 weeks. The VA results were similar
to PEDIG’s previous studies; after adjusting for baseline
VA, the mean amblyopic eye letter score at 8 weeks
improved by 2.3 letters (95% CI, 0.7e3.9 letters) for the
dichoptic group and 2.4 letters (95% CI, 0.8e4.0 letters)
for the control group. This difference was not
statistically significant: The adjusted mean was e0.1
letters with a 95% CI of e2.4 to 2.1 letters. Adherence
in this study was better than in the falling blocks game;
56% of subjects completed more than 75% of prescribed
game play according to the automatic recording by the
patient’s device over the 8-week study (median, 80%;
range, 1%e133%).

A different group of investigators in Australia and New
Zealand led by Guo et al32 evaluated the dichoptic falling
blocks game in the Binocular Treatment of Amblyopia
Using Videogames randomized controlled trial. This study
enrolled 115 subjects aged 7 to 55 years and randomized
them to daily 1-hour game play of the dichoptic therapy
(n ¼ 56) or a sham game (n ¼ 59) for 6 weeks. Subjects
were stratified into 3 age groups, including child (7e12
years), teenager (13e17 years), and adult (>17 years). Of
note, 77% of the subjects had prior occlusion therapy. After
6 weeks, there was no significant difference in the changes
in VA among groups regardless of age; subjects in the
dichoptic therapy group showed 0.06 logMAR improve-
ment compared with 0.07 logMAR improvement in the
sham group. The mean treatment difference between groups,
adjusted for baseline VA and age, was �0.02 logMAR
(95% CI, �0.06 to 0.02, P ¼ 0.25).

A different form of dichoptic treatment was reported by
Vedamurthy et al16 in 2015 that combined perceptual
learning, video game play, and dichoptic techniques. In this
study, 38 adults (ages 19e66 years) were assigned to a
dichoptic treatment group (n ¼ 23) or a monocular movie-
watching group (n ¼ 15). Both groups underwent treatment
for 2-hour sessions 2 to 5 times perweek for a total of 40 hours
of treatment. After treatment, the dichoptic therapy group had
a mean improvement of 0.14 logMAR (SD, 0.01 logMAR)
compared with the monocular movie-watching group that
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improved by 0.07 logMAR (SD, 0.03 logMAR [95% CIs
were not presented]).

Bossi et al33 reported another form of dichoptic therapy
in 2017 that they described as balanced binocular viewing
(BBV) treatment. This therapy uses a computer and
shutter glasses to present dichoptic movies that are
matched in visibility across the eyes. Movies were
interrupted each minute with an interactive game used to
measure suppression. The BBV treatment consisted of
daily movie viewing for 1 hour per day for 8 weeks total.
Twenty-four children (ages 4e11 years) were enrolled in
this level III case series, and 22 completed the study.
Overall, the mean VA improved from 0.78 logMAR to 0.51
logMAR (P < 0.001), with a mean improvement of 0.27
logMAR (SD, 0.22 logMAR). The authors of this study
claimed that in their cases the improvement in VA and
stereoacuity exceeded reports for other binocular therapies.
However, this study was not randomized and had no control
group, so it is difficult to draw strong conclusions.

A dichoptic visual training therapy using an oculus rift
virtual reality headset was developed and reported in 2017
by Ziak et al.34 In their level III study, they enrolled 17
adults (ages 17e69 years) with anisometropic amblyopia
who were prescribed twice-weekly 40-minute sessions of
game play for 4 weeks. The mean amblyopic eye VA
improved from 0.58 logMAR to 0.43 logMAR (P < 0.01).
The authors hypothesized that their results may have been
bolstered by the ability of virtual reality headsets to reduce
the misperception of 3-dimensional movement, and they
suggested further studies using this modality. In 2018, Bao
et al35 reported preliminary results of their head-mounted
altered reality system that allowed patients to experience
ambient world images captured by a camera in real-time.
Subjects were asked to wear the altered-reality headset
for 3 hours per day for 7 days. In this level III case series,
18 subjects ages 14 to 35 years underwent therapy for 1
week and were followed for 4 additional weeks. The au-
thors reported an improvement in amblyopic eye VA of
0.145 logMAR (P < 0.001) but acknowledged the small
sample size and uncontrolled nature of their study.

In 2018, preliminary results were reported of a level III
study of BinoVision, a binocular, head-mounted video
goggle system designed for dichoptic stimulation con-
nected to a personal computer that stored children’s tele-
vision shows and movies.37 This study enrolled children
aged 4 to 8 years and assigned them to the dichoptic
study group (n ¼ 19) for 8 to 12 weeks or a sham group
(n ¼ 8) for 4 weeks. All patients were instructed to
watch animated programs at home for 60 minutes per
day, 6 days per week. After a 2-week washout period,
the 5 children originally assigned to the sham group were
offered treatment using the dichoptic device. After 8 weeks
of treatment, mean amblyopic eye VA improved from
0.66�0.2 logMAR (range, 0.4e1.18 to 0.39�0.16
logMAR; range, 0.1e0.65 logMAR; P ¼ 0.0002). In the
sham group, the mean amblyopic VA did not significantly
change (0.62�0.2 to 0.61�0.17 logMAR). Compliance
rates in this study were good, with an average compliance
of 88% (percent of patients completing all of the assigned
treatment based on automatic device recordings).
Binocularity and Sensory Outcomes Such as
Stereopsis

Sensory outcome was addressed in all of the level I and II
studies included in this assessment. Overall, there was no
convincing evidence of improvements in sensory status
among these studies.

In the level III study by Li et al26 using the dichoptic falling
blocks game, there was no significant change in the mean
severity of suppression or stereoacuity in the treatment or
control groups. In their similarly designed level III study of
younger subjects, no significant improvement in stereopsis
was found in the treatment or control group.27 In the PEDIG
studies reported by Holmes et al29 and Manh et al,30 there
were no significant differences in stereoacuity outcomes
between the dichoptic therapy and patching groups. In a
similar study by Gao et al,36 there was no significant
difference between the active therapy and placebo game
groups. In the most recent PEDIG study of the Dig Rush
game, there was also no significant change in stereoacuity in
either treatment group.30

In the 2016 level I study of the I-BiT treatment byHerbison
et al,23 there was no significant improvement in stereoacuity
among the 3 study arms (I-BiT game, I-BiT movie, sham
game). In the level III study of the I-BiT by Cleary et al,17

stereoacuity outcomes were improved. Of their 8 of 12
subjects with pretreatment binocularity, there was an overall
improvement from a median of 400 arc seconds (range,
1980e110) to a median of 200 arc seconds (range,
1980e110). Likewise, in other level III studies, there were
improvements noted in stereoacuity. In the 2012 Hess
et al25 study of their falling blocks game, 6 of the 10 adult
subjects showed improvements in stereoacuity, 4 of whom
transitioned from a complete lack of stereopsis to some
measurable amount. In their follow-up study, stereoacuity
improved on average by 0.61 log units (mean values of 1388
arc seconds improving to 344 arc seconds, P< 0.001). In the
level III study by Vedamurthy et al16 that used a combination
of perceptual learning and dichoptic therapy, stereoacuity
improved by a mean of 0.18 log arc seconds (SD, 0.05 log
arc seconds) in the active game group and 0.08 log arc
seconds (SD, 0.04 log arc seconds) for the monocular
movie-viewing group (P < 0.005). In the 2017 level III
study ofBBV reported byBossi et al,33 the number of children
with measurable stereoacuity increased from 1 of 7 of the
anisometropic amblyopes pretreatment to 6 of 7 post-
treatment. In these 7 subjects, the median stereoacuity
improved from 170 arc seconds (interquartile 230 arc sec-
onds) to 85 arc seconds (interquartile 30 arc seconds) (P ¼
0.0215). In the level III study of BinoVision by Mezad-
Koursh et al,37 the 2 patients with stereoacuity present at
enrollment maintained stereopsis and 3 additional patients
obtained stereoacuity of 400 arc seconds or better.
Persistence of Visual Acuity Changes after
Treatment Cessation

Visual acuity after treatment cessation was addressed in 3 of
the level I and II studies. Overall, there was minimal change
in the VA improvements reported in these studies.
9
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In the study by Li et al26 of the falling blocks dichoptic
therapy, 21 of the 34 children who were compliant with
treatment were followed for 3 months posttreatment. Of
these 21 subjects, there was no significant change from
the VA measured immediately after the treatment ended
(paired, t ¼ 1.07, P ¼ 0.30). In the level I study by
Herbison et al22 of I-BiT games and movies, there was a
nonsignificant mild decline in vision over the 4-week
washout period in all 3 groups. Rajavi et al24 evaluated
the addition of I-BiT to patching, and the 4-week post-
treatment cessation period that included patching treatment
for both groups revealed further improvement of the patients
originally randomized to patching (a mean improvement
of �0.08�0.09 logMAR, P ¼ 0.003) only, but no
improvement in the group originally randomized to I-BiT
plus patching (a mean improvement of �0.01�0.07 log-
MAR, P > 0.99).24 At the end of the washout/patching
period, there was no significant difference in the VA
between the 2 groups (0.16�0.15 vs. 0.18�0.19 logMAR
for the iBiT and control groups, respectively; P ¼ 0.246).

In the level III study of the I-BiT by Cleary et al,17 a
washout period of 4 weeks was reported in the 12 older
amblyopic children. The authors’ findings showed
minimal regression overall; 1 child demonstrated a
reduction of VA after 4 weeks without treatment, but late
improvement was noted in 1 child. In the 2012 level III
study by Hess et al,25 4 subjects were followed for 1 to 2
months after cessation of treatment. Stereoacuity and VA
improved in 3 of these subjects, and these improvements
were reportedly maintained at the last follow-up. In the
study that combined perceptual learning and dichoptic
therapy by Vedamurthy et al,16 improvements in VA were
maintained after a washout period of 2 months. In the 8-
week study of BBV, 11 children were followed for 16
additional weeks after completing 8 weeks of therapy. In
this subgroup, there was no significant decrement in VA
after the cessation period (0.39�0.25 logMAR at comple-
tion of BBV treatment and 0.34�0.30 logMAR after an
additional mean follow-up time of 47�10 weeks).33

Adverse Events

In the studies evaluating dichoptic game play, there were
few adverse events. In the PEDIG study of the falling blocks
game by Holmes et al29 (younger cohort ages 5e12 years), a
new tropia or worsening of pre-existing deviation was re-
ported in 9% and 11% of patients in the binocular and
patching groups, respectively. There were 6 patients in the
binocular treatment group and 2 patients in the patching
group with positive responses at the 16-week visit for the
parent-reported diplopia (P ¼ 0.17); however, for the
participant-reported diplopia, there were 16 patients in the
binocular treatment group and 7 patients in the patching
group with positive responses (P ¼ 0.05). In the PEDIG
study evaluating the older cohort ages 13 to less than 17
years, a new tropia or worsening of pre-existing deviation
was reported in 8% and 5% of patients in the binocular and
patching groups, respectively. Only 2 participants in each
group reported diplopia. In the PEDIG study of Dig Rush
with subjects ages 7 to 13 years, a new tropia or worsening
10
of pre-existing deviation was reported in 13% of patients in
both groups. In the Binocular Treatment of Amblyopia
Using Videogames study, no diplopia was reported.32 In the
study of the I-BiT by Cleary et al,17 3 subjects were found to
have diminished depth of suppression that was found to be
temporary and not associated with diplopia. In the Herbison
et al22 study of the I-BiT, there were 2 cases of diplopia in
the I-BiT groups (1 each in the movie and game groups) that
resolved after treatment cessation.

Impact of Age of Treatment

Few studies compared results among age groups. In the
study by Li et al,26 patients ages 5 to 13 years were enrolled,
and there was no significant difference in the amount of VA
improvement in younger (<7 years) versus older (�7 years)
subjects. In the study by Gao et al36 that enrolled both adults
and children, there was no difference in the treatment effect
detected based on age group of the participants (mean
between group difference in amblyopic eye VA from
baseline to 6 weeks of treatment was e0.06 logMAR
(95% CI, e0.14 to 0.02), 0.02 logMAR (95% CI, e0.06
to 0.10), and e0.004 (95% CI, e0.05 to 0.04), for
children aged 7 to 12 years, 13 to 17 years, and adults,
respectively, P ¼ 0.39).36 Of the studies that enrolled
adults, all were level III except for 1 (Gao et al36), so it is
difficult to draw any strong conclusions about these
treatments in adult populations.

Impact of Amblyopia Subtype and Inclusion of
Deprivation Amblyopia

In the level III study by Birch et al,27 there was no
significant difference among VA improvement of
anisometropic, strabismic, or mixed mechanism etiologies
of amblyopia (0.10�0.04, 0.07�0.03, and 0.09�0.02
logMAR improvement, respectively).27 In the level III
study by Vedamurthy et al,16 the investigators found that
anisometropic amblyopes improved equally, whether they
underwent active dichoptic therapy or monocular movie
viewing; however, strabismic anisometropia subjects only
improved after game play.

In 2017, a level III study by Hamm et al38 sought to
evaluate the dichoptic falling blocks game (first described
in 2012 by Hess et al25 in a population of patients with
deprivation amblyopia), because prior studies had largely
excluded patients with deprivation amblyopia in favor of
enrolling anisometropic and strabismic amblyopes. This
study enrolled 18 subjects ages 5 to 14 years, 8 of whom
had deprivation amblyopia (the remaining 10 subjects had
anisometropia [n ¼ 8] or mixed mechanism [n ¼ 2]). The
patients were all prescribed dichoptic game play for 1
hour per day for a period of 6 weeks. The results revealed
a significant improvement in both groups. The deprivation
group improved from 0.94�0.12 to 0.85�0.12 logMAR
(P ¼ 0.004), and the anisometropia/strabismus group
improved from 0.57�0.13 to 0.42�0.09 logMAR
(P ¼ 0.014). The authors suggested that dichoptic therapy
could be evaluated further and may be especially useful in
the groups that fared well in their study, specifically those
with early bilateral deprivation.
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Conclusions

This assessment suggests that despite promising results from
early level III case series, the more rigorously designed level
I and II studies have not yielded consistent evidence of ef-
ficacy for binocular treatments of amblyopia. Furthermore, 2
large randomized controlled trials have shown inferior
performance of binocular treatment relative to standard
treatment (patching).29,30 One potential difficulty in
obtaining positive results may be a lack of engaging games
in the largest studies, especially compared with video game
units that are currently available. There is sufficient evi-
dence to advocate for well-designed studies using more
engaging technologies; however, should such studies yield
beneficial results, cost and availability may limit the use of
these technologies, especially when compared with the
proven efficacy, low cost, and high availability of patching
and atropine 1% eye drops.
Future Research

At this time, although binocular therapy cannot be recom-
mended as a replacement for standard amblyopia therapy,
further research and more rigorous study of newer, more
engaging therapies would be useful to continue to determine
whether they have a role as an adjunct to or replacement of
the current standard treatment options. In addition, optimal
timing and treatment duration require more in-depth study
for all of these technologies.
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